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The Diagnostic X-Ray Tube 
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Ewrgv Conversion 
The X-rrry tribe us un energy comerter 

E NERGY. defined as  the capacity for doing work. 
exists in many forms and we have become ver? 
skilled in the a n  of converting one form of energy 

into anolher to suit our particular requirements. Energy 
con\,ersion is now so commonplace that it frequently 
goes unnoticed. but if we look around us we cannot fail 
to 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. to move and to 
work. either physically or mentally. W e  use the potential 
energy locked up in coal, oil. or  gas. petrol and other 
fuels to obtain all the forms nf energy we require. Some 
conversions are accomplished in a single step, for ex- 
ample. potential energy in fuel into heat; whilst for the 
more refined forms of energy, such as motion (kinetic 
energy), electricity, radio waves. 'isible light and X-rays, 
more stages are necessary. The form of energy which 
most lends itself to ease of conversion is electricity. It is. 
indeed. because of its extreme flexibility that electricity 
is in such great demand. 

E.@ciency of energy conver.sion 
In any energy conversion process some "losses" take 

*v ceases place. This does not mean that some of the enere2 

to exist. but only that it is converted into the wrong 
energy-form. As an  example. let us consider the chain 
of enerzy 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 steam in a boiler 
and the steam drives a turbine. How-ever. 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 3 0 ' .  of the 
energy value of the fuel. The next change, from kinetic 
energy to electricity is. fortunately about 9 8  efficient. 
and the losses in the electricity distribution system are 
small enough to be ignored. Proceeding further. the efi-  
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 energy into X-rays in a diagnostic 
tube the efficienc?~ 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-ray tube design and power rating. 

The Nature of X-Rals 
The elecrro-rnu~fletic \pecrrrmi 

X-ra)s belong to a familk of energ) fornis knoun 



collectively as the electro-magnetic spectruni. This a i m -  
prises. in descending order of wavelength, radio waves 
ns used for broadcasting sound and vision, infrared rays 
(heat), visihlc light (red. orange. yellow, green. hluc. 
indigo and vicilet). ultra-violet rays. X-rays. gamma rays 
f r o n ~  radioactive subslances or  very high-energy particle- 
accelerators, and cosmic rays f rom outer space. The 
most skiking common property of a11 clcclro-n~agnctic 
waves is their ability to radiate. that is, 111 make their 
inlluencc felt at a dislance from the source, even when 
there is no medium helween source and receiver, i.e. i n  a 
perfect vacuum. I n  this way they ditfcr f rom sound waves. 
which require a compressible medium. such as air. i n  
order to travel. Electro-magnclic waves travel i n  vilcuum 
a l  a speed of  appnimixatcly 300 mil l ion (3 x 1 0 )  nietrcs, 
of 186.000 miles, per seciind. 

IWiur ior r  wur~r l r r r j i th  
The various rnenihcr\ o f  this fanlily i i f  energy-forms 

dilier f rom cach other in only one rmpect, naniely wave- 
length Each energy-form occupie:. a hand o f  wavc lengh  
and thesc hands, when laken i n  order o f  wavelength. 
comprise a continuous spectrum ranging from 10-" 
cenlinietre\ (cosmic rays) to 10" ccntimclres. X-ray\ oc- 
cupying a band lying between 10': and 10" '  centimetres. 
The name given to any hand o f  elcclro-magnetic wave5 
is dekrniincd hy its modeof generation, niit hy its wave- 
length. For cxaniple. radialii in having a wavelength cif 
10~' ,  centimelrcs would he called respectivcly "ul t r t -  
violet rays" i f  produced by i t  U V  ~ u h e  and "X-rxys" i f  
pr i~duccd by an X-ray tuhe Since X-rays are scr vcry 
short in wavelength. the unit o f  wavelength u\cd to 
measure them i:. the Angstrom unit, which ib w p ~ l  111 

I 0  ' centimetres. 

The Mechanism of X-Ray Generation 
1 1 ~ 1 ~  X - r q r  ure ~ ~ ~ ~ ~ ~ t ~ r u t r . J  

X-rays are generated when electron\.  ravelling at 
high speed, come into collision wi lh any kind o f  illaller. 
and an X-ray tuhc i s  himply a device designed in \uch 
a way th;lt this process lakes place as cllicienlly ;IS pas- 
sible. The requirements o f  niedical X-ray diagnohih nulkc 
pi~rl icular dcniands uponan X-ray tuhe and thuh s t r o n ~ l y  
inlluence design and manufacture. hut (his aspect need 
not ye1 concern us. Let us lirst make sure that we under- 
stand the hasic principles involved and the inleans hy 
which they can he put into practice. 

The husic X-ruy tube 
We require a source o f  dcctrons (or i n  other w<hrdh. 

a cathode). sonie means o f  accelerating them to high 
speed and a target o n  the surface o f  which they can im- 
pinge, thus ainverting sonie o f  their kinetic energy into 
X-rays. The fact that heat wi l l  he the major result o f  lhis 
process is known 111 us. but we choose for the ntonlent 
111 ignore il. 

Tit? cu11tode ( r l r t ~ r r n i ~ ~ ~ r i c  ~wri.s.sio~r) 
The most convcnien~ method cif obtaining ;I sourcc 111 

electrons is hy the process cif thermionic emission. Thih. 
i ~ s  the tern1 itself implies, is the ejection of electrons from 
a substance by the application cif heat. Electrons. cif 
ciiurhc. cmsl i tutc an ehsenlial part o f  the alonis cif any 
element, hut there i s  a class of element i n  which some of 
the cleclrc~ns arc rather loosely hound to the atonis. . ~ I hesc are known as "free" electrons and (incident;tlly) 
their presence confers o n  the element ;I very u5eful 
properly - that  ( i f  being able to ainduct electricity. 
Nearly all metal:. fall into thi:. c;~lcgory, t h ~ u g l i  sonic. 
e.g. silver and copper, have nlol-e free clectr~ins and arc 
therefore hctler conductors th;m olhcrs. When i h e x  
metals arc heated, sulficicnt energy niay he given tu 
h e i r  atonis to aluse tlie free cleclrons to escape froni 
the metal into the surrounding medium. This process 
has to take place in a goiid vxcuurn. or at leilsl i n  the 
ahsence o f  oxygen, r~therwisc tlie nictal wr~u ld  oxirlisc. 
or  tmirc siniply, h u r n  The rate at which eleciron\ arc 
released from the metal depends u p m ~  tlircc fi~ctorh. 
namely the tenlpcraturc. the a r w  heated and ihc work- 
function. The work-function i s  a mcamre o f  the amount 
# i f  energy required I0 cause clccirons I,] exape l'ni~ii the 
subshnce and is chal-acteristic o f  the suh5i;mcc itself. 
'The emitting area is. o f  course. constant for a given 
cathode itnil, Ihcreforc. oncc tlie cathode i b  ni i~de. tc111- 
peraturc i s  the only means whcrehy we can vary or 
control tlie i ~ u n ~ h c r  o f  electrons frced per sxirnd. O f  ;tll 
clectronc!:~i l~ing suI i~t ;~ncc~. lungten ha\ t i ~  d;~lc hue11 
f<)uncl 10 lhc the I~NISI suit;lhlc for X-ray tuhc c;ttliodc\. 
One reawn fc~r this i 5  that with tungsten thc r;ltc o f  cmis- 
sion dot;, nil1 rise tcio htecply with tcii~pcl.;~lurc ancl tllih 
i\ a valuahlc property when tube current ih  to hc con- 
trtdlcd ;~lniohl elll ircly hy the Icnipcralure cif thc c;~llic~dc. 
Other rcas<m\ fc~r chcxwing tungsten wi l l  emcrgc h ter .  
I'iir Llic monienl lcl il sullicc Ilia1 hy se;~ling ;I lungslcn 
wire or  l i l a~ i i e~ i t  into ;I glass hulh :lnd hringing out the 
end\ 50 thal the l i l i ~ r n c ~ i i  can he connected tu a vi~ri i lhlc 
vdtagc supply we 11;1vc prt~vidcd our~clves will1 ;I vari- 
able sourcc ill'  clccrron5. I f  we pass only ;I h111dI liez~ting 
curl-cnl tIir<)ugh the l i lmiicnl vcry few elcctr<m\ wil l  lie 
cmiltcd, whcreas. il' we heat the l i l i ~ m e t i ~  10 i ~ ~ ~ l t n d e \ -  
ccnce. as in an cleclric lamp hulh. ct?pi<)us c lccin~nic 
cniis\inn wi l l  lake place ;~nd ;I c l w d  <IF electrons. or 
negative "spacc chttrgc". wi l l  huild up i n  the ininicdia~e 
vicinity irl' Ihc c;~lhodc. 

' l ' l ~ c ,  wxxlr, 
'l'hc ncxl pn~h lcn i  i s  to draw the clectron cloud (space 

cIi;~rge) away frcim the l i l t~ntcnl  or  cathcidc, i~ccclcrale 
the elcclrtins lu high spccd, and so give them high kinclic 
energy. Since tlie electnins arc n c g ~ t i v d y  charged par- 
ticles, tlie hest way (if  diiing this is 10 place insidc our 
hulh a second dcctmdc which, relative to c)ur ~ i t h < d e .  
i I I high p<,sitivc p<,tontiitl. We now have a tw~,- 
electrode tuhe. i.e. a diode. the pobilivc electrode hcing 
~ x l l e d  the i~rmdc. I~.ooking miw ;I( our third rcquirctiient. 



namely that the high speed electr~ms must hc \lopped 
as etfeclively as possihlc o n  arrival at the anode, let us 
consider our choice o f  rnaleri;d for this electrode. 

7'li<, u i i~x le  (phy.vico1 co~i.videru/io~r.r) 
A t  lhis po in l  we h;~d better take a closer look ;I( the 

physical problem of  stripping missiles as  minute as clcc- 
u-mis. We have to realise that to anything as small as an 
cleclron (about 10 "cm) thcre is nu such thing as solid 
miltter. A l l  matter consists of atoms and atoms arc al- 
11l~rst entirely spacc. 'l'lie niosl useful concept o f  the iltoni 
for our purposes is thal propounded hy the Physicist. 
Niels Hohr. in which the atom amsisls o f  a central. 
positively cliirged nuclcus surn~unded hy  orhilal or 
planetary clectrnns. Elemcnls ditfcr f rom each other 
only i n  respecl o f  the number o f  electrons orbiting each 
of their atomic nuclei, and this is numerically equal to 
the number o f  positive charges (protons) i n  the nucleus 
(known 21s (he atomic nurnher o f  the elcmcnl). '['he atoni. 
in its natural slate. is, therefore, electrically nculral. 
tiydrngcn, for example, i s  the sitnplcsl o f  the elenients. 
having only one planetary clcctron. Its nudcus has one 
positive charge or  proton and ils atoniic number is. 
tliercfore, I: Helium has two electrons and ;I posilivc 
nucleal- chargc o f  2-atomic number 2: I.ithiuni 1. 
Hcryllium 4. and so on. Elements exist having atoniic 
numbers i n  the nineties and indeed, i t  i s  among ihe liigti 
atomic nuniber elemcnls that we have to lk)ok for our 
anode niatcrial. As slaled previwsly, the atom is mainly 
space, (his being true even when the a ~ ~ m i c  nunihcr is 
high. T o  assist perception here i t  is perhaps worthwhile 
to create an analogy. I f  a single alom cnuld be enlarged 
to occupy the same spacc as St. Paul's Cathedr;~l. an 
cleclron would hc a h i ~ u l  the size o f  a tennis hall. ('learly. 
even i f  a hundred tennis halls wcre flying ;~hnut St. 
R~ul's, lherc would be a great deal of space left. and a 
tennis hall arriving f rom the oulside a1 high speed (repre- 
senting a cathode electron) would, i n  the vasl majority 
o f  cases, pass right through withnut being at all in- 

i fluenced by the prcscnce o f  ihosc already t h e w  Fortu- 
l nalely for us, in our cllorls to generate X-rays. this is 

nol ihc whole picture. We are dealing with tennis halls. 
hut with negative charged electric particles and these 

I 
do no1 need l o  wllidt. with other clcclrons i n  order 10 
have their energies converted in10 X-mys. I t  is sufticicnl 
i f  lhcy enter an electric field of force and are. ;IS a con- 
sequence. retarded or  slopped. Such force fields exist 
within every atom, the mutual allractinn hclween the 
poailive nucleus and each (negative) planetary cleclron 
heing precisely halanced hy the ccnlrifugal forcc due 111 
 he orhilal speed (kinclic energy) of lhe electron. 

"Wt~i/<," rudiu~iot i  
The aurn~ic force fields or our anodc rnaleri:~l, then. 

conslilule the net in which we have 10 snare our higli- 
speed elcclrons f rom the calhode. and il i s  i n  this way 

that lhc continum~s or "while" spcclruni. in which we 
Lire primari ly interested, is generaled. This cuntinunus 
spectrum extends from ihc short X-ray wavclcnglti l imit 
(dctcrniincd by the maximum electron-;~ccelerating volt- 
age). right ~h rough  the X-ray, u l l r ~  violet and visihlc 
light hands and into the infra-red (heat) region of the 
cleclri~magnclic spectrum. The wavclcnglh 1>f ihc radi- 
an1 cncrgy produced by each cathode clcctron i s  dctcr- 
niincd by its kinclic energy and by the proporl ion o f  
[his cncrgy given up in each reaction wi lh the atmnic 
lorcc-lields of the anode material. 

" ~ ' 1 i ~ i r i i c t ~ ~ r i . s ~ ~ ~ "  r ~ i d i u t i o i ~  
Characteristic radiatir~n i s  generated whenever a cath- 

ode clcctrt~n collides with and dislodges an clcctron 
from one of lhe inner orbits o f  an atom of  the anode. 
The resulling hurst (quanlum) o f  radiation is due to an 
eleclrun f rom an outer orbit falling in lc  the vacanl spilce 
in the depleted inner orbit. The wavelength produced 
i n   his mmner  i s  "cha~.aclcrislic" o f  the anode malerial, 
and i s  independent (above a threshold value) o f  ;~ccelc- 
rating potential hetwecn anode ;ind cnthode. 

7'11~ UIIO~CJ ( /~t iy.v io~/ r<,(/i~ir(,rt~c,ii/.v) 
The above description of the true nature of so-callcd 

solid niallcr goes a long way towards explaining the 
very low elficiency with which electrical energy is con- 
verted in10 X-ray cncrgy. One essential qu;dilication 
for our anodc material is. ohv i~~us ly ,  thal i t  should 
possess a high atomic number. Furllicr, we know that 21 

great aniounl of heat is going 10 he generaled and. thcre- 
fore, such properties as high melting poinl  t ~ n d  high 
refractory qualities are needed. We must also hear in 
mind lhat, ideally. the electrodes n f  the X-ray dindc 
should he cmlained wi lh in 21 perfect vacuum. One 
reason for this has already been touched u p c m  ( h e  
prevention of  oxidalion o f  the hot filament. There are, 
o f  course, other reasons. For cxaniple. the llow of  elcc- 
lrons from cathode to anode would he seriously in- 
lhihited, or  cvcn prevenlcd, i f  their Lransil were impeded 
by mull iplc collision with atoms of  gas or vapour i n  ihe 
inter-electrode spacc. Further. i f  the vacuum wcre allow- 
ed to deteriorate too much. inlernal clcclrical hrcakdown 
would occur due l o  the so-called ionization of lhc gas 
hy the high voltagc. The process o f  ionization is one in 
which the negative chargc nf the atom i s  stripped away 
from [he atom hy the strong attraclion o f  ihc positive 
anode leaving behind a positively charged reninanl (or 
ihn) which wi l l  be ;~ t t r i~c lcd to the negative cathode. 
Such a llnw of electrons and itlns is knnwn as a gas 
discharge or  gas current and is. i n  a liigh-v;~cuurn X-ray 
luhe, highly undesirahle. Since there is no such thing 
as a perfect vacuum. some ionic bombardment o f  [lie 
cathcde always takes place. The cathnde material niusl, 
tliereforc, he capable of wilhstanding this. and here we 
Iiavc a furlher reason for choosing tungsten. 



Fig. I. A basic X-ray tube. 

Glass IIYIIO~I 0 1  bulh V.ruun 

\ 
P "' "' "' "' "' "' "' "' "' i"' "' "' "' "' "' -==a 

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 a1 their 
maximum working temperatures. This can only he en- 
sured by choosing materials which have low vapour 
pressures. even at elevated temperatures, and can, fur- 
thermore, he 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, tungsten. 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 
luhe 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 estah- 
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 rectificntion purposes. 

Characteristics of the Diode 
Exprrirnmtul procedure 

As we already know, the rate of liberation of electrons 
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 into a test circuit, as 
shown in Fig. 2, we can carry out a simple experi- 
ment to show the behaviour of the device, i.e., to 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 voltage can be applied to the anode (A) of 
the diode. The other (negative) end of the battery is 
connected directly to point (B) on the diode. i.e. 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 
(points B & C) and consequently the filament heating 
current measured by the current meter I, can be varied. 

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

Fig. 2. The diode test circuit. 
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TABLE I 
I ,  0 

- 
0 200 4W M O  800 1,044 1.200 1.400 1.600 1.800 2,OW Itl&I+-I+ - -+ji-1++- I 

This shows that, even when the anode is 2.000 volts 
positive with respect to cathode, no anodc current flows. 
This is to be expected, for anode current implies electron- 
llow between cathode and anodc, and with the cathode 
cold, no thermionic emission takes pkace, and therefore, 
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 ditference exists 
between the anode and cathode of the diode, and let 
us adjust R ?  until a heating current of. for example, 
X amperes flows through the diode filament. The filament 
now becomes incandcscenl and we expect to find that 
free electrons are heing liberated from its surface, i.e. 
that thermionic emission is taking place. This is im- 
mediately confirmed when, on adjusting R ,  lo give a 
positive anode potential of 200 volts, the current meter 
I;, registers, not zero as before, hut 33nlA. On continu- 
ing, as before, to increase the anode voltage in 200 volt 
steps to 2.000 volts. anode current readings like those 
given in Table 2 arc obtained. 

TABLE 2 
I, - 8.0 nnips 

0 2W 4W 600 800 1.000 1,200 1,400 1,600 1,800 2,000 

i ~ \ ~ ~ ~ p ~ ~ ~ 0 ~ ~ ~ ~ < 4 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 5 ~ i  - 

On repeating this whole procedure with a filament 
current setting of 8 5  amps, yet another set of eniission 
readings is obtained (see Table D) 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 find that our filament has a very 
short life a t  such high values of I ,  and that the highest 
practical value on a continuous basis is 8 5  amps if a 
reasonable filament life is to be expected. 

TABLE 3 
1, - 8.5 amps 

It  is of interest to note at this point that the mechanism 
hy 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. It 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. 

Returning then to the tabulated results of our tests, 
let us plot the readings on linear graph paper in order 
to obtain a clear picture of what is going on. 

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

Our second and third tables arc 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 tables may have led us to believe. These two 
curves, corresponding to I ,  values of 8.0 and 8 5  imps, 
though very difierent in height and slope have. never- 
theless, a typical ,>r "characteristic" shape, and indeed, 
were we to d o  the same experiment with another inter- 
mediate value of I f ,  e.g. 7.5 or  8.2 amps. we would 
obtain curves again different in height and slope, but 
similar in overall shape. 

~:'xp/utluliotl 01 the c/lurrlt?eri.~lir nrrves 

W e  must now take a closer look at this characteristic 
shape and try to explain it, 

It will immediately be  observed that each curve 
divides itself naturally into three parts, a lower bend 
represented by O A  on the 1, r8.5 plot, a relatively 
straight or linear porlion A B  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 a t  its most cflective between points A and B. Else- 
where, i.e. at O A  and BC. some factors are a t  work 
to make it more difficult for anode to attract eleclrons. 
These various portions of the characteristic are explained 
as follows. 

( 1 )  Region 0 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 electron arrives to 
restore the atom to its natural, electrically neutral, 
state. Furtherniore, 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 he resisted to 
some extent and give rise t o  a tendency 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 heing replenished, without dificulty. 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. 



1, IRO volts i n  our example. I t  is known as the 
"unsaturated" state o f  the diode. and is the aindi-  
l ion  i n  which a diode operates when working as i t  

r rc l i ly i r~f i  vulve. 

( 3 )  Region B to C. After point B electrons are being 
drawn to the anode from the space charge at a high- 
er rate than the cathode can replace them. The 
deficit is made up by  the "pool" o f  electrons i n  the 
spacc charge which. consequently, diminishes. This 
continues progressivcly. the anode finding i t  in- 
crcosingly diflicult to obtain the electrons it re- 
quires until at point C the spacc charge is exhausted. 
The anode can now only obtain electrons at the rate 
at which they are being emitted by the cathode. 
Under these conditions the diode is said to he 
"saturated", the current at point C (1,000mA i n  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 incrcase the vptwl or kinetic energy achieved 
by the electrons in crossing the gap. I f  we greatly increase 
the anode voltage, heat, light and X-ruy.s arc generated 
at the anode. 

From this rather detailed study lwo most important 
facts have emerged : 
(11) A rectifying valve is a diode operating i n  the rrw 

sutrrrurtrl region o f  its characteristic. 

( h )  A n  X-nty tuhe is a diode operating i n  the . w t ~ ~ r i ~ r p d  
region of its charecteristic. 

The X-Ray Tube as a Tool for Diagnostic Radiology 
Hirdiof i rq~l~ic /uclors 

Having dealt with the fundamentals we can now con- 
sider the specific requirements of mcdicd diagnostic 
radiology ilnd the means whereby the spccial features 

Fig. 3. l'he anode characteristics of a diode. 

dictated by these needs arc realised i n  a praclical X-ray 
tuhe. The main problem we encounter will, of course. 
he ihc safe dissipation o f  the large ;tmounts of heat 
generated as an unwanted by-product o f  the process of 
X-ray generillion. 

I n  diagnostic radiology we require a hcam of  X-rays, 
the penetrating power, intensity and duration of which 
are all independently contnillable and utpahle o f  accu- 
rate prcselection. The "radiographic factors" governing 
these variables are, o f  course, the voltage applied hc- 
tween the anode and cathode of the tube (kVp), the 
space current flowing between these electrodes (n iA)  ;tnd 
the Lime for which the current flows (seainds). 

Since for a given k V p  value the degrce o f  expinurc 
(or l i lm blackening) is governed by  the producl of current 
and exposure time, i t  i s  customary to describe an ex- 
posure simply i n  terms of  k V p  and mAs. 

The penetrating power o f  a beam depends upon the 
proportion o f  short wavelength X-rays present. This i s  
dclern~incd by the ratio o f  fast to slower electrons i n  the 
spec current i.e. ultimately. by the peak value and wave- 
form of  thc applied high voltage and the en~ission 
characteristic o f  the tube. 

W e  can, thcrcfi~re, vary our pcnctrating powel- by 
operating the tube at different values o f  k V .  

t Iu/ / -~~ul t re 1u.v~~- 
The penetrating power o f  ;I beam can he ct~nvenicntly 

expressed i n  terms of  the thickness of ;In ahsi~rhing 
subblanec e.g. aluminium or copper which, when tnt- 
versed by  the beam, wi l l  reduce its intensily to half thal 
111 the unliltcred intensity. This is known as the "half- 
value-layer" o f  the bcam. 

4 s  we learnt when studying thermionic emis\i<~n, the 
current pahsing in a saturated diode is dependent entirely 
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ourselves is "what wil l  he the cross-sectional dimensions 
of the axial electron beam which, falling on a target 
angled at 14" with respect to the central ray, wi l l  gener- 
ate a focus which, when viewed from the cenlre of the 
field. appears as a 2mm X 2 n m  square?" For the answer 
we must refer to Fig. 4. thinking, for the moment 
only, of the target as a plane mirror. I t  is obvious by in- 
spection that an electron beam of cross-section A im- 
pinging o n  a 14" target would give us our desired 
effective focus of 2n1m X2nim as shown at C, and that 
the area bombarded, i.e. the ucttiul focus, wil l  be that 
depicted by the rectangle B. We must. however, now 
compule the actual dimensions o f  these two rectangles 
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 effeclive 

2 
focus C, i.e. ?mm. The length of reclangle A - ~ -  -~ 

tan 14" 
i.e. 8.03mm. The electron beam from the cathode must 
then have a rectangular cross-section of 8-03 X 2mm. 

The area bombarded on the target face, i.e. the ucttrul 
focus, corresponds to rectangle B, the length o f  which i s  

Turget unple and "utaxle heel" p&/ 

A t  first sight then, a target angle of 14" is very favour. 
able. giving an actual focus for heat dissipation of 8.26 
X2mm and an etfective focus. for image sharpness, of 
2X2mn1-a "thernial advantage" of approximately 
4-1. However. as intimated above, i f  we cut the target 
angle right down to that which would theoretically cover 
the desired field, we are making an incorrect assumption. 
namely that the X-ray intensity is unifcirrn over the 
whole range of take-off angles. In fact. of course, X-rays 
are not generated U! the "surface" of the target, but at 
varying depths within the target material. This mearts 
that radiation lrying to emerge in  a direction nearly 
parallel to the targel face has to pass through much 
more of the target material (and is. therefore, much more 
severely attenuated) than that emerging at larger angles 
to 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" clfect. Some 
allowance i s  made for this effect by increasing the targel 
angle to 16" (approx.) for diagnostic tubes. 

Cnt l~odr  design 
Having dealt in principle with the target of the tube. 

we should now turn our attention to the electron source 
or cathode. Here we meet the second compromise. Our 
tuhe i s  going to operate with very high vollages applied 
between anode and cathode, and there is a l imit  to the 
insulating properties of even the best vacuum we can 
produce. We can, of course, assist matters by rounding 

o l l  the opposing corners of anode and cathode. Never- 
theless, from the point of view of electrical security, the 
electrodes should he as fnr apert as possible. O n  the 
nther hand. i t  is useless producing an anode which can 
stand high currents if, due to too large an anode-to- 
cathode dislance (A C D). the anode influence nn  the 
electrons at source is too small to allow the current to he 
drawn. This is parlicularly important in the light of the 
facl that the highest currents are required at the lowest 
anode-to.cathode voltages. I n  practice anode-to-cathode 
distances vary approximately between 6 and 15mm. 
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 cathodc-to- 
anode gap, falls on a rectangular area measuring 8.26 X 
2.0nim. orientated correctly with respect to the angled 
f;ue of the anode. I t  musl further he capable of accuralc 
adjustment to deliver any current between a fraction of 
a milliamp and several hundred milliamps at a variety of 
anode-to-cathode vollages. 

The metal used as the electron emitter in  an X-ray 
tube is tungsten, which i n  addition to its high melting 
point and good general vacuum characteristics, has the 
following properlies which render i t  a particularly suit- 
able material for (his purpose: 

(U) Tungsten is not easily damaged by the high speed 
positive ions which, even i n  the hest vacuum 
practicable, constantly bombard the cathode of 
any high voltage tube. 

( h )  Tungsten has a relatively low temperature cx- 
ponent of emission. This simply means that the 
emission increases only fairly gradually with 
temperature. and that consequently, filament heat- 
ing current values corresponding to various levels 
of space current arc suficiently different Lo allow 
accurate and reproducible pre-setting of niilliamp 
values to hc accomplished. 

The X-ray tuhe emitler, then. consists of a helix of 
tungsten wire which has been carefully annealed to 

L 

Pig. 5. The single-focus cathode. 
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Fig. h. The effect nf filament depthsetting. 

ensure that no distortion takes place over its whole 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 surface 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: 

( U )  The diameter of the filament helix. 
(h) The width of the slot. 
(c) Thedepthof the filament in the slot. 

The effect of varying the depth of the filament in the 
slol is shown in Fig. h.  

At the design stage these critical dimensions are ad- 
justed until a combination is reached which gives rise 10 
sharp focusing of the electrons at  the desired A C D on 
the required target area, coupled with adequate e lec  
tronic emission from the cathode. 

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

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

6, focus. 7, target. 

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

The stationury unodr X-ray trrhr 
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 mash 
which provides the high thermal capacity. high specific 
heat, and higher thermal conductivity required efficiently 
to drain away the heat generated in the target. Cooling 
in a 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 applicil- 
lion in therapy or industrial radiography, in both of 
which very long periods of continuous operation arc 
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 stationary anode tubes arc 
still in use for diagnosis, they are restricted to small 
apparatus of very limited application, like dental 
radiography. 

(To hc c ~ u f i ~ , u r d )  

The stationary anode X-ray tube 



"New Town" 
By L. A. BLACHE (Associate Member) 

T HE ~na jo r  pnjhlelns wl~ ic ! i  (his country has h;d 10 

face i n  the 20111 cen:ury with regard to towns i s  
the sudden growth of population ;md l l ic  sub 

sequent increase in trallic. I n  the past. very l i t ' tk  plan- 
ning was done to  allow for the future development 
of towns, thus Ribbon devclopnlcnl and the 'back-til- 
backs' o f  many industrial a rws  occurred. 

The approach required to this problem is that towns 
should be designed 111 h w s e  and supply work for ,I 
fixed numhcr of people--to he, in fact. self-cilntaineil 
inasmuch as services and work are ctlncerned and ((I 

rely on the surrounding farming areas as much as 
pnssihlc for  Food, thereby cliriiinating the necessity for 
conirn~ltation. I ' hc  town s h o ~ l d  be designed for an 
approximate population o f  500,000 with the future dc- 
signed possibility of 1-2 millions, this being a h w t  as 
large as a town can hccnme whilst still rcni i~ in ing 
eflicient and retaining a high standard of l iving and 
economic comfort fur ihc inhahi'tants. 

'I'hc sitcs for such towns s h o ~ ~ l d  he in areas which 
are non-pnlductive Fron~ the farming point i ~ f  vicw and 
yet close enough to he served hy an ag r i cu l t~~ ra l  district. 
A network of railways W~IIIILI he required, l inking thcsc 
towns, anil also sea and airports. for transfer of raw 
niatcrials and finished products. as well as f ~ ~ r  puhlic 
use. a l t h o ~ ~ g h  this w o ~ ~ l d  only consist of peilplc travel- 
l ing for pleasure or hig business cncounlers. 

L.el us now turn to the town itself and its general 
layout which can be on a sqllare or circular cimligura- 
Lion. The centre of the town w i ~ d d ,  by necessity, h o ~ ~ s c  
the Local G ~ v e r n m e n l  olficcs. the specialised ptiblic 
services, such as the Courts o f  Law, large teaching 
hospital wi th resident specialists, Policc and enlergency 
services' headq~~artcrs. Also dealt with under Local 
Ciovernn~enl is cclucalion. and the centre wi111lc1 include 
several colleges forming a university which would cater 
primarily for the town hut c,~uld havc graduates f r w i  
ather towns ancl cwntrics. Accimniudation facilities 
on university grwnds would be included I'or the latter, 
the former continuing to live at home, thus solving thc 
problem of 'digs'. For the puhlic and trades points o f  
view i t  would contain large I11xury hotels For use by 
husincss~tien whilst visiting firms. the head dliccs o f  
which would also he housed in the centre facilita!: 
trade encounters. also, I c ~ r e  for visitors and 
tourists. Again, fro111 the p ~ ~ b l i c  point o f  vicw. the lawn 
would contain large stores, co~nparahle I~I Harriuls ii l i i l 
.lohn Lewis i n  Lon~lt ln.  which c o ~ ~ l d  not exist hul  I'm 
the nlarkct created by the whole pnpl~lat ion of a town. 

I I U  

Also in the town ccnlre. cnlertilinnienl wo t~ ld  he catered 
for by a large theatre. cinema. opera hi~tlse or hallcl 
theatre, depending on lhe rcq~~ircrnenls and lastes of thc 
town's populat im. l a r g e  churchcs i ~ f  various ilcnoniina- 
t i m s  would also be Ic~cated in the ccnlre to serve the 
diflerent rel igi ius amongst the inhabitants. Anolhcr 
possibility would he to havc a niultiple ilcnoniinationiII 
church on the lines o f  the "Church o f  the Scvcn Doors" 
which hwses seven relipiilus denoniinalions i~ndc r  irnc 
rod'. 

Moving i w t  f r m  the centre, therc would he a hr l t  
i l f  opcn area containing gmizns and artilicial lakes. 
playing tields and sccilndary s c h d s .  Tl ic open hcit 
would he a h w t  a half mile wide and would very largely 
eliminate the housing congestion norm;~lly found 
arwlnd the ccnlrc of a town. I t  w i ~ u l d  also help l i ~  
hreak up the town m that the i~ccupants c ~ d d  cnjoy 
open spaces withi111t having to travel to the cohlntry 
to t ind them. thereby allowing for largc storey blocks 
withi1111 the feeling ill' c l i~~~s t rophoh ia  often cncountcrcd 
in such pliices i ~ s  Ncw York or Los Angeles. Dui. 111 

lhc lakes and sports grounds. the popnlation w o d d  
have the pmssihilitics , ~ f  indulging in sports c>f their 
choice and i ~ ~ ~ l d o o r  i~ctivi l ies which help to hrighlcn 
a p~ lpu la t i t~n  and w w l d  also grcatly help with snothcr 
p r i l h l e ~ ~ i  inet in large Iowns: that of teenagers who havc 
nothing ILI occupy their l i ~ n c .  By having the schools 
built on this ilp-n hclt. they itre within easy reach of 
the playing lields and. also, not loo far away fro111 !he 
rcsidenlial districts which are in thc n e ~ t  belt. 

'l'hc residential hclt is bplil I I ~  into districts, c i ~ h  OF 
which is situated S<> thal ils occupants are  lose their 
work i f  they are e ~ i i p l ~ ~ y c d  hy the manufacturing and 
processing industries which are i n  the third belt and 
; ~ l s i ~  close to the sc l i~~o ls  for their children. Included 
wilhin these districts would he shopping areas 011 

~nodcrn lincs, placed s11 that a person can shop in any 
type of shop or store w i t l i w t  having I lriivel h r .  
since the shopping areas w d d  he integral part5 ill' the 
rcsidcntial district buildings. The puhlic scrviccs rcquirccl 
by Lhe residenlial districl would a150 he included with il-- 
i.c. the hospih~ls, puhlic libraries. enicrgency 5crvicc>. 
swimming pools and recrca1ion;d halls for [lie use irf 
cluhs and societies. Some churchcs would ;~lso h- located 
here but w ~ u l d  he smaller Ihan in the town ccntrc and 
would hc o f  the predominating dcnominati<~n in ihat 
pur t icu lu  i m x  

' lhc  hiillsing in these dislricls w i ~ l d  be 01' two ~ i i a i r ~  
lypes. as far as acc~>~i l~i lc ld;~l ion goes, end t w t ~  type5 



in cons l r t~c l i~~n.  I'he lirst typc 01 c i~ns l ruc l i~m would 
he i ln the lines OF the 'Habitat' dehigncd by Miishe 
Safdic which was ~lsed at the Expo 07 in Canada. These 
conhist i i f  pre-made units placed onc on top of another. 
IIIIIC~ as a pi lc 01 bricks w o ~ ~ l d  he huilt. hut placed 
h ~ i  that each unit has max imu~n  privacy. 'rhesc unils 
Inlay h3 01 i1l1110st any size and conihination of rmlnls 
desired so as to  suit a wide varicly i i r  tastes and nccds. 
Fach also ciintains a s~n i l l l  garden, soniewhat l ike ihe 
r w f  gdrdcns on certain large h l<~cks (11' Ilats, cach huilt  
on the r o d  of the unit below. A s  can be sccn in the 
cutaway sketch and i n  the artist's irnprcssicrn> the x r -  
vices, sh~~ps .  clc.. requircd are huilt within this \hell crf 
units and form the support for then]. Towards thc basc 
o f  thc 'Pilc'. layers o f  garage space are availahlc for 
the occupants. Thcse are in the form of  bays and in- 
corporate scrvicing and repair facilities for thc motorists. 
The slation& of the public transport syhtenl would bc 
wilhin thc 'Pilc' Ior easy access lo the pi~pulati i in. 

Thc  two types of accomniodation within the 'Pilc' 
w d d  he, firstly for lamilies, consisting o f  at least two 
b e d r ~ i o ~ ~ i s ,  dining roolii, lomge. kitchen/hreakfast ~ ~ L I I I I .  

' ba thr i i~n i  and toilet and a small spare r m ~ m  for storing 
bcliingings or for use by the family [or hobhies or pas- 
times: secondly. sn~aller hachel~ir h c s  consisting o f  
h c d r o m ~ ,  l i imgz. kitchen and h a t h r m m  Healing in 111,: 
~ ln i t s  w w l d  be partly by electrical appliances and partly 
f r i m  a n u i n  central heating system in each 'Pile'. In- 
cluded within each unit, nornially in the lii~mge, w o d d  
he an open lireplacc in which sniokeless fuel w o ~ ~ l i l  he 

'burned. as (his is f o w r l  to he psychologically bcnelicial. 
Thc  chimney sysienl wo t~ ld  consist of several large 
conimon chimneyh, serving a whole section o f  the 'Pilc'. 

1 h e  10 the s i x  of the 'Piles' a very ellicicnt d i s p w ~ l  
systenl would he rcquircd. both for scwagc and for 
ho~~sehold  wastc. l ' he  ho~~scho ld  waslc c o d d  he divided 
into two lypcs, perishable and non-perishable. I ' hc  lattcr 
w o d d  he disposed ol by a chulc, this wastc being ciil- 
Iectcd in thc hasenient of the 'Piles' and transp~rrled 
to waste yards by (rucks to bc sortcd and trans- 
ferred to the u w a l  dispcxal yards. Such as scrap metal 
is senl hack t i i  the metal manufacturers and 'broken 
glass I11 the bottle factories. The pcrishablc wastc w<iulJ 
lirst be p i~ lped by nlachinc and then tipped into the 
sewage systcni which wo t~ ld  bc on thz lines of present 
day sewage disposal in large blocks 01 Ilats. except that 
the pipes would be much larger i n  diatnetcr to cnahle 
servicing teunis to enter in the case 111 blockages. 'l'hc 
waste w t i ~ ~ l i l  he taken f rom the 'Piles' to the sewage 
farms ~luts ide the city l imits t l i r o ~ ~ g h  large tunnels. 
which would also contain gas and water iniains. pr>wcr 
cables and telephone wires s i ~  that servicing and main- 
tcnancr: of these w ~ ~ i ~ l d  he facilitated t o  obviate thc 

,U,,,% W-- 
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IYg. I. Cutaway view of 'Pile' construction 

Fir. 2. The 'Hahitat' type of cunn(ructiun dc\ign;ncd by 
Moshe Snfdie, and uacd in Canada at Expo 67. 
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Fig. 3. Passible layouts for the 'Pile' Shopping Areit. 

usual inconvenience when large areas of roads arc dug 
up for repair work to take place. Such a system may 
be seen in  Paris where i t  has been in use for approxi- 
mately 150 years. The waler supply would come f n m  
one of a number of centralised works, which would 
supply several such towns. Gas wuuld be handled in 
very much the same way and electricity would come 
011' the National grid at sub-slatiiins on the mltskirts of 
Lhe town. The tunnels c o ~ ~ l d  well continur l~nder  inain 
roads linking towns, to ease the installation of extra or 
replacement facilities. 

A n  attempt would he made so that peoplc living and 
working within a 'Pile' would think of i t  as a village 
or unit, in order to develop some form 111 identity and 
t i ~  this end the 'Pile' would house approximately 3,000 
peoplc. 

The second type 01 constructitin would consist of very 
n l i~ch the sari12 ronr11 layout as the tirst but w d d  only 
havc onc heilroom and would he slightly smaller in  
dimension. This second t y p  of construction would he 
on the lines a Raman 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 i in ditferent lcvcls. requiring considerable m~vernent. 
Food and wpplies would be available from small shops, 
located amongst these 'Villa' constructions. and any- 
thing not available from these would 'be delivered by 
the firms cmcerned fn im the 'Pile' shopping areas. The 
'Villa' buildings would bt: situated between the 'Piles' 

and ihc uptn belt to help further in keeping the town 
centre mcongested and to all'ord a pleasant view for 
the old people. Also built between the 'Piles' and the 
open arca would be the infant and junior schools which 
have to bc close enough to the 'Piles' 111 allow easy 
access by the parcnts who have to take their children 
to schmd and collect them each day, but far enough 
away lroni the 'Piles' t o  allow open space for the 
children. The waste disposal for the 'Villa' dwcllings 
and the primary schools would be, as at present, by 
Colmcil trucks, and sewage by the conventional system. 

When the town was lirst 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 suni. 
Business premises, such as shops and oflices. could 
either be hough1 outright, rented from the Council or 
purchased as for private units. 

The next hell out of town would he for industry, 
and the tirms would buy up land as required within 
the industrial area and also the rights to do business. 
They would then he given a free hand i n  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 
;~esthctic lines. The firms would also have to provide 
gardens around their buildings so as to keep the general 
pleasant layout of the town. There would also be 
stringent regulations concerning snioke and waste from 
the factories to ensure against the dir t  and spoilt sur- 
roundings which many towns now endure. even thm~gl i  
<if recent construction. This could he achieved by making 
greater use of electric power, and fitting smoke tilters 
where chimneys lnust he used. Unsightly things such 21s 
slockyards could he hidden by screens 111 trees or 
hedging which would also help to enhance the views 
in the industrial section. As in the 'Piles'. Ihe 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 a s  much as possible to remove congestion. 
The factories or works, such as the steel industry, which 
are by necessity unsightly would be situated several miles 
nut of any town and would have fast public lransport 
communicatinns with the town for personnel, and also 
efficient rnad and rail comn~unication. As for these 
factories, such as the steel and gas works, screens of 
trees would be planted, as slag hcaps are very unsightly 
and di f icul t  to dispose of. Although this problem cannot 
be dealt with in  this paper, one o f  the possible solutions 
111 i t  is to dump the slag in  the sea off the west coast 
to help with the sea defences as that aiast is being 
eroded. In time i t  would be possible to $tart land re- 
clamation by using slag of the furnace waste type as a 
base for sea walls and dykes. 

This brings us on to what i s  probahly the biggest 
'headache' for the present day town planner and that 
i s  the prohleni of transport. We can best deal with 
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Fig. 4. Sectional view of service tunnel. 

this. as with layout, by starting at the ccntre and dealing 
with each belt i n  turn. 

The centre would consist nf two levels; one for traffic 
and one for pedestrians which would he sealed oif friini 
each other, although arrangements would be made f i x  
Pirlice and emergency service vehicles to travel in  the 
traffic-free zone when necessary. The purpose of having 
roads entering the centrc would be for deliveries tir the 
large hotels and stores, hospitals and university and to 
allow access for ambulances to the main hospital and 
taxis and cars to the hotels and theatres. A l l  vehicles 
entering the town centrc would find parking space in 
whichever building they were visiting. A point which 
would require special attention would he to ensure that 
vehicles did not use the town ccntre street!, as a short 
cut. although this could hc dealt with hy the layout of 
the approach rciads and hy making i t  less cirmplicated 
and quicker to travel around the centre. 

The open arca would not have any roads at grnund 
level but the wide concrete paths amid again be used by 
the Police and emergency services and by council 
vehicles used for the upkeep of this helt and the huild- 
ings within it. 'l'he roads leading to the centre would 
pass through this belt but at a lower level, in  cuttings. 
thereby keeping the traffic-free aincept. 

These cuttings would extend through the 'Vill;~' 
district of the residential helt, although certain arrange. 
nlcnts would be made for slip roads which would he 
required for vehicles delivering stores fnim the shops to 
the elderly people. The rnads at ground level wtruld hc 
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- 

dential belt and the industrial belt and then joining a 
system of fast highways betwecn towns. 

Public transport For the town would bc in  ~ w i i  f o r m  
a nionorial system on thc lines of the L.incar-niotor- 

pnwercd Hovcr Monorail being experimcnled with ;I[ 

present and express coaches. The monorail systen~ could 
he in the form of a clover leaf and two amcentric circle!, 
so as to cover thc town with maximuni ctlicicncy in  
both ease cif travel from any one place to anolhcr and 
in  the minimum of tracks. There would he i~ station 
in  each of the 'Piles', at strategic points in the 'Villa' 
and open areas, and a main station i n  the centrc. The 
clover leafs would also cover the industrial belt, htatiirni 
being situated for the most enicicnt use of persimncl. - 

The coaches wnuld be used mainly for Vaking children 
to chool,  conveying old and invalided people and would 
travel mainly in  the residential and npen areas. F ro r~ l  
the pedestrian point of view, largc direct and well made 
paths and suspended walk-ways wt)uld link the 'Pile!,' 
and other buildings i n  the residential areas and would 
c n m  the open area to the ccntre. Thesc would hc largc 
enough to illlow use by pedestrians ;und cyclists, whikt  
maintaining the safety of all who used them. A further 
means of transport would consist of taxis, although their 
numher would he limited. 

On  the national scale of transport. there would he a 
network of roads and railways l inking these towns with 
seaports, airports and to each other. The highw;~ys would 
terminate at a town by joining a ring road, The railway 
stations would he on the outskirts. beyond the factories, 
and wnuld be linked to the town by the monorail system. 
Airports would he placed close to the sea, away fmnl 
towns. sn as to minimise nuisance duc to take-<ill' and 
landing noise and sonic boonis. 

In conclusion. I will list the main points to take into 
consideration with regard to a new town. The town i s  
to bc laid out i n  thc form of concent~ic hdts with as 
much open area as possible hctween them. To cornhat 
overcrowding and congestion, factories, offices and 
living acnmmodilt ion are decentralised and the f;~ctorics 
and living accnmmirdation arc grouped cirllectively in 
their own belts. 

The living accommodation is of two types, the 'Piles' 
on the lines o f  Moshe Safdie's 'Hahit i~t '  design and 
triplicate bungalows on the lines of Ronnn villas. Thesc 
arc surrounded hy parkland and gardens. Traffic would 
he kept separate From the pedestrians, the residential 
areas and the town ccntre by the use of dilierent levels 
and cunings. 

These pnints of view have been though1 of before hut, 

&srUl*.s -. -ir 9 r*u( -r hetween now and the end of the century, town prohlcrns 
h c - u r ~ u r -  such a s  accommodation and transport wi l l  have to he 

faced and towns such as that covered in  this paper could 
solve the problem sir long as the town planner and 

. , . . . .  . . . ~ . . .  architects are not tied down and people are educated .,. - .  ~::. .: ~. 
to move out from thc large citics and form new, well- 

[gig. 5. Sectional view of traflic rutting. integrated societies. 
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Problems of 
Planned Maintenance 

CAPITAL AND MAINTENANCE - 
ECONOMIC COMPARISONS 
by B. A. HERMON. C.Eng.. F.1.Mech.E.. M.I.H.V.E., 

M.I.Hosp.E., Deputy  Regional Engineer, Birmingham 
Regional Hospital Board 

'The Wl~o le  Cost Conmpt 

Dc*'ign engineer, have for many yearc hcen trained to 
takr in lo account the cticct that their  solution^ will h a w  
un rhc running cmts of  the finished pr'ojccl. Heating and 
ventilation cngincers havc for  many year, hecn conscious 
rhat the selection o f  the most economic fuel i s  imporlant 
tu his clicnt and that these economics must take into account 
the cmt of handling. stoking, a\h clearing, cleaning and 
niaintenancr. They have insi.;ted on  all rcawnablc mcarures 
to conserve heat hy inculation with a view k r  reducing 
c l .  Illcctrical engineers havc taken the same point ai  
vicw towards lighting h y  trying to make the m m t  of day- 
ligh,t faclor> hy limiting dcep planning and i n v r t i n g  i n  lhe 
higher capital cosl a'f Huorcccrnt lighting in llic knowledge 
that lhc running costs wi l l  h'c lawcr. I.hcrc arc many other 
dcc'ixian\ o f  thi\ type which rsquirc the engineer5 continw 
ally to ;~dvirc and, i f  nrcrrcary, cr i l ic iw the architect'.; pru- 
l iminary drcign in order to a r r iw  at the mix1 accuptahlc 
all-rounc economic \olution. 

This i.; the viholc cosl! concept. 

The Prcsent Vu l l~e  ApprcmcI~ 

l l i e  rnnrt satic'factory way of making thew economic 
cornparison\ is to express all thc calculations in some con>- 
m m  Form and tu hring them to sonic comnion point in 
limu. The ha1  tinie da1:uni is thc p r r xn t .  

The "Prewnl Value" (PV) approach providcc the Facility 
(or rxprr\sing thc capital custs to he incurred ncrw and in 
the fulurc and all annnal main:unancc corts in prcrent 
value terms. 'These calculatian.; take into account l h r  con>- 
~ w u n d  inlcrc\t that the money would havc carnrd i f  i t  had 
hcen invcstcd. T h i i  method can ea\ily he adapltd to allow 
consideration to he givcn t o  "Discount C'ah Flow" (DC'F) 
i.ump;iri\ons wherc financial evcnt? are changing ~ i g n i l i ~  
canl.ly from ycar to ycar during the life ol the project. 

I 'here is insuflicient time a! t h i ~  conference to expand 
on tlicrc theories for those o f  you who arc not already 
familiar with thcni hccauw I want to show hricl ly haw 
thc\c con\ideralionc are linked with planncd niain~:enancc, 
hut the %y\tsm does permit a rcady mean, of comparing 
\olution\ whurc thu coct faclor* arc o f  lprirnc iniportancu. 

C o , r n ~ m e ~ ~ , t  l i f e  

One o f  the diHicultie* thal thc cngincer i* lacud with I\ 
to Forcca5t with any certainty the l i fc o f  a component, ycl 
the calci~lations for  uconomic c<rmparisonc arc dcpcndcnt 
upon these forcca\ls. Thc quillc rapid devclo~micnt oT ungin~ 
ccring cmiponentc cince thc hospital bui lding ~prugramniu 
hcgan has made [hi\  forecasting even more dillicult. I f  
the designer har t o  wait until a coniponcnt ha.; rcachrd 
the end o f  its l i fehcfore hc is certain whcthcr:thc choice has 
heen wiw,  he may l ind that i t  i c  no  longer hcing n ianul ,~c~ 
t ~ ~ r c d  o r  he may have inctallcd niany mom o f  thcni hcfori. 
lie diwrvcrs that thuy wil l  not give (he length or standard 
of scrvicc rxpcctrd o f  them. 

Performnce Duts und Pluoned Muintenancc 

' lhiv nrmhlem can 'he rased i f  all cornlroncnl\ arc r c u -  
lady in&clcd and i f  any irrcgularitics or failing\ arc log& 
and renorled hacsk to the drsicner this i c  a facility w h i d  
can h e  readily availahlc when planned maintenance i\ 
;~doplcd. I know that some engineers feel that the schmic 
described i n  HTM.13 doe.; no~t i n  fact provide thi.: facility 
hut  iherc i* no  ruamn why i t  should n'ot hc cxtendcd or 
rnaditied to do c o  once thc haric sy*tcm i\ in <,pur;~tiaii. 

Planned Muintenanre mhd Extcmded ' l i f e  

Whilst there sccni* to he plenty o f  cvidencc that regular 
pl8ilnnerl maintenance wil l  iniprovc i hc  scrvicu givcn hy a 
coniponcnt, it i c  nclt easy to p r w e  that [he extcndrd lifu will 
hc achieved with overall total economy. ' l h c  dc\ign ungin- 
r c r  murt make his forecast on the as\uniptian that I l lc  c o n i ~  
ponent will receive proper and rcg~l lar attention. 

The effect of Extended Life on Economic Costs 

T o  dumrinstrate thc ellcct o f  extendcd l i fu on national 
hospital ccmuniici ,  onc can estimate the capita replaccnicnl 
o f  the cngincrring c im ipmmls  o f  ttic h i r \p i ta l~  in thc H i r ~  
mingham Region which i.; usually about I j lOtI i  ,>l' tl ir 
national picture. 

'1.0 make a correct a\\c\\mcnt of  capitill valuu we \ I~c~u ld  
I ry  to hrrak thc engineering content down inlo nunicrouc 
cuniponrnts with varying lifc expectancies hut for thc pur- 
pmc o f  thic cxercire asvunic an average lifu o f  20 ycarr 
m d  sec what the cllecl would he i f  thic avcragr i c  rxlcndud 
10 22 years. 

Estimated value o f  the capital rcplaccmcnt cm1 01' thu 
Ihorpil;~l\ in i l icBirmingham Region: 

22.01)Il acute hcdc x i X , I l ~  = tl 76nl. 
IX.000 p\yciiiatric bed* x fS,OOO = fYOni. 

L2hhni. 

Assunic the value irf the ongincering cerviccz arc ;rhu~lt 
35"!,, say f 100m, and ;is*umc that tliccc servicr\ arc hring 
installed today, then: 

PV 01 the rcplacenicnt cm1 on a 20 year cycle in 
prrpetuity at an interrqt rate 01' 7'1, ]p.a. would he 
f l l l l lni .  x 0-35=f35m. 

I'f the cyclr ir extended to 22 years thc PV o f  the c0.t 
01' rcplacumcnt i n  pt.rpi.!uity would hc: 

t IOIlni. n lb?Y =fZL)m. 



' l l ie  PV of  the saving i s  f6m. or 6':,: of  the capital 
cost. 
Nationally l l ic l igurc would he ahoui f60m 

The cost IS implementing Planned Maidtenancc 
Many engineers 'have argued that thcy are unahlr 10 .;et 

1111 planncd niaintcnancc schenir? because i l f  shortage o f  
slafl which, i n  turn, is due 10 a cliortage o f  tinancr. 13~11 
what i s  the a m i ~ u n l  o f  tinance in quc l ion?  

Awumc (ha1 a l l  thc HM'C\ i n  this country (ahout 350) 
werL. 1 0  appoinl an additional assistanl engineer for Ihe 
next fivu years. the PV of their salary a1 an avcragc irf 
t2.000 p.a. including overheads, etc., would he: 

350 x f2,000 X 4.1 =Urn .  approx. 

Experie,nce i s  qhowing that rhc nunihrr o f  craftsmen/ 
technicians required for planned n~ainlcnancc varies froni 
1 to 3 per 100 heds depending upon the coniplcxity o f  eng in~  
wr ing  wrviccs. Ihc rc fo rc  l a r  500,000 heds we may require 
ahuut 7,500 men. The numlher at prcscn't is around 5.000 
m m :  thcrcforc to carry out lu l l  planned maintenance using 
l h ~ .  frequencies recommended in H'l'M.11, we may nrcd 
an iiddilional 2.500 craftsmun. 

Thc PV of their wage,, insur;mcur, etc. ;il \ay f 1.500 p.;~. 
in pcrpetuily would be: 

2.500 X f 1,500 X 14.3=f54n>, approx. 

On these ligures Ihc present v;~lue o f  the extra cost is 
quile closr to and Icw than the present valuc o f  the saving. 

Obviously, a great deal rnorc research w(~u ld  h r  neccswry 
hefure w c h  figures could he used to decide the future levels 
of sliatf h u t  they do suggeht that \uch rncarch 41ou.ld 
he embarked upon. 

'l'rcasurrrs may well ask wherc lhc extra revenue of f4ni. 
p.a. wi l l  come froni 10 pay for  the craftsmen, hu l  this i s  
only ahout 06%', o f  the talal revrnuc which exceed\ 
f675m. p.a. 

This other similar calcula'tion poses the question whclher 
Ihe prcwnt systeni of financing building and engineering 
ci~nstruction,operation and maintenance iron1 separatecapi- 
tal and ircvenuc puchel\ need\ t o  heexamined. 

PLANNED MAINTENANCE - SOME OF 
1 THE PROBLEMS 

Summary o f  points raised by: 
K. J. EATWELL. 
C.Eng., F.I.Mech.E., M.I.H.V.E., M.I.Hosp.E., 
Regional Engineer, South W e s t  Metropol i tan R H 0  

1 .  I s  planned maintenance necessary'? Need and desira- 
b i l i ty  usually acccpted, hut tra'nslation of this in10 ;I 
workahle scheme is more diflicult. "Spirit i s  will ing hul 
the flcr'h i s  weak." 

2. Planned niaintcnance is  not merely an engineering 
ext'rcise, hut concern.; all div5plincs froni consultant 
1~ porlcr. 

3. As\c\smuni of basic norm o f  maintenance a vcry 
necessary pmccdurc. 

4. Should direct or cunlracl labour hc urcd'l 

5. l'roblcms in intcgraticrn of hrcakdown 01' planned 
nihintonanc~. 

6.  I.; planncd niaintcnancc nececsary i n  new buildings! 

7. Relationship o f  ]planned maintenance 10 commissicrn~ 
ing. 

d lntcn~ X. In  o ld huildingc which niuct he kept in use, n7. 
ancc cmts are often disproportionately high. 

4. llii'rct of tight rrvcnue hudgel. "A stilcli in l ime save, 
nine". 

10. Kelalionship hetwren maintenance and running cm l \  
(clrctrical, gay, oi l  firing, elc.). 

I I. Kccruilmenl and retenlion o f u i t a h l c  lahour. 

I?. 'l'raining o l  suitahlc lahour. 

13. Elicct of incentive honu\ *chcnir on working o l  plan. 
ncd maintenance *v\teni. 

I>ISCUXSION 
Su~hscqurn~t t o  thc I'apcrs the eighty or sir audicncc. 

Mihich cornpri\ud admini~ l rat ive and technical pcrsonndl 
f m n l  thc Hospital Srrvice together with rcprc\rnlalivu\ 
from induvlry, went into syndicat~. discu.;sion. there heinl: 
r i x  syndicates for  ihc purpose. 

'l'he main opinions cxpresrcd latcr hy a spakwman far 
rach ~yndicalc are qu01i.d helow in note forni. 

Syndicate A. There was a lack o f  canin i~~nicat ion hulwren 
d c ~ i g n  and mainlrnance stall\-the eniploynienl of main 
engineering .;ta8s for a pre-handover period of. say. six 
monlbs would he  o f  great value thc issue o f  mainlcnancu 
norms hy the Ministry would greatly help minor capilul 
works should he deleted from maintenance hudgclt- 
a "Hying <quad" o f  experts should he availa'hle 10 h r lo  
wherc necessary s rmi+k i l l rd  lahour could 'he used 10 
hclter effect-.;tat7 should receive training-the lurnover 
o f  staff was unlikely 11) a l l r r  hut thcy *hcri~ld hu n w i .  
intelligently uccd. 

Syndicate R. Dircct lahour wah generally hctlcr hut il 
should he  supplemented hy contract arrangcmcnls whcrc 
sui lahlr--the rmploymcnl  o f  specialist lahour is expensive 

a contractor was useful to cover statutory rcquircnlcnl\ 
and usually had facilities not available to direcl lahour but 
was less flexible, not lamiliar wi'lh hospital ro~ l t inc  and 
hrcadth o f  coverage was sometimes difficult could ;I con- 
tractor alwayh provide a 24-hour service'! 

A contractor could well h c  used an a rrgular hasi* hul 
too many discipline\, when i t  way not rcally their re \pon~ 
i ihi l i ty, deal1 with conlraclor*. 

Suilahlc direct labour was not Away.; availablc for niinor 
capital works, nor were 'facilitius when wanted. 

Syndicate C. Suggcstcd the use o f  rnorc contract lahour 
and advised lhat Tome specialist equipment should hc, 
maintained h y  K.H!B. teams---engineering prohlcms \hnuld 
he better "sold" to other Service disciplines. 



DOCTORS DIAGNOSE VENTILATION 
PROBLEMS 

OI'I:NINC~ the window is not  the hest way to improve 
ventilation i n  a surgery, according to a group of Holtan 
general practitioners. I h i *  merely lets in cold air and causcs 
uncomfortable draughts with the r isk o f  patients catcli'ing 
a chill i n  wi'n:ter. 

The doctors report: "From our experie8ncc the ninst 
rffectivz way of vrn~tilating a surgery at any time of the 
year i s  to use an extractor fan, which supplics a constant 
draught-free change o f  a'ir without discomfort to paticnt5. 
I t  i s  also a cmsiderable asset inhygiene conlrnl". 

'I 'hce were some o f  thc points stressed hy the doctor* 
when asked to asscss the performance o f  an installation 
o f  Xpr la i r  fans, which have now hern operating for more 
than a year at the Halliwell Health Centre i n  Boltnn. 

I h r  centre, which prtwides individual furnished suites 
for seven gsnrral practitioners, i s  one o f  the first in Lanca~  
shire to accnmmodate private medical practice along with 
a wide range o f  local authority health services. I t  was 
opened hy the Boltnn C'urporation i n  October, 1967. 

Each suite, comprising a consulting room and an  ex^ 

amination room, i s  equipped with a 5ix inch Xpelair 
extractor fan with a capacity o f  10,000 cu. ft. o f  a i r  pcr 
hour. The ful l  installation of fans-a'll GXC6  models--- 
arc mounted i n  the windows rrf the conwlt ing rooms. 

When not i n  use, a shutter on the fan prcvents outside 
air f rom blowing into the surgery. Both shutter and fun 
switch are operated simultaneously by a single pull-cord. 

The services at Hal l iwel l  includc clinics for  chi ld welfare 
and schnnls, dental care, hearing assessment, chiropody, 
family planning, post-natal care and cervical cytology. 
C'lasses are alsa held in prr-natal relaxation and nmthc r~  
cralt. 

NEW WING ADDED TO DUCHY HOUSE 
NURSING HOME 

A NEW, two-stowy wing has hern built ontu tlic Duchy 
Houw Nursi'ng Hame in Quurns Road, Harrogate. at a 
cos't o i  £77,000. 

l ' l ie  new wing adds ten bed.; t o  the Homc, bringing 
total patient accommodation up  to 35. The new patients' 
rooms are on the first floor o i  the extension; the ground 
Hoor has b e n  used to pruvide a new operating theatre 
suite and a diagnostic X-ray department. 

The equipment for the X-ray drpartmcnt was supplicd 
by Watson & Sons (ElectroMedical) Ltd.-a mcmber o f  
the GEC group of companies. The main items o f  c q u i p ~  
ment in the Duchy House include a Carlton t i l t ing table 
and Autoptic image intensifier which wi l l  bc used f o r  
Huoroscopc techniqurs, and a Roentgen X %phase generator 
and tubestand. 

These latest imprt~vemmts complete the transformation 
of lhe farmer small 2Gbeddcd honic in to a modern 'mini- 
hospital'. fully equipped 10 undertake major surgical 
operatinns. 

' lhe Duchy House Nursing Home was i n  danger o l  
closing in l959 on the retirement of the (hen owner, the 
late Dr .  Sinclair Miller, hut the premises were purchawd. 

modernised and enlargcd by NulRcld N u r ~ i n g  Honirs 'l'ru\l. 
a charity sponsored by BIJPA. 

lixten\ivc modernisation, including the addition n l  a 
three~storcy extension, was completed by the Trust in 1961. 
who made a grant o l  f57,IUK) towards the cost o f  thr 
project, which totalled f107.000. The remainder canic 
through a local appeal, which raised the sum required 
within four months. 

Sincc i t  was formed i n  1957. NuHir ld Nursing Homes 
Trust has modernised o r  bui l t  f rom scratch 14 'mini- 
hospitals' throughout the country. 

WORK BEGINS ON COMPUTER-LINKED 
HEALTH SCREENING CENTRE 

WORK has now started on interior sstructural alterations and 
on the design and decoration o f  the £250,000 Cave'ndish 
Hio~Mcdical  Centre, Britain's first independent health 
screening centre linked t o  computer, which i s  due 
to open in London early [hi? summer. The Ccntrr will 
occupy 10,000 square feet o f  a ncw building at 99. New 
('avendish Strwl, Lmdon.  W.I. 

('mtracls tntall ing f36.500 have been awarded to: Rod- 
well and Sons Ltd., of Camden Road. London, N.W.I .  
the main contradors: t o  C'hristy Rrothers o f  Chelmsiord, 
cluctrical contracton: to How~K inne l l  Ltd., o f  Southwark 
Slreet. London. S.E.1, heating and ventilating contractors; 
to Cunic, o f  Buckingham Gate, Lnndo,n, S.W.I. (a  sub^ 
sidiary o f  thc C'u'bitt Group), who are erecting partitionsing. 
and t o  lnsulatall o f  Hol loway Road. London, N.I. for 
false ccilimg~ to lower the original roof lcvcl throughout 
hoth floors whichthe Centre will occupy. 

Phi I'rojcct Management Ltd., arc retained as overall 
management and systems consulta~nts. Arch'itects to the 
Cavendish are Paul, Bath and Lowman o l  London. Elcc- 
trical consul~tants arc Power Enginccri'ng Associates Ltd.. 
and Parso'n,~ Hrown and Partner* are rotaincd ar huati'ng 
and ventilation consultants. 

The ('entre i s  dwigncd so that patients will tukc approxi- 
mately two hours to complete a series o f  I I healtll screen- 
ing exarnilnations. The cost o f  the complete health check 
will he £21. Patients w'ill move comfortably and ~ m o o t h l y  
from one testing room to the next. They wil l  be examined 
in complete privacy and the findings o'f each lest wi l l  be 
marked on thu patient's perso'nal computer card. 

The rentre's computer will occupy a p r~m inen~ t  position 
i n  a glass enclosure on the ground Hoor, close to the main 
entrance. Results f rom all the medical twls wi l l  bc fed 
into the computer, processed and printed nut i n  tht. forni 
of reports for  early despatch to the pa'tirnls' doctors. 

I n  addition, thc ('cntre wi l l  incorporate an automated 
pathology labora'tory, containing equ'ipment worth fh.000, 
which will occupy approximately one-third o f  the first floor 
area. The laboratory wi l l  conduc,t over 20 tests on each 
blood sample, i n  addition t o  standard urine investigations. 
Included within the Centre wi l l  be a lounge area i n  which 
patients wi l l  hc able to relax, make private telephone calls 
and complete a health questionnaire at Ieisurc. 

Within a year thu C'avendish Hoard o f  Directors expcct 
to .;er the opening n f  lisnked screening centre.; in the main 
provincial c ' i t ia  throughout the country. Thc  first i s  likely 
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t o  be in Manchester. Provincial Gentre? wil l  make usc of 
the Lnnd'on computer b y  connecting i'ntn il through a 
G.P.O. telephone line. 

The only existing centre coniparablt: to the Cavrndish 
i? the Ka'iser Perma'nrntc Centrc in Oakland, California. 
which was vicitsd by Cavendish Directors during the early 
planni'ng smtage.s o f  the Cavendish Rio-Medical Cc'nirr. 

YORK WATER CHILLING EQUIPMENT 
FOR NKW VIENNA HOSPITAL 

('limaco GmbH, o f  Vienna, have been awarded a can- 
tract t o  supply and inntall water chillisng systems for the 
l i n t  construction stage o f  the Allgcmeine Krankenhaus 
Hop i la l .  When completed, in 1975, this new general hospital 

~ i t u a t r d  i n  the ccntrr of t h ~ .  ('ity. clac~1 to thc llniversity 
o f  Vicnna which i t  will a l w  w v e ,  will hc tl ic largczl in 
Austria with 2,5K bed.;. 

I 'hc cumplcted complex wil l  comprise ~ i x  major fully 
a i r  conditiirncd building hlocks. Three block\ have now 
hccn construolcd and, t o  air cc,nditiun this fir\t \lagc. 
Clirnaco wil'l deliver refrigeration equipment supplied hy 
Ihc York Divis'ion o f  Borg-Warner Intennatimal, Zuricl,. 
I t  compri,rs Iwa srm'i-hcrmctic .;inglr~slage 111'1 Turhopah 
and two a'hsorptian wa1i.r chill ing Fystenic. 

l'hr compruswrs arc electrically driven and the ;thsarp- 
l ion  syslcm.; arc powered by hot water, l o t a l  capacily 
of this t i rcl  *(age i s  approximately 8 mi'llion kcal per hour. 
Cooling capacity f o r  the completed complex i s  cxpectrd 
to attain 25-30 mil l ion kcal pcr hour. 

Metrication 
The code letters printed an theright band side o f lhe  titles of  relevant 

standards have the following significance: 
M Standards in which the rcquiruments ore specified only i n  

lnctric unitv (in somcinstilncc.i,approximilteimperi;llconvur- 
smne .are included). 

M l I Standards in which the reqniremcnts are specified in both 
metric and inch units, so that either set of units can he mud 
exclusively to meet thosc requiremcets. 

N Standards which hy their n;~lurc arc indcpehdcnt O S  any 
wtem of units. e.g. colour coder and glossaries. 

Standards not coded nrcstill expressed in imperiid unils:tt~ey genul-ally 
include ilpproximiltc ,metric equiwlentr. 

NEW URITISH STANDARDS 
BS 919: Screw gaugc limits and tolerances 

919: Part 3: 1968 Gauges $or I S 0  metric screw threads 
36 pp  16s M 

B.S. 4361: Woodworking machine.; 
4361: Part l: 1968 Components 6s 

G i v e s  dimcmiunal and other r q u l r e m m s  for diNercnl machine 
c~mponcnts, eoch shown in a sepamto section. (SRN: 580 00348 5 )  

4361: Part 2:  1968 Accuracy Tes'ts 32pp 12.; M + I  

US. 4372: 1968 Engineers' stcel measuring rules 16pp S\  
M 

SPECIAL ISSUE 
B.S. P D  6031: 1968 Use of the metric system in the con 

structian industry 20pp A 4  size 7s 6d 

INDUSTRIAL ELECTRICAL PLUGS AND SOCKICTS 
A new British Standard. B.S. 4343 lt~dusrriul plu~rs, a r d c t  

0111li~f.s otrd colrpl<,rs fiw o x .  rmd d.?. supldi~s (nrcrric U N ~ I S )  
gives requirements and Lesls for these accessories, including 
the arrangement o f  contacts and dimensions essential for 
interchanreability o f  the acccssories for the standard ratines. . 
also the necessary gauges. The accessories are for singlc- 
phase and thrcc-phase supplies with a voltase between ohnses 
not exceeding 750 V. and frequency not exceeding 500 HI. 
o r  for d.~.. supplies, with a rated current up  to 125 A, for use 
cither indoors o r  outdoors i n  industry, agriculture, or in ships. 

Accessories specified i n  B.S. 4343 are inlerchangcahle with 
those conforming with Publication No.  17, second edition, o f  
the International Cotnniission on  Rules for the Approval 
o f  Electrical Equipment (CEE), which is now being printed. A 
summary of the differences between B.S. 4343 and the CEE 
publication is given i n  an appendix, 

Included i n  this standard arc numerous tabler o f  infornia- 
l ion, appendices on metric cable sizes and more than 80 
pages on  standard sheets and figures giving dimensioned 
drawings and data on  the accessories, and (he lest apparatus 
is described. 

R.S. 4343, price40s. 



On the Market 
AUTO.M.ATIC INSTRUMENT WASHING 

Thc Hclprx S.10 Automatic M'aQiing Machinc is on? u l  
the slxcially dcsigncd range o f  Acic W a h c r \  produced for  
hospilal use distrihutcd in tlic l ln i tud Kingdom by Sicwx 
I.td., 15118 Clipstone Strecl, I.ondon. W I  P 8AE. 

This washing niachinc work.; osn thc lprinciplc o l  a rotat- 
ing drum inlir wliich perforated basket5 containing item\ 
t o  he washed are placed. Although the Hclpcx i s  called 
a "washing niachinc", i t  gm!\ heyond the washing~rin\inp 
cyclr 'because i t  drie, the in\trurncnt.; by centrifugal action 
and ;ilm hy hot air. 

'l lie camplrlc upcration o f  wa\hing, rin\ing ;md drying 
i- controll~etl hy a punched card cirmntrol sy\tuni h o  IIILII 
the enlirc washing cyclr is coniplc~tely aulcm;~tic. 

Tcsts have shown that heavily soiled i~n~slrumunt\ iron1 
the opcraling thcatrr including forcrp\ wi lh hoxed joinl\ 
and scrralrd teeth are thoroughly clcaned. 

The l ime cyclr for  a cumple'le washing operation for  
45 lb. in h ( 1  a thc instrunicnls l r om h major 
operations) is seven minute, and the niachi~nr takes very 
litt le space (hase mcawrcnient, approx. 42" wide x 32:" 
deep) and need, to \land only 16" away from a wall. 

''WE1,KX STEEL. PARTITIONING 
l ' u  niect tlic increasing dmi;md for l l rxibi l i ty i n  oll icr 

laywut*. The Welconstn~ct Co. I.td., of Cknidun HOLIYC, 
Parade, Birniingham l, arc now protlucirig ;I douhlc range 
o f  their n'cw "Wrlcx" Executive S l r r l  Partitioning, 'I'hi, 
has hcen dcsigned to s~~pp lummt  their industrial par l i t iw-  
in&. 

The douhle range ctrnci\tc of standard (parlitioning 7' 4" 
high and harrier partitioning 5' high. I'anrlb arc niadc 01' 
IXG and 20G ~ t cc l ,  wi lh an cntircly new interlocking duvicu 
wliich providdq a Aush ( ini \h and ;L r igid structure without 
the u\c o l  mull ims. I'ancl\ are stuvc cnamellrd grey or 
any othcr R:S, colour and doors arc made o f  \;rpcle 
vc~nccred wood with mastcrcd l ~ k .  

(ila/:ing cosn\ists o f  one piecc of gla\\ held in pir\ilion 
hy ruhher-strip; any types of gla\< can he \upplied and 
ii l lcd. h n c l s  are inl i l l r t l  will1 'Pihrcglas' to provide wund 
resi~tancr. 

Accussorie\ available, including d id ing tiakhcs. Lelephonc 
hclvrs.  ventilator umni'ls and roofing wctions. Welconstruct 
provide rcrvicm for  advicc, mrawr ing,  erecting and gla/.ilig 
in all part? o f  the U.K. 

N E W  CI.EANING PAPER CUTS IMAINTIINANCE 
COSTS BY M O R E  THA'N  60 PKR CENT 

A new cleaning paper for  indu~tmrial uic which d l e n  
considerable cost savings over rags and cotton wavte ha\ 
hrcn in'lroduced b y  D.S.O. Supplies 1,tcl.. of  14 1.illian 
Koad. London, S.W.13. 

Named "Paprrag". i t  has a good wcmt abwrhcncy and 
can be used i n  place of rags for  removing grcaw. xdvcnt, 
oi l  and water spill;lgcr i n  w ~ l r k ~ t l o p \ ,  Iahoraror i~.~ and 

k i n ,  irr I poli\hing Iahlcwi~rr  and clcaning work 
curfaccs. 

l l n l i k r  rags, thcrr is no dangcr of eror\ in ' icct im will1 
Papcrag, i i nc r  ~ 3 ~ 1 1  (piece it U \ C ~  i ~ ~ l y  OIKC and ~ h r o w n  
awxy. 

Papcrag i\ avuilahlr in 6,000 fed  I l l I .  wick 
paper, wpplicd in 2 roll packi at t 6  15. Oil. pur packcl. 
Spcciul Hoor Ttands I hou\e thi. paper arc ohtainablu 
a't f ?  each and discounts are available for quanlily ptrr 
chase\ I>( k ~ p e r a g  rirllb. One roll o f  Papcrag i.; roughlv 
cquivalcnt to two liundrcdwvight o f  rag o r  colton we\lc. 

TEMPERATURE MNASURING INSTRUMKNTS 
A range of law cc>rt, high accuracy. electronic icn1per.i- 

turc nicar~lr ing i n ~ t r n m m t *  cavrrinmg a wiilc rangc c r l  

induvlrial applica1ion.i. f r m i  chccking refrigcrttlion syctcnx 
through halancing tirnting ry\tcm\ etc.. is availahlc from 
Polkingbornc Induslries Ltd., Lillyliall Indurlrial Estate. 
Win\caler. Workingliin. ('unihrrland. 

'l he M i n i ~ l '  i\ produccd in three h a ~ i c  r n d u l \  cwcr ing 
respcclivcly S O  to 10Il"F; 1110 to 250"F, and 750 to JOO'I:. 
and is suilahlc fo'r liquid, gay and u r l a c c  tumpcr;~turc 
niea~urenic'nt\. 

A rangc o f  low coy1 multi-cliann;l lcni lxralurc ccm 
trollcrc arc in the proci.\r o f  dcvelcrpnicn~t to covet. ul l i -  
riiately lhc l h r w  ha\ic lcnrpcrature ranger. 

Outstanding f r a l t ~ r~ . \  of l h r  three hatic n~c;~\ur ing irim\lrw 
n?ent~ includc: 

I. Accuracy i 2 , ' l ' .  (guaranteed) will1 1ine;lrily o f  O Z ' , , , .  

7, T i nw  con\l;rnt averagc fivc \ucmonds. 

3. Mini;rturc thermi\tor senior housed in ;I probe cx lcnd~ 
ahlc to t h rw  lc'ct. 

4. Hugged and altractivc con\trucIion in high impact 
~poly\tyrcnc c;lrc. 

5 .  Small handling \izt. 3" x 2:'' x 2:". 

h. Heucry opcre~tion with x n r r  and iransicl i~r r cgu l ; ~ l i ~~ t i  
providing long term ~ tah i l i f y  and cxlcndahlc h;rwry 
lifc. 

7. Ful l  cornpensalion for anihicnt icmpcraturc v:iri;ttion\. 

N E W  AIRLESS SPRAY OLJTI~IT 
O f  .;pccial interect to t l i r  maintenance pain1i.r i\ a new 

all-electric portable Airlc5s spray outfit ;~nnounccd hy 'The 
1)cVilhiss Company I,td., R~rurnemouth. 

L)e*ignatcd the ORE-Ml4IO. and 10 hc known ;br thc 
'-Hu\llcr", i't wpcrsedcs thr well known and widely uscd 
QHHLSOI Flculric A i r l r s  outlit. 

The  principle of opcrzt im involves a i n g l c  1pl1;iw cleclric 
motor couplcd 10 an liydr;~ulic motor, which in t u m  drivc* 
an hydraulic rcciproca'ting paint pump. 'l'hc latter i.; u l  
heavy duly cirmn\lructiun. run, well within i l r  nxixiniurii 
rating, and dulivul-s a l u l l  40 fluid ouncer per m i n u k  01' 
niaturia to the Air lcw spray gun at prrshurui up tu 1.000 



psi. The electric motor can be adapted to operate off 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 whecls enable i t  to br moved easily 
,through doorways and up flights o f  stai'm. 

Servicin'g is facilitated 'by an access panel which when 
removed expores the entire mechanism. A n  integral solvent 
reservoir m a k o  clra~ning up a quick and simple operation. 

NEW CONSOLE UNIT FOR CONTINUOUS-FLOW 
GAS BLENDING A N D  CONTROL 

A standardised console unit for gas blending has been in- 
troduced by G. A. Pluton Ltd., of Basingstoke. Called the 
'Flostat M N  Gas Blender', i t  provides for flow measurr- 
mcnt, amnd automatic flow control to storage, of up to six 
consti'tuent gases sn that an accuratc blend is achieved and 
maintained despite variable and intermittent demand. Varia- 
tionr in 'down-stream' gas pressures are automatically and 
accurately compensated for hy self-acting, flow conlroller,. 
.Solenoid valves with selector switchcs. 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 
compon,ent gas supply to cut the operation i f  required 
values are not maintaked. output pressure regulator, etc. 

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

Apparatus for the prnduction of accurate but widely 
variahle mixtures of gases i s  in demand over the range 
o'f medicine, swgrry, etc. 'Flostat' Gas Blenden are already 
in use, far 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 i s  used as 
standard i'n each of the Hi-Speed Slidelock range of 
sterilixrr produced by Manlove AlEiutt & Co. Ltd., thc 
recorder hcing used to provide a continuous 6 hour 
temperature record, and to in'itiate a ctmlrol signal for 
procesq advancemmt. 

One of  the important developmen,ts in the Slidelock 
range i s  the u s  of a number of pulren o f  steam interpoed 
with evacuation to give more effective purging of residual 
air from porous loads such as dressings; air hcing evacuated 
before the first steam pulse i s  injected into the jacketed 
chamber under pressure. The final steam pulse i s  injected 
at a pressure of 12 p.s.i.g, to achieve the required sterilir- 
ing temperature and thus destroy bacteria and m'icro~ 
organisms present in ihe load. 

The recorder, produced a1 the Manchester works of 
Fielden Electronics Limited, monitors the temperature in 
the sealed chamber by means of a thermocouple tempra- 
lure sensing element. The main condition that i t  watches 
for is the occurrenlce of a drop i'n temperature following 
the final s'team pulse, a3 this signifies the presence of 
residual air in the load and 'thus the non-attainment o f  a 

sterile condition. IJnder such a condition, a 'fail' warning 
lamp is illuminated automatically. 

The Bikini recorder is a compact instrument which fits 
into Itss 'than +ft.' of panel space and yet provides a clcm 
6 hour recording on a 6 in. circular chart, wi'th ins tan^ 
tanwus indication shown on a 13 in. scale. 

A robust scrvo motor drives the index and a simplc 
quadrant connects wi'th the recorder pen; there are no 
pivots and no galvo or mechanical chopper. The instrument 
i s  polentiomztric in operation and i* calibrated to an 
accuracy of better than I per cent. 

NlSW MULTI-PURPCWE PORTABLE DE-IONISER 
The Permutit Cornmnv LM.. Pemberton House. 6321652 . . 

London Road. Isleworth, ~iddlesex, announcc the intro- 
duction of a new low cost. wrtahle de-ioniser desipned 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 i* a muln- 
purpose ion cxchange unit of the cartridge type which 
produces a continuous supply of de-ionised wa'ter ranging 
from ukra pure to distilled quality at flow ratus o f  up t o  
26 wl lh .  Compact i'n size and o f  lightweight construction. 
the unit can be readily carried to any locality requiring a 
supply of purified water. I t  may bs con'niwted to the nearest 
convenient water tap hy means of flexible hose and adapter. 
Applicamtions in a wide variety o f  fields include de-'ionised 
water for making-up solutions i'n path. labs; stcrilizing; 
inrtrument and glass washing, etc. 

The un~it, which i s  housed in a nuat fibreglass cabimt. 
incorpora'te a single polythene cartridge of the mixed bed 
type charged with "Zeo-K'arb" 225 and "Dr-Aciditc" ion 
exchange materials. A battery operated conductivity meter 
built into the unit checks the quality of the water and also 
indicates when the ion exchange resins are exhausted. 

Cartridge removal and rcplacemunt is as i ly  and quickly 
accomplished and is hacked hy a rapid cartridge exchange 
vewice operating on a nationwide basis. 

The Mark 17 de-ioniser i s  supplied ready to use, comple8td 
with service cartridge, and i s  priced at f22 O*. Od. Spare 
cartridges are priced at f 8  OS. Od, each and replacement 
cartridges are f l  10s. Od. each. Overall weight o f  the unll 
i s  18 lb. 

- - 
REMOTE MONITORING UNIT 

The Scientific Systems type R014 transistorised Monitor 
Un'it provides an accurate but inexpensive (un,der f15) 
method of  mon'itoring a wide variety o f  parameters at a 
remote poin~t. for indication, recording or control purpose\. - . . 
With suitahle signal tranl*ducrrs .the unit can momitor: 
Rotary or Linear Position, Liquid Level. Pressurc. 
Tempertiture. Load, etc. 

The compact instrument (approx. h,"' X 4 Y  X 3") 
operates from mains or ha'btery supplies, and gives a 0-1 
mA output proportional to the value of the pawmeter 
heing measured, into any load up to 4.000 ohms. 

A major feature of the unit is the wide adjustment rangc 
o f  the Scale and Zero con'trols, wh'ich eliminates the nred 
far close matching of the transducer to the actual working 
range of values heing m o n i t o d .  

Further details from Sciedific Systems Ltd., Stover 
Tradimng Estatc. Yale. Bfistol BS17. 5PD. 
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H.E.M.S.-EUROPE'S MOST IMPORTANT 
HOSPITAL EXHIBITION 

THIS YEAR British manufacturers are again demonstrating 
their regard for  Europe's fomnost  Hospital Exhibition bv 
fill~ng the Grand  ail. Olympia, from'the 2nd-6th ~ u n e ,  
1969. for  the 7th lnternational Hospital Equi~ment .  Mcd~cal . . 
Engineeri'ng and Services Exhibition. It is sponsored by the 
Institute of HardtaI  Administrators and "The Hos~ital" .  

This biennial Exhibition is a valuable oppontunity for 
members of hospital staffs and others to view and discuss 
the co'mplete ranges of equipment exhibited by manu- 
facturers. An important two-way flow of information 
bdween manufacturers and relevant members of the 
medical professinn raiser the standards, qual~ty and 
effectiveness of hospital equipmenl and ultimately thc 
effectiveness of ihe whole medical profession. 

Over 95 per cent of ihe exhibitors will be British and 
it is confidently expected to exceed the 1967 figure of moru 
than 1,700 overseas visi'tors. 

U.K. venue for  worldwide Suly;eons Congress 
This yrar, for the first time in Britain, the European 

Federatio~n Congress of the lnternational College of 
Surgeons will be held at  Olympia. 

Founded in Geneva in 1935, the l'nternational College 
of Surgeons is the only world-wide organisation dedicated 
to the teaching and advancement of  the scicmce and art of 
surgery. Surgical Specialists from 64 member nations 
participate i'n a wide prngramme of Educali'onal and 
Scientific advancement. The College is governed by an 
lnternational Board of Governors, consisting of 140 mem- 
hers from every part of Lhe world. amnd by an lnternational 
Exrcunive Cou'ncil. 

It is now hoped that a minimum of 400 mem'bcrs of the 
lnternational Collqe of Surgeons will be present during 
the course of the Exhibition. Registrations for  enmlmmt 
a delegates have been received from the following 
cou'n'tries: 

United Kingdom Spain Poland 
France l'taly Australia 
Germany C7echoslovakia Morocm 
Switzerland Dutch Anlillcs The Dominican 
Holland U.S.A. Republic 

Belgium Canada l ra'n 
Japan Hosng Kong Finland 

During the C'o'ngress, scientific meetings will be held, at 
which delegates will present papers on the major subjccts 
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--C'arcinoma of the Thyroid. 
Prof. Kun'tscher. Vienna-Orthopaedics. 
Prof. Louros, Athensabs te t r ics  & Gynaecology. 
Prof. Dr. Darget, Bordeaux-llrology. 
Dr. Earl Conway Smith, U.S.A.-Obstetrics & Gym 

aecology. 

The delegates to the Congress will also be takcn on con- 
duoted tours, and exhibiting manufacturers will he invited 
to meet these membem to arrange i'ndividual programmes. 

Five other Conferences 
During the Exhibition week, there will be conferences 

organ'ised by the Hospital Caterers' Association, Guild of 
Public Pharmacis'ts, Na~tional Association of Supplies 
Officers, lnstitute of Hospital Engineering and Institute of 
Hospital Building Supervisors. 

The Exhibition fills over 250,000 square feet of spacc 
at  Olympia and covers an  enormous range o f  products 
and services from hospital furniture, through aids for  
spastics, to the l a t a t  equipment fur hiochem'ical analysis. 
Ma'ny of the products will he s h o w  t,o the world for thc 
first lime and the H.E.M.S. will be  used a? one of thc 
main springboards for product launching. 

The 1969 Exhibition will be 'the most comprchensivc yet 
attempted and should again prove a valuable contribulion 
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 h'tandards in 
('anadian hospitals end med'ical centres. 

Seven companies from On'tario will form a group exhibit 
\ponsored and organiscd by the Ontario Department of 
Trade and Development through their London Ollice. 

Problems of Planned Maintenance 
sidered wi'th new plant from the beginning and an improved 
quality of staff was rsquired-Regional Boards should 
make special grant? for outstanding maintenance nccds- 
Group Engineem should be allocated funds of which thcy 
have full contrd.  

Syndicnte E. Maintenancc should be a separate item of 
costing and minor capital works should hc deletcd as a 
direct lahour responsibility. 

I1f two officers exist in a Group to manage cnginrering 
maintenance and building maintenance, thcy should co- 
opeiute without the need f o r  a supervi~o,r. 

Syndicate 1'. There was a need to train ~taff  in P.P.M. 
t h e  introduction omf planned maintenance would result in 
an i'nitial increasc in work load and it should be brought 
in progressively, being started in the more critica'l arcas--- 
Regional Boards should bring in Group hgincers  at an 
earlier stage in the construction of new haspitals and should 
help more with old hospitals-Regional Boards could help 
very much wilh fifinancial guidance and more clerical assist- 
ance was needed. 

T H E  H O S P I T A L  E N G I N E E R  
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' Notes for Members 

ANNUAL GENERAL MEETING 
The Second Annual General Meeting of the Institute was 

held at the K.N.V.K. Club, Lnndon. W.1, on Monday, 21st 
April, 1469. 'Towards the conclusio~n nf the mceting the 
retiring President. L. G. Northcroft, O.B.E., BSc.. handed 
over to his succr.;sor G .  A. Kooley, C.Eng.. M.I.C.E., 
F.1.Mech.E. Mr.  H. A. Adams. Chairman of C:ommittee,q. 
rxprcssed thc warm gratitude of all Members to Mr. North- 
croft for the uniquc contribution hc had made during hic 
two year term of otlice as the tirst President of the newly 
Incorporated I~nstitutc. 

PRESIDENT OF THK INSTITUTE 
rollowi'ng his retirement from the ofice of President, 

Council agreed manimoucly to elcct Mr.  L. G. Northcroft 
a (Lmnanion of the l'nsti'tute. 

THE COMMITTEE OF INQUlRY ON H(k$PITAI. 
BUII.DING MAINTENANCE AND THE WORK OF 

RUILDING SUPERVISORS 
As invited by the Committee. the In'vtitute has now c o m ~  

pleted a Memorandum on this subject and this has been 
submitted to, and received by, the Committee of inquiry. 

I t  i s  intended that the contents of the Memorandum will 
he published in  due course. 

THE BENEVOLENT FUND 
Thr Secretary of the lnstitule would be most grateful 

if any Member who has a copy of the rules of the Bmevo- 
len,t Fund of the previous lnstitubion of Hospital Engin8er.q 
would get i n  touch with him at 20 Landport Terrace, 
Sou'th'sea. Hampsh~ire. 

THE CONFERENCE OF THE INSTITUTE 
OF HOSPITAI. ENGINEEIRING 

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

The contributions being made by the Department of 
Heal'th anmd Soaial Security are noted, with appreciation. 

The Confercnce is  arranged, primarily, for Members 
of the Institute of Hospital Engineering. There wild not he 
a Registration Charge. 

Visitors 
Visitors from other societies and bodim, and from the 

Hospital Service, are welcome to attend any technical 
cession of the Conference. There will be no admission fee. 
No ticket? of admission will be required. 

I.H.E. Conference Programme 
Monday, 2nd June 
2.15 pm. OFFICIAI. OPENING of the Confercnce hy 

J. Bolton. C.Eng., A.M.1.C .F... M.I.Mcch.F., 
A.M.lnst.F., F.K.S.H. Ch'ief Engineer, Dcpr r -  
mant of Health an,d Social Security. 

Speaker: 

C~h'Zir,,1ur, : 

A. S. MARRE, C.B.. 
Second Pcrmancnt IJndcr-Secremry 
of State. Department of Hcalth and 
Social Security. 
G. A. ROOLEY, M.I.C.E., 
F.1.Mech.E. 
Prrs'iden't, The Institute of Hmpital 
Engineering. 

Tuesday, 3rd June 
10.30 un. 'DISPOSAI. OF HOSPITAL WASTE' 

Spcokrr:  E. M. DAVIES, C.Kng., 
M.I.Mcch.E., 
Dcputy Regional Engineer. South 
Wcst Metropolitan Regional Hospital 
B'oard. 

('huirrnnn: I. L. C'OOPEK, M.I.P.C., 
Director of Clean\ing, Westmin\tr.r 
City ('ouncil. 

2.30 pm. .SOME ASPECTS OF Mrn~cn l .  ENGINEERING' 
Speaker: MALCOLM BROWN, B.%. (Eng.). 

Rcscarch Engineer, Dcpartmcnt of 
Mcdical Electronics. The Royal Hos- 
pital of St. Bartholomcw. Londcm. 

C%airman: L. G.  NORTHCROFT, O.B.E.. 
B.Sc., C.Eng., F.1.Mcch.E.. 
Immediate Past President. The In- 
stitute of Hospital Engineering. 

Wednayday, 4th Jme 
10.30 a.m. 'THE ENGINEF.RINC SEI<VI(.TS ob TIII~ NEW ST. 

TIIOMAS' HOSPITAL.' 
Sprwker: POIJL HANSEN. M S . ,  M.1ng.F.. 

Partner-Sternsen. Varming Mul- 
cahy & Partners. 

Choirmnn: R. G. HODGE. C.Eng., 
M.1.Mech.E.. A.M.I.H.V.E., 
Regional Engineer, North West 
Mctrnpolitan Regional Hospital 
Board. 

2.30 pm.  'EN(~INF.ERINC ASPWTS OF .I.IIE HEST BUY 
HOSI'ITAIS' 
Spraker: B. R. JOSEPH. C.Eng., M.I.C'.ti.. 

M.1.Mech.E.. M.I.E.E., 
Department of Health and Social 
Security. 

Chairman: K. J. EATWELL, C.Eng.. 
F.1.Mech.E.. M.I.H.V.E., 
Regional Engineer, South West 
Metropolitan Regional Hospital 
Board. 
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B R A N M  OFFICERS 
The elections of Branch Oficers have resulted a\ follows: 

EAST ANGLIA 
Chairman: H. Holtz. 
Hon. Secretary: R. G. Freestone. Group Engineer. 

Addenhrooke's Hospital. Trumping- 
ton Street, Cambridge. 

EAST MIDLANDS 
Chairman: G.  Pidcock. 
Vice-chairman: G. Metcalfe. 
Hon. Secretary: R. R .  Blagborough. 70. Malton Road. 

North Hykeham, Lincoln. 

GLASGOW AND WEST OF SCOTLAND 

Chairman: D . M .  Moir. 
Vice-Chairman: J. Cadenhead. 
Hon. Secretary: G. Doherty. I R, Dixon Road, Glasgow. 

S.2. 
Hon. Treasurer: R. IJrquhart. 

LANC'ASHIHE 
Chairman: D. H. Mellows. 
Vice-Chairman: 7. Dickinson. 
Hon. Secretdry: T. Hardacre, 21, Ormont Avenue, 

Cleveleys, Lancs. 
Hon. Treasurer: E. Graham. 

LONmN 
Chairman: F. Peck. 
Vice-Chairman: R. S. Adlington. 
Hon. Secretary: W. A. Askew, 17, Bristol House. 

Southampton Row, London. W.C.I. 
Hon. Treasurer: W. P. Lawrence. 

M IDLANDS 

Chairman: 
Vice-Chairman: 
Hon. Secretary: 

MID~SCOTI ANI)  

Chairman: 
Vice-Chairman: 
Hon. Secret:uy: 

NORTH EASI' 
Chairman: 
Vice-Chairman: 
Hon. Secre1:ary: 

Hon. Assistant 
Secretary: 

SOOTHERN 
Chairman: 
Vice~Chairman: 
Hon. Secretary: 

SOUIH WtS l  
Charman 
Jotnt Hon 

Secratarm 

S. C. Stapley. 
H .  R. Martin. 3. hurchill Road. 

Hasbury. Halesowen, Worc~ .  

W. Ewing. 
W. Runcie. 
A. R. Hunter, 9. Pitroddie Gardens, 

Dundee. 

G. C-. Klliott. 
W. I.  Kichards. 
C. K. A. Meyer, 23, Green Acres, 

Kirkhill, Morpeth, Northumberland. 

E. Parker 

L. R. F. House. 
J. Fimnnry, 73 Torringkm Road. Norl l l  

End. Portsmouth. 

R. R. Fddolls. 24. Durville Road, 
Headley Park, Bristol, 3.  

K .  A. Sweet. 12. Forest M g r .  Han- 
ham, Bristol. 

WALES 
Chairman: H. 1;. H. Dolling. 
Vice-Chairman: C. R.  Davies. 
Hon. Secretary: P. lackson, 'Roundway', l lnivenity 

Hospital of Wales. The Heath. 
Cardiff. CIT4 4x1'. 

Hon. I'reasurer: N. Coy. 

YOKKSH~RF. 
Chairman: J .  Deen. 
Vice-Chairman: J .  C. Shrlton. 
Hon. Secretary: J. Black, 'llplands'. Stnrthes Hall Hos 

pital, Kirkhurlon, Nr .  Huddersfield 
Hun. l'rcasurer: A. Duffield. 

LONIMIN B R A N M  
A domestic meeting of the London Branch was held at 

We~tminster Medical School, S.W.1, on Saturday. 22nd 
Frhruary. 

The agenda included a discussion on items proposed fur 
inclusio'n isn the prugiammc for 1969. 

I t  was agrccd to hold some of the Rranch meetings on 
wrek-day evenings to cater for those Rranch Mcmhers who 
were prevented, through one reason or another, froni at- 
tending meetings hcld on a Saturday afternoon. 

As will be secn from the lists of Branch Officers puhlishcd 
in these columns, the Annual General Meeting of the Lon- 
don Branch saw a change i'n thc olfice of Branch Hun. 
Secretary. 

Mr.  P. C. Vrdast joined the London Rranch in 1947. 
He joined the Branch Committee in 1952 and shoflly after- 
wards asumed the oflice of Branch Hon. Secretary. He has 
just rctirrd from this ofticc, thcn. after a spcll o f  service 
of nearly 17 years. 

Hi* contribution during that time, to the London Branch 
in particular and the Institute in genrral, cannot he mra- 
rured in wordz. Those who know Mr.  Vedaut wil l  know 
that his cffor:s will not ccasc with the giving up of ollice. 

YORKSHIRE BRANCH 
' lhu Annual General Meeting of the Yorkshire Branch 

was held at High Royds Hospital. Mcnston, Nr .  llklcy on 
Saturday. 22nd March. 

The Secretary of the Institute, Mr.  J .  E!. Furness, atlrnded. 
and cpoke to the meeting on the progress and achievements 
of the lns'titutc during 1968. 

I h e  retiring Branch ('hairman. Mr. K .  F. M. O'Rourkr. 
;liankcd Branch Otticers, Rranch Committee and Memhers 
for thc support they had givrn him during a year which 
had seen a programme of Papers of high standard. 

Mr.  O'Rourkc'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, covcring a 
wider variety of uhjects. 

Mr .  D. Goldthorpr, who had bern Branch Hon. Sccre- 
tary during the preceding year, is leaving Yorkshire for 
Scotland and he i s  succeeded hy Mr .  J. Black of Storthes 
Hall Hospital, Kirkhurton. Nr. Huddersfield. 

T H E  H O S P I T A L  E N G I N E E R  



You won't hear of them! 
You'll just hear less about waste disposal problems hf 

I Homa castors give 
hospitals the quiet 
runaround ! I 

I Homa have new castors made from Homalon a, the 
advanced new material that guarantees completely silent 
running, immense strength and resilience. These cas- 
torsarefitted wi th non vinyl staining tyres, so it's theper- 
fect choice for every hospital. Send for catalogue now to  I 

HOMA ENGINEERING LTD., 
Homa Works. Cosby, Leicester. 
Tel: Narborough 2151 
Grams: Homa, Cosby 
Mn11b<,r 01 Ilw IlOhlA Cmuy C u n ~ ~ u n k r  I 
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Stand No. G . l l  

Silence, as they say, is golden. In hospitalsit's essential. 
Which is why Hodgkinson Bennis include almost com- 
pletely silent operation among the advantages of their 
rangeof hospitalincinerators lt'stypicaloftheirthorough. 
scientific approach. As 1s the specially designed crematory 
hearth - utiiising gas or oil - tha t  ensures odourless, 
hygienic destruction of all theatre waste. 

Hodgkinson Bennis are specialists in hospital inciner- 
ation, w i th  a range of economically priced units t o  suit 
every type and size of hospital.Their practical experience 
means that every essential feature-such as the ability 
t o  destroy all types of hospital waste, wet or dry, com- 
pliance with the Clean Air Act, 100% flame-failure 
protection, full fuel utilsation-are incorporated in  every 
Hodgkinson Bennis unit. Their constant research and 
development have produced beneffts iike the improved 
charging door for easier disposal of bulky ob jms ,  pack- 
aged burners of nozzle-mixing pattern and electric 
ignition. Their high quality materials and workmanship 
ensure you won't hear much about breakdowns or 
maintenance either! 

So if you want t o  hear less about waste disposal, the 
best thing to do is hear mare about the Hodgkinson 
Bennis range. Write n o w  for ful l  technical details to: 

HODGKINSON BENNIS LTD 
Little Hulton, Worsley, 
Manchester M28  6SS 
Te l :  061-790 441 117 

Multitone's 
hospital 
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 small 
Hospitals-the Multitone ECIOS System meets 
their needs efficiently and economically. 

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

Ready for 1 9 7 0 ,  Multitone are also showing their 
new G.P.O. approved, V.H.F. pocket receiver. 

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



N O R T H E R N  BRANCHES J O I N T  MEETIN(;  
A joint Meeting o f  the East Midlands, Lancashire, North 

Eiistcm and Yorkshire Branches was held at Middlewoud 
Hospital. Sheflicld on Saturday, 12th April, 1969, when W. 
C. Jeft'rirh. C.Enr.. F.1.Mech.E.. M.L.H.V.E.. M.I.Plant L;.. - 
M.1.Hosp.E.. Regional Engineer, Shefield R.H.B.. gave a 
t d k  to memhcrs entitled " l h r  Eneinccr-Leader o r  Lahou r~  - 
cr". The subject mallcr was an introduction to the principles 
of managmient. The l d k  given by Mr.  Jcllrirs was sup- 
ported hy slides and was of great interest to the large 
gathrring o f  mcmben f rom the branches. During the break 
for  tea, rnrmhcrs were joined by the Chairman of Shellicld 
No.  2 H.M.C.. Alderman M .  J .  Scwcll. A.I.P.S., .I.P.. and 
in a shorl addres* he said how important was the roic 
of the Engineer-more than ever heforc-in our hospi'tals 
today, and how gratifying i t  was when so many gave up ;I 
Saturday aflernoon and travrlled considrrahlc dislance~ 10 
hcar a talk that was o f  common interest in their pr t~ lewion.  
The meeting was attended, also. by Mr.  D. H .  Mellows. 
Area Council Mrmher for  the Hranchrs concrrnud. 

FIRE PREVENTION CONFERENCI;.; 
H O M E  SAFETY EXHIB IT ION 

A Conference and Exhihition will be held a1 Leavesden 
Hospital, Abhots Langley, Watfnrd on Monday and T~~csday.  
I I lh / l2 th  August, 1969. 

The Exhibition, niountcd in the n u i n  Confcrcncc hall, wi l l  
bc open from 9 a.m, to 9 p.m. Thcrc will he demonstrations 
n l  fire fighting appliar,ces and tours of Hospital deparlmciits. 

Thc Confcrcncc will comprise two lectures on the tirsl day 
and one on the second, rollowed by a '*Brains Trusl" which 
will he Qucstion session. 

Further and ruller details will he announcrd later. 

PURPOSE-MADE HOTCUPBOARD 
Moorwood-Vulcan Ltd., o f  Shefficld (a memhcr o f  the 

Brightside Group of companies) has received an nrdcr from 
Drake and Scull Fngineering C'ompdny L.td., for *pcci;~l 
purpase-made hospital ward hotcupboard unit* worth 
L7.500. 

l h c  hotcupboard units arc to hc installed at ward level 
and mnr of  thew incorporate water boilers and grills. 
The hatcuphoard units wi l l  he installed at lhe Ncw South 
C'hsshirr General Hospital. 

A.P. Green Refractories Ltd. . .  . . 

. .  Calomsx (Engineers) Ltd. 
. .  contemporary Exhibitions Ltd. 

Grundfos Pumps Ltd. . . , . 

Hodgkinson Bennin Ltd. . . . .  
Homa Engineering Ltd. . . 

Jackson Boilers Ltd. . . .  

. . . .  KBW copper b Sheet Metal CO. 

Lime-Free Watsr b General Services Ltd. 

Moorwood-Vulcan Ltd. . . .  
Multitone Electric Co.. Ltd. . .  

. . . .  Redpath Dorman Long Ltd. 
. . . . . . .  Rolls-Royce Ltd. 

. . . . . .  Static Switching Ltd. 

Tullis. D. h J.. Ltd. . . . .  
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'/ on any of our 
1 competitors 

Single handed operation.That'sjustone of the many 
advanced features of this new hand set. I t  has an  
extremely strong aluminium case which is rebated, 
into this the front facia panel slides, making the unit 
practically tamper-proof. Tough moulded plastic end 
caps complete this streamlined unit. These hand 
sets can be instantly attached to wall or bedslde 
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, also bedside locker 
and wall mounted units manufactured to your own 
specifications, 

Find out more about this new concept in Nurse Call 
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,Wombourne 
Wolverhampton 
Telephone Wombourne 2696 7 



The best ironers* 
have a built+n 

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

future 
T ~ l l i S  ironer* are built to  serve not 
only today but in the future. when 
methods haveimpraved. and output 
and speeds have increased. Tullio 
equipmsnf is dssignsd to keep pace 
for ysars with the future needs of * T u l l g " e  
the industry. are the &t 

FG320 Counter Set (gas heated) Higher output. 
320 pints boiling water per hour. 
Approved by Gas Council. 
Also electrically-heated models. 

Birmingham Office 

54 Villa Road 
Handsworth 
Birmingham 19 
Tel.: 021-554 8814 

Stockport Office 

1 Waterloo Road 
Stockport 
Cheshire 
Tel.:  061-480 8259 

London Office and 
Workshop 

Jubilee Works 
Chapel Road 
Hounslow. Middlesex 
Tel.: 01-570 0071 

OF CLYDEBANK 

DUNBARTONSHIRE 
SCOTLAND 
Tel. : 041-952 1861 (5 lines) 





PIPE BENDING 
ALL METALS UP TO 4i1,. DIAMETER COPPER CALORlFlER TUBES A SPECIALITY 

SHEET METAL WORK UP TO l 0  S.W.G. WELDINQ 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 8466 

SITUATIONS VACANT 
ENGINEER 

To be reapodbk to the Omu E- for .U e. 
-m m-0- lndldPW 
W M k v  HosoLtsls. Covcm. 

l. o ~ S  
11.j70 d y n r  &W to 11,600 subkft to qd.UBcWm and 

nu- 

WINWBTER GROUP HOSPlTAL MANAGEMENT 
COMMllTEE 

HOSPITAL ENGINEER 

3. Cit~ urd G W  MsbPo(c4 EqhearJn@ T M m  WI 
Tsbmlodcd Ceitlflcate (Par( In) wbkh m w  M d e  &nt 
MdWumrn md Work8 Service. 



GREENWICH DI%TRIcl' H O r n A L  

HOSPITAL ENGINEER 
to be raspondbk under tha Croup W. for 460 
bed Wtal &replrad in p h s a  by-ncr 800 M 
Wet Hospi1.l mw bul*, w k h  is of advanced 
deslm. fullv s t r s o ~ ~  d I n a m t e a  lsme me& 

foUowl0~:- 
(1) Hich.  Nntlonsl Ccrtlfle*o or Hll(ar N a t b ~ l  

DIplolM in M e 0 h . W  with d 0 A b  
men@ fi dY9!Z%dty or E-- 
T a w ,  iI tdka.9 not ta~tll  m a  p l ~  01 
tbe a w w l  or 

13th May. 

HACKNEY GROUP HOBPITAk MANAGFMJ!XT CDMMITI'I 
Appoldment of Cmu Lsundry Msnspcr, 

Hackney Ho6wl(Ile London. E.9. . - .  
AppUrntlom are invited lor tbe above appolnhnw w k b  becam- 

varsnt on 16th July 1969, for the iaundrlcs in the C r o w  6%000- 
11S.W plecoa p r  week). 

Appllesnls sbould hsve a good tecbnlcal h a c k s d  ex rlonce 
in stall -a w and o onlnotlon ot s m i a m ~  &WI 
or mmm~ri .~mvidinn s%h output wltb mad qu&. 

q & l R r n ~ l l s  and knowledge of lamdry equlpnml 
t l a  aa advantage. Salary scale 11,42561,675 p r  sruwm 

o lu  l90 W annum London WdgWnt al lwarn.  
A pU&m rkb  ddnllr d ate, quaWAuUons snd u ,ykw 

to t k  Croup Secwiw. AdmlnlmE4ve OIRce, Hackmy aep&ll, 
London. E.9 by 110 May. 1969. 

PEFBRBOROUGH AND STAMFORI) HOBPITAZ 
MANAGBMENT COMMIlTEE 

PILTERBOROUCH AND STAMFORD HOSPITAI. 
M A G E M E N T  COMMITTEE 

S W 0  AND RUTLAND H-TAL 
HOSPITAL ENGINEER npulred, to be dlnclly ra nsibk to 

tbe Cmu Engheer for tbe mslntnsnce d aU e d g  sonieo. 
r* tbe ioiPawrl 

Boume Cbmt Hospitd, Bourns. 
Bourne Butterileld Hos~iIal. Bourne. 

- . . .... . 

411s mbt 11J7Odl$40 p.a. #pedal rmpondbuyy W- 
a im 2 uo pa. b u m  g&ah p*. - m d  
s u m n u s b t e  m. 

AppHcatlow, mlry two ~ c l o e s ,  in H08pil.I Secretary. 



HOSPITAL ENGINEERS 

SOLIHULL HOSPITAL. SOLIHULL, W'ARWICK- 
SHIRE (a) and EAST BIRMINGHAM HOSPITAL 

(CHEST BRANCH) (b) 

A p W U o w  am invited fur tbe above post* 9.In 
wale post (a 11,320 ddm to n,SSO .a. Post (b) 11.33 
rlsinp to p r .  both scales ~ne~usRs ot n w p o n s ~ ~ t y  
allowmec and an duty allowance d 8 per cant is at 
pmcnl ap cable. Appllrpnts should have a bmad 
npr lencs  g opra tbn  and m p l n t a m  d end- 
senlcw pbmt and eq ent and mven m 
sb~lly.  ' ~ u n ~ ~ e a t l o m ~  %.D. or &NE. El%%: 
Mecheuleal Endued118 nHb e n d o m a n l s  (rr Or((MLsu- 
Uon and Management and &ber EMm-Technol 
~ p p ~ e d  H B ~  end ~ o e ~ a s .  noose 1 n 3 S  
cases at moderate rental. A y for ap n l o l m  ta 
tbe Omup End-, Easi &l h =U1 Mmm 
ment ~ o ~ n ~ t  c roup  ~ 2 h t r a ~ v e  OIIIC~,  R 
Bordnley Gm%&, Mrmlnghrm, 9. 

HEREFORDSHIRE HOSPITAL MANAGEMENT COMMllTEE 
COUNTY HOSPITAI-331 mll9 

Houpltsl Eophea lppulrul at  lb. County Hosplfsl. Herdod. t o  
b rwponslbb to t b  Gmup Enpktor. 

Tbla Hospltsl is MW dwelopPd sn a DLstrlct Gelcrsl Hwpltal 
and ndts.1 WO& M a l & ~  In m~l~ss. 

THE MIDDZEmX HosPmAL TEACHING CROUP 

DEPUn CHleF ENGINEER 

~~~~~~~~~~ ~ 

Salary 11 70J1.605 plw 190 London Weight141 AHow~ea  
md P00 @al &-paaSblIIt~ AUowawe. 

Appllntlons wlth n u ~ s  ol two rdaass by 2 3 4  May 1969 to 
~srs t . ry~u  dntmdeat ila M M ~  ~asp*d, bndoa .  *.I. 
fmm .*horn &her lntormsHon c m  be oWned.  

HEXHAM GROUP OF HOSPITALS 
HCWPITAL ENGINEER 

NORTHWICK PARK HOSPITAL AND 
CLINICAL RESEARCH CENTRE 

ASSISTANT 
ENGINEER 

An ASSISTANT ENGINEER is required for the new 800 
bed Dlmrict Hoapital and Clinlsal Reaesrch Centrs now 
being built at Nonhwick Park, near Harrow. Middlesex. 
Inltlally, he will work on the commissioning of the plant 
and services of this vary large proleot, and will eventually 
m i s t  the Hospital Engloser by wpsrvising ths engineering 
msintenmce of the hospital and research centre. 

~ e c r a t a { d  Stste'for Scotland 

The aalary 8esis Is £076 per annum rising to £1.270, plus 
London Wsighting of £00. 

Funhar panlculan and appllarlon form (returnable by 
23rd May. 1069) may be obtalnsd from the Group Sec- 
rewrf, Nonhwlok Park Hosplwl, lB4 Tononham Coun 
Road, London. WIP BLH, quotlng r d  1401.2. 



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

App(lraUon6 are invlted for the pod d PRlNClPAL at 
thls DR1y aquhrd  residential Conm sltun(ed bdrem 
BrLiol and Glounsler accommodsdnn 60 trahurs. The 
Centre nlll pmvlde sbolt c a m  lmdruelton In a wide 
range of h a p l w  inetallatlon subb3.v tor bosplt.1 st.8 
including dsskn en- m d a k n m  enplucers and 
cRPtsanen In Enpland, Wales and Scotland. lnstsllldan d 
bosplt.1 plan4 kter wIU pmeltesl danamhtions. 

Appllcanfr should be Cbltcrod Mecbsnlml or E h -  
&l Endonm. Tralnlnn expa lem would be M 
advaatage. R gost will any overpll mpomdbdllly for 
runolnp tbe Centre and (he tAlnmp pmeramme. Salary 
aeslez U,13043.2%. Natimal Heallh Serrlco mnd*ions 
of -Ice apply. Resldeutlsl acn*nmodbn  B a d -  
able 11 reqdrrd. 

Fultber ddslis and s p p f l d o n  forms hon, the Swrotary. 
South W& Rwloml H h l  h r d .  27, TyndaU. 
Pallt Road, BWol BBO 1PJ. 

Clorinn dak 31d May. 1969. 

PETERBOROUGH AND SI'AMFORD HOSPITAL 
MANAGEMENT COMMlTTEE 

GROUP ENGINEER 

- 

WATFORD GENERAL HOSPITAL 

NOR'RI WFST METROWUTAN REGIONAL 
HOSPITAL BOARD 

WILLE(yBOa0UlX HOSPITA'L. N'R. ASHFORD, KENT 

--- 
(I) C. & G. Mshralesl 

(Part 11) to lnrlnde p*ntw 
p TshnlclPlv Catbdlcab 

tenruce and WO* &mice. 

.Wary Scale: 11,7SO-f2,055 per annwn (364 to Q palnts). 
Rcspa~!%IWYy sllowanee d fJlS pw snrlum will 

MISCELLANEOUS 
CIRCULATING PUMPS and Sbm Turblnm C m  m& 

obrmc and .psw &DO. T U I W E Y S N ~  [.Id., 
61. Station Road. liarnow. T e l ~  1 3 s  snd 3449. 


