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A Cheaper Hospital? 
By R. A. EMSLIE, C.Eng., M.I.E.E.. M.A.P.L.E. 
W. S. Atk inr  and Parmerr. 
Planning. Engineering and Management Conrultantr. 

T H E  expansion and rn i~dern iwt i i~n or the hospital 
service under the direction o f  the Department of 
Health and Social Security involves vast expendi. 

ture which nccds to be tightly cantrollcd to ensure the 
hest possible facililies for the capital involved. I n  view 
of thc continuing rising costs due to economic situa- 
tions. i t  i s  o f  particular importance to provide an elli- 
cicnt medical unit, both i n  view of the init ial capital 
cost and the continuing running costs of the unit. 

Hospital projecls arc subject to rigorous tinancial 
cont rd  in Lhe prelinlinary sketch design stage, and 
again i n  the rationalised design stage, when the Final 
Cos1 L h i t  is expected 10 be thc overall clrst o f  the 
projcct. A t  cornpletinn stage, however. the l inal 
account is often in excess o f  the budge1 sum which had 
hecn set aside for the projecl. 

Apart f rom the changing economic siluation, these 
cost increases arc often due not only to changes i n  the 
original brief b u l  also to site contlictions which had 
not previnusly been envisaged I Lhoroughly investi- . 
gated during the design stage. Thc costs o f  (he latter 

I are not always taken into account at (he briefing stagc 
of the prnjecl. and the following considerations . examine some of  the possible reas<Ins for increased 
costs over original tender sums. and also put forward 
ctmiderations which may lead to overall cost 
reductions. 

The Building Notes and Technical Memoranda puh- 
lished by thc Minist'ry Department o f  Health set out 
recommendations in respect o f  provisions to bc made 
for engineering services. The services requirements par- 
ticular to any individual hospital project are finally 
agrccd by the design team, comprising the Architecl, 

the appropriate nicdical Authorities and thc Enginecr- 
ing Services Designers, following which the design 
positions o f  a l l  outlets in each r n o n ~  arc t~sually 
rationalised and somelimcs co-ordinated in drawings 
produced by the Archi twt.  I t  is clflcn discovcrcd dur- 
ing construction. sometimes at a stagc when individual 
rooms arc lhought I he commpleted, thal  there are 
conflictinns nf outlets wi th furniture andtor medical 
cquipmcnl. These conflictions often result i n  consider- 
able effort 10 move at least one o f  the picces of cquip- 
ment which. apart f r n n ~  cosling more money. requires 
a previously finished room to be rcdccorated. 7'0 over- 
come this problem. drawings should he available to al l  
interests involved to enable physical co-ordinalion of 
services outlets w i th  furniture and/or medical equip- 
lnenl to take place wi lh in each department and room 
area during construction. I t  is also an imporlant task 
I co-ordinate (he serviccs runs 10 these services 
outlets. 

During the Architect's .\ketch plan stagc, decisions 
have to be taken nn  the accommodation to be pro- 
vided for services runs and equipment. These decisions 
are sometimes made at an early stage and are then 
irrevocable. The cost of the accommodation is not 
attributable to the engineering serviccs sub-contract 
content but cnmes within the cost of the main building 
contract. Consideration of the purposes of this expen- 
diture niay show means o f  savings on the services in- 
stallations, resulting in an overall saving on the whole 
contract. 

Over the past few years various types o f  construc- 
t ion have been carried out i n  an attempt to ensure 
satisfaclory prwis ion for  engineering serviccs. Thcsc 



have included generous bertical ducts and false ceiling 
voids into which access is possible wi thmt  entering 
the departmental areas concerned. 

In some projects inadequate space has been pro- 
vided fur the engineering services. and this during con- 
constru~tion has led to many complications. difficultis> 
and increased costs on the ,ervices installations. quite 
often adding to the cost of the building contract. In a 
few projects. over generous q a c e  has k e n  provided 
the cost of which could haxe been saved had early 
planning re~ealed this over generosity. .An appraisal 
should be made to set the cost of ser\ices accommoda- 
tion against the advantages to he gained in the ease of 
installation and future maintenance of engineering 
wvices.  

Space provision for engineering sertices is dependent 
upon many factors. including the density of services 
and the plan ratio. and the height of the buildings 
concerned. A long narron building affording natural 
ventilation does not require the volume of air handling 
equipment required of a deep plan building in which 
the maj~>rily of rooms. and certainl? the numer,>us in- 
ternal rooms. muht k mechanically ventilated. neces- 
bitating space consuming air ducts. 

In the irverall planning stages the .Archirect needs 
be aware of the requirements of the engineering ser- 
vices. including the space and clearanis for the prlr- 
\ision of fixings. and access in order that he may make 
the neccsbary allowance in his design. and for which 
adequate sums of money may be included in the tender 
hgure. With this information he is then better able to 
make decision on the height of individual r00ms. the 
type of ceilings to be eniployed and the t lpe  of access 
which will be required. 

In con>idering the layout of engineering services the 
inherent Hexibilir?~ of the various disciplines should he 
taken into account. .A run of drainpipe depends upon 
the number of outlets and the gradient required. 
t<>gether with the pobitions of roddin% eyes. lnvariabl?. 
a run i ~ f  drainpipe is not Hexihlc but must usually 
follow the architectural lakout of the sanitary 
appliances ro which it is connected. Large elements of 
\entilation trunking are usually purpose made and are 
generally of such an area to render changes impractic- 
able once their routes have been established. The 
number cf piped services. i.e. C.W.S.. H.W.S.. Com- 
pre\sed Air. hlediial Gas. ets. habe a propenbit? to 
their being grouped together in a regular pattern. but 
the routing of which should enable the inserti<>n of and 
future access to the valves. drain points. air bottles. etc. 
~ h i c h  are required. The stacking of these services 
usually predudes lheir heing mnred. parlicularl> after 
lagging has been installed. Electrical services. including 
lighting. power. radio. call ,?stem and telephone her- 
vice>. etc. require >pace consuming trunking to which 
access is required a t  all times. but in\ariabl? where site 

conflictions occur i t  is the elecrrical work which can 
he alter& at the least expense. 

With r,>om layout drawings and keq plans prepared 
h? the Architect as part of his working brief. the En- 
gineering Services Designer can plan the integration of 
individual services outlets into a total xheme  and. fur 
each respzztive discipline. particular emphasis must be 
paid to the ancillary details. Co-ordination of wall 
mounted services can take place by reference to the 
room la?out drawinzs. and these serrices concealed in 
wall chart\. wall b l i ~ k s .  cavity walls. e r  encased in 
some e n c l ~ w r e  prirvided by the Main Contractor. 
\luch more planning. however, is required tc> enahle 
adequate space provision to be made in ceiling5 and 
ceiling voids and. at tender stage. the Main Contractor 
shrx~ld allow in his tender for the probisinn of all built- 
in supports. frame,. fixings and access panels which 
may bs required. 

In the design processes of serrices the respectiw dis- 
ciplines. i.e. drainage. mschanical services and elrc- 
trical s e n i c e ~ .  may well he co-ordinated in themselves 
with respecr to the architectural and structural layout. 
I t  is, however. far more dificult to integrate all runs of 
all services without considerable total <a-ordination 
heing required. and these elements of design should be 
included in the design brief. 

The preparation ~ > f  ~o-~>rdinat ion drawings ~vould 
enable services tu be insralled without a multiplicity of 
complications. W-here onc serlice needs to be designed 
lo be di\ertzd around anc~ther. purpose made fitting> 
can be detailed and specified. Without prior co-ordina- 
tion an  inualled s e r ~ i c e  may need to be taken down 
and moved to clear another. which costs extra mone! 
for disturbanies. wastage. additional materials and 
dzlays. - \  purpose made fitting. designed to pass clear 
of another. may coht a vsr) small sum if this had been 
included in the original tender. hut to take down a 
length of run to fabricate on \ i t< the means i)f diverting 
one service around another would cost far more. 

Full c,>-ordinatirm of serbices during thz design pro- 
cesses could determine the optimum amount of space 
rsquired for senices which would he reflected in the 
cost t ~ ,  prwide  this accommodation, These drawings 
\vould indicate ILI all the full cxtent of senices +ith- 
iiut the neces>ity of ~vaiting until these had been in- 
htalled. &hen drawings before the final installation 
could bc renewed and an! modification considered 

For tendering p u r p ~ r w ~  full information should b s  
given to the respective sub-contractors. In this respect. 
it is not alwa!s possible or practicable to pr<lvide him 
with drawings showing full details of the structure. 
together with secs of drawings indicating individual ser- 
vices. since he ma! have neither the time nor the capa- 
city of comprehending what complications there may 
he or how they ma: effect the insrallation of the work. 

T H E  H O S P I T - \ L  E \ C r l S E E R  



The Diagnostic X-Ray Tube 
By W. TENNET, C.Eng., M.I.E.E.. 

Part 3 X-Ray Division, Mullard Ltd. 

l Rating 
Prinr;p/e,~ 

The rating of any machine is a statement o f  the amnu111 
o f  work i t  can do i n  a given time. A n  example o f  this is 
the horsepower rating of u car. The main enemy of the 
X-ray tube is heat; its rating is, therefore, governed 
entirely by the temperatures to  which each o f  its alkcted 
parts can safcly be allowed to  rise and by the relative 
succcss o f  the measures taken in design and manuFacture 
to minimise and to tolerate such temperature rise. 

I n  medical radiology, 'exposure time' can mcan any- 
thing between a few milli-scconds and many minutes and 
i n  rating thc tube we have to  cover the whole of th is range. 

T o  clariry a point, by 'maxinium safe temperature' we 
mcan that temperature at which, during the time for which 
i t  persists, no serious damage is caused. 'Damage' is here 
defined as a deterioration i n  the properties o f  the part 
asa runiponmt of'an X-ray tuhr. It is obvious, for example, 
that the temperature o f  the target must never be allowed 
to  reach the melting point of tungstcn, but even far below 
this point, very undesirable effects wi l l  occur. When 
tungsten is bombarded with electrons, the temperature 
gradient between the surface layer and those beneath is 
very stcep. Differential thermal expansion therefore takes 
place between these layers. The resulting internal stresscs 

are so high that minute cracks, increasing in numbcr and 
depth with progressive cycles orhcating and cooling, occur 
i n  the tungsten (see Fig. 13). This effect is called 'craring' 
or  'erosion', and accounts for the drop in X-ray output 
during the lire o r  the tube, the radiation gene]-ated deep 
i n  lhc cracks being severely attenuated by the surrounding 
'cliKs' o f  tungsten. The incidence o f  this is dependent 
upon the tcmperature to  which the target is allowed to 
rise. 

A second factor to  be borne in mind is thc rate 01' 

evaporation o f  tungsten which is, o f  course, dependent 
itpoll temperature. Tungsten evilpol-atcd f rom eilhcr the 
target or  the lilnmcnt re-condenses on the inside surface 
o f  the glass bulb, where it fbrms a conducting tilm. This 
effect takes place inevitably in all tubes as life progresses. 
but, for reasons that wil l  be explained laler, i n  the interest 
o r  tube stability i t  must he delayed as long as possible. 

A third temperat~lre e k c t ,  significant only in ihc case 
o f  self-rectified tubes, is that of thermionic emission 11f 
electrons fionr I I IP 1urgrl. FOI- cxaniple, i f  the focus is 
raised to a temperalure ol'2.300 C, an electronic emission 
of0.4niA for every square millimeter oT;~ctual focus arcn 
wi l l  take place. If, as i n  self-rectification, the cathode 
becomes positive with respect to  anode during alternate 
half-cycles, this target emission bombards thc filament 
and other surfaces o f  the cathode. The filament tempera- 

Fig. 13. liacal track "crazing" or "erosion". 



F .  4 The effect of rcverec cmissian (I). 

ture rises, causing an even higher currcnt overload of the 
focus during the next hali-cycle. This phenonlenon is 
called 'backfire' and may escalate over several cycles until 
the tube breaks down (sec Figs. 14 and 15). Target peak 
tcmperature is, then, our lirst criterion o r  rating and our 
first intimation that rating is not a hard and fast principle, 
hut rather a compromise aimed a t  providing good diag- 
nostic capability and a t  the samc time adequate useful 
life. Thc one can bc enhanced only a t  the expense or the 
other. 

' I l rul-pulh' 

Whilst the tungsten skin temperature a t  the focal spot 
or  track is, for the above reasons, an extremely import- 

ant  factor in determining thc rating d a  tube i t  is hy no 
means the only one. Heat generated a t  the focus travcls 
outwards to the external surface of the shield and thence 
to the surrounding air. On its way from focus to shield 
the heat passes through various parts of the anode, each 
of which has its own very delinite thermal capacity und 
upper tcmperature limit. The tctnpcruturc reached by 
each of these elements o r the  'heat-path' is determined by 
the rate a t  which the heat arrives in and departs from the 
point in question. For a given amount of heat gcncrated 
at the focus, therefore, the temperature reached by 
any intermediate point along the heat-path will depend 
upon: 
(U) The degree of thermal insulation placcd bctwcen the 

Fig. 15. The effect of reverse emission (2). 
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focus and the point in  question (e.g. the slender 
Molybdenum stem between target and rotor). 

( h )  The proportion o f  heat which, by virtue o f  the ahovc- 
mentioned thermal insulation and targct surfice- 
treatment, is  induced to leave the target by radiation. 

(c) The efficiency o f  the provisions ~nade to cool the 
point i n  question. 

This is just another way of  saying that. for a given 
design o f  tube, the temperature reached by any point 
along the heat-path depends upon the ratc at which heat 

1 is generated at the focus, i n  other words, upon the power 
o f  the exposure. Thus, the rating for a given exposure 
time I (in seconds) is the maximum power (energy per 
sccond) which can be applied via the focus so that the 
amount of energy introduced in  t seconds wil l  cause 
(either during or following the exposure) the temperature 
o f  the n~os t  thermally vulnerable element o f  the heat- 
path to reach, but not to exceed, its n~ax imun~  sarc level. 

'Critical eletnenl' 
We must now considcr the effects, on the temperature 

distribution throughout the anode, o f  isolated exposures 
o f  varying duration, dealing now only with the rotating 
anode tube. 

Short exposures (of the order o f  0.1 seconds), whilst 
usually high in  power, represent relatively small amounts 
o f  energy (energy - power X tir17e). The effect o f  a single, 
isolated exposure o f  0.1 seconds i s  to raise the surface o f  
the focal spot or track t o  a very high temperaturc (about 
2,30O"C), but to leave the whole of thc remainder of thc 
targct and anode cold. Clearly thcn the only factor limit- 
ing the rating for this order of exposure time i s  the 
temperaturc o f  the focal spot or track. I n  other words, at 
or around 0.1 seconds, the focal track is the 'most thcrm- 
ally vulnerable element' o f  the heat-path. 

(N.B. Since we shall refer to this concept several timcs 
in  the course o f  this explanation we shall call i t  more 
simply the 'critical element'.) 

For longer exposures, o f  the order of I sccond, heat 
spreads from the focal track to some extent and begins 
to involve a wider annulus on the face of the target. The 
critical clement i s  now the focal track plus the temperature 
tolerance and heat dissipation capabilities o f  the ad- 
ditional area o f  the target receiving a significant amount 
of heat. A t  about 2 seconds, as well as spreading evcn 
further over the race o f  the target, sufficient heat 
passes through the thickness of  the disc to give rise to - some thermal radiation from the back surface. I n  
addition a signilicant amount of heat now passes by 
conduction to the centre o f  the target and slightly raises 
the temperature of the top end of the Molybdenum stem. 
As a result o f  this, heat begins to flow down the stem and 
into the head of the rotor to augment that arriving there 
by radiation from the back of the target. 

A t  an exposure time o f  about 5 seconds, the whole of  
the mass of  the target is raised to about 1,500C (a hright- 
yellow heat), the focal track itself being, o f  course, very 

much hotter. Very large quantities o f  hcat are now being 
radiated from the whole arca of  the target. The tempera- 
ture o f the  top o f  the Molybdenum stem i s  now very high 
and the heat arriving at the Molybdenum-to-copper 
.junction in  the head o f  the rotor (by conduction and 
radiation) i s  attaining signilicant proportions. Since this 
junction must never approach, in temperature, 1,080"C 
(the melting point o f  copper), it constitutes the 'critical 
element' for this order of exposure time. 

If this line o f  reasoning be continued until the exposure 
time i s  many minutes i n  lerigth (fluoroscopy) the bearing 
lubrication, the thermal tolerance o f  the glass, the tram- 
former oil, and al l  shield components are involved, and 
each in  i t s  turn assumes the role o f  'critical element' for 
rating purposes. 

Summarising, the rating characteristic o r  a rotating 
anode tube and shield depends upon the following 
design features. 

( I )  Focus sire (effective). 
(2) Target angle (actual focus size). 
(3) Focal track diameter / These two fictors 
(4) Anodc rotational speed esmblish track speed. 

(5) Target thickness. 
(6) Target mass. 
(7) Target surfacc area. 
(8) Surface-treatment o f  target. 
(9) Degree o r  thermal isolation o f  target with respect to 

rotor. 
(10) Degree o f  thermal insulation o f  rotor with respect to 

bearings. 

( I  I) Bearing assembly lubrication techniques. 
(12) Thermal tolerance o f  the bulb glass. 
(13) Thermal tolerance of the oil. 
(14) Thermal tolerance o r  all other shield components. 
(15) Volumetric capacity o r  shield oil-expansion bellows. 
(16) Thermal capacity o f  shield shell. 

(17) Thermodynamics o f  shield shell. 
(18) Heat radiation properties of shield surk~cc linish. 
(19) Maximum desirable shield skin temperature. 
(20) A i r  temperature in  room (normally assumed to be 

20°C). 

Ratings it1 k i lo walls 
For  any X-ray tube the rating characteristic i s  first 

estimated by calculation. Since, however, no practicable 
amount of mathematics can fully take into account the 
inter-play of so many variables, the calculated values are 
used merely as the basis for life tests in which many 
thousands of exposures are applied to sample tubes. The 
effects o f  these preliminary rating values on the life of the 
tubes is taken into consideration when compiling the final 
characteristics. A n  important criterion here is, o f  course, 
the incidence of focal track erosion measured in  terms of 
drop in  X-ray output with life. 



Fig. 16. Tube rating in kilowatts ( I )  

As stated previously, the published rating characteristic 
i n  simply a compromise aimed at providing the best 
diagnostic capability consistent with satisfactory tube 
lifc. Higher ratings could he published for any existing 
tube but shorter useful lire would be the inevitable result. 
By thc same token, i f  the published rating i s  exceeded in 
use, whilst immediate failure may not necessarily occur, 
tube lire wil l  unquestionably be shortened. 

The rating characteristic when finalized, as described 
above, is  originally stated in terms of the average powcr 
(in kW) permilted for each value of  exposure time (in 
seconds). I t  consists. for a given high voltage waveform, 
focus size, etc., o f  ;I single curve such as that shown in  
Fig. 16. I t  will be appreciated rrom carlier considerations 
that the extreme tluctualions of temperature experienced 
by the focal track arc not reproduced in  the more remote 
parts o f  the heat path, having bccn 'ironed out' by the 
thern~al capacities of the more massive anode conlponents 
(notably, of course, the target disc). This means that Tor 
those parts o f  the heat path which are significantly heated 
only by relatively long exposures, i t  is the uveruxe power 

o f  the exposure which is of inlportance. For such ex- 
posure limes, thedore, the avrruge value o f  the input 
powcr determines the rating. 

By contrast with this, for thosc exposures which hrat 
signilicantly only the focd track and its immediate 
surroundings, the criterion of rating i s  the peuli instnnta- 
news power existing at any point in  time within the 
individual cycles of  the supply waveform. The tube rating 
in  watts is, therefore, rle/xndmt upon high voltage supply 
waveform over the short-time range and i~ir lqiendm~ of  
this waveform over the long-time range, there being, of 
course, an intermediate range o f  times over which u 
smooth transition takes place from the former situation 
t o  the latter. Thus, for u tube designed to operate, for 
example, on either single phase full-wave rectilied, or 
three phase full-wave rectified supply, two power rating 
characteristics are produced. Fig. 17 shows such ;I pair of 
graphs, curve B being identical with that shown in Fig. 16. 
I n  Fig. 17 i t  wil l  be observed that below an exposure time 
ofabout 5seconds the threephasecurve is higher than that 
of thc single phase, indicating that, over this time-range, 

Fig. 17. Tube rating in kilowatts (2). 
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highcr averagc powers may be used. This is bec;~usc 
the three phase waveform is the smoother o f  the two and, 
therefore, n given peak value of power permitted by the 
rating represents a higher average value with three phase 
than with single phase. 

N.B. By the same reasoning when using half-wave 
rectified waveform (in which power is supplied only 
during alternate half-cycles) the ratio o f  peak powcl- t o  
average power is about twice as great as with full-wave 
rectification; the half-wave average power rating o f  the 
tube for short times being consequently about half o f  that 

1 for full-wave. 

Ratings iu HO/.SPC, 
The power o f  an exposure, i n  watts, i q  the product o f  

k V  (effective) and m A  (elfective). I n  practice, however, 
since i t  is the peuk value o f  the voltage waveform which 
determine? the short wavelength l imi t  o f  the X-ray 

12.35A 
spectrum generated (h,,,,, = -- 

~ V P  
)and  since moreover 

the instrument used to adjust such high voltages is the 
sphere gap (which measures peak value), the voltage is 
always expressed i n  kVp. The milliameter cannot possibly 
respond to  the rapid fluctuations o f  tube current occur- 
r ing throughout each cycle o f  the supply and, therefore, 
indicates the u1eu11 value of this current. T o  be of value to 
the set designer and radiographer, therefore, our rating 
characteristics must now be expressed, not i n  watts, but 
i n  units orpower i n  which due allowance for the waveform 
o f  the supply has already been made. For this purpose, 
the X-ray world has created a special uni t  o f  energy 
known ;IS the heat unit (HU)  and a special unit o r  powcr 
known as the heat unit per second (HU/sec.). Thus energy 
i n  H U  equals k V p r m A  meanxsecs. Power i n  HU/sec. 
equals k V p r  1nA mean. 

Clearly, i f  we now take our rating curves i n  watts and 
convert them into HU/sec. by applying the correction 
factor appropriate to  each waveform, we shall produce 
information of direct practical valuc. 

Fig. Is. Tube rating in kHU/ser. 

Taking lirst the thrce-phase full wave case, the relation- 
ship is as follows: 

Power i n  watts 
Power i n  H U/sec. = 

0.96 

Energy i n  watt-secs. 
Energy i n  H U  - 

0.96 

I f  we, therefore, divide each o f  the values given i n  our 
thrce-phase full-wave rating (curve A 'Fig. 17) by 0.96, a 
new curve, this time i n  HU/sec., wil l  result. 

I n  the single phase full-wave case, the rollowing rela- 
tionship exists: 

Powcr i n  watts 
Powcr i n  HU/sec. - 

0.7 1 
Energy i n  wat t -ws.  

Energy i n  HU ~: 

0.7 1 

Furldiur for~l i  of ruf ing.~ 
T o  obtain our HU/sec. curve Tor single phase full-wave 

operation, we must, therefore, divide all valucs given i n  
curve B Fig. 17 by 0.71. 

(N.B. F rom the above i t  wil l  be apparent that i n  terms 
0.96 

oT (rue power the three-phase HU/sec. is - or 1.35 
0.7 1 

times as great as the single phase HU/sec.) 
These two new curves are shown in Fig. 18 (note 

I kHU/sec. I ,000HU/scc.). 

T o  obtain the maximum permissible tube current ibr  
any combinntion o f  k V p  and time, we simply takc the 
HU/sec. value for the time in question and divide hy the 
k V p  (HU/sec. - k V p x m A ) .  For exanlple, on single 
phase full-wave (curve D) thc rating at 0.1 secs. is 46,000 
HUIsec. The maximum current at 100kVo. therefore. is 
40,000 46,000 

100 
- or 4hOmA, whilst at 70Vp. 70 or  h58mA 

would be permitted. 



Fig. 20. Rating chart for three-phase, full-wave 
rectified operation. 

I4g. 19. Rating chart for single-phase, full-wave 
rectified operation. 

Almost invariably the tube manufacturer takes the 
calculation to this stage and p~~b l i shes  characteristics of 
the familiar form shown in Figs. 19 and 20. These charac- 
teristics show the limiting mA values appropriate to 
each combination ofkVp and time and were derived from 
curves C and D, Fig. 18, by the method described abovc. 

Three-phase versus siugle phase 
Incidentally, it will be noticed that, on exposure times 

longer than I second, the permissible mA values on thrce- 
phase are lower than those for singlc phasc. This is seen 
most clearly l'rom Fig. 18, the curves actually crossing at 
about I second. To explain this we must remind ourselves 
that, over the long-time portion of the characteristic, the 
averap power is the criterion of rating. Curves C and D, 
Fig. 18, are expressed in HUisec., and were obtained by 
dividing [rue power in watts by 0.96 and 0.71 respcctively. 
Thus for a given value of kVp and mA ( H  U/scc.), the lrur 
power on three-phase is approximately 35% higher than 
on single phase, in other words, to producc the same true 
power, the HUisec. values (and thercfnrc the inA valucs) 
on three-phase must be lower. 

A further point of interest in passing is the way i n  
which (in Fig. 19) the 40kVp characteristic is cut-off at 
950mA. The reason rnr this is simply that, due to the vcry 
close cathodc gcornetry required to focus the electron 
beam, the emission a t  maximum sare filament tempcraturc 
is not adequatc to satisfy the target rating a t  this low kV 
value. Such a tube would bc said to be 'emission limited 
a t  40 kV'. 

It should be obvious from thc rorcgoing that thc uscr 
must he most careful to ensure that the chart sclectcd is 
the corrcct one for the type, focus size, high voltage wwe- 
form, and stator supply frequency of the tube being uscd. 

Anode heafing m ~ d  cooling curvrs 
The iradiographic rating chart has a vcry important 

limitation. It is based on the assumption that the tuhe is 
relatively cool prior t o  the commcncemcnt ol' each cx- 
posure. Thus, if, as is usually the case, n sequence of 
operation (radiography, fluoroscopy, or  both), is involved, 
morc information than that givcn in the rating chart 
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is rcquircd to  be sure o f  avoiding tube overload. Strictly 
speaking, of coursc, the radiographic rating o f  the tube 
clrangrs wi th anode temperature, or  in other words, with 
immediately previous use, but to  attempt t o  deal compre- 
hensively i n  published data with all possible combinations 
of conditions would clearly be impracticable. However, 
the manufacturer publishes another graph (see Fig. 21) 
called the Anode Heating and Cooling characteristic, and 
this, although strictly applicable to  fluoroscopy only, can 
pmvidc guidance i n  determining the time-scale along 
which we must spread our exposures to  avoid overload. 
I n  Fig. 21 the rising curves show the cncrgy content i n  
single-phase units o f  the anode against time for a numbcr 
of rates o f  heat input in single-phase HlJ/sec. They are, 
strictly speaking, valid only if the input is stcady at the 
values quoted. The falling curve is the cooling cliaracter- 
istic, showing the energy content o f  the anodc against 
time when the input is zero. This is valid irrespective o f  
the manner i n  which the encrgy was applied. The uppcr 
l imi t  o f  the graph shows the maximum permissible anode 
heat storage capacity. The maximum continuous rating o f  
thc anode is immediately apparcnt, being that value of 
input i n  single-phasc HU/sec. a t  which the heating curve 
approaches, but never quite reaches, thc line representing 
the ~nax imum heat storage capacity. This level of power 
may hcapplicd for an indefinitely longtime provided that: 
(a) I t  is applied steadily. 
(h) The continuous rating of the shield is adcquate. 

Apphcation of puhlisl~ed data 
The following examples indicatc how the information 

contained i n  the anode heating and cooling curves may be 
used i n  conjunction wi th the rating charts to  programme 
the X-ray tube. 

CASE I Fluoroscopy only 
F o r  fluoroscopy only, the anode heating and cooling 

charactcristic is direct-reading. Thus, for example, accord- 
ing to  Fig. 21,2,000 single-phase HU/sec. may be applied 
for l minute 45 secs., after which an interval must ensue. 

The maximum Icngth o f  this interval depends upon what 
is required next. If, for instance, a furthcr period o f  50 
seconds at 2,000 HU/sec. is required, thc anodc must lirst 
be allowcd to  lose this amount o f  heat, i.e. 2,000:* 50, or 
100,000 HU. Following the cooling curve from tlie point 
o r  maximum heat storage (135,000 H U )  down to 35,000 
HU, we see that the necessary minimum interval is 4 
minutes 15 secs. If, o f  coursc, thc required input powcr 
were h50 HU/sec. or less, this, subject to shidd cooling 
considerations, could bc carried out continuously. 

When dealing with low current operation, e.g. screen- 
ing, i t  is essential t o  bear in mind that undcr such con- 
ditions, single phase full-wave rcctilied voltage, normally 
regarded as 100:L sinusoidal, wi l l  assume a wi~vcform 
similar, in terms o f  ripple, t o  that o f  thrce-phase full-wave, 
if the cable capacitance is greater than about 1,200pF pcr 
pole. The capacitance per mctrc o f  normal diagnostic 
cable is approximately 185pF. When screening, thcn, with 
high voltage cables o f  6.5 metres (approximately 20 ft.) 
or  more i n  length on a single-phase full-wavc circuit, 
power i n  HU/scc. equals k V p x  m A  X 1.35 (see note on 
page 155). 

Hcating and cooling curves are not normally puh- 
lished i n  terms o f  three-phase FIU as wcll as single- 
phasc, it bcing sufficient, when computing energy-storage, 
to  use the single-phase charactcristic and multiply all 
k V p x m A  or  k V p x m A s  values by 1.35 before applying 
them to  tlie graphs. F o r  the sake of clarity lct us takc two 
furthcr examples. 

Example I 
Screening orzlj, is rcquired at 80kVp for an i~idcl initcly 
long period. The apparatus is single-phase iull-wave 
with short cables, i.e. less than 20 ft. F rom 'Fig. 21 we 
see that the maximum continuous rating is 650HU/sec. 
We have i n  this case n o  ,need to  allow for smoothing, 
therefore, power i n  H U  equals k V p x m A ,  und maxi- 

h50 
mum permissible continuous scrccning currcnt - 

80 
i.e. 8mA approximately 

F .  l .  The Anode Heating and Cooling 
Characteristic. 
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~.YRlll/~/l' 2 
Taking the same case with cables longcr than 20 it, 

power i n  HUjsec. equals k V p x  m A  i 1.35. Therefore. 
650 

maximum screening currcnt e q ~ ~ a l s  
80/  1.35 

, i.e. 61nA 

only. 

CASE: 2 Radiography only 
To  reiterate, the chnracteristics which govern all pro- 

cedures involving radiography are the rating charts (e.g. 
Fig. 19), and the anode H and C curves (Fig. 21). The 
rating charts enable a singlr radiographic cxposure on a 
c o d  anode safely to  he ~nade. Theoretic~lly, however, 
when a radiograph or  radiographic serics is contemplated, 
consideration should lirst bc given to the amount o f  heat 
already stored i n  the anode due to immediately previous 
use, i.e. use i n  the last seven minutes. The anode cooling 

-, a,~cteristic enables this to be done. 

Ii.Yf~lll/~/<~ 1 
I t  is required, t~sing a single-phase, full-wave rectilied 

generator, to make an exposure at IOOkVp 150mA. 5 secs. 
and to follow i t  as q ~ ~ i c k l y  as possible with n second 
identical exposure, there being no screening during the 
intcrval. I t  is seen from the rating chart that these ex- 
posures are permissible when considered separately. Thc 
minimum interval required can be determined as follows. 

Assuming n o  work during the seven minutcs pr ior  to 
the first exposure (i.e. that the anodc is cold), the anode 
heat contcnt a1 the end of the lirst exposure is given by: 

E k V p  Y m A  x seconds 
- 100.1 150x5 
- 75,000HU 

Now the maximum permitted anode lheat content is, 
from the heating and cooling characteristic, seen to be 
135,000H [I. Therefore, the anode must be allowed to cool 
to 135,00075,000, i.e. 60,000HU before we darc to  apply 
the second exposure. From the cooling curve we sec that 
the anodc cools froln 75,000 to  60,000HU i n  45 seconds. 
This, then, is the shortest interval required between our 
two exposures to avoid overload. 

E.rul l l / l /~ 2 

Assuming a three-phase full-wave supply and using the 
same factors as i n  example I, the following reasoning 
applies. 

Assuming no work during the six minutes prior to  the 
lirst exposure, the anode hcat content at the end o f  thc 
lirst exposure is given by:  

E k V p  X m A  *secs. v 1.35 
IO0,OOOHU approx. 

Tl ic maximum permitted anode hcat content (Fig. 21) 
is 135,000HU. Thcrelbrc, at the commencement aI' the 

second identical exposure the heat content must not be 
more than 135,000-100,000, i.e. 35,000H U. From the 
cooling curve we sce that the anode cools from 100,000 to  
35,000HU in 3 niins. 15 secs. This, then, is the shortest 
interval rcquired between the two exposures to avoid 
overload. 

I t  should now be clear that strict observancc o f  mini- 
mum intervals between exposures is just as essential as is 
l imit ing the exposures theniselves to  the prescribed maxi- 
ma given by the rating chart. However, the plott ing 
technique o f  tube programme planning, described abave, 
is only necessary where thcrc is a danger or the heat 
storage capacity o f  the tube being ~ ~ s e d  up i n  a particularly 
heavy diagnostic procedure. Otherwise. the following 
general rule should he observed:- 

When taking radiographs without fluaroscopy in the 
intervals, single exposures lnay be applied indelinitely at 
full rating provided that: 

(U) each interval in seconds i s  at least equal to the number 
of H U  developed by the most powerful exposure 
divided by half the continuous rating o f  the anodc 
i n  HU/sec. 

(h) The average rate o f  lheat input does not exceed thc 
continuous rating o f  the shield. 

This means, [nr example, that i f  the heaviest cxpoaure 
is 80kVp 500niA (single-phase) 0.1 seconds, i.e. 4,000H U, 

4,000 . 
the minimum interval - - 

325 
I.e. 12 seconds. 

CASE: 3 Scrial radiography 

When considcring limited series o f  radiographs taken 
i n  very rapid succession, for  example i n  angio-cardio- 
graphy, the cooling which takes place during the intervals 
bctween individual exposures is negligiblc. Also, the heat 
transference by conduction from thc focal track is reduced 
by high target temperature. I n  order to  make allowance 
for these factors the fol lowing rule should bc observed 
when programming angio, cine and similar series:- 

Exposures may be made i n  rapid succession up to 80 
per cent of full radiographic rating provided that: 

(U) The total energy in H U  developed by the complcte 
series does not exceed X0 per celll of the energy per- 
mitted by the rating charts Tar a single exposure 
equal in timc to  the complete series, including inter- 
v a l ~ .  

(h)  A l l  intervals in the series are cqual. 

(I,) Each interval between series is at leas1 equal to the 
total cnergy in HU/sec. developcd by the most powcr- 
l id  ,scri<,s divided by halfcontinuous rating i n  H U k c .  

E~roniplr I (Series-time known) 

I t  is desired to make a series o f  exposures lasting 3 
seconds,theindividu;~l cxposured;~ta bcing90kVp IOmAs, 
i.e. 900HU. How many exposures are permitted'! What 
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is the minimum interval bctween successive identical 
series? 

According to our rule the cxposure time wil l  be that 
100 

which permits an energy input equal to -xY00, i.e. 
80 

1,120HU per exposurc. Exaniinilig our rating chart 
(taking the IOOkV curve for ease of mental calculation) 
welind that at0.02seconds IOOkVpat 550mA is permitted, 
representing an energy i n p ~ ~ t  per exposurc of l 0 0 x  550v 
0.02, i.e. 1,100HU. Since this is within 2 per cent o f  our 
requirements we decide to  accept 0.02 as our individual 

,l exposure time. Our tube current for lOmAs will, therefore, 

I. 
From the rating chart we sec that, at 3 seconds (our 

series-time), thc permitted encrgy input is IOOkV:.: 200mA 
r 3  seconds, i.e. 60,000HU. Our rule permits us to use 
80 per ccnt o f  this, i.e. 48,000HU. Therefnre, the number 

48,000 . 
o f  exposures in the series may not exceed y , I.e. 53. - -- 
which represents an exposure rate ol' 17 per second. 

The total exposure time or the series is 53 (0.02 - 1.06 
seconds, leaving 3.0-1.06 or 1.94 seconds to bc divided 
into 52 equal intervals. 

1.94 . 
Each interval is then - I.e. 0.037 seconds. 

52 
48,000 

Minimum interval between seriey = - 
325 

- 148 sccs. 

or  2: min. 

Euanrl~le 2 (Exposurc rate known) 

Exposures at 80 k V  2OmAs are required at a rate o f  
6 per second. How long may the series last? What is the 
minimum interval between successive identical series'! 

Energy per cxposure e q ~ ~ a l s  8 0 ~ 2 0 ,  i.e. 1,600HU. 
Individual exposure time, according to our rule, is that 

1,600 
which permits an energy input of - 

80 
X 100, i.c. 

2,000H U.  
From the rating chart we find that at 0.04 seco~~cls 

IOOkVp 520mA is permitted, representing an energy 
input per exposure o f  IOOx520s0~04, i.e. 2.080HLJ. 
We can, therefore, safely adopt 0.04 seconds as our  
individual exposure time. The series i s  to take place at 
6 exposures per second, i.e. at an input power o f  6;. 
1,600 or  9,60OHU/sec. The serics time is, according t o  
our rule, that time which would permit, in a single expo- 

- 9,600 
sure, a power input o f  - X 100, i.e. 12,00OHU/scc. 

80 
Using the IOOkVp curve on the rating cliart (Ibr con- 

venience in calculation) we see that 120mA (100kVv 
120mA=12,000HU/scc.) i s  permitted for 7 seconds. 
This then is our series duration time. The number o f  
exposures in the series is 6 X 7, i.e. 42. each o f  which 
takes 0.04 seconds. Total exposurc tirnc o f  the series is, 

therclbre, 42 . \ 0 0 4  or  1.68 seconds, leaving 7--1.68, or  
5.32 seconds to  be dividcil equally into 41 intervals ol' 
0.13 sccnn~ls. Min imum interval between s ~ r i c r  
9,600 X 7 

325 
------ 206 secs. n r  3b mins. 

CASE 4 Screening and Radiography C'ombincd 
There are, o f  course, several diagnostic procedures 

which demand flunroscopy punctuated either by singlc 
radiographic exposures or  by groups ol' exposures in 
fairly rapid succession. The former type o f  application 
corresponds to  tlie type o f  work carried out in a depart- 
ment wherescreeningand general radiography are practised 
as required throughout the day. A typical example o f  the 
latter situation i s  reprcscnted by gastro-intestinal invcsti- 
galion. 

Since i t  is csscnlial that the heat content o f  the anode 
shall never be allowed to exceed spccilied m;~ximum hcnt 
storage capacity, the heat introduced during screening 
must be kept sulliciently low tn  ensure that, whcn radio- 
graphy corn~nences, enough of the heat storage capacity 
remains for the radiographically introduced heat safely 
to he i~ccomniodated. 

The anode heating and cooling characteristics provide 
tlie infnrmation required whcn considering the per- 
missibility o f  various combinations o f  screening and 
radiography. 

Euairi/~lr, / 
Starting with ;I cold tube a period o f 'scrce~~ing lasting 

for several minutes i s  required. This i s  to he fo l lowc~l  
immediatcly by a singlc exposure ol' lOOkV 300mA. 
What is the inaximum level o f  screening permitted '! (The 
apparatus is single-phase full-wave rectilicd.) 

The energy of the exposure is l 0 0 ~  300, i.e. 30,00OHl!. 
The maximum permitted heat storage capacity o f  tlie 
anode is. frmn the heating and cooling curve. 135,000HIJ. 
If, thcrcfore, screening is l imitcd so that the anndc lieat 
content due to screening cannot rise above 135.000 
-30,000, i c .  105,00OHU, the radiographic exposure can 
safely follow. 

O n  our chart we see that tlie SOOHU/scc. curve flattcl~s 
olT at about the IO0,OOOHU level. We can, therelbrc. 
regard 500HU/sec. (e.g. IOOkVp 5mA) as our m;~x i~num 
safe level o f  screening pr ior  to  the exposurc specilied. 
Should the curves available not prove so conveniently 
situated as in this cxamplc and providcd there arc enough 
curves representing input below the maximum continuous 
rating. interpolation is satisfactory. F o r  cxamplc, i f  our 
calculation had given a maximum energy level due I11 

screening o f  85,000HU instead o f  105,000, we could safely 
have taken 450HU/sec. (midway between 400 and 500) as 
our maximum safe screening rate. 

/~YUII~/I/P 
Starting with a cold tube a pel-inil o f  scrccni~~g I;~sting 

several minutes is required. This i s  to be immcdiately 
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followed by a group of four exposures (each o f  I5,000HU), 
there being no significant cooling period between expo- 
sures. What is the maximum permitted screening rate? 

The exposures must, i n  the absencc o f  significant cool- 
ing intervals, be taken as a single pulse o f  4 X  15,000. i.e. 
h0,000HU, the individual exposure times and the mini- 
lnum serics time being governed by thc '80/80 rule', as 
previously described. I n  order that 60,000HU shall rc- 
main available after screening the heat stored due to  
screening must not  exceed 135,000-60.000 = 75,000. 
This, as seen from the heating and cooling characteristics, 
corresponds to a screening power of400HU/scc. (or say, 
IOOkV, 4mA) approximately. 

In the absence of heating curves corresponding to the 
lower values o f  heat input rate the cooling curve can be 
used to provide the answers. Thus, i n  the abovc example, 
i f  we wish to  l imi t  the hcat content due to  screening l o  
75,00OHU, this would be achieved if the  node heat 
content were to stabilize at this valuc, i n  other words, i f  
the rate o f  heat input equalled the rate o f  hcat output 
(cooling). By drawing a tangent to  the cooling curve at 
the 75,000HU level we see that the slope corresponds to a 
rate o f  cooling of 120,000 i n  5 mins. 10 secs., or  about 
390H U/sec. 

I t  should be appreciated that the calculation Lcchniquc 
in the above examples is included mainly to  demonstrate 
the significance and interdependence o f  the published 
data. Such calculations are only necessary whenever the 
proposed work schedule is unusually heavy or  when 
evaluating the heaviest work schcdule envisaged for a 
particular set prior to  spccifying the type o f  tube required. 
I n  practice il is normally sufficient to  abide by the follow- 
ing rule:- 

Combined scl-cening and radiography may co~i t inue 
indetinitely provided that: 

(U) screening is limited to  not more than lhalfcontinuous 
rating. 

(h) cach interval between single exposures is at least equal 
to thc energy developed by the most powerful expo- 
sure divided by half the continuous rating. 

(C) each radiographic series conrorms to the '80/80' rulc 
alrcady described. 

( ( 1 )  each interval between series is at least equal to  the 
total energy developed by the most powerful serics 
divided by half the continuous rating. 

( P )  the average rate o f  heat input does not excecd the 
continuous rating o f  the shield. 

I n  practice the work is o f  such a varied nature and pre- 
calculation frequently so impracticable due to  technical 
complexity and lack o f  time, that only by ensuring that 
the tube tittcd has a reasonable safety ~narg in  i n  terms or 
heat storagecapacity can satisfactory tube life be expected. 

Pnrl 4 of' TIIP Di(l,yno~tic X-Raj, Tuhc, th? conrlu(linji 
sertion, wi l l  he puhlished i n  the August issue of' "Tllr 
Hospirul Kngineer." 

ELECTRO-HY DRAULIC LIFT FOR 
SLOUGH HOSPITAL 

AN EI ~ ~ T K ~ - ~ I Y I I K A I ~ I . I ~ ~  l i f t  has been installed at [Jpton 
Hospital. Slough, as part of an extensivc conversion. 

Prior to the currcmnt ca~nversion, l l p lon  way a ge'neral 
hospital in the Windsar Group. I t  i s  now to became ;I 

special~is~t hospital wilh emphas'is on obstetrics and 
gynaecology. There is ,  i n  addition, a geriatric uni't. and 
il i s  there that the rleclro-hydraulic l i f t  has been i'nclalled. 

The geriatric unit conristr of four wards-two on the 
ground Hoor and two on the first flonr--with a to'tal o'i 
50 beds. fogcther with all necessary supporting facil'itics. 
l 'hc  unit wil l  he the Windsosr Group's main assessment 
unit for gcriatric patients. 

Recausc of the need to move the elderly pa'ticnts from 
Ho,or to floor without causing discomfort, it was ersontial 
for the geriatric unit t o  be equipped with a l i f t  which 
would hc extremely smooth and quiet in operatio'n, and 
capable of accura'te levelling at both landingr. 

Ry chaoving an elcctro~hydraulic l i f t  i t  was poss'iblc to 
ensure lrvclling within a quarter o f  an inch at hosth land- 
ings, comhincd wilh miooth acceleratio'n and slowing. In  
~ h c  event of power failure thc l i f t  can he lowered immedi- 
atcly hy a hand valve. 
1'0 providc ample room for a patient in hed, together 

with attendant s'taff, the l i f t  car i s  7'-Y" wide hy 5'-4" deep 
internally. Two-leaf doors are fitted at cach landing giving 
a clear opening of 7'-U", The car walls arc finished i n  grcv 
Formica andthe floor i s  linoleum covcred. 

The working capacity of the l i f t  i c  3500th: the raising 
speed i s  35ftlmin and the lowering speed is 5OltImi~n. 

To  house the lift, an existing stairway was removed and 
the l i f t  installed i n  the lacatinn of thr old stair wcll. He- 
causc all loading i s  transmisttcd from an e1cc:tro-hyd'raulic 
lift dircc,t to the foundations by the hydraulic rani.;, the 
\haft ncrd o'nly be a light non~load carrying structure. 

Thc eleclro-hydraulic l i f t  i s  powered hy a quiet-running. 
cnmpact pump unit. Together with thc control eyuipn>en't, 
this unit i s  housed in a small motor room closc to the l i f t  
at grousnd level so that only a minimum of  hcadrooni i s  
requircd at the top landing. Again, m l y  a 20-inch pi't i s  
needed for an electro~hydraulic lift. Amt the hospital, to 
cnsurc ahsolutr quietness in operation, the power unit has 
hccn surrounded hy a sound~proof box. 

SHOIIICHAM CONTRACT TOPS £80,000 
Elcctl-ical Cimlractors L.ixkc & Soarcs Etd. arc to carry 

out work worth $84,000 as part of Phase I rrf Sauthlandr 
IHospilal. Shoreham-by-Sc;,. Sussex. At Shareham, thc South 
West Metropolitan K.H.H. has awardcd Ricc & Sons Ltd. of 
Brighton thc overall Eh73.000 contract for the project. 

At the hospilal. thc clcctricity authority i s  bringing in $1 new 
I I  kV swvice, and Lwkc & Soaws' work entails p~oviding 
cmsurncr'q I I kV translnl-rncr and switdhgcar cquiprncnt all 
!medium vollage distribution- and slandhy gcncrntor cquip- 
rncnt. Coupled with this work i s  thc provision of scrviccs in 
four opcrxting thealrrs, and x-ray dcp.nrtments. 

l'hc Cunsullanl Architcct with ovcrall aonccrn in the areas 
01 design, quantity surveying and structornl, cleclrical. and 
n~ecl,;inic;tl enginecrinp. i s  . I  C;. L. Poulson in ;trsoriation with 
the Architcrt and Enginccr to  thc Hoard. 
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BROMPTON HOSPITAL 
New Intensive Care Unit 

1. The Hospital 
BROMPTON HOSPITAL was initially founded for thc trcatnimt 
of patients suffering from pulmonary tuberculosis since no  
other hospital would readily admit this group o f  cascs, and the 
international reputation o f  the hospital was established on  its 
standards and methods of treatment o f  lhis diseasc. 

The decline i n  the need for treatment o f  tuberculosis co- 
incided on theone hand with dramaticdevelopmentsinsurgery 
of the heart, and o n  the other with developments i n  the medical 
treatment o f  respiratory and cardiac conditions, including 
bronchitis, emphysema, asthma and coronary disease. 
Brompton Hospital has been one o f  the leaders i n  lhese fields 
and patients come from all over the world for treatment here. 

I n  four years' time thc oldest part o f  the hospital is to be 
demolished t o  make way for a new Cardio-Thoracic Centre. 
When lhis is built, Brompton Hospital wi l l  join forces with thc 
National Heart Hospital to create a postgraduate chest and 
heart centre which wil l  be unique in the world. 

2. The intensive care unit 

(a)  0rifiirz.s 
The special reql~irements of cardiac surgcry led to the 
setting aside o f  a special room i n  which to nurse the 
patients post operatively as long ago as 1960, at a time 
when the concept of intensivecare units was litt le known. 
I n  1964 two further rooms were added i n  order that all 
the critically ill patients, including thosc requiring 
medical intensive care, might be looked after by specially 
trained nurses o f  the highcst calibre. It was recognised at 
the time, however, that theserooms, which were no morc 
than converted wards, fcll far short o f  the high standards 
required for intensive care, and a start was made i n  
planning the unit which is now nearing completion. 

(h)  Size 
The new Intensive Care Un i t  consists of:- 
A l a r ~ e  open area equipped for  up  to 8 beds: this wi l l  be 
occupied by patients for 24 to 48 hours after operation, 
when they wil l  be transferred to the post-operativc ward. 
An adjacent area of five si~tgle rooms: these wil l  bc 
occupied by patients who have developed complications 
after operation; who are infectious; or whose lungs are 
not functioning properly. 
A separate area of five beds, consisting of one room o f  
two beds and three single rooms: this area will be used 
primarily for patients who havc had 'coronary' attacks; 
i t  is also suitable, with a minimum o f  modification, for 
nursing patients after transplant operations. 
Variolis ancillary rooms: such as changing rooms, sluices, 
a doctor's office, sister's office, conference room, labora- 
tory, treatment room, nurses' rest room and relatives' 
room. 

A n  intensive care unit has becn defined as a unit for patients 
requiring the assistance of mechanical devices for thc support 
o f  life; i t  is natural therefore that this unit, scrving as i t  does a 
hospital o f  over 350 beds entirely for patienls with defcctivc 
hearts and lungs, should be one o f  the largest o f  its kind. Il 
will accommodate all the critically ill patients i n  the hospital 

except the babies, [or whom a small unit has been eslablishcd 
i n  the paediatric ward. 

(C) Features 
Visitors to thc unit, bcforc i t  is i n  use, may bc surprised 
at its apparent spaciousness comparcd with an ordinary 
ward. Thc rcason for this is Lhe great amount o f  equip- 
ment which may be, and often is, nccdcd for each patient. 
and to provide for this therc arc at the head o f  cvcry 
bed up to twclvc clcctric points as well as outlets for 
oxygen, anaesthetic gas, conipressed air and medical 
suction, all brought by pipclinc from elsewhere i n  thc 
hospital. 

The Uni t  is situated on thc top floor o f  lhe hospital's Soulh 
Rlock and vanoramic vicws over Chelsea. Kensinaton and 
beyond can'he had from it. Although the major ih o f  the 
paticnts wi l l  bc too ill to notice these, they wil l  bc appreciated 
by the slalf working there. The nurscs' rcst room is particu- 
larly fortunate in this way and nurses taking thcir shorl tea 
and coll'ee breaks will be ablc to look right over the hospital's 
Nnrth Rlock towards Hampstead and Muswell Hi l l .  

A unique feature is a ncw typc o f  respirator systcm, the 
provision o f  which has bccn made possible by a gcncrous grant 
from the KingEdward V11 Hospital Fund for London. Dcvel- 
oped by one o f  the hospital's consultant anaesthetists i n  
consultation with a manufacturer o f  medical equipment thc 
svsteln consists firstlv o f  a single comvrcssed air nlant de- 
livering sterile air to every bed; at the bed there is a simple 
rcsvirator for controllinrz the rate and auantitv o f  air enterinrr 
the patient's lungs; andrfinally, at thc'base if each bedhcaa 
unit there is a pipe which carries away the air aftcr i t  has left 
the patient's lungs. This system has many advantages over the 
conventional respirators, but by far thegreatest is thc fact lhat 
Ihe air breathed by a patient connected t o  the respirator is 
quitc independent o f  the air i n  the unit. This will reduce thc 
risk o f  cross-infection, a major hazard i n  units of this sort. 

O f  course, not al l  the patients are conncctcd to respirators 
al l  the time, and a further precaution against cross-infcction 
has bcen thc installation o f  a forced air ventilating systeni 
which changes the air in the whole unit  up  t o  twcnty limes 
every hour. 

There will be a plentiful supply ofcardioscopcs for nieasur- 
ing the electrical activity o f  the heart; in addilion, therc will 
initially bc one full-scale monilorine svstem: this one. de- - .  
reloped at St. Thomas's Hospital, measures, displays and. 
whcn rcquircd. records both the heart's eleclrical activitics and 
the blood pressures inside the chamhcrs o f  thc heart. 

Many small but important dcsign features have been in- 
corporated into the unit t o  make i t  function more cfficicntly 
and so provide as good as possible a service to the patients. 
Thc gcncral ward lights, which are coloured to match almost 
exactly the colour of daylight on  a cloudy day, can bc scrviccd 
and maintained from above the ceilings; thcy have special 
diffuscrs t o  obviate glarc i n  the patients' eyes. The walls of thc 
single rooms are made from plastic laminates which can be 
wiped clean without dilliculty; large doublc-glared panels wi lh 
intcgral blinds givc maximum facilities for observation 
coupled with privacy when required. Two rows of spccial rails 
arc installed on  the walls in cach ward: on  these can be hung 
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all types o f  equipnicnt as well as shelvcs; very lit l le will nccd 
to stand on thc floor. The Hoor itself is covered with an iln- 
pcrmciiblc polyvinyl chlori,lc shccting which is foam-backed 
to reduce noise to a minimum. 

(</l .S'/u/ti,z~ 
For every paticnt in an inlensive carc unit there must bc 
four nurses to give a 24-hour service seven day? a week. 
This lype o f  nursing makes the greatest dcmands on thc 
staff, but i t  also brings very high rewards. Thc patienls 
are critically ill, so much so Ihat ~ ~ n t i l  a few years ago 
many would have had no chance o f  surviving. G r m t  
skills o f  observation and inlerprelation arc developed by 
the nurscs thcre, and the condition of the patients, 
coupled with lhe coniplcxity of the eqnipmcnt in use. 
means that lhcrc is a much closer involveniml o f  thc 
various disciplines- medical, nursing and lechnical- 
than usual. I t  is factors such as these that bring lo tlic 

hospital st;llf who c l~ j oy  the chtlllcngc which such w w k  
brings. 

(v) Tlrv FUIUW 
Tlic stall' o f  Rromplon Hospital are working o n  lhc 
frmnliers o f  knowlcdgc in the field o f  chcsl and licarl 
mcdicincand surgery. Hear1 lranrplanlnlion is a dcvelop- 
men1 which has caught the public cyc and nne which 
obviously in thc course o f  lime will have ;I p x t  to play 
in thc liospilal's work; i t  will doublless hc followcd by 
lung transplantation and eventually, perhaps, by the 
insertion o f  man-madc hearts and lungs. I n  thc mcan- 
lime, more and mol-c sophisticated drugs and mcthods of 
treatment enable patients to live longer and more uscfill 
lives. In all these dcvclopmenls the ncw lntcnsivc Care 
LJnit will play its part i n  providing an environment as 
ncxr ideal as possible for thc care o f  paticnls poised 
helween life and dcath. 

RESEARCH IN TRANSPLANT SURGERY AT EAST GRINSTEAD 

'I'HE F U I ~ K B  development o f  'spare parts' surgery depends 
heavily on a recent yet already vital surgical technique. 
This is microvascular surgery-the rejoining of severed 
veins and arteries which literally supply the life blood 
without which transplanted organs o r  tissue cannot live. 

Apart from replacement o f  major organs such as the 
heart, kidney and liver. rnicrovascular surgery has made 
possible the reimplantation o f  partially and sometimes 
totally amputated fingers. 7he same techniques on a larger 
scale have, in several known cases. allowed successful re- 
implantation of arms severed ahove the elbow. 

O f  the many branches o f  surgery that can and are hcne- 
fiting from rczcorch, plasstic su,rg8ery has p-r~h~;~p* thc most 
to galn and can make the most immediate progress. Work 
on  the reimplantation o f  digits has already made remark- 
able strides. N o w  the 'one stage' tissue graft is being  per^ 

fected. A t  the moment i t  is necessary to leave attached tn 
the donating area, the Rap o f  skin that is being trans- 
planted, simply to keep its blood supply until the graft 
has 'taken' into the transplant bed. By  joining up  suitable 
supply vessels to feed the new tissue. i t  is hnped that 
second and sometimes third operations will become u n ~  
necessary: Results are also more satisfactory. Hetter skin 
colour and trxturc niarche~? are p.,ss\ihlc a'; the cli'aici. o f  
new skin i s  lcss restricted, and may eventually include 
donated tissue. Shrinkage o f  new tissue i s  also avoided. 
Donated skin can and is used in plastic surgery a1 pre- 
sent, but only as an intermediary as its l ife is limited. 

A t  the research unit o f  the Queen Victoria Hospital at 
East Grinstead, world famous for its plastic surgery unit 
started by the late Sir Archibald McIndoe, there is a  pro^ 
gramme o f  advanced experimental research i n  micro- 
vascular surgery. Tissue and organ transplants in rats arc 
already providing valuable new knowledge and experience 
in the technique o f  rejoining fine blood vessels as well as 
the problems o f  immunity-the body's rejection o f  a 
'foreign' tissue. 

One o f  the hospital's six cnnsultant plastic surgcons i s  
conducting a series of experimental operations. I h e  t ech~  

nical prnblems o f  working on t iny blood vessels Imm.  i n  
external diameter and less, are mainly o f  technique and 
precision. Stitching has proved to be the most satisfactory 
of the several methods of joining thcsc blood vessels. But 
stitching together the elastic walls o f  a vein less than the 
thickness o f  a pencil lead, o r  the width o f  a pinhead. 
demands exceptional skill and precision. Any restriction in 
the channel resulting from inaccurate anastomosis causes 
obstruction resulting in thrombosis. Ha l f  a millimetre o f  
nrr rnw ng in a vessel of 1.5 mm. i s  disla~irirus. 

Meticulous care and exactitude made work on all but 
the larger vessels unreliahle unti l  the intrnduction n f  the 
use of the operating microscope. 1-he ophthalmologist's 
loupe (a  magnifying glass worn on the forehead) was 
useful hut  the likelihood o f  success was greatly increased 
by more sophisticated instruments. Once the surgeon i s  
accustomed to magnification i t  is an enormous advantage 
and w o n  b~ec~onic~.; ind i*pmmb~lr .  For working on vcswls 
o f  lmni .  or less an operating microscope is essential. 

Carl Zeiss o f  West Germany brought their optical 
knowledge to surgery with the original operating micro- 
scope f o r  E.N.T. surgeons over ten years ago, and now 
manufacture high precision instruments for virtually evcry 
branch o f  surgery and medical research. The Zeiss Diplo- 
scope installed last month at East Grinstead magnifies up  
to 20 times. Stereoscopic or three dimensional hinocular 
viewing is possible for  two people, with individual n iagn i~  
fication changcrs. I ' he  angle o f  vision is identical, s o  two 
surgeons can work with total co-ordination. This can re- 
duce operating time to less than half. Suture o f  a single 
Imm. vessel normally takes over thirty minutes, but 
between two surgeons can be reduced to less than lifteen. 

A t  East Grinstead, the instrument i s  currently heing 
uscd to perfect kidney transplants i n  rats. Liver transplants 
will follow. Rats are used hecause inbreeding through 
ahmi~ut twcnly-livc gcnera~liont produce? genetically idem 
tical ilninlais. 'Thc prohlenl$ o f  tran?pl i~nl irnrnunulirgy 
can thcreinrr be reduced to negligible proportiuns using 
animals with identical genetic makeup. Hy comparing the 
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ell'ects of similar operations on organically compatible 
pairs of rats and unrelated animals, immunologists are 
able to study the effects o f  suppressing the rejection pro- 
cess. Already, laboratory experience has made possihle 
operations o n  humans which could not otherwise have 
been undertaken. This has been in the field o f  reimplan- 
tation o f  partially amputated digits. The most notable was 
the rejoining o f  an almost totally severed ring finger f rom 
a two and a half yesar old bsoy. A n  ar'te8ry only 0,7rnm. had 
to be rejoined and was the smallest human vessel on  
which the surgeon had ever operated. 

Hand in hand with surgical research is immunology 
which is developing a new science o f  tissue typing. This i s  

I similar to categorising blood groups, except that for  tissue 
i s  a good deal more complex. Bone and nerve suture is 
also involved i n  digital transplants and the nerve endings 
can be very accurately rejoined under high magnitication 
to give quicker and more 'real' return o f  sensations f rom 
the limb's extremities. 

Operations can be photographed, filmed o r  televised 
without hindering the surgeon by replacing the second set 
eyepieces w i th  a camera. This records exactly what the 
surgeon himself sees, and in the same perspective. Its value 
i s  obvious in intrnducing o'thcr surgemons 10 mic rovasahr  
techniques which may well be the key to the next major 
step forward for virtually every field o f  surgery. 

UNIQUE DISH WASHING EQUIPMENT 
AT WEST CUMBERLAND HOSPITAL 

A CoMPLFTE1.Y unique cunception in Dish Washing  quip^ 
ment, contrasting with the traditional conveyoriscd and 
cabinet machines which employ racks for crockery and 
cutlery, are the Dawson-MMP in-Trol ley machines, two 
of which are installed in the West Cumberland Hospital. 
This is one o f  Britain's newest hmspitals and with its r c p u ~  
tation for  advanced medical techniques i t  is fitting that in 
the important process o f  washing-up, i t  should he 
equipped with plant which is not  only completely d i fermt 
from anyth'ng previou~sly though.1 of,  hu,t, more impor~lant, 
is perfectly suited to both the layout o f  the hospital and 
the high standard o f  hygiene i t  maintains. 

Located i n  a purpose-built room, the two Dawson 
machines serve sixteen wards which on average have 
about 30 patients per ward, the furthest being about 300 
yards from the wash~up point. ' l he  principle is simple. 
Each ward has its own specially bui l t  trolleys which Daw-  
son-MMP supplied with the machines, and the crockery 
and cutlery is kept on  these at all times. only being re- 
moved when the meals are actually served. Apart i rom 
going to the wash~up room the trolleys stay in the ward 
and, between meals, the tableware is protected by a Fabric 
cover which envelopes each trolley. When a meal is 
!inished the ward staft load the crockery and cutlery onto 
the trolley and this i s  wheeled to the wash~up room. A t  
the front of each washing machine is a roll-hack stainless 
steel door which is raised automatically, to enable the 
operator to push the trolley into the cabinet. The operator 
then closes the door and switches on the automatically 
timed and controlled treatment cycle. Jet pipes positioned 
inside the machine project between the shelves o f  the 
trolley. as well as above and below. and during the treat- 

ment process these move slowly from side to side, ensur- 
ing comprehensive coverage with the powerfully jetted 
treatment. The two stages o f  treatment are hot detergent 
solution wash at 145°F (63°C) followed hy a scalding 
fresh water rinse at 190°F ( G C ) .  ' lh is removes every 
trace of detergent and leaves the items hot  for quick  self^ 
drying. As well as the moving jets, stationary jet pipes 
located on the inside walls o f  the cabinet augment the 
washing and rinsing processes. When the treatment cycle 
has been completed the machine automatically cuts out. 
' l he  trolley is allowed to remain i n  the machine for somr- 
thing less than a minute, by which time, hecausc of the 
residual heat f rom the scalding tinal rinse, the crockery 
and cutlery is virtually dry. I ' he  cover is then inimcdiatcly 
placed over the trolley, which i s  returned to the ward 
where it remains until the next meal. Both the trolley and 
its cover are marked with the appropriate ward number so 
that there is no  interchange o f  crockery and cutlery. 

'l'here are three types o f  trolley i n  use: I 'he breakfast 
trolleys are suitahle for fruit  and cereal bowls, small plates 
and the general ware used at this meal. Those for dinner 
take soup howls, dinner plates, cups and other appropriate 
dishes, and are also used for lunch. The th i rd trolley is far 
tea-time items such as cups. saucers, tea plates etc. 

M'r. Cook, t ' l~e  C'a#tcring Ollicer at Wenl Cumherland 
Hospilul, considers that this i s  the bcsvt systeni of disdi 
waching he has ever expxiesnced. I n  PIS vinlplic~ily o f  
operation i t  is superior to any other and probably its 
biggest asset is that there is less manual handling o f  
crockery and cutlery than with any other system. Not  
only does this contribute substantially to the high standards 
of liygi'ene maintwined a'l the 1inqn:tal hut i d w  it c n n ~  
siderably reduces the risks o f  costly hreakages. 

A Cheaper Hospital? 
(Co~~l i , ruc~/ / io , r l   pap^ 150) 

In the c r i t i ca l  early p lanning o f  a hospital uni t  i t  i h  

o f  the utmost  importance that grcat care is exercised 
in determining frmu the medical users their cxact 
reqt~ircmcnts, bearing in m ind  the fact that  the com-  
pleted hospital wou ld  no t  be available un t i l  home years 
after the p lanning exercise, hu t  inc luding an  allowance 
f o r  a n  element o f  fu tu re  development in thc l ield o f  
medical science. 

Know ing  a l l  the req~~ i ren ien ts  o f  the uacr, and wi th 
the f u l l  knowledge that  these requirements would no t  
he changed, w i t h  w c h  co-ordination as described, the 
site supervisory slat€ wou ld  have more  t ime f o r  qual i ty 
contrt i l .  Wi thou t  the naessary drawings. and wi th a 
view to  min imis ing the amount  o f  money which would 
otherwise need t o  he spent o n  site alterations. more site 
superv ix i ry  staff wou ld  he required having the abi l i ty 
t o  be constantly anticipating where conflictions may 
~ i c c t ~ r  and having the author i ty  t o  make on-the-spot 
decihions fo r  m inor  changes t o  overcome otherwise 
future expensive remedial work .  

Fai lure to provide money f o r  co-ordination in the 
design slage may, in the long run, prove far more 
ci isl ly hy hile alteralii ins. 



A review o/ new erjrriprri~nr and mntcrinls mind thrrr drvdoprrlrnr 

NEW HEAVY DUTY PACKAGED UNITARY AIR 
CONDITIONER 

.l. Samuel White & Co. Ltd., of (L,wcs, Isle of Wight. 
have introduced a ncw heavy duty packaged unitary air 
conditioner dwigncd primarily for  single and mult i-room 
applications. 

Named the Fairline Gladiator Model  E225, i t  ha, a 
nominal cooling capacity o f  2.25 K T  (27,000 Rtu's per hour). 

I t  i s  designed fnr  through wall o r  window mounting. o r  
instal'latiun rrmote f rom thc conditioned space. thus pro- 
viding either f r e r~b low  or remote ductcd multi-zone environ- 
ment con,trol. 

When installed for  remote ducmtcd applications, the fascia 
panel is discarded and the duct spigot provided as standard 
is connected to ducting. This allows cnnditioned and return 
air to be handled by means of the ducting. 

Fo r  ducted applications the Gladiator i s  provided with a 
remote thermostatic control unit. 

The basic free-blow window/wall model i s  a cooling only 
unit. A 4 kW heater battery i s  available as an op t ima l  
extra. 

Mu l t i  speed fan dellivery is provided giving air How? o f  
approximately 750 CFM.  810 ('FM and YOO C F M  by a 
centrifugal type evaporator fan. 

A propeller type condenser fan fitted with a slinger~ring 
allords maximum condensate pick-up, Excess condensate 
i\ atomised through the condenser. Dchuniiditication c a p  
city i s  approximately live pints (2.85 litres!. 

Fresh air intake and stale air exhaust facilities are bui l t- in 
as standard. 

Long-life filters which can be cleaned by vacuum clcilncr 
or washing arc provided to trap dirt, dust and pollen. 

The dimensions o f  the Gladiator are: 27 inches (685 mm.) 
widc. 21 1 inches (545 mm.) high. and 351 inches (895 mm.) 
long. When installed i t  projects only 3+ inches (92 mm.) 
into room space. 

ELECTRICAL 1NI)ICATING THERMOSTATS 
Ward Brooke & Co. Ltd., Imdwater ,  Hucks., are nnw 

producing a range o f  electrically operated indicating thcr- 
mostats designed for  use i n  applications w c h  as tempcretnre 
contrnl and imndicating in cold stores, refrigerating systems. 
incubation cabinets, blood hanks and general process h r a t ~  
ing systems. 

These units, which incorporate the features o f  clcar ten>- 
perature indication and switch setting positions ]plus closc 
switch differential, are available fur a variety o f  different 
opcratimng temperature hands ranging from -XO/+XO'C. 
( - l  l O j +  1M)"F.J to 150/350mC. (350j650"F.j. Operation i% 
by means of a liquid li l led bulb whicli i s  connected ICI thc 
main unit by a capillary tuhc. 

The system i s  robust and rigid with ample power to 
operate the switches without signilicant loss o f  indicated 
accuracy. A simple yet fully adji~stahlc mechanical l inkagr 

system opcralcf the switch control mechanism. A variety 
o l  standard micro-%witches arc used according to the clcc- 
trical duty imposed on the switch. 

T w o  sub-n~iniaturr micro-switches operating i n  tandem 
can bc supplied and lhese are \imultaneoudy adjusted f m m  
the same setting scale and are also factory set to operate 
at either the same o r  diff'erenl temprratures. In addition. 
'fail-safe' switches can he built-in. 

ALLEN YGNIS EXTEND '606' BOILER RANGE 
Alien Ygnis Boilers Ltd., Princes Road, Tipton, StaRs. 

announce that they have extcndcd their range of niodul 
'606' boilers to include two new mndcls with respective out- 
puts o f  20 mil l ion and 24 mil l ion Htu/h, l'hcsc latest addi- 
tions to the '606' range mean that a total o f  19 sizes i s  now 
available with outputs ranging f rom 400,NK) Htujh which 
will permit larger applications t o  bc catered for. 

Suitable for  either o i l  o r  gas liring, the boilers are con- 
slructed for  working prc!sures o f  up  to 150 lb./in.2 and have 
operating efticiencies helwecn R I  and W:,,. 

PLASTIC COATED TRU-WEL TUBE NOW 
AVAILABLE 

A further development in ' l 'ru-Well central heating tube 
has been announced b y  Tube Products Ltd., a T1 Com- 
pany. 

I n  addition to thcir rangc o f  plain tisn/zinc-coatcd mild 
steel tube, Tube I'roducts are now offering the same tube 
in a version coated with plastic sheathing. 'l'his sheath 
permits T ru -Wr l  central heating tube to be buried i'n walls. 
lloors and concrete. Previously i t  has been necessary to 
give this tubc some further fo rm o f  protection under these 
conditions such a% a larger diameter sleeve. 

This tube has the considerable advantage of low stahlc 
price compawd with copper tubc, enabling approximately 
f l 5  to be saved on an avcrage domestic inhtallation. Plastic 
sheathi'ng makes only a marginal difference i n  price [per I t .  
compared with plain tuhc. 

Plastic sheathed Tru-Wcl  tube is  available in , , I, 
I: and I: in.  nominal bore sims and i% packaged in 20 f~t. 
lengths. 

NEW CIRCULATING PUMPS 1rROM P.E.P. 
Precisioa Engineering (Pumps) Ltd. of  Conglcton. 

Cheshire. have increased thcir range o f  circulating pumps 
for  L.P.H.W. heating and domestic hot water service sys- 
tems by thc introduction of a completely new range of 
lnline pump sets. These arc o f  the closc coupled fullway 
pattcrn. 

Initially, three sizes o f  pump arc being introduced, these 
are for  I in.. l+ in, and 2 in, connections. The 1 in. pump 
follawc metric convc'ntiomn and i c  designated size 26, l ' h is  
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pumpis capable o f  circulating 20 gallons per minute against 
a head o f  3 feet and 10 gallons per minutc against a hcad 
of 10 fect. Thc  performance of the l+  in. and 2 in. (sizes 41 
and 51) pumps are identical. Thcso sizrc irf pump will deliver 
h0 gallons per minutc against 2 fect hcad and 10 gallons [Icr 
minute against 20 feet head. 

For use in heating and primary domestic hot water cir- 
cuit* the pump* are produced wi lh a c t  iron caclings and 
irnpcllerc, for secondary domcstic service syrtrms an "all 
gunmcntal" constructiomn is used. The glands are all of thc 
dripless mechanical seal type. The electric mrrtors titled as 
standard arc supplied suitable for  use on  either single or 
three phasc electric supply. The molor  bearings arc prr -  

I packed and require no  further attention in service. Punrp 
\ire 26 ha.; + h.p. motors and sizes 41 and 51 $ h.p. molors. 

NEW STATIC SWITCH FOR INVERTER BY-PASS 
DUTY 

English Elcctric-AEl Industrial Controls Ltd. of  Rugby. 
Warwickshire (part of GEC-Ell iott  Automation), 
announces a new range o f  static by-pass switches for use 
Iin inverter "no-break" power supply applications. The 
switches are available in ratings complementary to the 
English Electric-AEl series o f  standard no-break inverters 
which have outputs o f  1, 2, 4, 8, 10, 15 and 20 kVA.  

In "no-break" systems, the incoming a.c. supply is rec- 
tified and then fed to an inverter which supplies a.c. to 
the load. The rectifier also maintains storage batteries at 
full charge and, in the event of mains failure, the batteries 
provide the inverter input and maintain completely un- 
interrupted a.c. supply. Where the application makes i t  
imperative that there be n o  supply breaks in any circum- 
stances, provision must be made for inverter main- 
trnance, and for the unlikely event of inverter failure. 
This is achieved b y  means of a by~pass switch. Conven- 
tional electro-mechanical contactors have been used for 
this duty, but sufter f rom the inherent disadvantage o f  
comparatively slow operation. The new English Electric- 
A E I  static switch overcomes this problem, and wi l l  by- 
pass the inverter automatically in less than one mi l l i -  
second, thus ensuring completely guaranteed power sup- 
ply. Once having changed over to the by-pass supply, the 
logic circuits in the switch w i l l  lock out the inverter, and 
wil l  not transfer back automatically. 'l'o return to inverter 
supply, the l o g k  circuits must he reset manually. 

HICH-PRECISION, P0RTAHI.E THERMO- 
HYGROGRAPH INSTRUMENT 

' l he  latest development between Turbojet and Haenni o f  
Switzerland is the portable, high precision Thermo-Hygro- 
graph instrument for continuous chart recording o f  the 
ambient relative Humidity and ' lmperature.  I t  has been 
specially designed for use in Laboratories. Computer 
rooms, Hospitals, Factories etc. and wherever an accurate 
record of the humidity and tempcrwltu're i s  requir,cd. 

The basic standard range is 0-l00Y, r.H. and 0" to 100°F 
or 1 0 "  to 4 50°C wi th an exceptional high accuracy o f  
*l'%. 

The cadmium~plated bi-metal temperature coil and the 
doubled hair-strand hygrometer element are incorporated 

within the chromium-plated element stems as sern on the 
photograph. 

'Ihese were specifically designed to ensure highest sensing 
acumen giving at the same time utmost exposure to the 
ambient air but  eliminating the usually experienced proh- 
lems of radiation and contamination through dust and 
airborne d i r t  particles etc. resulting in subsequent in-  
accuracies. Both elements can he adjusted and recalibrated 
wi th the special keys supplied for this purpose. 

A precision Swiss lever movement rotates the charts on 
a dgiil y omr weekly basi's. 

A n  attractively styled, lockable dust and shockproof 
grey-lacquered metal casing, with three-dimensional glass 
front gives one week's view o f  the charts. 

The size o f  this compact instrument is 12" X 10" x 7". 
Ihc  welight is 12 lh's. I t s  price o f  .E72 10s. Od. includes the 
supply of charts for one year, special ink and pens. 

Delivery fur hhre ,nhc i i  o r  Cen'tigrade models i.; ex *!tocl\ 
direct from Turbojet ISd., 21, Foxlcy Lane, Purluy, ('K2 
3EH. 

AIRPAC AIR HANDLING UNITS 
New Airpac handling units, developed b y  Woods Fans 

Ltd., Colchester, introduce wide scope and flexibility i n  
meeting air conditioning requirements. 

The units provide for  alternative assemblies of sections 
for the supply o f  conditioned air. The sections include 
filters, heaters, coolers, humidifiers, eliminators, fans and 
silencers. Any  combination can be supplied. 

Thirteen sizes are oftered, the air movmient capacities 
ranging f rom 600 ft.'/min. to 40,000 ft:'/min, at static pres- 
sures up  to 12 in. H,O. Fu l l y  tested, the performance 
ratings are guaranteed. 

'1'0 meet hospital specifications, the designs allow for 
sterilisation o f  the interior surfaces by steam to prevent 
bacterial growth. Thermal insulation can be applied ex- 
ternally, and interior surfaces are linished with white non- 
toxic polyurethane paint. Ease o f  maintenance is a f u tu re  
o f  the design. 

O f  modular construction, the sections have cross- 
sectional dimensions based on  a 10 inch module. The sec 
tions are connected b y  external flanges, gaskets being sup- 
plied for all joints, and l i f t ing r ing bolts are fitted. Brief 
details o f  the component sections are as follows: 

Inlet mixing section, can have inlets on  any one, two 
or three o f  five sides, with fresh air and recirculation 
proportioning dampers. 
F i l ter  section, can be throw-away, washable, a u k -  
rnatic rol l  type, absolute, bag, carbon or elcctrostatic. 
Pre~heater, can be for  hot  water, steam or electricity. 
Cooler, chilled water coil o r  dirrct expansion. 
Humidilier, can be spinning disc type, spray washer, 
spray coil or steam. 
Eliminator. 
Ke~heater, hut  water, steam o r  electric. 
Dilfusing chamber. 
Fan section. 
Diffusing chamber. 
Sil'encer-~~snlitter i v w  . . 

Full details and selection data are given i n  Woods  loose^ 
leaf publication API-9. 
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Notes for Members 
heen Chairman; he had been a Member o f  Council from 
the inaugural meeting unti l  1966; he was a member of the 
delegation formed to establish joint conciliation conlnlit- 
tees with the Mental Hospitals Association and with the 
British Hospitals Association: he was for some years 
Chairman of Whitley Council Committee ' 1 '  he was 
elected a Vice- President and a Fellow o f  the Institution. 
Amongst his private interests M r .  Rogers was keen on  
radio and motoring. He was Chairman o f  the Fiat Car 
Club at one time. 

A great trihute will he paid by all those who knew M r .  
Kngers for  his eflorts on  their hehalf. 

Riclmrd Emrys Hoerrs 

OUITUARIES 
Mr. R. E. Rogers 

We regret to announce the death. suddenly, o f  M r .  
Richard Emrys Kogers on 27th May at his home at Blean 
in Kent. He had not heen in very good health for some 
mclnths. The cremaltion. all wh~ich the lnstitutc way d l i -  
cially represented, took place on 2nd June. 

Mr.  Rogers was a co~founder o f  The National Assncia~ 
t ion o f  Hospital Engineers, later to hecomc ' l hc  l ns t i t u~  
l ion o f  Hospital Engineers and, i n  January 1967, to he In -  
corporated as 'l'he Institute o f  Hwpi ta l  Engineering. 

Having spent the first part o f  his career as ;in cnginccr 
in the Merchant Navy, during which time he obtained a 
1st Class H.O.T. Certilicate. Mr .  Rogers entered the H o s ~  
pital Service when he was appointed Chief Engineer at 
Whitchurch Mrnta l  Hospital, Ca rd i f  in 1936. He hecame 
Group Engineer to the South Warwickshire H.M.C. i n  
1951 where he remained until his retirement in 1967. 

Mr .  Rogcrc' devotion t o  the cau\e o f  hospital tnginuer~ 
ing. and the plight of the hospital engineer. led h im  to call 
a meeting o f  the Chief Engineers o f  all hospitals in 
England and Wales i n  1943, and to this he invited rrpre- 
sentatives from the lnstitution of Engineers~in-Charge and 
h m  the London County Cmouncil Enginccic A\wcration. 
'l'he meeting was held at the City Hospital, Nottingham. 
and the aims and objects o f  the organisation that he  pro^ 

posed wcre outlined. I h e  prime ohject was to raise the 
standard o f  hospital engineering and o f  the engineer, and 
to introduce into the Service a certiticatc of competency. 
a land counterpart of the H.O.7. Certificate open to sca~ 
going engineers. The subject was discussed at great length 
and i t  was linally resolved that The National Association 
o f  Hospital Engineer5 be formed. l ' he  first Council and 
Officers were elected and Mr .  Kogrrs hecame the Hon. 
SccretaryiTreasurer. He strived unceasingly to establish 
facilities for the training of hospital engineers and for  the 
holding o f  examinations of a standard acceptable lo the 
Ministry of Health. 

A t  some time, Mr. Kogers had held practically every 
oftice within the administration o f  the lnstilution. He had 

Mr. S. I<. Peomun 
We regret to announce the death, at the age o f  47, of 

Mr .  Scott Russell Penman. 
Mr .  Penman served an apprenticeship with the Caledon 

Shiphuilding & Engineering Co.. and attended Dundee 
Technical (bllege during this time and subsequently. 
Following his apprenticeship. he served as an Engineer i n  
the Merchant Navy until 1949, and obtained a First Class 
H.O.T. Certilicate. He followed this for  a short pcriod as 
a Surveyor with the Scottish Boiler and General Insurance 
Co., and entered the Health Service as Senior Engineer at 
Stoneyettes Hospital. Chryston i n  1951. I n  1954 he joined 
the Lennox Castle and Associated Hospitals B.O.M., suh- 
scy~iently hecoming Group Engineer to the Board. 

One o f  the earliest members o f  the West of Scotland 
Branch. Mr .  Penman was a one~t ime memher o f  the 
Council o f  the lnstitution. 

1969 ANNUAL CONlWU3NCE AND DINNER 

I h e  1969 Annual Conference and Conference Dinner 
were held as planned, although, as members were advised. 
the Ho'spital Conven~tion and Conferencc!~, including that 
of thi* Institute, wcre switched t o  the Earl's Court Exh'ihi- 
t ion Centre. 

In spite o f  this change o f  venue and other unfavourable 
factors, such as attendant strikes. the Conference can be 
cnunted a marked cuccess. Thme Conference was oprtlcd hy 
.I. Bolton. C.Eng.. A.M:I.C'.E.. M.1.Mech.E.. A.M.lnst.F.. 
1'KS.H.. Chief Engineer, Department o f  Health and 
Social Security, m d  tlw t i r ~ t  puper. 'The Role o f  the 
Engineer in the Hospital Service', was given hy A. S. 
Marre. C.B.. Second Permanent Under-Secretary o f  State. 
Department o f  Health. 

This, and the four succeeding papers, covering a wide 
range o f  subjects, all attracted good audiences o f  between 
100 and 150. 

I:t i s  in1:end'cd l o  puhlic'h in thc J o u u ~ n l  w m r  o f  thc 
papers given. 

The special Conference Dinner was also a success, 110 
at,tending, and i t  i s  h'oped t o  puhllish the afwr~dinncr  
speeches. 

T H E  i i O S 1 ' 1 T ' A I .  E N C i I N E E R  



SOUTH WEST A N D  WEISH ISRANCHES 
A joint meeting o f  these two Hranches was held at 

Manor Park Hospital, Bristol, on  Saturday, 31st May. and 
was attended by the Secretary of the Institute, Mr .  J. E. 
Furness. 'l he meeting commenced with a talk by Mr .  
Furness, who traced the developments and major occur- 
rences over the past two ycars since Incorporation, and 
spoke of some o f  the hopes for the future. 

After tea. the company re-assembled fur a domestic 
meeting o f  the South West Branch. A most lively disuus- 
sion led to a decision to try alternating meetings on a 
mid~week evening with the current Saturday meetings. I n  
addition. a number o f  suggestions were forthcoming for 

\ subject? to be dealt with at future meetings, and also as 
to possible visits the Hranch could make. The new 13ranch 
Committee can look forward to a lively time planning a 
most interesting programme. 

YORKSHIRE BRANCH 
The Yorkshire Branch held their May meeting in mid-  

week on the evening o f  Thursday, 22nd May. T'he usual 
good attendance was maintained. and the number included 
several who had heen unable to attcnd the Branch meet- 
ings held on Saturday afternoons. 

The meeting commmced with a talk by D r .  K .  A. J. 
Ord-Smith. H.%. Ph.D., F.I.M.A. o f  Bradford Llniversity. 
The talk was followed by a conducted visit around the 
Computing Lahoratory, o f  which Dr.  Ord-Smith i s  
Director. 

SCWITISH BRANCHES 
The Scottish Branches will hold their Joint Conference 

this Autumn i n  Aherdeen, i n  the Knyal Inlirmary. ' lhe 
dates will he 16th to 18th October. 

The President o f  the Institute, Mr .  G. A. Rooky,  will 
attend the Conference, as wil l  the Secretary. 

l u l l  driails o f  the prugtamnir wi l l  h r  puhlichcd latcr. 

M1 1)-SCOTLAN I) BRANCH 
The Mid-Scotland Hranch held a meeting at Aberdeen 

Royal Infirmary on 29th March. 
The meeting began by electing Branch Oflicers for the 

year lY6Y/70. and furthcr discussion took place on the 
possibility o f  holding Hranch meetings on mid-week days. 

A sub-comrnittce was formed to proceed with  arrange^ 

ments for the 1969 Joint Scottish Branches Conference. 
A further meeting was held on 10th May at Sunnyside 

Koyal Hospital. Montrose. 

SOUTH WEST ISRANCH 
A meeting o f  the Branch was held on 22nd March at 

Glenside Hospital. Hristol. 
Prior to the election o f  Ollicers, etc.. the question O S  

attendance at meetings was discussed. Several nlemhrrs 
also spoke on the formation o f  an Association o f  Group 
Engineers within the Region, there being a general feeling 
that this body would conflict with the aims o f  the l n s t i ~  
lute. Mr.  H.  A. Adams spoke on the function o f  these 
Associations, and said that they were formed to work in 
conjunction with Engineers and Architects o f  the South 
Western R.H.B. 

Mr.  J. D. Lewis said that in the areas in which he had 
previously served similar Associations had rxisled since 

1948. and he could not rnvisage anything detrimental Io 
the lnstitutr f rom their meeting. I n  fact, he considered 
that there had heen many occasions when l ns t i t ~~ t c  
tnzmhers had hcncti,ted. 

The subject having been ful ly aired, the Chairman. M r .  
F. W.  Ilett. called for nominations for Branch Olliccrs 
and the Hranch Committee, and these were put forward 
and elections completed. 

WELSH BRANCH 
A meeting o f  the Welsh Hranch was held at the 'lemple 

o f  Peace and Health, CardiR, on 15th March. 
Mr .  H.  F. H.  Dolling. Chairman o f  the Branch, in t r i r~  

duced Mr .  J. Hmderson. Deputy Engineer to the Welsh 
Hospital Hnard. and deeply concerned with many matters 
o f  training within the Kegion. to address the meeting. 
Apprenticeships were well established in thc Middle Ages, 
the speaker said, but to regularise matters the Governnicnt 
enacted in 1563 a very important regulation, known as the 
"Statute o f  Artitioers". which laid down for the lirst time 
national conditions for the training o f  craft apprentices. 
Unfortunately, the Industrial Revolution led indirectly to 
the breakdown of the system. due to the development o f  
factory production resulting in the divirion o f  lahaur, l'ill 
the 1940s apprentices tended to lose their status, and the 
Guvrrnment set up a Committee to investigate the 
prohlem. I h e  Rrst recnnimmdation was Government 
f ra in ing  Ckntres, and a long-term result was the intro- 
duction o f  the Industrial I raining Act o f  1964, which 
allowed for the setting up  o f  lndustrial Training Hoards. 

I h e  Hospital Service, as a Crown Authority, does not 
come under this Act, though several schemes are i n  being 
to provide training which includes apprenticeships a1 
H.M.C. level for the training o f  craftsmen. 

I n  the South Western K.H.B. there i s  the combined 
eRort o f  Fi l ton Technical College, the Board, and the 
H.M.C.8 to train hospital m&' '~neers. 

T w o  years ago the Ministry set u p  an Advisory Coni- 
mittec on Horpital Engineering Training, which i s  now 
looking into the general question o f  how to recruit and 
train the future generations o f  engineers and craftsmen 
in the Hospital Service. 

Following a period devotcd to domestic matters, the 
Annual General Meeting OF the Branch wan held. 

Mr .  Dolling, the Chairman, said that he was very 
pleased with the prugress made i n  the Hranch during the 
previous year, though he felt obliged to give further m- 
couragemcnt to members o f  the Branch to give papers at 
subsequent meetings, because he fclt that there were many 
hidden talmts. He was certain there were many hospital 
engineering activities that could he hrought out in the form 
o f  papers o f  considerahlc interest to everybody. 

I l i e  Hon. Secretary. Mr .  l'. Jackson. said lhat i n  the 
twelve months since he took ollice there had heen seven 
meetings, and two o f  the papers read at these nieetings 
had h w n  puh l i~hcd  in the JOI.IWAI. Hc  h o p d  'th;t'~ a t h r d  
would shortly appear. 

Wi th  reference to the subject o f  members moving from 
the district. he appealed to those who did to advise their 
changes of address and employment so that continuity in 
correspondence would be maintained, and unnecessary  ex^ 

penditure in tracing such members saved. 



1.he meet ing closed w i t h  a review o f  Branch accounts 
and  the election of B ranch  Ol l i c r rs  and  Commi t tee  l o r  the 
year 1969/70. 

PERSONAI, 
M r .  C. H. Denne (Asroc.iarc Monh<,r). Hospi ta l  

Engineer, C i t y  General  Hospi ta l .  S toke~on -T ren t ,  has been 
appointed Deputy  G r o u p  Engineer t o  the StaRord Hos -  
p i ta l  Management  Commit tee. 

NEW CLADDING CUTS HOSPITAI. HIIILDINC COSTS 
I'resiingi and Stampings L.td.. o f  Wcj t  E;tling. London, h;,\ 

hcen norninntcd by thc Oxford  Regional Hospital i3o;~rd iu 
wppliers. at it value o f  f75.000. uf ;L new l yp r  o l  prrfahricatrd 
r k l r r i o r  wall clzdding for a hurpilal to he h i l t  at H i ~ t l I ~ .  Read- 
ing. Herhr. Archi l rc ls are Yurkc Rusrnhel-p Mardall. 
'h company has alrcndy completed twclve large Ihorpital 

\chcnrcs and lhsh been nominated fur further work in  this field 
icppmi~chinp a worth o l  over f2110,1100. 

I ' hc  total unit rnnpc comprises IS0 variants in  a modular 
clsidding systcm. The units were cleveloped over a period uf  
lwu  ycars as it result o f  jo int  rrsc;trch hy Lhr Or fo rd  Hospi1;tl 
H w n l  (archi l rc l  M r .  A. L. Arsuhavir) and Prrsrings and 
Slampings. 

Thc sy*tcm considcrahly rcduccs construclion time :mnd 
corts. M in ima l  sitc labour i s  required ancl wet 1r;idcs arc not 
ncccwry .  A l l  claddings :ire delivered on site g l a ~ r d  ;md wil l? 
windows Rued :IS required. .larking holls undcr each pancl cn- 
\ore cicrc of positioning. 

Ercctiun i s  speedy--IOC sq. I t .  in  20 rninulec and no ic;~il'uld- 
ing- and work on interior decoration can hc hegun im-  
mcdiatcly. The pancl, ;)re rn;tdc u f  Stclvclitc plastic-coulcd 
stccl in-hllcd wi th pulyurethnne. itre i rnmrnsrly t n n g  iml 
Ihavc a Ill-ycac gwmntee. Mi~ in l rnancc- l rc r  i lunihi l i ty  i *  ;c 
h a ~ i c  feature of i t l l  units. 

Sl'. I'HOMAS' HOSPITAL PILING CONTI<A(I' 
Thc installalion o l  p i lcd Ioundations far lhc scaond 5tapc 

of the rebuilding o l  St. Thomas' Hospilal. London. i s  tu hc 
carried o u l  h) Found;ltian Engineering Ltd.. ;l mornher o f  the 
Coslain Group. 

I l n d r r  a t'?10.0110 contriict the comnanv wi l l  inslidl 1.461 . , 
24-inch diametcr nugcr pilrs. and ?h 17-inch piles to dcpthq o l  
hetween X0 and YO feet, 

The. work involvcs dr i l l ing through 311 fccl <,l' aa le~- Ix ;~r ing  
hallasl into thc London clay huncnth to pruvidu Ioundut iom 
for thrce hu i l d i ng5  l r r i i l rnrnl .  ward and rcaidcnlial hlooks. 

Worh on lhc eight-month contract i.i doc to hcgin i n  Apr i l .  
' l h e  main contract i s  hcinp carried oo l  lhy John Lzting Con- 

i l ruc t ion  Ltd.  I ' h c  architects ;Ire Y o r k  Rosenherg M;~rd;lll 
and thc conu l l i na  rnpinecrs. t'elix J. Samucly & I'iirlners. 

Thc quantity w r v c y c w  arc  Frankl in & Andrews. thc suwluc \  
cunsulling cngincrra. Stccnscn Mulcahy & P;,ctncr\. 

The architects arc Liverpool I lcgi imal Hospital I l irald: uln- 
r u l t ~ n g  cnginccrr. ( 'a ims and llylcs. 

HR171SH R H A Y  GET flXh.000 ORDERS 
A N D  NOMINA'I'IONS 

Hr i t i \h  Relay L:td. ha \  sccurrd f lX6.000 w ~ l r t h  o l  con- 
tracts a n d  nominari irns dur ing  thc lint quarter 01 1469 l o r  
cmm>un icn t i an r  and;ar T V r a d ' i a  installationr i n  lhocpi,tals 
i n  the I1.K. and  and  l i v e  caunlr ics o'vermas. 

1-he contracts include Addcnhrookcs Hosnit;il. a ward  
hlock o f  King', College H m p i l a l .  N o r t h w i c k  bark  Hosp i ta l .  
ctage 2 o f  St. I h o m a s '  Hohl>ilal. W c ~ t m i n s t e r  Hosni ta l  and  
a n  oversea\ h w p i t a l  10 a to ta l  value o f  f61.000. 

T h e  company has rccc'ivrd nomina l ion \  (or hospital c c m ~  
niunic i l t ion\  installations in  other OverFca\ counlr ics to i~ 

v;lluc o'f tl2S.OOO. 

FRESH STERILE STEAM 

HUMIDIFIERS 

The need for producing and controlling the 
correct level of humidity is now met efficiently in Operating 
Theatres. Treatment Rooms, etc., by this Calomax packaged unit 

~- uhich readily lends itself t o  independmt installation or 
incorporation in air conditioning units. 

CA1 0 M A)( ( E N G I N E E RS ) LTD Sensitive humidification free from carry-over and operated by indirect 
rteom H/M.T.H.W. or Electric or combmotion rtondby. 

LUPTON AVENUE, LEEDS 9. Telephone: 0531 3498819 1069 

I'ahlirl~cd for the lnslilulr u l ' l lo i~~irz~l  I'nginerring hy .lolm M.wch;m~ IPohl~c;~~nr~r. l.rll. 
Pnintcd by Tile Hill6ngdvn Press (Wa%mimter P r ~ s  Ltd.). Uxh'ndge. M~i&llrrox. 



Homa castors give 
hospitals the quiet 
runaround ! 

I Homa have new castors made from Homalon '0.  the 
advanced new material that guaranteescompletely silent 
runnina. immense strenoth and resilience. These cas- 

I 
" 

tors arefltted wj th non vmyl stalnlng tyres, so it s theper- 
fect cholce far every hasp~tal Send for catalogue now to  

I Rh H O M A  ENGINEERING LTD., 

I Homa Works, Cosby, Leicester. 
Tel: Narborough 2151 m Gmrns: Homa, Cosby 

POLYPLAN COURSE O N  PLASTICS 
I N  BUILDING 

Polyplan Ltd, independent consultants deal- 
ing wi th  costing. design, and fitness-for-use 
specifically on plastics for building, now plan a 
further course. Polyplan's seventh, for 22-26th 
September, 1969, at Beaumont Hall, Leicester 
University. 

During the four day course, lecturers and 
discussion groups wi l l  cover the fundamentals 
of plastics and shaping them, and such aspects 
of plastics specification and design as: use 
underTheBuilding Regu1ations;weatheringand 
durability; their economics and applications; 
and using them structurally. Great value comes 
from the opportunity of a small group (limited 
to 20) to question lecturers and tackle prob- 
lems individually. 

Lecturers wi l l  include Richard Fitt, A.R.I.B.A.. 
David Kirby, A.R.I.B.A., Dr. J. Crowder, R. G. B. 
Mitchell and Professor 2. S. Makowski, as well 
as Polyplan staff. 

The cost of the course is 28 guineas, with 
accommodation at Beaumont Hall and arranged 
evening activities extra at cost. The course is 
approved for ClTB grant. 

Registration forms and a course prospectus 
are available from The Course Director, Polyplan 
Ltd. 97 Princess Road, Leicester. Telephone: 
Leicester 26562. 

Essential 
Services 

maintained 
before you 

can say 
I' 'power cut. 

The Erskine 
Medical 
Bedside 

PO wer Supply 
Trolley for  

I. T. U.'s and 
coronary 

care units. 

n response to requests 
m m  hosoitals in  Britain and m~ 

Scandinavia, Erskine Laboratories have developed a 
nedical bedside power supply trolley to ensure 
3 continuous and simultaneous supply of power to 
lefibrillators, ventilators, electro cardiographs and 
Xher vital equipment. 
ixisting generators require a minimum of 10seconds 
r om  the moment of mains failure to standby power 
3eing available. The Erskine Trolley, constantly link- 
ng the equipment to the mains, takes over supply 
n 0.2 seconds without any apparent break in  
:ontinuity. The Trolley automatically reverts to 
.echarge, when the mains are restored. 

-or more information please write t o :  

ERSKINE LABORATORIES LIMITED 

S C A R B O R O U G H  - E N G L A N D  
Tel: Scarborough 2433 (3 lines) S.T.D. 0723-2433 



For 

REFRACTORY 
phone your nearest 

depot or stockist 

: PROTECTION . Use SAIRSET refractory cement for . laying-upalltypesoffirebrick.P~atect 
new and existing brickwork with a . caatins of SAIRSET. Seal crachs- . reduce rishafspailing and slag attack. 
SAIRSET is available in i cwt., l cwt., : and 2 cwt. drums ready mixed. It . should be in your maintenance store. 

: REPAIRS 
: Repair damaoed walls with HYBOND 

plastic refractory. Can be used for 
small oapr or the complete wall or 

: arch. Far extreme temperatures use 
HIGH ALUMINA PLASTIC. 
HYBOND isdelwered m90 lb cartons , =  . : sliced ready for rarnming-in. " j  \ ............................................... 

: RE-LINING 

. shapes by lining with KAST-SET 
refractory concrete. Simply mix and 

: pour. Whenan inrulating refractory i r  

0783-56774 
BROMBOROUGH 
051 ROC 5594 
GLASGOW 
069-885 3585 

A. P. GREEN REFRACTORIES LTD 
York House, Wembley 

Single handed operation.That's iust one of the manv 

. . . . . .  
Practicallv tamper-~rooi.  Touah moulded olastic end 
caps complete this'streamlined u n l t . ~ h e i e  hand 

Hand units witFup 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. 
Write for comprehensive brochure 

Static Switching Limited 
Heath Mill Road,Wombourne 
Wolverhampton 
Telephone Wombourne 2696,7 



This46.5 KVA automatic stand-by generating plant with a Lister Mark HA 6 i 

air coolcd diesel engine safeguards a Midlands hospital's essential 
electricity services against mains supply failures. Lister stand-by generating 
plant provides the surest, most economical way of maintaining 

, , ,  , electrical services wherever and whenever public supply is interrupted. 
* range of outputs up to 1400 KW with Lister Blackstone diesel engines: 
* Lister generating plant of suitable size to meet deep freeze, 

central heating and lighting requirements in the home also available; 
* also single or multiple installations to provide the most economici!l 

base-load electricity supply; 
built entirely in  Great Britain. 

For more information write to :  

R. A. Lister  & Co. Ltd. Dursley. Glotrcestershir-e 

HAWKER SIDDELEV 

LISTER GENERATING PLANTS 



Method building for hospitals 

A new industrialised construction medium 
for easy installation of 
Because the Arbigrill structural 
steel frame has been integrally 
designed wi th a Grillcon pre-cast 
concrete floor, i t  achieves a 
considerable reduction in  the 
combined thickness of beam and 
floor over traditional methods. 

services. 
Arbigrill offers other noteworthy 
advantages: Low Cost High Per- 
formance specification. Cuts in 
planning time. Completearchitec- 
tural freedom Fast site erection 

Maximum provision for services 
Factory made components. 

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

Contact Redpath Dorrnan Long at Bedford or The Consulting Civil & Structural 
Engineers: Alan Marshal1 & Partners, Federal House. 2 Down Place, London W.6 
Tel: 01-748 8771. 

Special Contracts Divisian. Redpath Dorrnan Long Lim~ted. RDL House. Gold~ngton Road, Bedford Telephone. Bedford 55261 (1 2 iincs). 
Telex: 82230 (a/b Redorrn Bedford) or Terrnlnal House. 52 Grnsvenor Gardens. London, S.W.I. Telephone: 01,730 2275. 



PIPE BENDING 
ALL METALS UP TO 41n. DIAMETER COPPER CALORlFlER TUBES A SPECIALITY 

SHEET METAL WORK UP TO 10 S.W.G. WELDING FOR THE TRADE 
WORKERS IN COPPER. BRASS, ALUMINIUM. ALLOY. STAINLESS STEEL and MILD STEEL 

KEW COPPER & SHEET METAL CO. 
63 BIDEFORD AVENUE, PERIVALE, MIDDLESEX Tel. PERIVALE 9466 

I 

UNIVERSITY COURSES 

Current 
Practice in Fuel 
Efficiency 

The one week Annual Refresher Course fo r  
Managerial and Technical Staffs a t  
Southampton University dur ing t he  period 
14 t o  19 September 198B 

Economics - Developments - Contro l  
Safety - Availabi l i ty - Ancillaries and 
Training 

Organised successfully for fifteen years by the 
National Industrial Fuel Efficiency Service, now 
with Ponsmouth College of Technology supported 
by the Southern Regional Council for FuRher 
Education 

Fees: Residential f35. Non-residential E25 

Details from Dr. M. E. Horsley, 
Department of Mechanical Engineering. 
Portsmouth College of Technology, 
Anglesea Road. Portsmouth. P01 2EG 
Porlsmouth 21371 extn. 19 or Locksheath 2759 

E8842 n, 

SITUATIONS VACANT 
E.\SI'ROURSE HOSPII'AI. MANAGE.MEYI COM\ l l l  IEE 

APPOINThlENT OF CROUP ESGINEEH 

Applications are invited for the post of Group Engineer. Major hospital 
development# planned for the Gmup indudin s new Dtstrlet General 
HOB ital which is at Present I. th i  advance$ plsnniog stage. Major 
dcvetwnents are being cwried out at other hwitals in the Group under 
me dlrect responslblllty of the Group Enhecr. The Group comprises 
seven hospitals with a total of 723 beds. 

The salary range is t1,650--t1.930 plus flOO speelsl reapnnslblllty 
allowanem. 

Applicants must poseess one of the fullowing qwUficatlons:- 
(1) Higher Netlonal Certificate or Hlsher National Dlploms in 

Mechanical Engineering with endorsements In Industrial Or miss. 
tion and Management and Prindples of Eleetrlelty or dmtro. 
Technology, I f  this was not taken as S subieet of the cauras: 01 

~ ~ 

(2) Hlgher Natlunal C~rtiflcate 01 HI& Nstlonal ~ l p i o k  III 
Elertrtt~l En~ineerlne with eodorremunts in Induenlal Ownlaa~iou 
und M~nsRcmcnt and lncludlnp iut S.Ifl or 0 2  led ,  or "6th en. 
darsemcnt h) ApPlled Heal uod Applied Meehsnin, pro,ldcd he has 
snltabls practical rrperlcnce h mechanical enginering. 

Applicatium yltinR full p.rtIcular9 of uPURcaUons and urperiwcs, 
and including he  n a m e  and ~dd reau  uf arm referer. tu & addrwrd 
tu th6 ondedgned by 28m July, from "hum lurlhcr dclaiia and ja,h 
drarrinllon can he uhlalned. 

C. R. Dyte, Group Secretary, 
Fastbourne H itd Management Committee, 
29. ~edfardwe8oad. 
Eastbourne. 

LEWISHAM GROUP HOSPITAL MANAGEMENT COMMITTEE 

DEPUTY GROUP ENGINEER r ulred This i s  n new post In p buey 
PNte hospital group. Salsry t1,63?-£1k70 p.a. including London 
Weighting and special responslbiUty allowances. AppUcants must he 
experienced in amordance with P.T.B. 191 (or an equivalent appmvod 
by the Deprhncnt of Health). Jab dmmlption and application form 
(returnable by 26th July) on re  uest frnm Grnup Serrelary, lmwtshetn 
Huspitsl, lllah Street, Loudon, 8.~.13. 



WREXHAM, POWYS AND MAWDDACH H.M.C. 

HOSPITAL 
Rs(iponnlbl8 to the Group Enoineer for the operation and 

malntsnsnce of all englnesrlng services at the Maelor Gsoeral 
Hospital, Wrsxham. (561 beds.) 

Applicants must have completed an apprenticeship In Mech- 
anleal or Electrical Engineering end have acquired a tharouah 
prsetleal trsinlnp as spproprlats to ths duties and responsibilities 
of the post. They should slao have a sound knowledge of the 
eRiclent operation of steam boller plants and a wide experience 
of mechanical or electrical services preferably in the Hospltal 
Service. 

ENGINEER 
Applicants must possess one of the follawinp quellfleationo 

or an approved equivalent:- 

Higher National Cerllllcste or Diploma in Mechanical or 
Electrical Enolneering with appropriate Endorsements 

or 

Clty and Guilds Mechanical Enpineerino Techniclan'rr Full 
Tschnalo~lcal Certificate (Part Ill). 

Salary scale £1,270--£1.500 plus epscial rssponllbllltles allaw- 
ance of £50 081 annum 

Appllcatlon forms and further psrtlculu. from the Qroup Secretmry. Wrexham, Powy. and Mawddach Hospital Man- 
.pement Commlltee, Group O f h a ,  Maelor Genar.1 Hospital. Cvoesnewydd Road. Wreiham, t o  be rsturned not 
later than 16th July, 106s. 

URO MORGANNWG HOSPITAL MANAGEMENT OOMMlTCEE 
PARC HWPITAa ,  BRIRIDGEND (1,132 -3) 

Ha4PITAb M G E N E E R  

(U) i)r Nan0011l CeRi~o?te or Hipher NuUonai I n p l u m  in  
E M r a l  Eaploeerlog ritb codorbemenu in Industrial 0 
Mm and M s n e p ~ l c n t  sod i n r l u d l  (81 5.111 W 0 2  %% 
Aontlpd H a 1  and Andled Merb CS oruvided 1h.r have 

A pht ion  forms obtahb le  from tbe Gmnp Secretary. Gar(lunor, 
Old!toad. Neatb, Glam. 

PETERBOROUGH A N D  WAMMIRD HOSPITAL 
MANAGEMENT C O M M I l T E E  

Stamford d Rutland Hospl ld 

HOSPlTAlL ENGINEER required, t o  be d l r d  nsible to the 
Group Endnoer tor tbe maintrnanee o f  all m&oe%p services at 
Ibe folloalnp: 

Stwnford and RuUsnd Hospltal, Stnnlfod 
St. Georpe's Hospital, Stsmford 
Group Central Laundry, Stsmford 
Bourn Ckd H w W  Borne 
Bourne BuUerAeld Howdtul  Baurne 

Appucatlans, da(lng age quaUficaUms and erpaimce, together 
whh the m e s  o f  t h  nederpes, to be ssnt to tbe Group Serwtary, 
Peterborough and SOamford Hwpi ts l  Management Camiftee, Peer- 
borough DlMd Hospital, Tborpe Road. Peterbomua. 



HOSPITAL ENGINEER 
W I N D A L E  HOSPITAL 

COLINDALE AVENUE, N.W.9 

The successful candidate will be b a d  at Cdlndale 
Haspltsl 246 beds) which at pwwnt b under development. 
A new &*red central boiler house is now cam- 
m k h e d .  Rasmndbilih. includee n new ~wchomthic - .  . unit and a p o n d  l i m b ~ m r e h  unit. 

-- 

SOUTH WESTERN REGIONAL HOSPITAL BOARD 
ENCISEERISG TRAlNlSC CENTRE FOR THE 

S.41'IOUAL HEA1.W SI3tViCE, 
EASTWOOD PARK, FALFIELD, GLOS. 

A number of Instructional staff are needed at thls newly 
acquirbd reeldential Cenhp aceommodatlng M) hainees 
situated between Brlstol and Gloucester. The Centre wlll 
provlde short-term instruction in a wide range of hospital 
installation subjects for hospltal staR, including ddgn  engi- 
neers, msintensoce endneers and craftsmen h England, Wales 
and Scotland. l~ta l lanon of hasplbl plant later will asslnt 
pnctleal demonstrations. 

For two pwts applbants should be Chartered Engineers 
(salary s a l e  fl,722--12,415). Applicants wlth acceptable 
alternative quaUtlcations will also be musidered hut on a lower 
scale. For the other pmts candldntea should preferably be 
quallned to H.N.C. standard (salary scale L1,596f1,964). 
All applicants should have practical honpltd or similar 
experience. Natlonal Health Servlce modltions of service 
will apply. Some bowing accommodation is available. 

Further detalls and ~ppllcation form, stating far whkh 
post. from the Secretary to the Board, 27, Tyndalls Park Road, 
Bristol B58 1PJ. 

Closing date far appUeetlons 23rd August, 19M. 

PETERBOROUGH AND STAMFORD HOSPITAL 
MANAGEMENT COMMilTEE 

- 
WAKEFIELD HWPITAL MANAGEMENT W ' I T E E  

qllsliHcaUons or an qulvdent 
men1 ot Healtb and M a l  S s u t  

l~uaUUciilon approved by the Depart: 
Uv:- 

(2) City nod Guilds Cenditlcate in Plsnt En#heerinp; or 
(3) Ml&ry d T m p o r t  Ntsi Clam CCnjAcate of Compelency 

if U Includes an Ordinary National D i p h a  or Ordinary 
Nmtbnai CcrWlcate. 

Preference +I1 be dven tn an Endncer with s primarily electrical 
backmound. 
M s  scale £1,270 X 5W4)  X £50 to tlJW plus ~ d s i  

rapo&ility allowance of EIS per anoum. 
Appllcathn farms fm GROUP SECRETARY. Plndrrllelds 

Genuml Hospital, Waketleld. 

HOSPITAL ENGINEER 

len'anre and Works Servlee. 

 applicant^ wlth suilahle experience hut without the 
above quslltlatbos may be considered, but with adsry 
adjwment. Accmnmadation b evadlable U mu)red. 

~ p p ~ y ,  giv~ fa d e t a ~ s  of experience aodhus~~ra t ions  
and na- 2 hvo refew, to H o w  Governor, St. 
Grome's Hospital, S.W.1 by 24th July, 1969. 



HUDIYERSFIELD HQSPITXL MANAGEMENT COMMITFEE 
APPOINTMENT OF GROUP FhlGINEER 

Appllcatlone are invited for the past cl GROW ENGINEER. 
Much development of a major nahlre has Wren plsce In the 

Grou loeindiog the pmvislon of a new Msmet General Hospital 
ut &bed8 and the complete rrdevelopment c4 en edrtlnp Haspital 
now omvidla. 440 bed.. 

'1.G ~ - r ~ ~ ~ p ~ c n b l e  to lhls ost I. L1 (UO to S2,180 p.a. 
plus 5150 speclal allowance tor respondllity unld 

Applicants m W  poesrrs one of the following quallAcP(lons:- 
(1) Hi& Ns(ianal CEmArste ar -her Nntionsl M oma In 

~ h * d  7- with ~ o r s e m m t s  $0 $ustrial 
s n l s a t l o n  an M y e m e n t  nod Prlodplas cl Eleftddty 

*-Techwlopy, thLs was not taken u, s &fret of 
,h. "a,,-. n. 

BOARD OF MANAGEMENT FOR THE BANFFSHIRE 
HOSPITALS 

HOSPITAL ENGINEER 

Applkatlons are Invited for the wst of Hospital Engineer to hdys-  
bridge Ho~oltnl (Mmtal DeHdenev). mnroxlmntelv m h&. 

Salary f1.295 to f1,525. Whltley Council Terms and Canditlons of 
Servlw. 

BROMLEY G R O W  HOSPITAL MANAGlMENT 
CO- 

ASSISTANT ENGINEER 
M I 8 T A N T  ENGINEER ulmd for Gmu Englm- 

ee+s ~cpsrlment. MW M~%.NE. or o.N.~, have 
served an ap rentleeship lo n m b u l c d  or ekemeal 
ewdw?r(ns h v e  MD hrspor(. P08t o h %  ereellent 
tnlolnp for Youa m m  w&tdng to primress to HospiW 
~npioeet. and d o u p  E e r .  inmtvs plant 
& d e w  9 pried m%ennnce pre ration 
of beam m ~hthl sclranes. Day ml- plus 

Imh~lng and courses with plant manufschvsns 
a n d  for suitable man. 

BOARD O F  MANAGEMENT FOR DINGLETON HOSPITAL 
M d m ,  RorburpIr9hlm 

HCWPITAL ENGINEER 
AP licallom m Invited for the of nos W E oerr at 

&ton Hospdtal, which is a &c a a r ~ l t f c l  418"$& and 
run on theraneutlc commvlrltv h 

l COLINDALE HOSPITAL, COLINDALE AVENUE, N.W.9. 

ASSISTANT ENGINEER 
This is an excellent opportunity for a you= man, preferably with Salary scale 9975 p.a. rung by seven increments to f1.270 p.a. 
an O.N.C. in Englneerlng. He will he responsible to the Hospital plus g90 London Weighting. 
Fnslncer tor the theaperstion and malntmum of Ewlner lw Ser- 
vices whlch include a new 011-flred cenml steam raislng boiler Appllmtlons to Gmup Perseonel ORicer. Edware Geoer~l 
house. Opportunltle for day release forfurther study wlllbepiven. ~ospital, Edgware, Mlddx. Tel: 01-953 u81. 



BOARD OF MANAGEMENT FOR GREENOCK AND DISTRICT HOSPITALS 

GROUP ENGINEER 
k m  ma i n v l t d  for the post of Gmnp  E o p l m r  in 
d ~ e k .  

Tbe pason sppobted will  he ras nsihk for the mtisfaetary 
o ~ o o ,  nuWe111oce and mo&&Uon of all Enplaeertng 
senicea and ndivitb in tbLs G m w .  

'The onvt Is sunennnnmhle and the conditions of . w l r u  

I 
NORTH BTAFFORUYHUtE HO4PITAL MANAGFMENr 

MMMPpI'rn. 

SOUTHAMPTOY CROUP 
HOSPITAL MANAGIMEVC COMhZlTTEI< 

A DEPUTY GROUP ENGINEER is uired for tNs Gmup 
of seventeen hospitals, in which msjo~eeelopments are In 
hmgras to pmvide two dlstrlet G e m 1  Hmpltals and a 

edlcal School. 
Ihe suceessfui appUcant will uslet the Group Englneer 

over the fuU range of respondhilltie& and must have served an 
El&cal prenticexhip or atherwlse abtalned the necessary 
tralninn In%&cal Ennln&n. 

~ooucantn must hold & of the followinn ounl1flcations:- 

HI& Nntiollpl Cenl fn te  or t l i w r  Nstlunul Iliplwna 
It, 6 M n l  Enpinoerlng allh endorwmantr In induslrlal 
OlpaOisPtion and M.osgemen1 and Includhlp (at S11 l or 
0 2  level or *itb endorreauenr in\ Aonliud Hest and 

Saluy 11,370 to 11,645 per rnnum plus £125 spedal 
rmpansibWUes aUowanee. 

Further detaila and appllcatbn forms from t k  Grow 
Endneer. ~ ~~ - ~ ~ ~ ~ ~ -  

Applications slating full deialls of qualiflcationn, experlenee, 
age and names d two reletees to:- 

The Gmup Secretpry, 
Southampton Gmup Hospltal M~mgement Committee, 
Tremom mnd, 
SMrlsv. 

- - . . . . . - - - -- 
HWP1TIA8L ENGINEER based at lbe Cenfral Out Patient Depart- 

ment, to be directly rmpoarlhle to the Gmup  Engineer for the 
c n m d a g  W e a r  of a m&Iy  general wb onp of wen hospltalr 
and two cunira ila erceptiond variety oqlplsn* and q u l p t c s t  
rn- d o  experknee for a ken engineer to make furtber progress. 

A pllcants mud b v e  had s thorough prseacal ttalnlng and 
~ c P o n e  of the fobwing u s l l n c p t i ~ ~  or n, equivuknt qwURc!albn 
appmved by the Mln(a*er da Health:- 

City and Guilds Mecbanlral Endueerin# TurhnIeLuns Full 
Techaologlcal CertiRcete (Part 111) wMch must iwlude Plant 
Maintenance and Works Service; o r  
H.N.C. o r  H.N.D. In Mecbnniral Endneerlng with endnraemcut~ 
in Principles of Electrldty o r  Ebctro-Technolnpy, if thk was 
no( taken au P subled of the Course. 
H.N.C. or H.N.D. in Eledrksl Engineering nith endorsm~ml 
In Andied Heal and AnvNd M h n i m .  . . - - 

Suhry sale Q,370 X 40(1) r W 2 )  X W1) x 550 tn 11.605 per 
runnum plus S@& RwponsibiWy ALdowlllee of 245 pr annum. 

A p  U d o o  form obtainable fmm Group SrcrotPly, Phces Road 
~ a r t s b l  Sloke-on.Trent to whom it should he nd~~rned nui 
lakr than WedMEdPy, 16tb luly, 1%9. 

- 
CHELSEA AND KENSINGTON HOSPITAL MANAGEMENT 

COMMITTEE 
DEPUTY GROUP ENGMEER 

Ap Ueptians are invited for the past of Deputy Group Engineer for 
this emup  of *X hm ~tsis. Salary wale inclusive of ~ondan  ~ e i g h ~ n g  
and reSponsibIUty alfowaaw: f1.585 rlsW to f1,8M per nnnum. 
Qunlifleatlons required:- HNCIHND In Mwh. Engr. or Eleetrlcal 
Engineering wlth s RC endommmts or Clty & Guilds Mech. Engr. 
Teehnielaw' Full p-cal C s r t l h t e  (Part 110, bdndlng Plant 
Mslntewnce and Work  Service. Wide experlenee In the mamgoment 
of hospital plant or slmilar englneerlng phnt maentlsl. 

Ap lleatlon forms and lab description from ihe Secretary, S. Colling- 
ham Eardens, @rl9s Court, London. S.W.5. Closing dale 23rd .luly, 1969. 



HOSPITAL 

HIGHCROFI HlXFlTAL, ERI)INGT(MY. 
BIM¶NGHAM, U 

1,175 WYXIHIATRIC BEDS 

QualMfsthns: H.N.D. or H.N.C. E l&d or Meehani- 
rsl Et@oechg with d o m m e a t s  h hnLPstion and 
MS- snd either EMm-Tcelu~oEow or Apfled 
l h t  snd Msbnnics: or equivalent qtmlifidonr approved 
by the Domimed of Health. 

l'HE DAVID LEWiS EPILEF'ITC COLONY 
Werford, Nr. Alderky Edpe, Cbeshire. SK9 7UD 

BIRMINGHAM REGIONAL HOSPITAL BOARD 

ENGINEERS 
The following vacancies have arisen in the Regional Engineer's 
Depanment due to promotion and retiremanta. The Board has s 
large Programme of capital work* rising to i1Om a year. Candidates 
should have had considsrabls exosrience in the desian of hosoitsl 
engineering 6ewices. 

DEPUTY REGIONAL ENGINEER 
(f3.071 to £3,780) (ref E5) 

To deputise far the Regional Engineer in ail matters. to control the 
orgeni~ation of the Department and promote special projects as 
mauired. 

ASSISTANT REGIONAL ENGINEER 
(f2.730 to f3.255) (ref E6) 

To develop the engineering planning policy in one of four Acsas 
of the Board. To brief design engineers and direct engineering 
functions in project teams. 

ASSISTANT REGIONAL ENGINEER 
ff2.730 to £3.2551 lrsf E691 

Cmdid~tes mu61 be Chartered Engineers and corporate members 
of the institute of Civil or Mechanical or Electrical or Electronic 
and Radio Enginsers. 

Fur thsr  detail. quo t ing  approprists ref. 
srancs number obtslnabla from Secretary. 
Regional Ho.pltal Board. 148 Haglay 
Road. Birmingham 18. to w h o m  appllca- 
t l o n  should be sent by  28th Ju ly  1989. 

ASISTANT HOSPITAL ENGINEEK reouired. midsnl. Candi- 

MISCELLANEOUS 

AppllcaUom mUn8 age qualificatio~ and experience, niL  
same. and addnsPas of thrw rcfe-, should be ~omorded In 
THE GROUP ENGINEER. 

Stethoseopr* EurI3p3, Hmdphmes and PLUoaphn- I rs  
and Senlce. d'okphop far the Disabled, N o r t h  Road, &m, 
Psrirmaoth. Tel: Coshpm 76533. 


