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Engineering Considerations in the design 
of a Haernodialysis /Artificial Kidney Unit 

By A. WATSON, C.Eng., M.I.Mech.E., A.M.I.P.E., M.R.S.H. 
Asst. Regional Engineer, Manchester R.H.B. 

T HE unit to be described was built bq the Man- 
chester Regional Hospital Board at the Withington 
Hospital of the South Manchester Hospital Man- 

agement Committee and is designed to treat up to ten 
patients at any one time, but is versatile enough to be 
utilised for training people in the use of home " do-it- 
yourself" artificial kidney machines which are now 
coming into use. The unit is built to incorporate separate 
dialysate flow systems, each feeding a separate ward. 
(See Appendix No. 1 .) 

In order to appreciate the design of the unit, its pro- 
posed way of functioning has to be understood. The 
patient suffering from kidney failure will firstly have 
permanent connections made into a vein and an artery 
in either an arm or leg. These connertions are known as 
"shunts " and are the points from which the patient is 
connected into the artificial kidney machine. A typical 
cycle of events will be that the patient will leave his 
home or work in the evening and will report to the unit, 
where he will be connected into the artificial kidney 
machine in an individual ward, each patient being thus 
isolated from his ncishbour in order to reduce the 
possibility of "cross infection." The treatment will take 
place overnight: the following morning the patient will 
be disconnected and will leave the unit to take up his 
normal routine until the next treatment session. As this 
treatment normally has to take place at regular intervals, 
possibly over a number of years, the environment within 
the unit has been designed to make the patient's stay 
within the unit as pleasant as possible, so that these 
regular visits become a matter of routine within his 
everyday life. T.V. and radio facilities are provided in 
each ward to help the patient to pass the time. 

Iutroductiou 
Before considering the pure engineering aspects of 

this unit, I feel it would be of interest to outline in non- 
medical terms the principles which govern the design of 
what is commonly known as the "artificial kidney." 

If a fire is not raked regularly to remove the ash and 
to maintain an adequate supply of air, it will go out. 
The waste materials, i.e. ash, produced by the burning 
of fuel will clog up the fire and prevent it from burning 
properly. Living cells in the human body burn fuel to 
produce the energy we require for daily life, and the 
maintenance of body functions. This process, like the 
fire, produces waste substances some of which are 
further broken down to yield more energy, but others 
have to be removed from the body to enable the pro- 
cess of living to continue. If these waste products are 
allowed to accumulate they produce a rapid deteriora- 
tion in bodily health and eventually body organisms 
start to die. 

The removal of waste substances is carried out mainly 
by the kidneys, which eliminate these products into the 
urine. Kidney function is far more involved than the 
mere removal of waste. They play a part in controlling 
the quantity of water excreted from the body; they help 
to regulate the pH Le. level of acidity or alkalinity) and 
the balance of ions in the blood stream and hence the 
body fluid as a whole. They also conserve essential sub- 
stances such as glucose and amino acids. 

When the natural kidney fails, the concentration of 
the body's waste products increases in the blood stream, 
necessitating the use of a man-made machine to take 
over the kidneys' essential function of restoring a natural 
balance within the body. 
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Basic Principles of the Artificial Kidney 
In the human body the kidneys separate out the waste 

products from the blood stream by virtue of their unique 
structure. The kidneys contain a large number of tiny 
ducts called "tubules"; at one end of the tubules is a 
"knot " of capillaries called the " glomeruli." At the 
other end the ducts join into a collecting tube down 
which the waste fluids flow. In the " glomerulus " ultra 
filtration and dialysis takes place through its semi- 
permeable membrane wall, along with specific activities 
of the cells of the tubules, thus eliminating from the 
blood stream the toxic waste products. 

Fig. I. hlirina Tanks, showing Suhnrnihk Pumps. I r \ e l  Con- 
Ind P M \  and Hater Conlmlling Solenoid Valve*. 

In the artificial kidney, this process is reproduced by 
letting the patient's hlood flow upon one side of a semi- 
permeable membrane, whilst on the other side there 
flows a dialysing solution containing only diffusable 
substances. The membrane is impermeable to hlood 
colloids and substances having large molecular struc- 
tures. It permits only water and crystalloids to pass 
through its pores. Energy for this separation and trans- 
fer process is obtained from the physical and electro- 
chemical potentials between the two fluids on either 
side of the membrane. The direction of flow is 
determined by the differences in concentration between 
the two fluids, the final blood concentration being 
determined by the specific electrolyte concentration in 
the dialysing solution. Thus, the more abnormal the 
patient's hlood condition, the greater will be the differ- 
ences in concentration values either side of the mem- 
brane, resulting in a more rapid rate of clearance as the 
electrolytes in the blood diffuse into the dialysing solu- 
tion. The converse is also possible: by altering the con- 
centration of the electrolytes in the dialysing solution, a 
deficiency in blood electrolytes could be corrected. In 
addition to the flow of electrolytes through the mem- 

brane, water also is capable of moving in both direc- 
tions. The direction of flow is determined in this case 
partially by the differences in hydrostatic pressure. I t  
should finally be pointed out that the pore size of the 
membrane is such that it does not permit the passage 
of bacteria. 

General Description of Services to a Haernodialysis Unit 
The unit to he described was designed for the treat- I 

ment at any one time of a maximum of ten patients in 
separate wards. The type of building used was chosen to 
expedite construction, whilst incorporating the require- 
ments dictated by the positioning of the equipment. To 
eliminate the possible hazard of failure, a gravity flow / 
system was utilised for dialysate solution; this necessi- 
tated the provision of an elevated tank room as in- 
dicated in Appendix No. I. 

In order to isolate the domestic cold water services 
from both the public supply and the rest of the hospital, 
it was decided to utilise a tank supply system. Tank 
water feeds all points in the unit, with the exception of 
fire hydrants and water to the kitchen, which are 
directly off the mains supply. In order to obtain sufficient 
"head " for the unit's requirements the tank was 
mounted on the roof of an adjacent ward block. Its 
capacity is such that if the feed to the tank hall valve 
fails, supply to the unit is sufficient for twenty-four 
hours. The tank itself was coated internally with a non- 
toxic lining to prevent possible metallic contamination 
of the water. 

Domestic hot water for the unit is orovided from a 
steam-to-water calorifier located in the basement plant 
room, and is distributed by a pumped system. 

In order to assist in the prevention of hlood coagula- 
tion, a temperature controllable up to 80'F. when the 
outside ambient is 30' F. was required within each of the 
wards. To obtain this temperature and at the same 
time slightly to pressurise these areas, an individual 
thermostatically controlled fan convector system was 
built into each ward, each convector having removable, 
washable filters as standard. All the convectors were 
fed from a constant temperature low pressure hot water 
circuit. Heat to the non-clinical areas was provided by 
conventional radiators. The low pressure hot water for 
the heating systems was provided by a steam-to-water 
calorifier served by duplicate circulating pumps and a 
modulating control system located in the plant room. 

The hospital in question is fortunate in having two 
electric feeders from separate sources of supply. As a 
result, supply failure is virtually unknown. Stand-by 
independent electrical generation facilities are available 
in the hospital boiler house and could he switched to 
feed the unit if required. When stand-by generation is 
discussed in relation to such units along with the avail- 
ability of normal sources of supply, local circumstances 
must play a large part in deciding the final system to he 
used. 
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The Dialysing Process 
As stated before in this paper, dialysis is a process of 

allowing the patient's contaminated blood to flow upon 
one side of a membrane, with a dialysate solution upon 
the other side, and thus by a process akin to " osmosis " 
the impurities leave the blood and go into solution with 
the dialysare fluid, the clean blood being returned to the 
patient. This process is illustrated in Diagram No. I. 
(See Appendix No. 2.) In the unit being described, the 
process starts in the high level tank room where the 
dialysate solution is prepared, a separate system being 
used for each of the wards. Basically, concentrated 
dialysate solution is poured into a polyethylene tank, 
water is then added to give a final volume of 450 litres 
of solution which is sufficient for one patient session. 
The water to concentrate ratio is usually about 35 : 1 .  
The concentrate can be either pumped up from the 
basement bulk store room, measured out in a graduated 
container prior to pouring into the solution-mixing tank, 
or delivered in individual containers each holding the 
exact volume for one tank mix. Water is added to the 
mixing tanks via a probe-operated, solenoid-controlled 
valve which shuts off the water supply when it reaches 
a pre-determined level in the tank, giving the exact 450 
litres capacity required. Mixing is carried out by sub- 
merged stainless steel bodied pumps to ensure a homo- 
genous mixture. (See Fig. 1). The water solenoid valves 
are selected from a separate control panel which is 
equipped with a re-set button. Each mixer pump has 
its own locally-mounted starter switch for individual 
tank control. 

The process described provides only one type. of mix: 
this can be varied to provide a different pH value or 
potassium concentration in each of the separate tanks, 
as required by the physician. 

After mixing, the dialysate solution then flows by 
gravity through + in. bore polyethylene pipes to the 
individual wards, where an all-plastic diaphragm-type 
ball valve maintains a constant head in a "perspex " 
tank. This tank also contains a thermostatically-con- 
trolled stainless steel heater coil which maintains the 
solution within the tank at a constant temperature. This 
is normally about 100°F. 

From the " perspex " constant head tank the dialysate 
solution again flows by gravity through a "rota " type 
flow meter mounted on the bedside monitor unit, 
through the artificial kidney and then down the drain to 
waste. 

As mentioned previously, the unit is designed with 
ten mixing tanks, each serving a separate constant head 
tank in each ward. In order to facilitate the replacing 
of the f in. lines between these two tanks, 3 in. un- 
plasticised P.V.C. sleeves were permanently installed 
ktween the high level tank room and each ward to 
serve as a guide and container for the + in. dialysate 
lines. (See Figs. 2 and 3.) Thus to replace a 4 in. line, a 
new length is attached to the end of the one to be re- 
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Fig. 2. P.V.C. Sleeves for Dialymte Flow Liner. 

placed, the old one is pulled out, drawing the new one 
into position. 

The Dialyser/Artificial Kidney used in this unit is of the 
type develop3 by Frederick Kiil in Norway during the 
second world war. It consists of a number of polypro- 
pylene blocks which have been grooved at close 
intervals, with inter-connecting channels to allow 
dialysing solution to flow to and from the grooves. The 
blocks are laid one on top of another and between each 
adjacent pair two layers of membrane are laid, the 
groove peaks giving the necessary support for the mem- 

Fig. 3. P.V.C. Skeves rising up to Individual Wards 



branes, which consist of "Cellophane" of 0.001 in. 
thickness. Blood Rows between the membranes, the 
dialysing solution flows over the outer sides along the 
grooves, thus providing a large Ruidjmembrane contact 
area with low pressure drop against the blood flow. The 
whole assembly is rigidly clamped together in a frame, 
making a leak-prwf " unit," and is mounted on a tilting 
trolley to facilitate draining down. (See Fig. 4.) 

The efficiency of a dialyser artificial kidney is meas- 
ured by its " urea " clearance figure, urea being one of 
the toxic impurities retained in the blood stream when 
the natural kidney fails. Typical clearance figures are:- 

100-300 m.1. per minute when the blood Row rate is 
200-400 m.1. per minute. 

These figures compare favourably with the maximal 
rate of 140 m.1. per minute blood flow (renal) from the 
natural kidney. 

The dialysate solution after it leaves the dialyser1 
kidney contains the toxic impurities which have been 
removed from the blood of the patient. This contamin- 
ated solution cannot be re-used so it  is run to waste 
down the drains within the unit. Each drain is trapped 
in order to isolate the inlet from the main system. 

Monitoring 
It is essential that various functions of the patient, 

along with the Row rate and temperature of the dialysing 
solution, are constantly monitored during treatment. 
This is done by the bedside monitor unit (see Fig. 4), 
which contains the following instruments:- 

Blood pressure (Venous) gauge with High and Low 
Limit variable contact range + or -0 to 250 mm.  
of Hg. 

Blood pressure (Arterial), details as above. 

Dialysis temperature gauge with High and Low Limit 
variable contacts range 0" to 70°C. 

Dialysis Flow Meter "rota" type with control valve 
and warning device. Range 100 to 700 c.c. per 
minute. 

Blood leak detector warning system. 

The blood pressure gauges are actuated by pressure 
transducers in the blood lines from the patient to the 
dialysis!artificial kidney. High and low limits are pre- 
set on the gauge, thus when the direct reading pointer 
on the gauge makes contact with either of the pre-set 
indicators an alarm circuit is activated. 

The dialysis solution temperature is similarly treated 
so that any variation over the pre-set limits activates the 
alarm system. 

The flow meter is of the "rota " type which contains 
a small "bobbin " within a glass tube, thus by mount- 
ing two photo-electric cells across the tube at pre-set 
levels, the bobbin, if it rises or falls indicating reduced 
or increased dialysate Row, crosses the light beam and 
t r i ~ e r s  off the alarm circuit. 

If the membrane within the dialyseriartificial kidney 
ruptures, blood will mix with the dialysate solution. To 
detect this possible fault a spectro-photometric system, 
sensitive enough to detect a bloodldialysate leak of 1 in 
2,000 or better, is mounted in the dialysate drain from 
the kidney, thus any change in the colour density of the 
contaminated dialysate solution actuates the warning 
device (buzzer and light) mounted within the bedside 
monitor unit. 

As the unit being described contains ten separate 
wards with ten completely independent systems of 
dialysis flow and monitoring, in order to obtain the re- 
quired medical supervision it was considered essential 
that all monitoring alarm systems should be reproduced 

Fig. 4. Header Tank, Fmtotyp Monitor and Kidney 
n liltiog Trolley. 
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Fig. 5. The Gmsak. 

Fig. 6. The Bedbead Unit, 

on a centralised master console which forms the "nerve 
centre" of the whole unit. This enables the nurse on 
duty at this console to see at a glance how the treat- 
ment process is functioning in the ten separate wards. 
(See Fig. 5.) 

As an additional precaution, a set of warning lights 
actuated by the alarms are mounted above the door of 
each individual ward, thus if the main console is un- 
attended, the warning lights will be visible to anyone 
in the corridor area. 

The Consde and Bed Head Unit 
This unit consists of a large desk with a frontage up- 

stand containing twelve separate panels, one for each 
of the ten wards, a communications panel and a charger 
panel. 

Each ward panel contains green " normal " lights for 
blood pressures, dialysis flow and temperature, red 
"alarm" lights for high or low blood pressures, 

dialysate flow and temperature, white "alarm" light 
for blood leak detection and an orange light for nurse 
call and " power-on " indication. 

To appreciate fully the facilities on the console, we 
must refer back to the individual wards. Each ward 
contains a bedhead unit (see Fig. 6) mounted in the 
purpose-built rack which houses the monitor unit and 
also supports the constant head tank in its plastic tray. 
This bedhead unit contains a socket for television con- 
trol and a 4-way switch controlling two radio pro- 
grammes, a special hospital service and television sound. 

It also contains the nurse call system whereby the 
patient depresses a push button which rings a bell on 
the main console and illuminates a nurse call light on 
the console and a nurse call light over the door of the 
ward originating the signal. 

It also contains the patient/nurse communications sys- 
tem whereby, upon seeing the patient call signal the 
nurse on duty at the console can select the ward in 
question by pressing an appropriately-numbered key 
and can then s p a k  directly to the patient. After the 
conversation, the nurse can re-set the call system which 
has just been used, by means of a re-set button provided 
on the communications panel. 

A charger panel is also built into the console as the 
signal/alarm system functions from a 24 volt D.C. supply 
to comply with the Hospital Technical Memorandum 
No. 8 "Safety Code for Electro-Medical Apparatus." 
To obtain this 21 volt supply the console contains 
batteries which are fed by a " floating " trickle charge. 
The batteries have sufficient capacity to maintain the 
alarm circuits for a period of eight hours should there 
be any interruption of normal mains supply. There are 
three red indicator lights mounted on this panel which 
show mains failure, charger failure and battery volts 
low. A 1 s t  button is also incorporated in the system. 
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Fig. 7. Kidney Wash Sinks. 

The Hydraulic Design of the System 
As mentioned previously, the dialysate flow is by 

gravity for two reasons, firstly to avoid the hazard of 
pump failure, and secondly to avoid "gassing out" of 
dissolved gases in solution by the possible reduction in 
pressure caused by inlet suction on a pumped system. 
This second point becomes more important when it is 
remembered that in the constant head tank the tempera- 
ture of the solution is raised to around 100"F., thus ac- 
centuating this problem. If care is not taken in the initial 
design stages, the problem of air or gas locks in the 
pipe lines'and artificial kidney can cause interruption, 
or indeed failure, of dialysate supply. When designing 
the mixing-to-constant header tank pipework system it 
must be borne in mind that the head available is 
diminishing as the surface level in the mixing tank falls. 
Thus, to ensure adequate head when the mixing tank is 
nearly empty it is advisable to design the system taking 
the effective head to he the distance between the bottom 
of the mixing tank and the ball valve inlet on the con- 
stant head tank (see Diagram 2A-Appendix No. 3). 

In calculating pipe sizes and heads required, the prime 
consideration is the flow rate. In this instance it is a 
minimum of 400 to 600 c.c. per minute, this being the 
flow rate required by the artificial kidney in this applica- 
tion. The orifice jn the ball valve feeding the constant 
head tank should be of low pressure type. When con- 
sidering layout and design, full use should be made of 
the maximum head available, as it is far more easy to 
reduce head than to gain it. 

From the constant head tank the dialysate solution 
goes through a flow meter, mounted on the bedside 
monitor unit, to the artificial kidney and then down the 
drain. Thus, sufficient head has to be available from the 
header tank to supply the 400 to 600 C.C. per minute 
required through the kidney. Most flow meters are 
fitted with a needle-type control valve, but unless the 
pipe line from this valve to the kidney, and the pipes 

from the kidney to the drain, are sized so that they are 
always full of solution, much effective head is lost as air 
locks start to develop in both pipe lines and the artificial 
kidney itself. These air locks "break" the liquid flow 
and consequently its head up to that point, resulting in 
reduced flow and the possibility of failure of supply. A 
better method appears to be the use of a flow control 
valve at the end of the drain line, thus the whole system 
is full of liquid back to the constant head tank, making 
full use of the available head. (See Diagrams 2B and C 
-Appendix No. 3.) 

Materials of Coustruetiou for the Dialysate System 
Before considering materials of construction, the con- 

dition of the fluid to be handled has to be ascertained. 
A typical dialysate solution is a mixture of sodium 
chloride, magnesium chloride, calcium chloride, sodium 
acetate and dextrose in water at a temperature of up to, 
say, 100°F. and at pressures up to, say, 5 lbs. p.s.i. The 
solution itself is highly conductive and so the possibility 
of electrolytic action between the solution and any metal 
in contact with it is a real danger, hence the use of 
plastic materials for tanks, pipe lines and fittings 
wherever possible. 

The mixer tanks in the high level tank room were 
made from polyethylene and supported in an angle steel 
frame in order to keep the tank wall thickness to a 
reasonable limit. The polyethylene used was the pure 
material without the addition of pigments, etc. This 
material is ideal for the duty required as it is inert to 
the dialysate solution being handled at that low tempera- 
ture. It should be noted, however, that unpigmented 
polythene is attacked by Ultra Violet light, and suitable 
precautions may have to he taken to shield any suih 
tanks from direct sunlight. 

Tank drains and overtlows were constructed from 
P.V.C. unplasticised pipe and fittings, with solvent 
welded or mechanical joints as required. As mentioned 
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previously, the sleeves carrying the 4 in. dialysate lines 
were also constructed from this material. 

The f in. dialysate pipe lines from mixing tank to 
constant header tank were run in Low Density Poly- 
thene to B.S. 1973: 1964 Vype 425) pipe in pure un- 
pigmented material. There are many plastics on the 
market which could be used for this purpose. 

The constant header tanks were fabricated from # in. 
sheet "perspex" with cemented joints mainly for 
mechanical strength and accurate dimensional control 
in manufacture. The ball valve in this tank is of the 
diaphragm type of all-plastic construction, the material 
used probably being acetal resins. 

The Row meter is a glass tube, polypropylene tempera- 
ture detector pocket, and stainless steel bobbin and 
valve. 

Thus the only pieces of metal equipment in contact 
with the dialysate solution are the following:- 

1. Level control probes in mixer tank. Stainless steel. 
2. Mixing pump in mixer tank. 
3. Heater coil in constant head tank. ,, ., 
4. Rota flow meter bobbin. 
5. Flow control valve to flow meter. ,, ., 
6. Dialysate temperature detector bulb. ,, ,. 
In the kidney wash area where the artificial kidneys 

are dismantled for cleaning, the sinks and draining trays 
were fabricated from fibre glass reinforced polyester 
resins. The drains are again in unplasticated P.V.C. 
These tanks have to withstand a solution of 5O,. " Mil- 

Mechanical Handling 
As the techniques in handling the soiled kidneys 

develop there appears to be the possibility that the 
artificial kidney will be dismantled whilst completely 
immersed in " Milton " solution. Thus, a heavy piece of 
equipment will have to be lifted off its trolley and care- 
fully lowered into a deep sink. This task if performed 
manually leaves much to be desired. If this dismantling 
technique is to he employed some mechanical aid will 
be essential, e.g. a light weight block and tackle 
mounted on a fixed gantry above each kidney wash sink. 

Conclusion 
The object of this paper was firstly to describe in 

simple terms what the unit is trying to do and how the 
equipment works in achieving this object, and secondly 
to bring to light some of the problems which were en- 
countered on this project, to enable other people in- 
volved in the des ig  of future units of this type to gain 
some useful information to help them in their task. 

The opinions expressed in these pages are personal 
and not necessarily those of the Manchester Regional 
Hospital Board. I wish, however, to acknowledge the 
assistance given by the Regional Engineer, C. G. Daines, 
and the members of his staff, also H. McMaster, 
Regional Architect. 

APPENDIX No. 1. 

ton", i.e. sodium hypochlorite. (See Fig. 7.) 
In the basement store room, polyethylene is used for 

the bulk storage of dialysate concentrate and " Milton." 
Peiistaltic-type pumps are used for the transfer of these 
liquids from the bulk store to the elevated mixing tank 
room and to the kidney wash area. 

As mentioned under the heading of "Services to a 
Haemodialysis Unit," cold water is supplied from a non- 
toxic lined tank at high level. The mains distributing ] 
this water were run in unplasticised P.V.C. in sizes over 
2 in. using solvent weld joints. The 1, in. and in. run- 
o f f ~  were in copper; the use of this material was kept to 

-.l 
a minimum in order to avoid the possibility of copper -- - - 
pick-up in the water. 

In order to comply with the recommendations of the 
local "Cross Infection Committee ", a 50 lb. capacity 
washing machine in the existing laundry was set aside 
for use by the Haemodialysis Unit only. The machine 
was taken off its automatic control in order that it could 
be manually operated to boil all soiled linen from the 
unit for a minimum period of one hour before such linen 
was allowed to be processed through the laundry in the 
normal manner. 
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The Protection of Domestic 
and Industrial Electrical Installations 

By J. A. ROBBINS, B.Sc.(Eng.). C.Eng.. F .I.Mech.E.. F.I.E.E. 
J. A. Crabtree & Co.. Ltd. 

SOME NOTES ON THE PROBLEMS OF EARTH LEAKAGE PROTECTION -PART 2 

Ultra-sensitive protection 
There is a growing interest in the possibility of using 

ultra-sensitive current-operated earth-leakage circuit 
breakers to provide shock risk protection for portable 
and transportable equipment. On such applications the 
supply to the equipment is taken through a flexible or 
trailing cable. Hence there is an ever-present risk that 
the earth-continuity conductor in the cable may break, 
or become discontinuous at terminations-so leaving the 
equipment unprotected as far as earth faults are con- 
cerned. 

One possible solution to this problem is to use some 
form of earth-monitoring equipment to establish a con- 
tinuous check on the integrity of the earth-continuity 
conductor-isolating the equipment if this conductor 
becomes discontinuous (see July issue). Alterna- 
tively, the equipment can be protected by a current- 
operated earth-leakage circuit breaker sensitive to 
earth-leakage currents of the order of 25 mA. 

The lower limit of lethal current is usually assumed 
to he about 50mA. Sustained currents through a victim's 
body in excess of this value may he lethal: sustained 
currents less than this value-whilst possibly producing 
an extremely unpleasant condition of shock-would not 
normally be directly fatal. If, therefore, the circuit pro- 

Complete wit Corer removed 

Fig. 9. Si@e phnse M amp nurentapentad earth-leakage 
circuit breaker r im 25 m.4 Jemitivity. 

tective device will isolate the equipment effectively in- 
stanteously if there is a leakage current to earth of 25 
mA or more, i t  should prevent the user of the equip 
ment receiving a lethal electric shock+ven though the 
earth-continuity conductor had become defective. It 
must he realised, however, that-in common with other 
forms of earth-leakage protection-the earth-leakage 
circuit breaker will not prevent the user getting a shock 
and possibly a very unpleasant shock. What it will do is 
ensure that any such shock, due to handling defective or 
faulty equipment, will not be directly fatal. 

To achieve this order of sensitivity, it is necessary to 
amplify in some way the output from the search coil of 
the current-balance transformer so as to obtain enough 
power to trip the circuit breaker. One method in com- 
mon use for this purpose is to use an electronic or solid- 
state power amplifier-a typical single-phase unit of this 
type k i n g  illustrated at Fig. 9. 

This method has the advantage of providing very ade- 
quate power to ensure positive operation of the earth- 
leakage circuit breaker. 

An alternative method, illustrated at Fig. 10, relies on 
using the output from the transformer search coil to 
nullify a weak stray magnetic field in a specially de- 
signed trip mechanism. The main path for the magnetic 
flux from the permanent magnet is through the magnetic 
shunts. The thickness of the spacing shim is so adjusted 
that only a weak stray magnetic field persists in the 
remainder of the magnetic circuit-this field having 
just sufficient force to retain the catch plate against the 
force of the pull-off spring. 

By applying the output from the search coil to the 
demagnetising coil, a weak signal from the search coil 
can be arranged to nullify this already weak stray mag- 
netic field-so releasing the catch plate and hence t r ip  
ping the circuit breaker. Obviously the power available 
is very limited, and it is a matter of very careful design 
to ensure that this type of mechanism will give reliable 
positive operation, and will re-set again positively when 
the earth-fault condition has been corrected-particular- 
ly in dusty or humid conditions. On the other hand, it 
is claimed as an advantage for this type of mechanism 
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that i t  does not rely on the presence of mains voltage 
for it to operate. 

Voltage-operated earth-leakage circuit breakers 
To comply with the requirements of B.S. 842, a volt- 

age-operated earth-leakage circuit breaker must func- 
tion correctly in conjunction with earth electrodes of 
resistance value up to a maximum of 500 ohms. In con- 
sequence, this type of unit gives complete protection 
against shock risks under all normal conditions of in- 
stallation-it is virtually universal in application. (Note: 
The actual limits of operation as defined by B.S. 842 
are that the unit must trip at 24 volts to earth with a 
200 ohm earth electrode; 40 volts with a 500 ohm earth 
electrode.) 

Units of the type illustrated at Fig. 11 not only operate 
within the prescribed 40 volt limit with a 500 ohm earth 
but, in addition, will operate within the specified voltage 
limit with considerably higher earth electrode resistances. 
These units will therefore give full protection under 
practically all installation conditions likely to be en- 
countered in service. 

Voltage-operated earth-leakage circuit breakers are 
instantaneous in operation: the normal overall operating 
time of a B.S. 842 unit is less than one cycle. Thus these 
units clearly fulfil the requirements of the ideal system 
of shock-risk protection in that they will isolate the cir- 
cuit immediately dangerous voltages appear on the in- 
stallation metalwork. 

How Voltage-operated Earth-leakage Circuit Breakers 
are installed. It cannot be too strongly stressed that the 
primary function of a voltage-operated earth-leakage 
circuit breaker is to give protection against the danger 
of electric shock. This is done by detecting any dangerous 
voltage rise on installation metalwork. In this respect, 
the earth-leakage circuit breaker can best be regarded 
as a voltmeter measuring the potential difference be- 
tween protected metalwork and earth--disconnecting 
the power supply when this potential difference reaches 
a dangerous value. Providing, therefore, that the circuit 

(Lefr) Fig. 10. 

(Right) Fig. 11. Double pole 
M) amp. voltlgedpented 
earth-I~nkage circuit breaker. 

breaker is so installed that it performs this primary 
function correctly, then-irrespective of any complica- 
tions introduced by deliberate or fortuitous parallel earth 
paths-the installation must be completely protected 
against shock risk. 

To meet this requirement the circuit breaker should 
be connected as shown at Fig. 12. From this diagram 
it should be noted that the earth-leakage circuit breaker 
trip coil is connected between protected metalwork and 
earth in the same way that a voltmeter would be con- 
nected to measure any voltage between metalwork and 
earth. As a result the trip coil will always detect any 
voltage rise, even if there are other parallel earth paths 
on the installation. 

It is, however, essential to ensure that the trip coil is 
not shorted out. To achieve this, I.E.E. Regulations re- 
quire that the lead from the consumer's eamh terminal 
to terminal "F" on the earth-leakage circuit breaker, 
and the lead from terminal " E  to the earth electrode 
shall be insulated. Furthermore the electrode itself must 
be located outside the effective resistance area of any 
other earthed metalwork. This requirement is usually 
met by placing the electrode at least 8 feet from any 
other earthed metalwork, water mains, etc. 
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If the earth-leakage circuit breaker earth electrode 
is within the resistance area of any parallel earth elec- 
trode attached to the installation metalwork (see Figs. 
13 and 14). the earth-leakage circuit breaker trip coil 
can only detect a portion, V,, of the total potential 
difference, V, between this metalwork and earth. Con- 
sequently the level of potection afforded may be serious- 
ly affected. 

""""l/ I B+;;\ COIL 

Fig. 13. 

The I.E.E. requirement of siting the earth-leakage 
circuit breaker earth electrode outside the effective 
resistance area of other earthed metalwork is not nor- 
mally too difficult to meet in practice. From Fig. 9 it is 
clear that, with a 6 4 .  rod electrode, 90 per cent of the 
total voltage to earth is dissipated in the first 8 to 10-ft. 
of soil immediately surrounding the electrode. 

The actual tripping voltage limits specified in B.S. 
842 are 24 volts to earth, if the earth-leakage circuit 
breaker earth electrode has a resistance of 200 ohms; 
and 40 volts if it has a resistance of 500 ohms. Thus, 
if the earth-leakage circuit breaker earth electrode is so 
situated that only 80 per cent of the total voltage is de- 
tected, anything more than about 30 volts between in- 
stallation metalwork and earth will still be detected, 
with an earth electrode resistance of 200 ohms. Even 
with a 500 ohm electrode, in practice an extremely high 
figure, anything more than about 50 volts would be 
reliably detected. This value is still well within the 65 
volts safety limit adopted by most of the European 
countries. 

From these figures it is clear that an acceptable level 
of shock-risk protection will be afforded to the installa- 
tion, providing the earth-leakage circuit-breaker earth 
electrode is out of the immediate vicinity of other 
earthed metalwork: a distance of about 8 to I0 feet 
should normally be adequate. 
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In the absence of a power supply to tbe installation, 
this requirement may be checked by carrying out two 
measurements of the installation earth electrode resist- 
ance (* Appendix "A"). The first measurement, which 
should give the true earth electrode resistance of the 
main installation earth. is made in the normal way, the 
earth-leakage circuit breaker earth electrode being left 
unconnected. The resistance should then be measured 
a second time, using the earth-leakage circuit breaker 
electrode as the "potential" electrode (see Fig. 13). If 
the two resistance areas overlap, the second value ob- 
tained will be less than the true resistance. Providing 
the second value obtained exceeds about 85 per cent 
of the true resistance, the spacing would normally be 
considered adequate. 

When installing a voltage-operated earth-leakage cir- 
cuit breaker earth electrode, care must be taken to avoid 
using any metalwork which, in future, may possibly 
become electrically linked to the installation metalwork, 
as this would automatically short out the trip coil. 

Quite apart from the fact that it would infringe the 
requirements of the I.E.E. Wiring Regulations, the use 
of a water pipe as an earth electrode for a voltage- 
operated earth-leakage circuit breaker is not advisable 
for this particular reason. Even if the pipe is initially 
isolated from the installation metalwork, subsequent 
alterations may well interlink the two circuits and thus 
invalidate the system of protection by giving rise to the 
condition shown at Fig. 15. From this diagram it is clear 
that, as both ends of the trip coil are effectively con- 
nected to the water pipe, section XY of the pipe will 
short out the tripcoil and prevent it functioning. 

DISTANCE FROM MAIN EARTH ELECTRODE (FEET) 

Rig. 14. Voltage gradient in soil surrwnding I 6h. lomx l-in. 
diameter eleebode. 
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Big. 15. 

The most common cause of this type of condition 
is the installation of an immersion heater, which more 
or less automatically ensures that the water system and 
the installation metalwork are electrically interlinked. 
Providing, however, that the installation has been car- 
ried out correctly, and a separate earth electrode has 
been used for the earth-leakage circuit breaker, the 
water pipe simply becomes a parallel earth path on the 
installation. The circuit breaker trip coil will still mea- 
sure any voltage appearing between protected metul- 
work and true eurth and will still trip the unit when this 
voltage reaches a dangerous value. 

How parallel earth paths affect protection 
From the foregoing it will be realised that the pre- 

sence or absence of parallel earth paths, whether deliber- 
ate or fortuitous, does not modify the degree of pro- 
tection against shock. However, the presence of such 
paths obviously must encourage the flow of somewhat 
heavier currents in earth fault conditions, thus increas- 
ing the risk of fire or, alternatively, the risk of damage 
to delicate apparatus. 

A further point to be noted is that the presence of 
low-resistance parallel earth paths will reduce the likeli- 
hood of the earth-leakage circuit breaker detecting par- 
tial earth faults. With a high-resistance earth fault, the 
current flowing will be small. In consequence, the fault 
voltage developed across the. low-resistance parallel earth 
will also be small and may not reach a dangerous value. 
Thus with a high resistance fault there may be no shock 
risk and so the breaker may not trip, a condition dis- 
cussed more fully under the heading of "How to Test 
the Installation" in page 133. 

The fact that the breaker does not trip in such condi- 
tions is not necessarily a disadvantage: there is one 
school of thought which recommends the use of a 
deliberate parallel earth path. Among other things, this 
effectively prevents any unnecessary tripping of the 
breaker due to small harmless leakage currents, such 
as those which may occur when an electric cooker or 
hotplate is first switched on. With units of the type 
illustrated at Fig. I l the operating characteristics have 
been so chosen as to minimise the possibility of un- 
wanted tripping when no parallel earth path is present. 
At the same time, if parallel earthing is considered 
desirable the sensitivity is such that these units are still 

I in every way suitable for this class of installation. 

If there are no parallel earth paths, the impedance of 
the trip coil will limit the maximum earth fault current 
which can flow to about 3 amp. This can only flow for a 
total time of +-a cycle. Hence, even a direct earth fault 
is very unlikely to cause any form of permanent damage 
or create any real fire risk. In addition the breaker will be 
capable of detecting small leakage currents of the value 
of S0 mA: often it will open the circuit while the fault 
is still in the incipient stage. This obviously constitutes 
a very high level of fire-risk protection. 

The function of the test switch 
From Fig. 12 it will be noted that a test switch is in- 

corporated 'in the mechanism. The presence of the switch 
is a requirement of B.S. 842. This also lays down effec- 
tive limits for the test resistance, thus ensuring that the 
test switch not only checks the continuity of the earth 
path and the operation of the circuit breaker mechanism, 
but .also checks that the operation of the unit  is of the 
correct order of sensirivity. 

Even the test switch, however, cannot detect a broken 
earth continuity conductor. In this respect, the require- 
ment in the I.E.E. Wiring Regulations of insulated 
leads for the connection from the earth-leakage circuit 
breaker to the consumer's earth terminal and to the 
circuit breaker earth electrode has some additional 
advantages. Whilst the insulation provides additional 
mechanical protection for the lead, there is also the added 
advantage that an insulated lead is normally treated 
with far more respect than a bare lead-the average 
handyman is not quite so liable to sever or otherwise 
maltreat it. 

This hazard of a broken earth-continuity conductor 
is not, of course, peculiar to earth-leakage circuit breaker 
protection: indeed, no other conventional method of 
protection even checks either the earth electrode or 
the lead to the earth electrode, quite apart from check- 
ing the installation earth continuity. When discussing 
fixed installations, this point is not necessarily of vital 
importance: an earth-continuity conductor can usually 
deteriorate quite seriously before it is useless for voltage- 
operated protection. When considering the protection of 
portable applianceswhere there is always the risk 
of breakage of the flexible earth lead-this point 
assumes far more importance. 

Portable tools in industry 
Voltage-operated earth-leakage circuit-breaker pro- 

tection is ideal for the protection of portable tools, due 
to the inherenr feature of instantaneous operation. With 
any form of fuse protection, the user may be unable to 
release the portable appliance until the fault current 
finally blows a fuse, which may take seconds or even 
minutes. 

As a result, the modem tendency on industrial in- 
stallations is to use voltage-operated earth-leakage 
circuit breakers for the protection of portable tools, 
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Fig. 16. 

often in combination with some form of monitoring 
circuit for the earth conductor or conductors to the 
portable equipment. 

More recently, interest has also been shown in the 
possible use, for such applications, of current-operated 
earth-leakage circuit breakers, sensitive to earth-leakage 
currents of the order of 25 mA (see page 1101, May 
issue). 

How to test the installation 
Providing that the unit is correctly connected-i.e., 

with an insulated earth lead and a separate earth elec- 
trode-and providing it operates on the test switch, the 
breaker is bound to afford full protection to any metal- 
work correctly bonded to terminal "F." This bonding 
and the impedance of the earth-continuity conductor 
should be checked in the usual manner. 

It should be noted that flashing from line to earth 
with a test lamp at socket-outlets, as a final check on 
the installation, does not test the sensitivity of the 
circuit breaker-the test switch has already done that. 

If the breaker trips, this check has only proved the 
continuity, but not the impedance, of the earth-continuity 
conductor. If the lamp lights and the circuit breaker 
does not trip this merely shows that there is a parallel 
earth path on the system and hence, due to the relation- 
ship of the various circuit constants, the voltage rise on 
the metalwork is too small to be dangerous. 

Fig. 16 shows an extreme example of this con- 
dition. The total earth-loop impedance is high, and so 
the fault current is limited to a value insufficient to 
blow the fuse. Unfortunately, as there is a very low- 
resistance parallel earth path at the consumer's end- 
due possibly to a private piped water supply-most of 
the fault voltage appears at the transformer earth elect- 
rode causing "neutral inversion." Only 10 volts appears 
between the consumer's metalwork and earth, this being 
insufficient to trip the breaker. 

In this example, the earth-leakage circuit breaker 
still performs its primary function of ensuring that 
dangerous voltages do not persist on the installation 

metalwork, but the presence of the low-resistance 
parallel earth path prevents the breaker from detecting 
ths l0 amo. fault current flowine steadilv to earth. - 
Hence in this particular, and by no means hypothetical 
instance, the breaker is prevented from performing its 
subsidiary function of fire risk protection by the low- 
resistance parallel earth path. 

There is, of course, no question of the breaker being 
at fault because it does not trip under such installation 
conditions. The real source of the trouble is the 23 ohm 
neutral earth; and the best corrective measure is to 
reduce this particular resistance. 

Unfortunately, it is not always an economic pos- 
sibility to improve the supply authority's neutral earth 
electrode. In any event, this is an element of the earth- 
loop path over which a contractor normally has no 
control. Consequently, it usually becomes necessary for 
the problem to be tackled at the consumer's end, the 
alternative method of obtaining satisfactory operation 
being artificially to increase the earth-electrode re- 
sistance of the parallel earth path. As this low resistance 
is almost invariably due to bonding to a metallic water- 
mains system, the insertion of about three feet of non- 
metallic piping, at the point where the water mains enter 
the premises, is usually found, in practice, sufficient to 
ensure correct operation under such abnormal con- 
ditions. 

Alternatively, and usually this is a much better solu- 
tion, current-operated earth-leakage circuit breakers 
should be used for installations where the resistance 
of the earth-loop path is relatively low, e.g. below about 
40 ohms. 

Preferred method of testing 
As with current-operated earth-leakage circuit 

breakers, a practical test should bc applied to the instal- 
lation to confirm that the voltage-operated earth-leakage 
circuit breaker is correctly performing its protective 
function. Again, the primary objective is to ensure that 
a dangerous potential, i.e., in excess of about 40 volts, 
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Fig. 17. Memod of test fw 
mmplDnae with Reguhtian E.5 
for a typical roltageoprrted 
erth-lerkage rirdt brerkw. 

cannot persist on installation metalwork. The  14th The use of a 45 volt stepdown transformer having a 
Edition of the I.E.E. Wiring Regulations therefore pro- short-time rating of not less than 750 VA is again 
poses a somewhat similar test for voltage-operated earth- recommended for this particular test, the test voltage 
leakage circuit breaker installations to that proposed for being injected between installation metalwork and 
current-operation protection. neutral (see Fig. 17). 

Parts 3 and 4 will be published in consecutive issues. Part 4 will contain the Appendires. 

COMPUTER TO MONITOR PATIENTS 
DURING SURGERY 

AN ELLIOTT AUTOMATION computer is to be connected 
directly to patients in operating theatres and recovery 
wards as part of a research project to show how computers 
can be used to monitor the condition of patimis automat- 
ically during surgery. I t  has been ordered by the Medical 
Research Council for use under the terms of a research 
grant to Professor 1. P. Payne in the Research Department 
of Anaesthetics at the Royal College of Surgeons inLondon. 

The computer, an EUiott 903, will be used initially in 
conjunction with experiments in progress in the Research 
Department of Anaesthetics. It is planned to link it directly 
to patients in neighbouring hospitals by means of an ana- 
logue telephone data link. Feasibility studies of this method 
of transmission, using a single channel link, have given 
promising resulfs and a three channel link is being developed 
in co-operation with the G.P.O. 

The computer will monitor the patient's heart-beat, 
blood pressure, blood circulation, pulse, the rate and vol- 
ume of breathing, and other conditions. Calculations within 
the computer, based on these measurements, will enable it 
to predict any deterioration in the patient's condition a t  an 
earlier stage than is possible at present. 

The main task of the Research Department of Anaes- 
thetics a t  the Royal College of Surgeons is the investigation 
of the biological effects of anaesthetic agents. The computer 
will enable it to speed-up the tumround of experimental 
results and release skilled rtaff from the task of performing 
routine calculations to d o  more productive work. A recent 
four-week experiment with a dental anaesthetic required 
six months of manual data reduction. The computer 

would have enabled this job to have been done in one week. 
Several of the programmes which the computer wdl need 

have already been written by Ellion-Automation as part 
of the work the Company is doing in developing on-line 
computer systems for automatic analysis in hospital path- 
ology laboratories. 

ANVIL WIN HEREFORD CONTRACT 
A CONTRACT worth f 35,000 for a hospital building at Hereford 
for the Birmingham Regional Hospital Board has been 
awarded to the SixjB industrialised building division of Anvil 
Enterprises Ltd., of Hereford. 

The building, which will be linked to the main hospital 
premises and occupy a total area of 6,500 sq. ft., will comprise 
a physiotherapy department, including treatment cubicles, 
specialist rooms, a gymnasium and additional general 
administration offices. 

An important feature of the contract is that it is a "package 
deal" arrangement whereby Anvil Enterprises Ltd. provided 
complete architectural designs and mechanical and electrical 
services to the brief of the Birmingham Regional Hospital 
Board. 

The new hospital block will be built using the SixIB timber 
frame system with a cedar or tile cladding to the main eleva- 
tions whilst the gymnasium is built in traditional brick con- 
struction, the two methods being used together to best effect. 

Architects working with Anvil Enterprises Ltd. on the pro- 
ject are McLeman, Jobnson and Blight of Hereford, and the 
builders, William Powell & Son Ltd., of Hereford. Heating 
and plumbing services will be provided by W. & R. Edwards 
and electrical work by C. F. Roberts Ltd., both of Hereford. 
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The Development of Hyperbaric Therapy 
HVPERBARIC oxygen therapy for myocardial infarction can 
be seen as a logical development of experience in the treatment 
of other conditions by diffusing high-pressure oxygen into the 
blood and other body tissues. 

If one of the coronary arteries becomes blocked, the heart 
muscle which it supplies is deprived of oxygen. If this anoxia 
is not relieved, the muscle dies. If a large amount of muscle is 
aEected, the heart stops, and the patient dies. 

A very small infarction may produce no noticeable symp- 
toms, hut life or death in the majority of heart attacks will 
depend on the extent of the infarction, the general condition 
ofthe patient and the care and treatment received. 

In the majority of cases, the rhythm of the heart is upset, and 
in severe cases the patient may also suffer from shock. 

In hyperbaric oxygen the normal rhythm of the heartbeat is 
usually restored and shock is quickly relieved. Saturating the 
blood and tissues with oxygen has been shown greatly to 
increase the chances of survival until the damaee is reoaired. 
Therepair process works by normal body mechakms Githout 
any need for surgery or special drugs. - ~ 

This is the latest development in a story which dates back 
to the 17th century. Today, hyperbaric oxygen is being used 
or investigated in almost every branch of medical science. 

In 1662. the British ohvsician Henshaw used a comoression 
chamber 'with increased atmospheric pressure, which he 
called a "domicilium". for the treatment of chronic illness. 

In the mid-19th century, many compression chambers were 
built, and the medical use of air at pressure up to four atmos- 
pheres absolute - four times normal atmospheric pressure - 
enjoyedsomething of a vogue. 

Hyperbaric treatment went out of favour around the turn 
of the century, when the trend was away from therapy and 
towards biological investigation. 

Deep sea diving and submarine work was rapidly expand- 
ing. The problem of "bends" was encountered - a condition 
multing from a large volume of nitrogen being dissolved in 
the body fluids and characterised by the positions that the 
v i a i  bad to adopt to relieve the pain in their joints caused 
by the nitrogen coming out of solution. When oxygen-rich 
mixtures wereused, problems of toxicity arose. 

Interest became intense again in the 1950's. It became clear 
that the toxic effects of hyperbaric oxygen could he avoided by 
using intermittent rather than continuous exposure and the 
lowest possible pressure needed to achieve the desired result. 

In this phase, the Department of Medical Studies of Vickers 
Rwearch Establishment at Sunninghill, Berkshire, under Dr. 
Kemeth G. Williams, were in a position to act as innovators 
in the design of new clinical equipment through their work on 
the physiology of pressure in submarin& and aircraft. 
Production has been taken up by the new Medical Group of 
Vickers. 

HYPERBARIC OXYGEN TREATMENT FOR THE 
ACUTE HEART ATTACK 

First results achieved at Westminster Hospital, London, 
indicate that the death rate among patients admitted to 
hospitals with acute heart attacks can be halved by hyperbaric 
oxygen therapy. 

The treatment has been given in a single-patient bed 
system using pure oxygen at twice normal atmospheric 
pressure. 

Out of 40 patients suffering from potentially fatal coronary 
heart attacks - mvocardial infarction - 37 recovered in the 
hyperbaric beds a t  Westminster. Two of those who died had 
wst-mortem examinations showing thrombosis of both main - 
coronary vessels, which ruled out survival. 

The overall death rate among patients with acute myocardial 
infarction admitted to hosnitals is about 30 Y. 

Present day statistics suggest that up to a third of the people 
in most of the world's urban areas are liable to die from some 
form of myocardial infarction unless new techniques are 
employed. 

In the Vickers bed, the only one of its kind, the patient can 
be treated in a sitting or reclining position. The chamber opens 
to allow the patient to stay in the bed between treatments, 
elipliuating movement which might lead to his condition 
being harmed. 

Proposals for further clinical trials are now being considered 
by the Ministry of Health. 

A range of other hyperbaric oxygen chambers has been 
developed at Vickers Research Establishment in Berkshire 
for treatment of such conditions as gas gangrene, poor blood 
supply in skin grafts and carbon monoxide poisoning. These 
chambers have been in continuous use sink1959. and about ~ ~~~ 

150 are installed at home and over&, with a ikl% safety 
record during a total of about 250,000 patient hours of 
treatment. 

Six years' research and development, in coqxrat ion with 
Westminster Hospital, has gone into the evolution of the 
hyperbaric bed. 

DETAIIS OF HYPERBARIC BED SYSTEM 
The hvoerbaric bed svstem is designed for natients who .- - 

cannot lie flat for long periods. They can sit up straight or 
recline in it on an adjustable backrest a t  anv anele. The whole 
bed can be tilted h i d  up or head down tirough an angle of 
10' ineither direction. 

Reclining or unright. the oatient has an unintermoted view - . -  
of his surroundings and he can be clearly seen. ~ o s i i t a l  staff 
can Listen to him through a loudspeaker and can talk to him 
through a telephone type handset. Radio, TV or taped sound 
can he relayed to the oatient. who can watch TV on a receiver 
placed outside the ch&ber. 

The patient can be nursed on the bed, so that heart cases 
can be aiven hvoerbaric theraov without the need for them 
to he moved between treatmenis. When opened the structure 
"yawns" with a 3 ft. 8 in. opening at the headend. 

A special "surgical" version of the hyperbaric bed system has 
post-operative surgical nursing and support facilities. 

The bed structure has a steel hase with semi-circular head 
and foot ends. It is centrally pivoted on a sub-chassis with four 
sprung castors. A jacking system controls the tilt of the bed. 

The top section of the bed is mounted on the hase by a 
hinge and counterbalance system. To reduce weight this 
section is manufactured from double skinned light alloy sheets 
with ribs and stiffeners and rigid foam filling. 



The top section merges into a turret at the head end which 
is capped by a plastic dome. There are also two plastic 
observation portholes near the foot end. 

The top and bottom sections of the bed are locked together 
by a castellated locking ring. The ring is moved electrically 
but an emergencv handle is ~rovided in case there should be - .  
a power failure. 

Pneumatic and electrical connections are provided in the 
bed for support facilities and for monitoring, cardiac and 
brain function, blood pressure, temperature and so on. 

The bed is connected by a short length of trunking to a 
recirculation console, which conditions the gas circulating in 
the system. 

Carbon dioxide, odours and moisture are removed and the 
operator can adjust temperature and humidity to suit the 
comfort of individual patients. The mrcentage of carbon 
dioxide is continuously monitored. 

. 

The maximum working pressure of the system is two 
atmospheres absolute. Operation of the bed is semi-automatic. 
Compression and decompression rates are selected by the 
operator and the required treatment pressure can be preset. 
The pressure can be held at any intermediate figure. The gas 
conditioning operates at all times. There is an emergency 
decompressionsystem and a warning system which indkates 
failure in supplies, or other conditions which need correcting 
action. 

The bed and recirculation console are manufactured under 
Lloyds Register of Shipping (Non-Marine Department) 
Surveillance and every one is subjected to a pressure test 
witnessed by Lloyds, before receiving its certificate. The metal 
structure of the bed is subjected to a 30 pounds per square 
inch gauge hydraulic test, the plastic dome to 75 p.s.i.g. and 
the plastic and fibreglass parts in the console to 100 p.s.i.g. 

The hyperbaric oxygen bed system, which costs £6,250, is 
manufactured at the South Marston Works of the Engineering 
Group of Vickers, and assembled at the Medical Group's 
Works at Basingstoke. 

Vickers Hypertxaric Oxyga 
closed and h operatiw. 

SAFETY PRECAUTIONS IN THE HYPERBARIC 
BED AND OTHER HYPERBARIC CHAMBERS 

Hazards associated with the use of hyperbaric oxygen 
chambers have received much attention in the past, and 
thorough care has been taken to eliminate all possible risk. . 

There are five ways in which fire may be started in a vessel 
Nled with air or oxygen. All are specifically countered. 
1. A static spark - is prevented by high humidity in the 

Vickers chambers. As an added precaution, fabrics of 
man-made fibre are not allowed inside, and it is m o m -  
mended that all other fabrics should be flame-proofed. 

2. A mechanical spark from metallic impact or abrasion - 
cannot occur provided that the usual precautions in 
oxygen treatment are observed. 

3. Electrical spark from a breakdown of insulation, or  
o~erhca t in i  cannot occur because the only electric wires 
entrrlng the chamber are for the lnterwmmunicarlon 
system, which IS "sclf-energising" and incapable of starting 
a fire. 

4. Chemical reaction, as between oxygen and oil or grease - 
the use of oil or grease is prohibited. 

5 .  Match or  cigarette lighter - as with an ordinary oxygen 
tent, patients cannot take such articles in. 

OTHER USES OF THE EQUIPMENT 
RndiOtberapy 

Cells near the centre of a tumour often have a poor blood 
supply, with low oxygen tension. Their sensitivity to radiation 
is reduced as a result, so that they are liable to escape the 
effects of radiation and survive to form a nucleus of further .---~ - 

tumour growth. Treatment in a hyperbaric oxygen chamber 
has been found to raise the o m e n  tension and radio sensitivity . - 
of these cells - so making radiotherapy more effective. 

Carbon Mownide Poisoning 
In carbon monoxide poisoning, the blood is deprived of its 

normal oxygen-carrying capacity and death from asphyxia 
Continued on page 143 
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r 
when tension is in the air 

HONEY WELL 
automatically 
control environment 

As sure as the surgeon's hand, Honeywell have made their mark in the application of 
automation control techniques to hospital services. In operating theatres they are meeting the 
most critical demands of, for example, lengthy transplant surgery by providing meticulous control 
of heating, ventilating, air con&tio~ng and air cleansing. Exercising control, easily, 
continuously, automatically horn a single graphic panel outside the theatre. 
In recent years Honeywell have expanded then design, installation and maintenance resources to 
meet the need for automatic environmental control in hospitals throughout the world. And the offer 
is being eagerly accepted not only for theatres. Recovery rooms, premature baby units, special care 
areas, wards, entire hospitals are now en~oy~ng  all the advantages of Honeywell automabon. 
Return the coupon today and we will send you all the details. 

World leaders in building automation Honeywell 
To: Honeywell Controls Limited, COMMERCIAL DIVISION NAME 
Great West b a d ,  Brrntford, Middlwx. 01468 9191. POSITIOX 

Convince me that automation control techniques are an ADDRESS 
E B  I. 

esential part of anefficient hospital. 



You don't need a laboratory 
to measure the 
Radiation quality in a 
Strafford Range 

Instruments could prove the impressive 
technical performance of the Stratford 
range in actual figures. But there's more 
to Radiation quality than you can 
measure this way. For instance Stratford 
ranges are exceptionally solid; they 
are built for continuous heavy duty to 
provide a wnstant and high output 
standard of woking, and designed for 
easy cleaning inside and out. Take a 
closer look at the generous specification: 

ALL MODELS HAVE: Robust vitreous 
enamelled cast iron and angle iron 
framework, with vitreous enamelled 
sheet steel panels and linings. Top bars 
and burners vitreous enamelled black. 
I" thick fibre-glass and foil insulation; 
front-reading Regulo control. Drilled 
ring boiling burners with specially 
designed venmi for maximum flame 
stability; safety taps. AU burners, bars 
and oven finings are quickly and easily 
removable for cleaning and maintenance. 

RADIATION QUALITY reflects the 
substantial resources of the company in 
manufacturing facilities, experienced 
staff and investment in research. 

Radiation catering equipment is designed 
for a long, busy life, high performance, 
and ease of cleaning and maintenance. 

It is backed by a technical advisory 
service second to none. 

Radiation gas appliances may readily 
be converted to operate on Natural Gan 

from a single unit to a complete integrated kitcheninstallation. Please write or phone: 

RADIATION CATERING EQUIPMENT LTD 
(FOR GAS. ELECTRICITY. STEAM AND BOXLED GAS) 

Palatine Works, Warrington. Lancs. Telephone : Warrington 32.72 & 30015 
z j  j North Circular Road, London XWto .  Telephone : OI-qjg ,234 

A RADIATION COMPANY 



THE Scottish Western Regional Hospital Board has placed a 
£5-mllion contract with John Laing Construction Ltd. to build 
a hosoital comolex three miles from the centre of Glaseow. 
O~upylnp wme 25 acrn of the ground\ of the cxlsllng Gart- I navelHoval Hinllal. t h s  u111 bc thc flnt o fa  numbcr ofneu 
district general iospkals in the region. Work will start this 
month and is expected to last for 3: years. 

The project was designed by Keppie, Henderson and Par- 
ners, Architects, in association with T. D. W. Astorga, 
D.A..D~D.T.P.. A.R.I.B.A.. Reeional Architect. Western 
~egionai ~ o s p i t a l  Board. ~ i r t n a i e l  District General Hospital 
will serve community needs in the north-west of the city. 

The 400 ft. long, l l-storey high first phass of the hospital 
orovides for 576 beds in an ei~ht-storey block rising from a - - 
three-storey podium. The podium will house out-patient, 
diagnostic and therapeutic facilities and administrative de- 
partments on the ground floor. Seven operating theatres and a 
central supplies' department will be on the lower ground floor, 
and the dining room, kitchen and staff changing facilities on 
the upper ground floor. 

Nursing and medical residences and the nurses' training 
school will be located in a separate section of the site to the 
west of the main building. The residential area has been de- 
signed as an estate of flats and homes for some 330 hospital 
staff and students and will comprise 15 blocks of two and 
four storeys. 

In the main hall of the hospital will be a hotel-type reception 
office where brief particulars will be recorded from patients 
beine admitted. There will also be a oostal sortine office. a - 
newspaper/confectionery shop and a hairdressing salon. Off 
the hall will be a restaurant for beveraees and snacks. with the - 
latest type of vending machines giving round-theclock service 
with hot or cold snacks. 

All bed areas will have w.c.s, washing facilities and showers 
immediately adjacent to them and pleasant sitting rooms near- 
by to encourage early ambulation and promote well being of 
patients and serve the convenience of staff. Patients will be 
accommodated in rooms containing not more than four beds, 
and about one-fifth of all patients will have single rooms. 

The out-patient department will cater for ahout 70,000 
patients each year. Here, a high standard of privacy has been 
aimed at to preserve the dignity of the patient. Most patients 
will undress as necessarv and be examined and treated in one 
room only, thus avoiding the discomfort of a small cubicle or 
movement from one room to another while oartiallv clothed. 

There will be a day ward enabling patients to spend several 
hours in hospital in comfortable conditions while examinations 
are carried out, which might otherwise require their admission 
to hospital overnight or perhaps for several days. 

A large department for physiotherapy and occupational 
therapy is planned to encourage early rehabilitation and return 
to useful emolovment or activitv of all tvws of oatient. This . . -. 
will include gymnasia, a range of treatment cubicles, work- 
shoos and a domestic section in which treatment can be eiven 

U 

to about 50 patients simultaneously. 
Patients will select their meals from a menu and. in the 

kitchen, this will be assembled on a tray which will keep the 
food warm during its iournev to the ward areas. The arrane- 
ments for servingieais mayinclude its distribution by traiLed 

J U N E ,  1 9 6 8  

waitresses, thus relieving nursing staff of one of their present 
timesonsuming but not essential duties. 

The foundations throughout the main building will he on 
piles. The structural frame of the tower block will be precast 
concrete and the podium in siru concrete. Heating throughout 
the project will be by low and medium-pressure hot water to 
radiators and convectors. 

The consulting engineers are: Ove Arup and Partners, 
Glasgow (civil and structural); Ramsay and Primrose, Glas- 
gow (electrical and mechanical); Donald Smith, Seymour and 
Rooley, Glasgow (heating and ventilating). The engineering 
aspect of the project has been designed in association with 
A. Gilmour, M.I.Mech.E., M.I.E.E., A.M.I.W.E., Regional 
Engineer, Western Regional Hospital Board. The quantity 
surveyors are John Dansken and Purdie, Glasgow. 

RECORD ORDERS FOR THERMALITE 
Extensive use in two big hospitals 

AN ORDER for 150,000 yards super of Thermalite lightweight 
aerated concrete building blocks is in process of delivery to the 
new Northwick Park Hospital, Harrow, Middlesex, which is 
being built by Messrs. Trollope &Calls Ltd. 

This order is one of the largest received by Thermalite Ytong 
Ltd. and represents over a month's production at their London 
factory at West Thurrock, Essex, one of the eight Thermalite 
factories in Great Britain. It also represents the amount of 
Thermalite that would be needed to provide thermal insulation 
for 1,500 homes. 

Thermalite blocks are being used mainly for internal parti- 
tions, because of their lightweight and workability, and in 
Darts for external walls for thermal insulation at Harrow. 
k l ivc r in  habc been underway for somc timeand will conllnue 
for ahout three ye;ln. during whsh tlmc the hospital building\. 
u hiih are for the Korth-West Metronul~tan Regional Hospital ~ ~ 

Board, and the Medical Research council, wiil be erected in 
three phases. 

The hospital, designed by Llewelyn-Davies, Weeks Forestier- 
Walker and Bor, for the Board and the M.R.C., will provide 
the full range of normal medical services and facilities for 
medical research. It is being erected on a site which is approxi- 
mately half a mile long by a quarter of a mile wide and all 
buildings will be interconnected by tunnels or covered ways. 
They will include a ward block, nine storeys high, of three 
wings. The main operating theatres will be housed in one large 
low rise block of three storeys. 

Another "month's production" order for Thermalite in 
various sizes has been received for the f l4m. contract for the 
erection of a main teachine hosoital for the new University 
Hospital of Wales in card*. ~ h k  hospital has been designed 
bv S. W. Milburn &Partners. Cardiff, for The United Cardiff 
Hospitals and the Welsh ~ a t i o n a l  ~ c h o o l  of Medicine and is 
being built by F. G. Minter Ltd. 

Thermalite is beine used for internal oartitions for its all 
U 

round serviceability, in the main hospital buildings and in the 
residential blocks, all of which are of reinforced concrete con- 
struction. The contract will be completed in early 1971 and it is 
anticioated that the hosoital will be in full operation by the end 



Abstracts of information supplied by the British Standards Institution 

BRInSH STANDARDS YEARBOOK 1%8 
The 1968 edition of the B.S.I. Yearbook is now available. It 

includes lists and summaries of some 5,000 British Standards, 
Codes of Practice, handbooks and special issues, including a 
number of important publications giving guidance on the 
change to metric. The British Standards in metric terms are 
identified in accordance with the system of wde letters now 
adopted in the B S I .  News lists. The Yearbook also gives 
information on B.S.I.'s information, sales, testing and other 
services. 

Free copies of the Yearbook are being distributed to all 
B.S.I. subscribers, who may purchase further wpies at the 
usual discount. 

Non-subscribers can buy copies at the full price of 15s. (plus 
postage and packing 3s.). 

NEW BRITISH STANDARDS 
B.S. 4312 : 1968 Flanged steel screw-down stop valves and 

stop and check valves for general purposes 8s. 

from l i  in. to 12 in.'nominal S ~ ~ ~ . ? S B N ~ ? O  00139 31 

B.S. 4318 : 1968 Recommendations for preferred metric basic 
sizes for eneineerine 5s. 

U 

Contains a list of preferred metric basic sires for engineering from I 
mm. to 300 mm. Guidance ir also given on the choice of sizes larger 
than 3Wmm. (SBN: 58000174 1 1  

NEW CODES OF PRACTICE 
B.S. 142 : 1968 Slating and tiling 15s. 

Expands information on materials, divides application of clay and 
concrete plain and single-lap tiling into two seaions and conridem 
problem of condensation. Provides tables dealing with relationship 
of lap and pitch for dates and recommends batten sizes for both 
slates and tiles. Makes recommendations regarding safely and 
general precautions during work on roofs. lncludes an appendix 
giving data far the calculation of thermal insulation. 
(SBN: 58000173 3) 

CP 299 : 1968 Soraved asbestos insulation 7s. 

LOW-LEAD PAINTS 
A new British Standard relating to the permissible limit of 

lead in low-lead paints has been published by B.S.I. at the 
request of the Paintmakers' Association, with the object of 
assisting the implementation of an agreement between the 
Ministry of Health and the Associationoncautionary labelling. 

In accordance with this agreement manufacturers have 
undertaken to label paint products "Do not apply on surfaces 
which might be chewed by children" for all paints containing 
more than l % (with a tolerance of +0.5%) of lead or contain- 
ing known toxic compounds of other metals. The new stand- 
ard-B.S. 4310 Permissible limit of lead in low-lead paints and 
similar materials-relates only to lead content, and provides 
for paints containing less than the upper limit of 1 3 %  to be 
identified as "low-lead paintsm-which are thus likely to be 
suitable for painting surfaces liable to be chewed by children. 

A paint identified as complying with B.S. 4310 may, neverthe- 
less, contain a known toxic compound of some metal other 
than lead, and in this case it should hear a cautionary label to 
this effect. 

It should be noted that in the special case of paint used on 
children's toys the permissible limits of toxic metals are covered 
in the Toys (Safety) Regulations 1967. These are to be extended 
this year to impose upper limits on the content of a wide range 
of toxic metals. The same limits will be incorporated in a 
revised edition of B.S. 3443 Code of safely requirements for 
children's toys andplaythhzgs. 

There are two appendices to B.S. 4310. One gives a reference 
method for the determination of lead in the range of 0.2% to 
2% of lead; the other a rapid method for the detection of lead 
and approximate indication of the amount in the range 1.0% 
to 1.5 4: of lead. 

(B.S. 4310, price 5s.) 

RADIATION WARNING SYMBOL 
With the increasing use of ionizing radiation in applications 

-as. for examole. medical and industrial radiography-and in . . 
the generation of such radiation during nuclear research, in 
nuclear power stations, and by radioactive substances, a need 
arose for a distinctive symbol to indicate the actual or potential 
presence of ionizing radiation, and the first edition of a British 
Standard, B.S. 3510, for this purpose was published in 1962. 

A recently revised edition of B.S. 3510 A basic symbol to 
denote the actual or potential presence of ionizinn radiation 
brings the standard into agreement with 1S.0.  ~ L o m m e n d a -  
tion R 361.* It concentrates on specifying the basic symbol to 
denote ionizing radiation. A number of ancillary recommenda- 
tions which were included in the earlier edition, hut which have 
since proved to be irrelevant, have been removed, among them 
the "skull and crossbones" symbol. 

(B.S. 3510, price 4s.) 
.F361 Bvric ionizing rodktion rynbd. 

O I G B C m I N G  AIR-HEATERS 
A new British Standard-B.S. 4256: 1967 Oil-brrrning air- 

heaters-has just been published in three parts. It will help to 
ensure that these appliances are safe and will give good 
service, though compliance is not of course a guarantee of 
either. Conditions of use vary greatly, and unfIued heaters of 
this general type must be used only where there is adequate 
ventilation; expert advice should be obtained before installa- 
tion. 

Part I-Non-domestic, transportable fan-assisted heaters- 
specifies the construction, operation, performance, and safety 
requirements for both flued and unfIued heaters of this type. 

Part 2-Fixed, pued, fanassisted heaters-specifies con- 
struction, operation, performance, and safety requirements 
for heaters of this type. 

Part 3-Fired, fined, convertor heaters-specifies wnstruc- 
tion, operation, performance, and safety requirements for 
heaters of this type. 

These heaters are all designed to be used with distillate oils 
such as kerosine (paraffin), gas oil and domestic fuel oil. 
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PACKAGED VENTILATION UNITS EDR CLEAN AIR 
AND CONTROLLED TEMPERATURE 

Ventilation Equipment and Conditioning Ltd. offer the 
"Vequip" range of U)-Packaged Ventilation units which 
provide positive pressure filtered air, at a controtled tempera- 
ture. 

l Where the intake air could be contaminated with an 
odour or  fume, the Company recommend the use of the 
models which contain special activated c a h n  fil'ter ele- 
ments designed to remove such contaminants. 

The standard units are finished in a stove enamel light 
blueigrey. Sizes vary according to the duty required and 
the rated output. 

Standard models are available to handle from 200 c.f.m. 
to 4,000 c.f.m. All controls and component parts are easily 
accessible from the front, and simplicity in their removal 
is a feature of these units. 

Filtration efficiencies can be varied to suit requirements in 
the range of 95-99.98":, efficiency down to 5-0.5 micron. 
The activated carbon filter element, when fitted, operates 
in the submicron range and removes trace elements of fume 
and odour molecules. 

Double deflection grilles are a standard feature enabling 
correct air entry without draught, and recirculation facilities 
are provided for by means of a hand set damper, which 
controls the infinitely variable intake;recirculation ratio. 

Further information is available from Berrymede Road, 
Acton Green, London, W.4. 

NEW GENERATOR HAS MULTIPLE USES 
A versatile, new generating set that has a multiplicity of 

uses, is announced by G. & M. Power Plant Co. Lid, 
Whitehouse Road, Ipswich, Suffolk. 

The generator, the RDP Dieselite, is powered by a four- 
cylinder diesel engine of lightweight construction with 
radiator cooling and employing the latest 'Onan' static 
excited alternator. Models are available in ratings of 8, 10, 
12.5 and 15 kW, operating at 120 or 240 AC, either indepen- 
dently or  simultaneously. 

Compact in design--overall length is between 43 in. and 
47f in. and weight from 825 lbs. to 915 1bs.-the generator 
has been developed for a wide range of industrial applica- 
tions as well as hospitals, for automatic operation in times 
of mains failure. 

NEW LOW COST STEEL CENTRAL HEATING TUBE 
Tube Produets Ud, a TI Company of P.O. Box 13, Popes 

Lane, Oldbury, Warley, Worcs., have launched a new low 
cost tinlzinc coated mild steel tube specifically developed 
for close circuit central heating systems. Known as Tru-Wel 
central heating tube, it will be of considerable interest to 
those concerned with central heating installations in hospi- 
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review of new equipment and maferials and their development 

tals, clinics, nursing homes, surgeries and other medical 
establishments. 

Approximately half the price of thin-walled copper tube, 
Tru-We1 tube offers substantial savings wherever it is used 
-as much as f20 on an average domestic central healing 
installation. 

Custom-made for the job and conforming fully to British 
Standard Specification 4182: 1967 for coated mild steel 
tubes for small bore central heating systems, the tin-zinc 
coating applied to the tube positively assists the making 
of soldered joints and gives a smooth, light-grey, corrosion- 
resistant finish which provides an excellent key for painting. 

The new tube can be cut, bent and joined using all the 
conventional techniques and equipment employed when 
handling copper tube. 

Tru-Wel central heating tube is available in five nominal 
bore sizes-+, ), I, If and l+  in.-and is supplied in 20 ft. 
lengths. 

A NEW ADVANCE IN AIR FILTRATION 
Vokes Ltd, Air Filter Division, Henley Park, Guildford, 

Surrey, introduce an entirely new filter material. 
Designed specifically for air filtration requirements, Vee- 

Glass E.C.M.P. is made from 100:& wntinuous glass fila- 
ment by a process controlled by electronic programming 
techniques to produce a media pattern of bonded, con- 
tinuous filaments in interlocked strata of graduated density. 

Vokes, with complete flexible control over their process 
are able, virtually, to dial a media pattem to suit the most 
specialised requirements and they have, for the introduction 
of this new product, chosen four basic media panerns to 
suit a wide range of application. 

VG2 combines in one integral material, both primary and 
fine filtration for general air cwditioning, heating and 
ventilating applications; this two-stage filtration is Vokes' 
standard media. It is available as disposable panels in a 
wide range of popular sizes. 

It is in the automatic filter application that the mmt im- 
portant Vee-Glass feature, the integral laminate of re- 
orientated filament is seen to advantage. 

A feature of Vee-Glass is that all the benefits of this 
purpose-designed material can be introduced to applications 
where filters of odd sizes and shapes are required. 

All grades of Vee-Glass comply with the latest and most 
shingent fire-proofing standards. 

CONTENTS GAUGE INDICATES DEPTHS IN 
PERCENTAGES 

A new style remote indicating, pneumatically actuated 
tank contents gauge, designed to enable zero depth set7ings 
to be adlurted m i t u .  hdcbcen introduced hy t h c ' ~ u ~ &  
Co. Ltd, t a r t  Gnnstcad. Su\sex Called the t G  161 U n ~ % e r  
sal, the gauge is suitable for checking liquid levels varying 

139 



from I to 3 metres in industrial and domestic gas-oil storage 
tanks. 

An unusual feature of the gauge is a dial plate calibrated 
to show depth readings in percentages. Where required, 
however, additional plates can be supplied for applications 
on which it is considered more convenient to read-off con- 
tents in quantities. 

The new gauge is a 'square' unit, and is nomlally supplied 
to suit metric dimensions. Continuous readings are obtained 
with only the minimum operation of its built-in pump, and 
the gauge has a pressure safety device designed to prevent 
damage t o  the measuring element. Adjustment is also avail- 
able to accommodate a range of specific gravities from 0.74 
to 1.00 and for this purpose a separate chart is provided 
with each instrument. 

NEW RANGE OF PHOTO-ELECIWC SWITCHES 
A comprehensive range of industrial photo electric switches 

is now in production under the trade name "Phototect". 
Features include ON-OFF, or OFF-ON switchin& w ~ t h  or 
without time delay; also, units with built in counters and for 
feeding directly into solid state systems. Operational distances 
up to 30 feet. All units can be used on 110, 240 or 440V., 
-5%+15%, 50 or 60 cy., without alteration, and are solid 
state except for the output relay when used. Further informa- 
tion from 'I&e Donovan Electrid Co. Ltd., Electronics 
Division, Birmingham, 33. 

ILLUMINATED NEOPRENE SOCKET 
An improved version of the Briticent 5 amp. 4 way fused 

neoprene socket outlet is now available incorporating a robust, 
long life, neon indicator lamp, mounted in a neoprene shock 
poof  housing, to give the added safety factor of a visual 
indication that the sockets are "live". The sockets are mounted 
in "ring main" fashion within the neoprene case and are pro- 
tected by a 10amp. fuse and the 5 amp. unit is now of a similar 
design to the existing 4 way, 13 amp. unit. It is priced at 54s. 
net trade. 

Further details from British Central El&ical Co., Ltd., 
16/26 Banner Street, London, E.C.I. 

t-in. FLOOR SCREEDS IN ONE OPERATION 
The use of powder and water mix underlayments to provide 

a hard, smooth floor surfacing and levelling screed on which a 
final floor covering can be laid, can now be widely adopted. 
Hitherto, when required to exceed a s m e d  depth of more than 
?F in. it has been necessary to combine the material with a 
filler. 

With Ardit G6, a new powder and water mix oroduct 
mtroduced in Aprd 1968 h i ~ r d e x  Surfaces I td., as an addl- 
tlonal product to Ardit 28. ~t ts oosstble to lav d floor screed 
to a depth of # in. in a single appiication, and &er if a 6ller is 
employed. The material is easy to mix and aoolv and orovides 
a h&& smwth, level surface i n  most types ois"b-floor. After 
beiig laid, it dries and hardens very rapidly and can normally 
be walked upon after only an hour. Thef&& of floorcoverin& 
can commence in a matter of hoursafter screeding. 

Further information from Ardex Surfaces Ltd., Rediffusion 
House, &12, Camden High Street, London, N.W.I. 
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NEW- MODEL IN THE TBL ROOMSTAT RANGE 
An addition to the TBL range of room thermostats has been 

announced by Teddington Antocmt~ols, Windmill Road, 
Sunbury-on-Thames, Middlesex, the British Thermostat 
Company's main subsidiary. 

The new model (Type BD/6) has been designed specifically 
for use with w m  air domestic central heating systems, where 
it is desirable to alter the temperature setting frequently. For 
this purpose a direct action set point control knob is used with 
a three start thread giving quicker adjustment. 

The Teddington TBL Roomstat range on which this version 
is based employs a spring loaded bellows operating a snap 
action micro switch. This system provides maximum sensitivity 
to changes in temperature and the setting of the instrument can 
be seen from the position of the pointer on the range scale. The 
unit is designed to carry a maximum load of 20 A (2001250 V.) 
non inductive and 3 A (inductive) at 0.6 P.F. 

For warm air applications, fine control is obtained by the 
introduction of an anticipator heater into the thermostat. In 
operation, this anticipator obtains a closer control of the room 
temperatwe by causing the sensing element to “anticipate" the 
rising room temperature and switch off the thermostat with a 
minimum of soace temoerature change. The anticipator is for - 
use in installations whcre space temperaturc \ariatlons could 
othrruiw heas muchas 5-10 t. kfxcsufficient heat has been 
passed to or dissipated from the sensing element before the 
switch operates. 

PEGSONIWEDA INTRODUCE A SMALL 
SUBMERSIBLE PUMP 

P-n Ltd., Coalville, Leicestershire, one of the Bentley 
group of companies, have introduced a new and adaptable 
lightweight submersible pump. Designated for L.lOO pump, 
the unit issuitable for continuous operation in a space as small 
as an 8 in. bore pipe and has a maximum rating of 82 gallons 
per min. with a total head of 43 ft. 

Key features of the L.100 are the chrome steel impeller, 
built-in motor protection, integral starter and the minimal 
maintenance requirements. Motor variations are available to 
suit suppliff of 415 volts, 3 phase, 50 cycles; 240 volts, single 
phase, 50 cycles; or l IOvolts, single phase, 50cycles. Complete 
with 33 ft. of cable, it is listed at less than £100. 

''HELhTSMAN" INDUSTRIAL LOCKERS 
This is the largest locker in the "Helmsman" range, which 

has been specially designed by W. B. Bawn & Co. Ltd., where 
it is necessary to have the personal and working clothes 
separated, and to take advantage of the cloakroom heating 
facilities. 

I t  is available either as double or single compartment units. 
both 7 ft. high and 20 in. deep and either 20 in. or  12 in. wide, 
The former has a central partition divider. 

The lockers have a sloping top which is louvred, and 
louvres are also placed at the top of the door, and on the air 
input duct which is formed in the base of the locker. 

Locking is by espagnolette bolt with lock (1800 differs) and 
the finish is anti-rust treated with choice of five standard 
colours. Seats and stands are available as optional extras. 

Further information from Byron Works, Blackhorse Lane, 
Walthamstow, E.17. 
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THE 25th ANNUAL CONEERENCE 
The 25th Annual Conference was held in the City Hall, 

Sheffield, on 29th, 30th and 31st May, 1968. 

The proceedings began with an Official Welcome by the 
Lord Mayor of Sheffield, Alderman Mrs. Patience Sheard, 
J.P., and the Conference was then opened by Mr. L. G. North- 
croft, O.B.E., B.%., C.Eng., M.1.Mech.E.. President of the 
Institute. 

During the Conference a wide range of Papers of a very 
high standard were given and it is hoped to publish some of 
these in the Journal. The Institute is much indebted to all the 
speakers for making the Conference so rewarding. 

THE ANNUAL DINNER 
The Annual Dinner was held on the evening of 29th May 

and among the guests were the Lord Mayor and the Lady 
~ a ~ o r e s s , ~ r .  C. Copple (Assistant Chief ingineer,  ini is try 
of Health), Mr. A. Wotherspoon (Assistant Chief Engineer, 
Scottish Development ~ e p G m e n t )  and Mrs.  others spoon, 
Mr. P. H. Beahan(Regiona1Training Officer, Sheffield R.H.B.) 
and Mrs. Beahan, and Mr. E. R. Haynes and Mr. V. Franco 
(both of the Ministry of Health). 

The President and Mrs. Northcroft welcomed the guests. 
Mr. A. R. White (Regional Engineer, Leeds R.H.B.) pro- 

posed the toast "The Lord Mayor and the City of Sheffield 
and spoke of his pleasure in so doing, particularly as the Lord 
Mayor was so familiar with work in the Hospital sphere. He 
said the Lord Mayor was a member of the Sheffield R.H.B.. 
C hairman of the ~ e a l t h  C'omm~ttee of the Municipal Corpor- 
atlon. 3 member of the C'cntrdl I le~l th  Ser\rcs Counc~l, and 
she had alu,ays been &ply interwed in ser\~ces for theeldcrly 
and the uelfare ofthe handcapped Mr. White cpokc, too, of 
the Lord Mayor's trc.n~endoussontr~bution in the reduction of 
atmo5pherr pollut~on and to the great strdes uhich the C~ty  
of Sheffield had made in t h ~ s  direction and. also. In the tields of ~ -~~~ ~. . ~-~ ~ ~ 

housing and city centre development. 
The Lord Mayor, replying, commenced by congratulating 

the organisers for bringing the Conference t o  ~h&eld and 
spoke of the many attractions the City had to offer, not least 
of which were the tremendous rebuilding schemes, completed 
and in hand. The Lord Mayor spoke of the University, which 
had an engineering department of international reputation and 
a most distinguished medical school and referred, also, to the 
fact that it was Sheffield which gave its name to the largest 
Regional Hospital Board in the country and of the massive 
rebuilding programme in which the Board was engaged. The 
hospital engineer was involved in every aspect of the creation 
of the comnlex machine known as a hosnital and mentioned 
the wide range of duties and responsibilitk which are the lot 
of the enaineer at hos~ital  level. The Lord Mavor concluded 
by expressing the hope that those attending the Conference 
minht find time to eniov the magnificent countrvside and 
historic houses in the surrounding &ea. 

Mr. C. Coople proposed the toast of the Institute of Hos- 
pital ~ngin&r& H; began by referring to the grant of 
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Incorporation on 1st January, 1967, when the Institute took 
over from the old Institution of Hospital Engineers. Following 
Incorporation, the membership had been broadened to appeal 
to the many who had some sort of involvement in Hospital 
Engineering. Mr. Copple spoke of how the Institute had so 
strongly encouraged training in management and said that the 
Institute catered probably better than any other body in this 
wav for the hosoital eneheer and sooke of the Ministrv's - 
indebtedness in this connectton and, also. for the "platform" 
u hich u,as prorided by the lnsritute's Journal. 

The spcakcr referred to thesetting up ofa rzcidr.nt:al training 
centre hy the Ministr) and emphas~sed the importancc of fault 
diaenosis. to which the trainine centre woad devote much 
study. ~e'stressed, too, the real need for the constant feed back 
of information from hosoital eneineers to the Ministw. - 

Mr. Copple concluded by saying that even when the 
National Training Centre had become established, the func- 
tions of the Ministry and of the Institute would complement 
each other within the overall training needs. 

The President of the Institute replied to this toast and said: 
"Mr. Copple, I was desperately afraid you were going to 

start talking about feed back, because I am; but before I do 
that I would like to make a few points about the Institute as it 
is now and as it should be in several years' time. 

"This is a small gathering-it is unrepresentative, because in 
the Institute of Hospital Engineering there should be five 
categories of people. h e r e  s h k d  be<he private consultants 
who are responsible for carrying out major engineering 
designs in the hospital world; there should be the engineers of 
the Ministry who are responsible for that same object and 
Regional Board engineers: there should be the hospital 
engineer (and you may think that at that point I have said 
the lot); but there should be the manufacturers of equipment 
for the Hospital Service. 

"It has been my privilege over the last generation to travel 
the world at frequent intervals and I have spoken to hospital 
engineers in many parts of the world and certainly all over the 
English speaking Commonwealth. These engineers have 
exactly the same problems as you have and they are meeting 
with the same resistance and difficulties. They also must have a 
proper part in the Institute of Hospital Engineering. 

"When you consider these five categories of people you will 
realise that your present size and your present thinking does 
not begin to cover the subject at all. Why is it necessary to have 
a special body of eng~neers" Surely, as eicrybody says, there 
are alrcady loo many institutes and inrtltutlons. uhy hate 
another one? I would refer you to your own programme for 
this Conference. (The subjects for discussion were 'Environ- 
mental Engineering', 'Applied Tribology', 'Medical Electron- 
ics', 'Recent developments in Oil-fired Hot Water Steam 
Boilers' and 'Radiation Protection'.) Where else would vou 
find an engineering body that is &tally interested in .the 
assortment of subiects which are going to be discussed in these 
three days?  here are certain i f  it which will properly 
form the subject for this institution or that institution. It is 
quite impossible to find an institution in the world which will 
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concern itself with all the suh j e3~  we are going to discuss. It . - 
is a great pity, because obviously there is greater strength in a 
larger institute; but nevertheless from these five categories that 
1 have mentioned there are enough hospital engineers to make 
this a VeN oowerful organisation indeed if the fact is realised . - 
by all the parties concerned. 

"What have people to gain? I know that it is easy to say that 
vnn do not ioin bodies of this kind for gain. You join them to ,---- . 
see what you can give; hut by and large you do also join 
because of what you can gain from it and all of these five 
categories can gain. They can gain because hospital engineering 
is the worst conducted prosss industry in the world. It is not 
often thought that medicine and the engineering behind 
medicine is a process industry. The process operators, instead 
of being the brewers or the manufacturers of textiles, are the 
medical staff, operating (in its wider sense) on the human 
frame in one form or another as a raw material. The engineer- 
ing behind this particular p r o m  industry is conducted in a 
way which would be absolutely incomprehensible if it was 
being run as a commercial organisation. You have different 
rnp&bilities for engineering. You haw the process people 
telling the cngineen  hat thcy unnt regardless of u hether it 1s 
right-engineering or not: like the brewers, like the textile 
manufacturers, they will tell you it is because such and such a 
thing has got to be done this way and the engineer has no 
choice. This attitude is changing, as it is changing in all the 
process industries as they are becoming more and more scien- 
tific and as they are becoming less and less rule of thumb. 
When an industry begins to develop technically it produces 
untried engineering methods and it tells the new designen 
whether their untried methods are satisfactory or not. At the 
present moment there is no way in which feed hack goes all the 
way UD to the medical people or to the consulting engineer or 
to iheh.linistry. There is no organised way. 

"I maintain that the obiect of the Institute of Hosoital ~~~~~~~ ~ - -  

Engineering should be to provide a two-way traffic, a platform 
for the eneineer and the medical staff to find out what the .-..- ~- ~ 

result is of the things that they want doing, whether they 
work or not; to find a way of getting the hospital engineer who 
is given equipment that is not quite right and so alters it, to 
find a way for him to tell the people that matter what he is 
doing to make the things work. This is what I mean by feed 
back right through the hospital industry and this, I think, 
seems to be the prime object of drawing into the Institute 
completely these five categories of people. Throughout the 
world there are people who are saying where can I get this 
information. 

"You must not start this Institute by thinking parochially- 
you have got to enlarge this view point to cover the world. 
People want noperation to happen. The Ministry want to 
hear what is happening at the grass roots of hospital engineer- 

Mr. H. A. Adams, M.B.E., Chairman of Committees of 
the Institute, proposed the toast of "Our Guests and Visitors," 
and Mr. A. Wotherspoon (Assistant Chief Engineer, Scottish 
Development Department) responded. 

INTER-REGIONAL TRAINING SCHEME FOR 
I'OTENTML GROUP AND HOSPITAL 

ENGINEERS 
This scheme, fint reported in the February 1968 issue of 

THE HOSPITAL ENGINEER, becan with an introductory 
course in Mansfield on 10th June. 

As a result of the nation-wide advertisements, direct 
enquiries to all Regional Boards and Boards of Governors, 
and a special announcement in the March issue of THE 
HOSPITAL ENGINEER, 90 applications were received from which 
30 candidates were selected for interview by a selection panel 
drawn from the three organising Regions-Birmingham, 
Leeds and Sheffield. 

Finally, twelve candidates were selected for training and 
are being sponsored by the Regions in which they elected to do 
their practical training. These are: Birmingham 4; Leeds 4; 
Liverpool 1 ; Manchester 1 ;Sheffield 2. 

The twelve month wurse is made up broadly as follows:- 
Introductory Course l week 
Technical Lectures 7 weeks 
Management Courses 3 weeks 
Review Courses l week 

Special Practical Courses at Cardington for:- 
Boiler House Practice 2 weeks 
Air Conditioning 2 weeks 
Electrical Installations 2 weeks 
Diesel Generators 2 weeks 

Practical training attachments at selected hospitals in the 
respective Regions are arranged in conjunction with the above 
co&es and &upy about 29weeks. 

The course finishes on 9th June, 1969. 

SOUTHERN BRANCH 
The 128th meeting of the Southern Branch was held on 25th 

May, 1968, at Coldeast Hospital, Sarisbury Green. 
The meeting was opened by Mr. W. A. 1. Whiffen, Chair- 

man of the Branch, who gave a talk on Basic Air Conditioning 
Theory and the use of Psychrometric Charts. 

The construction and general layout of air conditioning 
plants was h t  discussed, taking into account Ntering, pre- 
heating, washing and the necessary air changes involved. 
From this followed the use of the Psychrometric Chart and 
how the requisite temperahue and relative humidity could be 
worked out in coniunction with the automatic controls fitted . ~ 

~~ ~~~ 

. 
ing from the hospital engineer. Now, not only is it necessar Y 

n the plant. 

or the Institute to strengthen itself in numbers, but it i's Diagrams and charts were produced and explained, and the 

, [ ecessary for the branches of the Institute to be live centres of - talk closed with a discussion period. 
i iscussion. Not only is this necessary but it is imperative in any ' 'cr At the business meeting which followed, copies of the 

trainingscheme which takes place, either through the Ministry brochure "Going Metric - First Stages" were distributed to 
or with the help of the Institute. It is most important that any members. 
training scheme or national conference is a tweway traffic, Mr. H. Fotherpill, who had been succeeded by Mr. R. G. 
not from them to you but altogether in discussion and in Smith as an Area Member of Council, was thanked and 
detailed informed discussion. I believe that this Institute hasan applauded for his past service over eight years as a Member of 
enormous part to play throughout the hospital engineering Council. He, in turn, thanked all concerned for the support 
world and Mr. Copple, sir, 1 thank you for proposing our that he had been given. It was agreed to invite Mr. Smith to 
toast." attend the September meeting of the Branch. 
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Mr. Fothergill stressed the importance of attending th 
Annual Conference. Strength in numbers was of great moment 
and facilities were open to members to obtain leave of absence 
from H.M.Cs. 

The Chairman gave a risumt of the papers read at the 
Oxford Five Branch Meeting and stressed their quality. This 
subject was discussed at length. 

JOINT SCOTTISH BRANCHES 
It has been announced by Mr. .I. Cadenhead, Hon. Secretary 

of the Glasgow Branch, that a joint Scottish Branches 
Conference will be held on October 3rd, 4th and 5th. 1968. 

Detailed arrangements are being worked upon and will be 
published in these pages as soon as they have been completed. 

PERSONAL 
Mr. G. D. Ashley has been appointed a Hospital Engineer 

with Chesterlield H.M.C. 
Mr. T. Button has been appointed Hospital Engineer at St. 

Woolos Hospital, Newport. He was an Assistant Engineer at 
St. David's Hospital, Cardiff. 

Mr. T. Casey has been appointed Hospital Engineer to 
Herts and Essex Hospital, Bishops Stortford. He was an 
Assistant Engineer at Princess Alexandra Hospital, Harlow. 

Mr. W. L. Gilbert has been appointed Hospital Engineer at 
Wexham Park Hospital, Slough. 

Mr. P. Kernahan has been appointed Group Engineer to 
the Isle of Wight H.M.C. 

Mr. W. G. Richards has been appointed Group Engineer 
to the Welsh Border H.M.C. 

Mr. A. Gilmour has retired as Regional Engineer to the 
Western R.H.B., Scotland. He is succeeded by Mr. K. W. 
Wilson who was previously Deputy Regional Engineer to the 
Newcastle R.H.B. 

results. In hyperbaric oxygen chambers, enough oxygen 
has been dissolved in the blood plasma to maintain life 
and speed recovery. 

Neonatal Asphyxia 
Treatment in a hyperbaric chamber has been proved to be 

effective in resuscitating a new-born infant which fails to 
breathe spontaneously. The time between birth and h t  

respiration should not be more than four minutes. While it is 
not always possible to obtain the services of an anaesthetist 
within that time, a nurse can begin treatment in a neonatal 
hyperbaric chamber without any delay. 

Shock 
This may result from loss of blood, injury or other causes 

including coronary occlusion. It results in a lack of blood for 
effective circulation. By saturating the blood with oxygen, 
hyperbaric treatment has been shown to counteract the effect 
of anoxia in the brain and other tissues and relieve the work 
load on the heart. It helps to improve the blond circulation 
and quickly restores the patient to a state in which further 
treatment can be given. 

Plastic Surgery 
Hyperbaric oxygen has been of great value in preserving a 

graft with an inadequate blood supply until a sufficient supply 
of blood is established through natural processes. 

Burns 
Here, hyperbaric oxygen treatment has stimulated healing, 

reduced infection and helped to prevent the death of tissue 
which has been injured but not destroyed. 

Infections 
Hyperbaric oxygen has revolutionised the treatment of gas 

gangrene, a frequently fatal infection which, in the recent 
past, has resulted in the closing of operating theatres at 
hospitals because of outbreaks among patients. 

The new treatment has been effective both in limbs and in 
the pelvic condition which was previously almost always fatal. 
With it, recovery is now quite normal, and the once-common 
amputations should no longer be necessary. 

Not only has human suffering been relieved; stays in hospi- 
tal have been shortened. 

Thmmbosis, Embolw and Spasm of Blood Vessels 
When a blond vessel is blocked by a blood clot, a gas 

bubble, a fragment of tissue or muscular spasm, the tissue 
supplied by the blond vessel is deprived of oxygen and 
deteriorates rapidly unless the condition is relieved. While 
hyperbaric oxygen does not usually cure the underlying 
conditions, it has been shown to maintain the tissues in g o d  
condition until corrective action such as surgery can be 
carried out. 

PIPE BENDING 
ALL METALS UP TO 4in. DIAMETER COPPER CALORIFIER 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 9455 

I 

J U N E .  1 9 6 8  143 



Alkaline Batteries Ltd. . . .  - 
Allied Ironfounderr Ltd. . .  - 
Aluminium Wire bCable Co. Ltd. Front Cover 

Angle-Swedish Electric Welding Co. 
. . . . . .  ~ t d .  Cover iii 

. .  A. P. Green Refractories Ltd. - 
~ s s ~ c i a t e d  M a t r l  Works Ltd. . .  
Auto Diesels Ltd. . . . . .  
Babcock b Wilcor Ltd. . . .  - 
Beaumont. F. E., Ltd. . . . .  
BIaekmone b Co. Ltd. . . . .  
Bownes b C o .  . . .  - 
British Castors Ltd. . . . .  - 
British Oxygen Co.. Ltd. . . .  

. . . .  6riti.h Paints. Ltd. A.2 
British Rototherm Co., Ltd . . . .  - 
Brown, Donald (Brownall). Ltd. . .  
Cslomax (Engineers) Ltd. . . .  - 
Cap-aft Ltd. . . .  

. . .  Cam Electronics Ltd. Cover iii 
Cementation Co. Ltd. . . . .  
Cohen. Gaorge. Ltd. . 144 

Davidron b Co.. Ltd. . .  
Designplan Lighting Ltd. . 

. . .  E.D.L. Industries 
Electro-Hydraulics Ltd. . 

French, Thomas, b Sons. Ltd. . .  
G.E.C. (Electronics) Ltd. . . .  
G & M Power Plant Co. Ltd. A.2 

Gas Counci1,The . . .  - 

Hamp-n Industries Ltd. - . . .  
Hoban Manufacturing Co. Ltd., The . - 
Hodgkinson Bennir Ltd. - . . .  
Homa Engineering Ltd. . . .  - 

. . .  ~ ~ n e y w e l l  Controls Ltd A.7 
Hume Atkinr b Co.. Ltd. . .  
Jackson Boilers Ltd. . . .  
Jackton Enginetlring (Beckenham) Ltd. - 
John Thompron (Shell Boilers) Ltd. . - 

Kenyon. Jomes, b Son. Ltd . . - 
. .  KBI copper a sheet Metal Co. 143 

Lime-Free Water and General Services 
Ltd. . . . . . .  

Lirtar, R. A.. b Co.. Ltd. - . . .  
. .  Loughborough Oven Works Ltd. 

Manders Paints Ltd. - . . . .  
hlanlove. All iott b Co.. Ltd. Bask Cover 

Marconi International Marina Co. Ltd., 
T h e .  . . . . . .  - 

Mallor Bromley (Air Conditioning) Ltd. - 
. .  Mult i tone Electric Co. Ltd.. 

. National Chamrsarch (U.K.) Ltd.. - 
. . . .  National Coal Board - 

NewaIIs Insulation b Chemical 
. . . . . .  Co. Ltd. A.9 

N i f eBmte r i a  . . . . .  - 
. . .  Norman Engineering Co. - 

. . . . .  Permutit Co. Ltd. 
power Utilii iea Ltd. . . . .  - 
Radiation Catering Equipment Ltd. . A.8 

. . .  Riley (IC) Productt Ltd. - 

. . .  Rvl ton b Hornsby Ltd. 

. . . .  sanderron Textiles 
Siersx. Ltd. - . . . . . .  

. . . .  SK Instruments Ltd. - 
. . . .  spirax-saroo ~ t d .  A.4 

Steelwry Ltd. . . . .  
. . . . .  SUIZO, Bros. Ltd. A.10 

. . . .  Ten, G. S., b Co. Ltd. 
Thackray. Char. F.. Ltd. . - 

. . . .  Tile F l oan  Ltd. Cover iii 

. . . . .  Tronwsll Ltd. 
. . .  Tullis, D. b J.. Ltd. Cover ii 

universal Machineryand SarvicesLtd.. - 
. .  Venesta Manufacturing Ltd. - 

Wandsworth Electrical Mfg. Co.. Ltd. . A.l 

. . . . .  york shipley ~ t d .  A.2 

Pvbllrhcd for The IortitutcocHorpiW tagin=rinp by John Marchant Pubiicatiaol. Ltd. 
Psioted by The Hillingdon m (King & Hutchins Ltd.). Urbrids. Middlacr. 



SITUATIONS VACANT 

BURNLEY AND DISTRICT 
HOSPITAL MANAGEMENT COMMI'ITEE 

ASSISTANT ENGINEERS (Three) 
to arrbt tbe Gmup Engiwer in h operation aod planned 
mahlmpnre of tbe nyimring or CleRlid selvirrs. 

Qodidaten must bave completed an apprmtieerYp in 
m e b a n i d  or elslrieal cnineerine or amuired thoroueh - 
prrnird trainiw in h p i t a l  or similar roaintPriw r-R 
and b l d  the Urdinan NilGuoal Cdfira te  in Lnpimring 
or an tquiralml quliira(ian appmwd b! I h  Minbln 
d Healtb. 

Salan;-f917 rising to £1,270 per nnnum (addilioiooal 
i n c m  above tbe minimum may be awarded for 
&v- experience). 

Appliratioo foms and defn i  obtainable from tbe 
Gmup Secretary, k d e ?  General H o d ~ l .  Closing date 
for applications 25th Id>, 1968. 

EAST BIRMINGHAM HOSPITAL 
MANAGEMEhT COMWTTEE 

DEPUTY GROUP ENGINEER 
f i , n o  to LI,L?OS. 

For p b  dpscrip(ioo end application fwm apply to 
Group Secmtary, 45 krd&y G m n  EasZ Biming- 
bun 9. 

(%sing date for applioltions Uod July, 1968. 

1lik H(~FI'I'AI. M R  SICK CHII.L)RFS 
CHEAT ORMOND STREET, LOhDON, W.C.I. 

HOSPITAL ENGINEER 

Applications are invited for a new pat of Hospital Bwineer. 
The m d u l  applicant wi l l  be d i d ,  mpoosible to tbe Gmup 
E* for all coginprring sprrieR aod planned maintenance of 
G m t  Ormond Stred nod its counhv branch homital at Tadwo* 
Sulre)., sod bave some respo&- for semi& h tbe lmtitute 
d C M  Health, a d u a t e  medial school of tbe Univeds  of 

Plefmnce a i U  be given to applicant3 with a H i g h  Natiotiomal 
CertiGcate or Higher National Diploma in m&oieal or elffhlenl 
-gin-g with e n d o m o t 3  h Iudurtrial Orgmidhn and Mao- 
aeemro+ Minimum qmklieatiols sbould indude one of tbe follow- 
& or m rppmved e&ivaknt:- 

0) PaE~bm=kal i n E $ y z t  C$ 

Works Service; or 
(i) Cie and Guilds Certificate in Plmt Engineering; or 
(G) Mioistry of T m p o r t  F i d  Cku: CeltiGmte of Competency if 

it indudes an Ordinary National Certificate. 
Sdav will be on tbe scale £1,29241,500 pa. pia\ Loadon 

Weighhng of £75 p.a., increasing on 1st September 1968 to £1,370- 
£l,wO pa. plos London Weighling. 

Applicnti0ll-i naming two reirrpes should be sent to tbe House 
Governor b? 10th August, 1968. 

SI .  HI.I.kfiA CROL'P HWAl'AL 
MASAGI'MENT COMMlTlEE, COI.CHISTEH 

will be based and wiU baw resporaibi&s throughout ibc Gmup. 
Experience is required h the management of m h i c n l  nod elec- 
hkal engjnerdng plant and in tbe eontml and deplo>ment of al. 
Applieant3 m m  be qualified in accordance with P.T.B. Circular 
191. Furtber pttieulars available on request. 

Salary a a k : ~ l , 3 1 0  to £1,605 per annwn plus U00 for spffisl 
mosibil ihk.  

i n  unfumicbed bouse can be made available if rmnired. -~~ ~ 

Appbtiols ,  stating age, qualifications and espri- rith tbe 
m- of thre rcferea to tbe Gmup Secretary, St. H k  Gmup 
Horpanl Manqement Committee, 14, Pop's Lane, Colebater, 
E m ,  not Ms than 27th July. 

ST. JAMES' HOSPITAL MANAGEhiEM COMMlTFEE 
rnRTSM0UTlI 

Applications m invited for tbe post of HOSPITAL ENGINEER 
at St. l-' Haspilal, Po16moutb (950 pslhiabie hds) which will 
h o m e  r a a o l  oo is( Ocfober, 1968, fdlowiw rr(irrmcot d prrreot 
bolder Clodidater m& bave a sound hodedge of stem-nbiog 
o(nn~'bmtio. rod domestic bot water a-: base smed  no --, --p- 
spprentimhip in mcc6aoieal or deetrintl m g h e e d g  and -:: 

(a) Higber Nstiooal Certi6catc or Eghm National Diploma m 
Mechanical Engineering with mdorsanent3 h lnda\trhl Or- 
gaoirntioo and Mamagemcot and Prioeiplrs of E- or 
Ekctm-Tceboology, if tbiF ns not tatm as a sob+ of &E 

m-; OR 
(b) Higher Natioonl + t i f i F e  or H i g k  Nntiwnl Diploma h 

Elcelrieal Eagioermg nrtb mdoraoent3 m lnddrid 0- 
staa and M-emem nod imhdim (at S.Dl or 0 2  WeI, or 
with endorsement iq) Applied Heat nod A p e  M e d w + ,  
p r i d e d  be h s d b k  p n r h a l  -MU m m m  
eodeerine: OR 

(C) 6 rod -~uilds Mecbpaicnl E n & e + g  Techkhm Full 
~eebnologb l  CeltiGrate W whch m& h M e  M 
Mainlemaoce and Work S-. 

For appkption-forms nod fmthr detpilr @ease apply to the Gmup 
&retap, St. lames' Hospital, Portsmouth. 

ASSISTAM ENGINEER rrqmred. Candid* m w  bold Lhc 
O N C .  in rnecbnk l  or el-al e n g k e k g  or similar q d -  
ficatiom mmgmised by the M k w l r ~  of Healtb. H o e  accommoda- 
tin available at r rasonable rental. 

Salary scale £917 rising to £1,192 per mum.  
Applications to Hospihll Secretary. 

MISCELLANEOUS 

Stetbosmp Headpbona and PiOorpbonesFor pll Re- rod 
~ ~ ~ ~ r i - ~ o r t r s b o p s  for tbe Disabled, Nor(bcm Road, Cosham, 
Pommoutb. Tekpbone: Cosbun 76533. 

ClRCULATING PUMPS and Steam Turbioa. Cbm e u 4  
electric and slenm, E- lad -ice. TURNEY T U R B G S  Lfd., 
67 Station Road, Harmw. Tel.: 1355 and 3449. 





WELDING--  
A n y w h e r e  - A n y t i m e  

For Reliable Repairs to 
Boilers (incl. Retubing) 
Pressure Vessels 
Iron and Steel Castings 

Mobile Plant for Site Work 
Manufacturers of :- Tanks, Chimneys, 

Bunkers, Air T ~ n k h g ,  etc. 

HEAD OFFICE and WORKS: 
Dreadnought Wharf, Thames Street, 

Gremnieb SE10 

Greenwcb 202415 

W E L D I N G  C O .  L T D  
Glasgow. Newmstle, Leith, Lircrpool 

LEVELTEX 
SCREEDING C O M P O U N D  
is a means of levelling uneven surfacer, i.e.. concrete, 
granolithic, floorboards, tiles, flagstones. brick- 
paving. etc., to receive floor-finisher such as linoleum. 
carpets. woodblock, parquet, cork-tiling, etc.. wi th 
a minimum of thickness, and can be laid from $ " t o  :" thickness and can be trowelled t o  a "feather- 
edge." Setting t ime is appmximately 5-7 hours and 
hardening time 12-14 h o u n  according t o  atmospheric 
conditions. 

Used by mony Horpi~olr thmughaut the country. 

Write for particulorr to: 

fiG% TILE FLOORS 
(INDUSTRIAL) LTD. 

YEOMAN STREET, 
LONDON. S.E.8. 

T d r p h o w :  &rrnondrey 3237 cull! 
M Nurse Call W Patienl Call M Radio and TV 

Intercommunication M Wireless Staff Location 
I CASSCOM now installed at: 

I Nem Cirv General Horoird. Stoke-m-Trent. 1 . . 
I- I 
For your new Nurse Call System - call in Cass. - 

CASS ELECTRONICS LIMITED m Chertsey. Surrey. (Chertsey 3481). 
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H Speed Sterilizer - 

the '1 03' and '1 43' are the safest ~ 

sterilizers yet developed. 
Let us send you details. 

Manlove Alliott & CO Ltd 
P.O.Box No. 81. Bloomsgrove Works. Nottingham 

Telephone: Noningham 75127 (3  lines) 
Telegrams: Manloves. Nottingham 

London Office: Warwick Road. Hampton Wick, 
Kingston-upon-Thames. Surrey 

Telephone: TEDdington Lock 3307-8 


