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P R E F A C E  T O  S E C O N D  E D I T I O N

I.U'i; application of ;jtnt.ornafc;ie tempemtii i.'Cheon(rollers for laboratory 
;uiH industrial purposes haw mnp&ased tremendously daring the past 
low years, and is likely to continue to do so, Design lias 
^jncspondmgly improved.

Grentoj attention Las boon devoted also to determining the basic 
|jjineiples of ternpe.ra.ti ire-eon fro I. In  v iow o.i the increasing cotiv 
ploxity of the subject, the mam objectives towards which oilort.s:urc 
being directed at preterit are ; -

(a ) Gj establish a nomenclature winch will foe generally accept­
able ;

(ft) J.o classify illo processes to be controlled mid the nit-[-hods 
of Control ;

(c) I q develop a theory of temperah ire-eon i.rol in terms of limo- 
eonstouts which will yield solutions Lo practical problems. and 
which. will deline a 1' figure of merit 3 to describe the ell’ecti.ve- 
m?ss of a given method of control in a given prone as.

A number of contributions to the sub]cut have been made. As, 
however, these theories ure jgot as yet snfliciently cfomp^eheusive, ct 
Sital discussion of the subject is not possible. Some of the mure 
|mporta.nt views put I or ward have been included in the Appendix ; 
and the leader who wishes to pursue the subject further .is recoin- 
meiided lo ddM ilt the original papers, which are listed at the end 
of the Appendix.

11 is hoped that this now edition will give the reader some indication 
of the progress that has been made in recent yours h i  various aspects 
of the subject. I t  may bo emphasized here that, an instrument cannot 
of it&elf be expected to provide (he solid mu to a problem of 
tempo rah ire coni £ol, but is rnerply a scientific had employed lo help 
solve tbe problem.

I tolerances Lu the iifccnifcine of the various types of regulators are 
given at tbe end o.f the respeofive ( liaptors.

It, tb
feWANSEAj

J)ec§inber) HMI.
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THERMOSTATS
AN1> TEMPERATURE-REGULATING 

INSTRUMENTS

8

I N T R O D U C T I O N

T h e  maintenance of a constant tern perat u re -value is a necessity in 
many lechnival processes and laboratory experiihents. The tem- 
} ierasure to be eon Urol led ami the closeness of control will vary widely 
in different Circumstances; in all cases, however* the basis of control 
is the same. Random disturbances affect (lie temp main re, and it 
is necessary to employ some form of thermostat if the temperature 
is to be maintained at a constant value* Three main components 
have to bo considered in connection with the thermostat*

I t  is necessary, in the fir's!; place, to measure or ascertain the 
value oi the temperature by means of a pyrometer or 1emperatu.rO- 
sensltive element ; very frequently too much is expected of the 
pyrometer. I t  must nut be forgotten that i£ contact ” pyrometers 
measure the temperature in the immediate vicinity of their hot tip 
or bulb, and not the general temperature of the oven or furnace, 
although they arc sometimes affected by their surroundings as a 
result of radiation, in a well-insulated space, such as can be arranged 
under laboratory condi f umfe, this variation of temperature should of 
course be extremely small, or negligible., but in. industrial furnaces 
there may sometimes bo large temporalm e-gradienta. It is essential, 
t. her of ore s that the pyrometer or wuxiiive dm nm t be placed in the 
correct position, so th at the temporal ore measured is the true one, 
nr a t  ieast hears a constant, known relation K> the true value*
Various forms of sensitive clement arc used for automatic temperature 
regillation, and these ace dealt w it h  jn  the text.

The second component that lias to be considered is what may 
be termed the control gear. This component reacts to the changes 
tailing place in the sensitive element and alters the amount of heat 
liberated by the third component, situated in or around the Controlled 
space ; thU last component, may bo termed the heating element-.

The correct relationship between these three components is the 
basis of successful temperature-control.

i l W ^
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When there is a change of temperature in the controlled space, 
a per tain tim e must elapse before the sensitive element, which records 
tills change, acquires the new temperntiire, When this occurs, the 
control gear is set in operation to regulate the amount of heat liberated 
by the third component. The regulator is not able to stop thh 
operation as soon, as enough adjustment has been made, because of 
the limedng, The shorter the time required, for the space to return 
to the normal value compared with the tune-lag. the further will 
the temjwrftture overshout before tho regulator responds to the 
Condition when the space has reached the normal tem j>eratiire-value. 
There is a danger of setting up an oscillation of increasing amplitude 
if the rate of return fu normal value is too rapid. Complete 
elimination of fluctuations of temperature would, of course, dispense 
with i.Jhc need for the apptopriate bbnti'oping an lions.

Three factors influence the rate at which the regulator changes 
temperature : (a) the temperature of it® surroundings. (£} its own
temperature, and (r) the “ setting 51 of the control median ism.

The operation of the control mechanism migfjt be arranged to 
depend either on the amount by which the temperature departs 
from the control fed value, or on the rate of change of temperature. 
Possibly the second differential of the temperature with respect to  
time might be used, or an integral, or some function of these, Again, 
these latter might be used to decide the sotting of the control mechanism 
or the rate of change of setting, etc. There are many complex possi­
bilities.

Let us now assume a. simple case where the therm ostat operates* 
os explained in Chapter XI, by the movement of a column of mercury 
as the result of temperature-changes. Tlie make-and-break of the 
circuit occurs between the mercury and a wire placed near its  surface. 
Make and break seldom occur a t the same level, due to various causey 
such ay contamination of the mercury surface, surface tension, and 
other effects. There is a 11 backlash. ” ; and u hunting ^ of the 
temperature over the range of the backlash is unavoidable. An 
alternative method of control is to make the action continuous by 
arranging for the resistance to change eonlimioEisly with the level 
of mercury instead, of from infinity to  isoro, as in the make-ami- 
break system, A similar continuous action lakes place in a form of 
thermostat frequently used fur controlling gas-supply (p. la }.

Consider mg next the heating element in relation to the Other 
components : as the heating clement has a certain, heat-capacity, 
it will require tim e to cool down or heat up from a particular tempera­
ture. In  the meantime (as we have soon) the temperature of the 
space will have continued to rise or fall, and with it the temperature 
of the sensitive element.

The resultant effect of all these actions is a swing from side to 
side of the required controlled temperature. Time-lags of several

9
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minutes may occur, particularly under industrial conditions. This 
hunting or periodic fluctuation 6f the temperature cine to the 

heater, etc. may be minimised by bnproving the thermal contact 
between the heater and the sensitive element. In practice this, is 
usually done (when the construction; allows) by vigorous circulation 
or agitation ol the medium in which the two components are placed;. 
A further step has been taken in one type of therm ostat (p. 4-J-) by 
placing a part of the sensitive clement very close to the heater, and 
in a direct stream of air from it, The tendency in this design iy to 
control the moan temperature of the heater. The final step is to 
identify the heating and sensitive elements by u&ing the one for both 
purposes. As will l>o shown later in the discussion on the theoretical 
aspects of temperate re-control, this method in certain circumstances 
is not always advantageous.

J ^ T l t O U U C T L O ^  %
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CHAPTER 1

THERMOSTATS EASED ON THE EXPANSION OF GASES
WITH TEMPERATURE.

Ga .̂es pave the largest coefficient of expansion of known substances, 
and there is relatively little difference in the magnitude uf the co- 
effioiont for different gases.

When line of the permanent, gases is used as the expanding 
medium in a thermostat, the temperature -range over which the 
instrument is applicable is limited only by the strength and porosity 
of the envelope at high temperatures. The number of forms of 
thermostats of this class is comparatively small, partly because high 
sensitivity can bo obtained only with difficulty, aud partly because 
the instrument has to be of the scaled-in 11 type to avoid the effect 
of changes of barometric pressure on the volume of the gas in the
thermostat bulb,

The simplest form of this type of thermostat consists of a vessel 
containing the expansible gae, which is inserted into the space to be 
controlled. The change of volume of the gas with change of tempera- 
lure causes movement iu-a column of mercury, thus ma-king or breaking 
—either directly or through the medium of re Lays -an electric circuit 
controlling the heating of the space. The vessel which contains the 
gas should have as large a surface area as possible, fund have sufficient 
volume to rediice to negligible amounts the effect of room temperature- 
variations on the eapiikny and contact-tube volumes. The range of 
temperature-values which can be controlled with this type of instru­
ment is great, but the sensitiveness is not high nor easily increased,
Fig. 1 shows dmgrammatioally a form of regulator of this typed 
A bulb E  is filled with hydrogen and communicates with a mercury 
column contained in a barometer tube. The bulb is usually placed 
in the heated space* and the barometer tube outside, into the walls 
of the tube are sealed two platinum wires A  and ft, serving to lead 
the current into and out. of the mere my respectively; the mercury 
ie ill series with the electrical heating circuit.. The circuit breaks at 
the junction of hydrogen and mercury at A . The mercury does not 
tarnish, since no compound of hydrogen and mercury forms on 
sparking. A point of advantage with this form of thermostat is 
that regulation of temperature is independent of variations of atmo­
spheric pressure, becanso the gas is completely enclosed. The regu h«.f>< >i

4
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is not free, however, from errors due tg variations in room tempera­
ture unless precautions are taken to select suitable capacities for the 
bulb and connecting-tube, and to  ensure the correct volume of mercury 
below- and above the level of tire platinum contact. Nevertheless 
these errors are not large;

J he height of the mercury in the contact tube a t A t and consequently 
the temperature at which make and break occur, are regulated by 
means of the lower stopcock, The tube is furnished with two small 
bulbs (J and J ), The mean pressure in the largo bulb E  is so chosen 
that tho mercury in the top bulb D occupies about half the volume

r
Cylindrical bulb

Cold
bulb

F ig , I. G&s-cjtjpnasion 
tberniastai.

Fiffl, 'i. — J.5rilitipin of the Haugktmi-Hjiiison 
tihcnuoskt' fi)i ipjii;il iLcsigip.

of this bulb. It is convenient to make the pressure of the gas in /£ 
about equal to mean atmospheric pressiu'O ; the length of the vertical 
tube is then that of an on 11 nary barometer tube, s<> that possible 
leakage of hydrogen tlirough defective taps is minimized. The 
lower small bulb C would supply sufficient mercury to fill tho upper 
small bulb D in the event of overheating, without allowing tho lower 
level of tho mercury to be depressed to the bottom of the tube ; 
il Lb is happened,, hubbies of gas from b) would pass over and destroy 
the Vacuum on the Upper bulb D.

Haughlon-Hanson Thermostat. Ail instrument of this class 
which is fairly extensively used in laboratory work is the Ha ugh Ion- 
Hanson 2 type of thermostat (Fig. 2). lu  principle this thermostat 
consists of a double-walled silica vessel (known as the “ hot ” bulb),
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■which is well lagged thermally and wound on the outside with resist­
ance wire for heating purposes. The air space between the two walls 
is connected by capillary tubing to a- LJ-tubc containing mercury 
in which suitable electrical contacts are sealed. The other side of 
the U-tube is connected to another bulb, referred to as the Li cold 
bulb. This latter bulb is kt[jt at a constant temperature, and serves

eliminate the effect of variations of atmospheric pressure on the 
system, since if makes the system totally enclosed. Fluctuations of 
temperature m the 11 hot bulb cause changes in the air pmrtmre in it, 
resulting ill displacement of the mercury in the U-tube. An electrical 
oitcuit is completed or broken. which has lit it a relay controlling 
the current Mowing in the furnace winding. Wince this thermostat 
was introduced, details of t lie apparatus have been modified and 
alternative designs suggested for some of the parts. The more 
important of these will now be considered.

M odified U-tube*—The form of control tube at -present- used is 
shown in Fig. 3, The tube A is connected to the £i hot bulb and 
B  to the c< cold bulb. 0 is consulted to a slow-heating and cooling 
device ip be described fetor. The ends of the tubes D  and bT are 
connected b,y rubber tubes to thistle funnels, with the aid of which 
mercury can lie lot into the U-tuhe and into 1)> The latter adjustm enta 
enables the controlled temperature of the thermostat to he altered 
to a sin all extent by means of small changes b| the air pressure in 
the hot ” bulb. Ad mil ting mommy into 1) raises the pressure hi 
the bulb and causes the temperature to fall hlightly, llemoving the 
mercury has the reverse effect, It- is advisable? to give the furnace some 
time, preferably about. 24 hours jf heated from the cold, to allow steady 
conditions to be attuned before making fend temperature adjiistments.

On cooling tho thermostat, from high temperatures to, say, room 
temperature, mercury in the U tube lends to he sucked back into the 
" h o t  " bulb unless precautions are taken. It is obvious, of course^ 
that in hearing to and cooling |oin the control temperature, t he Imlb 
should bo put into communication wit h the atmosphere by suitable 
manipulation of the taps, but in the event of inadvertent wide 
fluctuations of temperature ajf this order, sucking-h ick  is liable to 
occur, If the limb of riie U-tube is more than large enough to take 
the whole volume of mercury. then the air Can find its way past the 
mercury column ; this, however, is not a complete safeguard against 
tucking-back, and it is advisable to provide a trap, which may take 
the form of a porous diaphragm interposed in the tube, or a means 
of obtaining a- complete change in direction of the air-stream, as 
Miustrated at K  in Fig. 3, These traps arc not, h o w e v e r ,  completely 
satisfactory, and the safest procedure is to remove the mercury 
from the U-tube (by opening the tap at F  after lowering the thistle 
funnel connected to it) before opening any part of the apparatus 
to the atmosphere.

M r
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A further point (o hr guarded against, Is that the U-tubo should 
not be subjected to possible heating by direct sunlight, for this may 
heat one limb first and then the other during movement of the sun.

<Jontamillation of the mercury due to sparking at the contact 
surface can he a troublesome feature, causing erratic working of the 
thermostat. The sparking pan be minimised by introducing a con­
denser in parallel with the Contacts,, or bettor .still a West high ouse 
rectifier across them ; but the effective remedy Is to decrease the 
current that lias to be broken at the contacts by the use of a 
thermionic valve or similar relay, as described later (see p. 24).

UA S- lSXI’ A NSrON  T i n s  JAM OH T ATS 7

FlC, ClPlltroI ItlliO f[jr : 13L*fLl
Hfuj }j h ti i m - IT: f£m n i th cfUfl 06t« l.. 
(All iliin c ifl^h s  in fcentiijietree-)

v lti. ■ I i :■ i it.

Rfrde&ifj)ie,d F&nns o f £t ('old ” J Ju Jb -  -As previously stated, the 
temperature of the "co lt! " bulb should be kept at a constant value. 
For short periods of time, this can be done most effectively and 
efficiently by immersing the bulb in melting ice contained in a  thermos 
flask, When, however, the furnace is to be used for longer periods 
than that during which the ice will remain mi met led in the flask, 
it- >s necessary to use other piethocls. On.e of these methods is to  
enelosej the bulb in a liquid the tempo rapture of which is controlled* 
In one form the inner ghiss hufb A (Pig. 4) is connected to the U-lube, 
and the annular space between it and the outer bulb B  is filled with 
mercury. The mercury just rises into tile small bulb <7 when the 
apparatus is at the lowest temperature it is likely to reach when not 
in use. The space above this is filled with hydrogen. The bulb Z>-

14 ULTIMHEAT®
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enables the mercury to rise in the tube connecting (J and I>, without 
an excessive accompanying rise in pressure in the hydrogen &tmn 
sphere. A platinum wire iC reaches into the tube joining 0  and D 
and makes contact with the mercury. A second platinum wire i:‘ 
makes contact with the mercury in (lie bulb, '{’lie tube 0  is used 
for tilling the apparatus and is then drawn off so an Lo leave it about 
2 cm. long.

The outer bulb !i carries a heating winding over the lower two- 
tlurds oi its lengih. the I’osistanw oi the winding being about fid ohms

tor i lO-volt Btipply. This is in 
scries with a film-ohm resistance. 
W h e n  the mercury makes contact 
witlji the upper platinum wire, 
the heating coil is shunted by a 
45'fihm resistance and the cuirCnt 
of the heating coil decreased. A 
condenserof about 0 -1 y F capacity 
across the contacts helps to reduce 
sparking. 'There is a small fiuetua- 
tion of the order of 0*1° O, i]i the 
tmnjM^raturo pf the bulb. For the 
highest accuracy it is advisable i 
lo lag the lithe connecting the 
bplb with the platinum contact.*

A similar device for u oofd " 
bulb temperature-control has been 
suggested & in which the mercury 
is replaced by toluene. (Ikh h 
liquids have their advantages, e„g. 
mercury has the greater thermal 
ttonduetivEty. while toluene has 
the big] ler coefficient of expan­
sion.) In tliis device (Fig. 5) a 
U-tubo C con tail ling mercury 
communicates with the bulb H.
Expansion and contraction of I he 

toluene with change of temperature makes and breaks t-lio circuit at 
the contact. l.K which entitl'd Is I lie beating current passing through 
the coil surrounding the outer vessel B. When contact is made, the 
heating current is decreased, due to a part of the heater winding 
being shorted

Accurate setting of the temperature to he regulated can be made 
by adjusting the position of the contact IK  This device can be used 
to alter rapidly and accurately the temperature of regulation of the 
thermostat furnace fmm one setting to another. 'The effect on the 
temperature of the furnace of known movements of the contact
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can be determined exjteri mentally at various temperatures, and the 
values obtained used IV>r adjustment purposes, Rapid changes to 
lower temperatures can then be made by allowing the furnace to 
cool down, with both taps or tho main control U-t-ubc open, until 
the temperature falls to wii'lnn a few degrees of the requited Ligure: 
allowing the furnace to settle down : and then adjusting Hie contact 
by the required amount. -

In one part.jeular apparatus a movement of 1 cm, of the platinum 
contact altered the temperature of the ther.mristut apjjj&'oximately 
1" C| and with this.flmtpgement it was possible to adjust I he tempera­
ture over a range of C. with an accuracy of 0-te C.

When the thermostat is allowed to cool down td room temperature 
after ute, it is necessary to prevent air sucking back into the bulb 
B. rl his is done by allowing the furnace to warm up until nearly 
all I he mercury is in the open limb of the U-tuhe. The greater part 
of the mercury fa then removed by means of a dropping-tube, Toluene 
is added until the open limb is almost full. The tube of a siphon 
connected to a reservoir of toluene is then inserted into the limb 
of the U-tuhe and the toluene allowed to be sucked over,

This is a somewhat troublesome* operation, and a further slight 
drawback in the use of this particular cold-bulb tie vice is that it 
requires a supplementary source of current at low voltage and a 
relay to operate it.

Vet another form 9 of "co ld  1 bulb is that in which the device 
acts hot merely in this capacity but also replaces the U-tube, and 
safeguards the apparatus against sucking-bite k of the mercury in 
ease the furnace is accidentally cut off. The capillary tube from I he 
" hot ' bulb is connected to the open limb of a mercury barometer, 
into which I he contacts are sealed. -As mentioned in connection 
with the simple form of gas-expamiun thermosUL by using suitable 
capacities fn the 11 hot 1 bulb and the connecting-tube, and the 
correct volume of mercury below and above the level of the platinum 
eon tact, it  is possible to cause the errors due to changes in room 
temperature to cancel each other. To avoid mercury being sucked 
back from the barometer tube into t he li hot ” bulb when the furnace 
is allowed to cool, the i ulbng joining the hot :I bulb to the barometer 
is carried to such a height thal, if the whole System were evacuated 
the mercury would hot reach to the top of the hi be.

This form of fi cold ’’ bulb is very accurate, but it  suffers from 
Hie disadvantages of having a long, fragile barometer tube, and the 
necessity of knowing the coeJlicioiib of expansion of the glass and 
also the volumes of the tubes, etc. The data need, however, only 
ho known to within a few per cent.

Auxiliary Furnace,. - T he HaughtoipHnnson type thermostat 
functions by keeping the mean voltage at a definite value, which is 
such t hat the heat input due to the current produced in the furnace by
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■that voltage is jlifet sufficient to compensate for radiation and other heat 
losses. Tl we have a second main furnace which wJ1J be affected 
by change# in room temperature to the w*me extent as the thermostat, 
furnace. and connect it in parallel with the term buds of the thermo­
stat furnace but in series with the relay. resistances, etc. (-he tem ­
perature of the second furnace wiljj be regulated at the same time as 
that of l he first. The ore tidal iy, |here is no limit to the number of 
furnaces which can be run in this way. The mean temperature of 
the main large furnace over very Long periods of Lime is independent 
ol variations ol room temporal, it re. Over short periods, however, 
some Variation of temperature may occur. [f, for instance, the 
temperature of the room should rise, the equilibrium of the subsidiary 
small thermostat furnace would he affected in a comparatively short 
time, during which the temperature of the main furnace would he 
sensibly unaltered, owing to its greater size. As a result, however, 
I he power input in both furnaces would Iks reduced by the action 
of the thermostat, ami the temperature of the large furnace would 
drop hi a short, time, until the power was applied to the inner portion 
of the furnace close to the point at which the temperature was 
measured. Much later, of course, the large furnace would tend to 
regain [fie original temperature.

Where the highest possible accuracy is desired, the thermostat 
furnace itself should lie used, hut the second furnace can lit; used 
where a variation of 2a l is unimportant. An advantage of using a 
second furnace is that the tube of such a furnace is cheaper a-nd easier 
to replace than the special silica bulb of the thermostat furnace.

Slew-Cqoling and Heating. In  conjunction with the TTaughlou- 
Hansoji thermostat, slow-cooling or heating devices ean be used to 
regulate the rate of cooling or heating of the thermostat furnace. It 
may bo stated at the outset that those devices cannot be used with 
the barometer-tube type of “ cold"’ bulb,

In the original design, a bulb is connected to the U-tnbe by capil­
lary tubing so that either limb ol the U-f.ubo may, by turning the 
two-way tap on that tube, be put into com mu mention with the 
bulb. W hen it is desired to c<sbl the furnace slowly, the whole bulb 
is immersed in hot water or oil contained t i t  a vacuum flask. As the 
temperature of the air in the s low-cooling bulb falls, air is extracted 
from the limb of the U-tuho a.way from the furnace. This reduce.- 
the pressure on the gas in the hot furnace bulb; and the expansion 
which otherwise would take place is, owing to the breaking of the 
circuit, automatically balanced by a fall in temperature of the 
furnace, Iter slow-heating the hufb is connected to the other limb 
of the U tube.

Tins method of slow-cooling or heating is suitable for rates of 
change of tempera Lure greater than 211° tb per hour over a. eompam- 
tiw ly short time, the rate of cooling being controlled by the shoe

1 ins
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of the bulb, the temperature of the liquid, or the lagging of the
■\ffesf3fe] r

Another ingenious method of slow-cooling consists in connecting 
the two sides of the U-tube together by means of a- very slow leak, 
file amount of mere my is adjusted so that when the platinum contact- 
point at Q (Fig, 8) i,s just malting contact, the mercury in the other 
limb is at a higher level, Tc> maintain this difference in level, a definite 
pressure on the furnace side of the U-frube is necessary, Tlic leak 
tends to reduce the pressure and, therefore, the furnace lias to heat 
utp In order to prevent this reduction of pressure, doing so auto­
matical] v because the heating circuit is completed, as the mercury 
rises to make contact, with G on lo u rin g  of the press tile Conversely, 
if the mercury level in the limb on the furnace side is higher than in 
t he other, the act!out of the Leak is 
such that the furnace has to cool 
to keep the mercury in the 
neighbourhood of G. The rate of 
heating or cooling can be con­
trolled by altering the head of 
mercury, or altering the value

the leak, The chief obstacle 
preventing Extensive use of this 
*\evi.ee is the difficulty of obtain­
ing suitable; leak tubes which arc 
not fragile.

l Ts& o f  Elect.rolyf4c Gall,- The 
arrangement for slow-heating or 
cooling now used at the National 
Vhy.sieal Laboratory makes use 
of an electrolyte cell.7

The bulb A. (FEg. 6) is^Ued with 
a saturated solution of chromic
acid in equal parts of water and sulphuric acid. One electrode i.s 
n the form of a platinum plate I cm. square, and the other a platinum 

wire to form the anode. The use of a plate instead of a wire for the 
vathodc enables higher currents to be used before hydrogen is evolved.
In the cell illustrated, a currenf of about W imllt&.mpe.n;s can. be used 
without excessive evolution of hydrogen. The oxygen evolved Is 
passed by the tube H to one or other side of the U-l.nbe of the thermo­
stat, If it passes into the cold bulb side of the U-tube. the rise 
in pressure will have to be balanced b;v a rise in temperature Oil the 
furnace sidy, and consequently the furnace heats up. Alternatively, 
if the gas is passed into the hot-bulb wide, this will have to cool 
in order to maintain constant pressure. The rate of heating or codling 
is governed by the quantity of gas; evolved, which depends on the 
current passing through the electrolytic cell. The cell can be run
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off the D.C. mains with a potenl kd-divider to control the current. 
The resistance of t he cell varies with the amount of gas clinging to 
the electrodes, etc., and the behaviour of the cell is greatly improved 
if a- ballast resistance of 500 ohms or more is introduced in series 
With the plate, 'this lifts also tin' effect of enabling finer control of 
the current to he obtained.

The tube (' (Fig, 0} is used for filling ami emptying the apparatus. 
H the tube cell is designed with a tap at. the bottom,, difficulty is 
experienced with Hie tap either leaking or sticking due to the chromic 
acid attacking the lufetficant.

^Vitij this cell arrangement it is possible to obtain rates of heating 
and cooling up to 20" C. per hour at a tornpuraturu uf about (ifK> (!.

^  lieu slow-hunting is being carried out., the pressure on both 
sides of the U-iube rises steadily, and it is advisable to open the whole 
apparatus to the atmosphere every 20S§° or 300°j wo as to prevent, 
the pressure from becoming excessive. With slow-coolmg. on the 
Other hand, this is unnecessary, as the pressure remains constant,

General Noles : Required Palues oj Resi$tart$es. -Jt was original Iy 
considered necessary to have a number of resistances to control the 
current, m order to enable the maximum and minimum currents to Jie 
fairly closely to the mean curi'eut which Would keep t-he t hermost&t 
at the required temperature. It has been found by experience that 
Ibis is unnecessary and that two values of maximum current, (felther 
lull on* or with a small resistance in the circuit) and two values of
min in..... . current, cue of which is Kero, give all the control necessary.
The resistances which are put in series wilh the thermostat a rc : 
mi the " maximum " cm rent position, icero or U> ohm s; and pn the 
“ minim um'' current position 20 ohms or infinity. The resistances 
can be controlled by two switches.

The joints in a)] connecting tubing should, if possible, be free 
from rubber connections.

A convenient relay far use with this thermostat is of the me re it ty- 
in-g lass type, the I.A.C. itNK being one form which has a pilot 
relay working the main circuit-breaker. As previously slated, the 
nst1 ol a thermionic-valve arrangement lo work a relay considerably 
lessens troubles due to sparking ai. the U-tube contacts.
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THERMOSTATS BASED ON EXPANSION OF LIQUIDS—
LABORATORY TYPES,

I’llK expansion of liquids with increase of temperature fsj used as a 
moans of control in a number of laboratory and commercial therm o 
stats of various forms, The movement of a column of liquid with 
the expansion and contract ion of a volume of liquid,-, contained in 
a bulb immersed in the heated space or bath, ts arranged to control 
a burner gas-supply or k> actuate contacts in an ekictri&iJ heating- 
suppiy circuit. The liquids are usually of the volatile class, ;W5 the*? 
have a high coefficient of expansion. Regulators controlled by 
mercury expansion are described iu a later chapter.

Liquids for Use in Regulators. — The liquid commonly u ĉct is 
toluene. When the temperature to he regulated greatly exceeds 
HHV C.f however, the toluene must be replaced by another liquid, 
such as am line or mercury. This modified form is not as sensitive 
us that containing toluene, in that the coefficient of expansion of 
mercury, for example, is much less than that of toluene, one litre 
of mercury increasing in volume by mitt ml. for 1 U, rise in tempera­
ture, whilst 1 litre of toluene increases by l-l ml* for the same rise 
of temperature*

Coefficients of expansion at a temperature of about 25° u. of a 
few suitable liquids are given in the accompanying ta b le ;—-

Iiiq p aiiN i In Vo] LL i Lit of i  litre fur 14 C. I Mho [n Tempered Lire. S|H-c:UHs i l t- j i f .

Wjttcv .................. ................................ * - +
ml.

...  11-23
■in percent. CkMlUrt chloride roiutiuit ...  O-flfli
Mercury .................. , ................
Carbon te tr a c h lo r id e ................................

... ... . ..  0-lK 
. . .  M  
... 1-1 
... 1 )

Toiuenc .*. ... . ..  . ..
.Ht-hyl nlcoluil ...
Kthyl uthE>r ... . . .  ... 
Chloroform ...

... . . . ... l-l 
... i n

Benzeno ... ... ,., ■ V ■ - *  i - ' l

Liquid-expansion Regulator Designs.

Ill the fonu of regulator extensively used iu the laboratory, the 
toluene or other liquid is contained in a glass bulb or series of bulbs. 
Where it is desired to have a larger exposed surff&e, a glass spj

13
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or a long Iciigt.li of closrd-ended tube, bent into a convenient form, 
may be used. Various oilier means have been suggested to increase 
the ratio of the exposed surface to the volume of sensitive liquid, 
and so increase the response to temperature^haiigos. A simple 
method is to make a number of thin-walled indentations or depressions 
in tlit1 walls of the bulb ’ the bulb is not made more fragile by this 
means: To ensure that air is not trapped beneath the tridental ions 
when the regulator is being filled, tho tips of the indentations may be 
pointed slightly upwards; care should then be taken that air is not 
trapped in them when the regulator is immersed in the hath liquid, 
as tliis will nullify their usefulness to some extent. Another suggestion 
to increase the sensitivity of bite bulb is to place in it a good- 
cond ms ting metal foil such as copper*

Fu;. 1-—Om‘ furill of 'toluene-matCury 
tliermoatu,  ̂ for list1 wilL 
butii.

Kin. n,—Arrangement prevent
creeping of uoTueng Lr» mercury 
Cnnluclî iirfiMHi,

21

When liquids ether than mercury are used as the heat-sensitive 
liquid, it is usual to arrange that a column of mercury is moved by 
tho liquid in order to provide a more positive means of control when 
using gas, and a conducting path when using electrical heating.
If toluene is used as the sensitive liquid it should, before use, be 
kepi in contact with mercury for several weeks with occasional 
shaking, followed by redigtillation over sodium, although the latter 
treatm ent is not recommended by some authoiities. Fig . 7 shows 
one arrangement of the bulbs and mercury column. Hermetically 
sealed Into the bulbs is a tube containing mercury, reaching to the 
lowest bulb, where it dips into a small quantity of mercury.

YV here the same continuous tube contains both toluene and m e rcu ry , 
as in some forms of thermostat, it is difficult to prevent the toluene ,
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from creeping around between the mercury and glass wads on Lo 
the surface of the mercury, unless a device 1 similar to  that illustrated 
in Fig. S is introduced. B y  this means the ends of the tubes connected 
with the mercury and toluene dip well into the reflective liquids 
and the Hide tubes facilitate filling with the appropriate liquids. 
The lowest tube in Fig. S is <?o nines ted to the bulbs containing the 
remainder of the toluene.

I t  may be mentioned here that the regulator bulb need not neces­
sarily consist of glass. Monel metal has been recommended 2 on 
account of its strength, resistance to corrosion. and greater rapidity 
of response to teinperatiire^clmnges, When electrical heating in 
used, with the bulb of metal, it is necessary, as will bo seen later, 
that the upper part, of the regulator shall consist of glass. The junction 
between the glassy and Monel metal may he made by nickel plating. 
The glass is first coated with a silver mirror, copper-plated and then 
soldered to the Monel metal bulb. The jo in t is next plated with a 
thin layer of copper and finally with a thick cuat of nickel.

When once lilted up, the quantity of toluene hi a regulator is 
not usually altered ; but the level of mercury has to be altered for 
adjustment purposes. This may bo done in various ways, one way 
being, as shown iti Fig. 7, fo connect the column of moroniy by a 
side tube to a reservoir of mercury. A sensitive method of ad just­
ment is to dispense with the reservoir and to close the side tube 
with an airtight rubber bung through which passes a glass plunger 
dipping into the mercury. The diameter1; of the plunger is only slightly 
less than the internal diameter of the side tube. .Raising or lowering 
the plunger moves the mercury column- The space between the 
mercury and bung in the tube is filled with a mixture of one part- 
water and two parts glycerine. This serves to exclude air anti at 
the same lime lubricates the plunger.

Gas-heating Type (sec Fig. 7}.- -W here gas is used as the source 
of heat for the bath* the mercury column emerges into a bulb into 
which the gas is delivered by the tube A dose to the surface of the 
mercury and then pays os a-way to the heater by a side tube B . The 
tube A should be centred and cut oil square. Another method is lo 
taper and grind the tube so that a long, narrow hole in formed, making 
an angle with the mercury surface.

On increasing the temperature of the toluene, expansion takes 
place, forcing up the morcurv in the tube and partially or wholly 
dosing the inlet tube and so regulating the quantity of gas supplied 
to the burner. On cooling, the reverse takes place, admitting more 
gas to the heater. A by-pass, consisting of a very small hole in the 
side of the tube A, prevents total stoppage of gas and consequent 
extinction of the burner-flame. I f  all the gas supply passes through 
the thermostat, trouble arises due to the gas pressure forcing 
mercury away from the tube orifice ; so that, for more sens



control, til© greater part of the gas supply should be by-passed, and 
a small quantity for regulation passed through the thermostat,

Tho lower encl of the inlet tube can be widened out slightly so 
to prevent any tendency for the mercury to stick in tit© narrow 

tube (see rig. Tv).
Flickering of the ilame sometimes occurs when a single tube is 

being closed by the mercury, and it. is difficult to avoid gxti notion 
of the flume. Jf the single tube is replaced by a number of smaller 
rubes in parallel, contained in a wider glass tube, this trouble is 
lessened. Improvement also results when a reservoir is interposed 
between the control and the burner.

To prevent the formation of a scum im the mercury surface, 
the top of the mercury tube could be covered with a, thin sheet of

i Ei TIE i: I tH O ST  A T S
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rubber (see Fig. iln). 'the expansion of the liquid with rise in temper­
ature would press this mb her against the inlet tube and close it.

Electric-healing Type. -When tho bath is heated eleetrfeally, llie 
1 hermostat 1 uhe ponta-iuing the mercury has at its upper end a capillary 
tube, aw shown in Fig. 10, instead of a btdli as in the gas-heating 
type. Extending into l his capillary tube is an adjustable contact - 
wire connected to a ‘ relay of some form. Permanently immersed
in the meremy at some convenient point is a second ...... tact, which
i.s also ©bnneeded to the relay through a suitable onorgisdng battery. 
When therefore the mercury rises in the capillary, due to expansion 
of the toluene, and makes contact with the adjustable contact, the 
circuit is completed atid the relay operates to cut off the current 
in the bath heating-coil. The mercury level or the contact, oi both 
together, may he adjusted 1<> obtain the correct tcmperature-seUi
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To allow of m|)id changes in the temperature-Betiting of the 
thermostat, instead of one adjustable contact a number of tungsten 
contacts, as suggested by Poiisser,* could be fused into the capillary 
tube, which is inclined at an angle of 45A Intermediate temperat ure - 
settings would then be obtained by tilting the thermostat slightly 
when the bath is a t the correct temperature, until the mercury thread 
just reaches the nearest contact* This contact is then connected to

L I Q U I D -E X J ? A S f 3 ION THERMOSTATS : 1*4 B ORATORY T Y P E S  17

Fig .  Nj .—T alwsiic fhcrnaotttot tat 1'lG. I I .— Qqodhut: form  at

the relay. By inclining the contact tube in this way it is duimed 
that tiie sensitivity is increased.

An interesting and simple form of regulator which has no scaled-in 
contacts for the leads, and in which make and break occur between 
two coin mas of mercury, Iran been designed by Goodhue,4 and is 
included hero as an interesting alternative u>the normal type described. 
The operation of the regulator depends on the principle of the differ 
ential manoincLcr, and temperatures from about 15° 0. to 4( 
can be maintained with its aid. Fig. 'll illustrates diagrammed
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thia type ol regulator. The vertical tubes would in practice ho suitably 
disposed to make the construction more compact in form. The bulb 
of about 3 cm. diameter is first completely filled with isopentane 
or other volatile liquid, and then half the volume of the isopentane 
ill the bulb is replaced, with the aid of a capillary tube, by some inert 
gas such as nitrogen or hydrogen. F in a lEy mercury is added to both, 
limbs. The bulb is then heated to displace sufficient isopentane so 
that both columns of mercury just meet- at, the apex of the inclined 
fined)ore tubes when the regulator is cooled nearly to  the control 
temperature required. Further adjustm ent can. be made by the 
addition of mercury. Fine adjustment can be facilitated by the aid 
of a small plunger in one limb, The electric current is broken with 
rise in temperature, so that a relay is not really necessary. The 
sensitivity of the regulator will he governed by the amount '.if inclina­
tion of the inclined tubes; This form of regulator is somewhat difficult 
to set up and has a narrow range of tempera l me-coni ml. The form 
oi regulator described in the earlier part of this section is used almost 
universally for electrio-al-hea.l mg control.

1H [’ LLISRMOSTATS

Contacts,

One of the chief difficulties, and one which largely governs the 
sensitivity of the normal toluene-mercury type of thermostat, is that 
of obtaining a suitable arrangement for making and breaking the 
electric id circuit in the regulator.

Failure at the electrical contact may leave the heater operating at 
its  maximum capacity, causing the bath temperature to  rise and 
forcing the mercury and sometimes even the toluene out of the bulb, 
and necessitating a large amount of work to set in order again.
Contact-failure is generally due to fouling of the mercury surface.

T.F the mercury does not wet the contact were, an extremely small 
rise or fall of the mercury thread will be sufficient to make or break 
the circuit. Mercury adheres to platinum, so that If this material 
is used ae the contact wire the breaking of the circuit takes place 
at an appreciably lower temperature thaft the make. The use of 
iron, tungsten, nickel or nichrome in place of platinum effects an 
improvement in th is respect, and the make and break occur at 
temper a,times closer t.n one another. Decreasing the bore of the 
contact tube tends to increase the sensitivity of the thermostat, 
but a tube diameter of Jesfl than 1 mm. may! cause erratic working, 
for the following reason : the time-lag in most systems is such that 
the mercury overshoots and undershoots the eon tact-point, and 
when the mercury is forced up between the wire and the glass in a 
small capillary, the mercury column is apt to break and the thermostat 
then begins to operate at a new temperature.
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Gouy Oscillating Contact.—C ony* reserved th at if the contact 
needle, iinstead of being fixed, is given an oscillating motion of 20 
seconds’ period along the axis of the tube, the sensitivity uf the 
regulator is improved.* luoidentally, the period of osciUatign need 
not necessarily be this figure,

Energy is in this way periodically ap p lied  to the bath when 
contact is made between the mercury and the needle. An increase 
in the temperature of the thermo-regulator bulb results m s  rising 
of the meniscus, which causes a decrease in the length of t-ime during 
which energy is periodically supplied to the bath, thus tending to 
stabilize! the bath temperature^ Gouy stated that the use of this 
device greatly reduced the errors due to the compressibility of the 
thcr mo static fluid and to the distortion of the mercury meniscus 
as it moved up and down,

filigh7 has made a theoretical analysis of the fixed and oscillating 
types of contact and has put forward epilations to represent the 
conditions which might be expected with the use of each type. The 
equations arc based on the assumption of a Constant time-lag, coupled, 
as it were, with a bath  of perfect conductivity.

Mathematical Representations : (a) Fixed Contact, -The periodic 
change in temperature as the regulator operates with a fixed contact 
is expressed hy the equation

_  t w
" ~  M AS'

where A0V is the total change m temperature during one cycle of 
“ nh&f and cc break/’ that is, the amplitude of the periodic oscilla­
tions of Umipeinture ; and t is the time-lag of the thenno-regulator 
in seconds. This quantity is defined as the number of seconds which 
would elapse between the tim e when the total energy input to the 
bath has readied a value corresponding to a given meniscus position 
and the time when the meniscus assumes this position, supposing 
the rate of energy input to bo approximately constant, it is assumed 
that the lag of the bath cblti ? L whole with respect to the heater is less 
than the lag of the thermo-regulator with respect to the heater, 
W ib the maximum electrical input supplied by the regulator in watts, 
and does not. refer to the average input.

A O' is the contact lag ; that is to say, the change in temperature 
required to change the contact of the thermo-regulator from i( make ’’ 
to “ break. This quantity can be very variable. M  is the heat 
capacity of the bath in joules per degree,

The changes in the mean bath temperature, A ff.M) produced 
by changes in the thermal head, zl r/?, and by changes in the maximum 
electrical input controlled by the regulator, AW, aw represented by

4  &iu =  2 $  ■ W ~~ 1 K ^ T>
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where <p is? tlio portion of 1 he thermal head r>f the bath (he. the differ­
ence in temperature between the exposed portion of the bath and 
its surroundings) which is compensated by the thermo-regulator. 
This does not include 1he portion of the thermal head which m com­
pensated by the fixed heating- rp is considered positive when t-he 
bath loses heat to the surround tugs. K  is the cooling constant of 
the bath in degrees per second. The corresponding formulae for the 
oscillating contact are as follows ;—

(b) Oscillating Contact, For changes in mean bath temperature, 
A 0.ttt due to changes in thermal head, A <p, and changes in average 
electrical distribution along the path of the moving contact. A \V>

Jj' a  W J: W.L a W«

where a  is the sensitivity of the thermo-regulator; rie. the movement 
of meniscus in cm. per degree change in temperature ; and lir is the 
electrical energy! distribution along the path of the oscillating element* 
expressed in watts per cm., i.f’. a change of 0*1 cm. in t he position 
of the meniscus would change the average power input by fl'/H.l watts. 

The subscripts 1 and 2 denote values before and after changes 
in the length in centimetres of the path of the oscillating contact 
over which energy is being delivered to the bath.

The expression for the Vc&iaiion in batli temperature as the 
regulator operates wits not derived, but Sligh states that from experi­
ment this variation was found to be small.

[for successful operation of an oscillating-contaefc tliernm-regulator, 
the following conditions arc necessary :

(1) The periodicity of the oscillation should he small in convfKiriaon 
with the lag of the bath* say one-.fifth. of the value, but not so small 
as to produce Sustained waves on the mercury surface, There seems 
to  be no advantage in reducing the period beyond that necessary 
to damp the periodic fiuctijUitions in bath temperature sufficiently 
to render their effects imperceptible.

(2) The length of path of the oscillating element should be large 
in comparison with the movement required to make or break contact 
With t lie mercury surface ; one mm. seems to be sufficient in most casey,

(3) The energy distribution along the path of the? oscillating 
element should bo large in order that great range and close regula­
tion may be secured under a wide range of external conditions. The 
upper limit to this energy distribution is fixed by the fact that the 
smallest amount of energy which may be supplied during a single 
cycle should not exceed that which is required during that cycle. I f  
this condition is violated, motion of the meniscus beyond the limits 
of the stroke of the oscillating element would result.

White 0 considers that i( is unnecessary to add the tempoj
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lag of m e bulb at the end of the stroke. With the ordinary mercury- 
run tact thermostat r e g u la r ,  it is sufficient, he opHsiderB, if the 
total lag, expressed as a tem per a t u ie-dilfoven.ee, is not over twice 
the backlash ,J equivalent, but already gives twice the correct 
result when the ratio of the tag to the equivalent is 20. The back’ 
lash equivalent indicates, in degrees, the difference in temperature 
at which contact i: makes 11 and £; breaks/' the former taking place 
for a higher temperature than, the latter. the maximum inconstancy 
norma My occurring in an ordinary thermostat for any given rate 
of heating is the periodic oscillation of temperature for equal resultant 
up-and-down rates. White expresses this oscillation by the equation

& Q b
V L

vT_
2 v J j

v T
tan h --—=1 

2 v L

from wliich the ratio of v T ,  the oscillation, to the temperature-lag, 
v L ,  or to the backlash equivalent, UB, can bo found for any ratio 
of A U ji Lo V It, V is the rate of heating due to the beater alone,

V
v the instantaneous actual rate, her© equal to —, and L  is the time-
lag. 2

Advantages of Oscillating Contacts—The principal advantages of 
the osciMating-contact type of regulator over the lixed-contact type 
may be summed up as follows:—

(1) A large amount ol: available energy can be used to compensate 
for any possible wide fluctuation In external conditions without a 
mterMice of cloefeness of control.

(2) A hath temperature is obtained in which the periodic varia­
tions about the mean due to operation of the regulator are very greatly 
reduced.

(3) Troubles due to soiling of the mercery, surface sticking, etc,, 
are greatly reduced. Nevertheless it must be stated that the mercury 
tends to become fouled sooner with this form of contact than with
the stationary form, and requires fairly frequent cleaning.

The advantages to be secured by the use of the oscillating type 
of regulator are duo to the fact (hat the time at- which a given move­
ment of the meniscus may affect the energy input .Is rendered inde­
pendent of the physical constants of the bath, and is made dependent 
Only upon the periodicity id the oscillating element; of the regulator. 
Further advantages accrue from the provision of a means for applying 
successive corrections, at short time -intervals, to the value of the 
energy input, instead of corrections a t such longer time-intervals 
aw will permit of wider excursions of bath temperature above and 
below its mean value.

The Oouy contact was the first device to bridge the gap between 
simple on-and-off control and continuous control. I t  is used 
modified form in many present-day controllers.
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Tht> mercury surface may he oscillated,d instead of t he contact 
whLc\ to effect a dinilar result to the Gouy arrangement. Sue}] move­
ments have been produced0 by 1rapping jjoekets of air with the mercury 
m rhe arm carrying the slop-cock and reservoir, and by supporting 
(he regulator in such a way that the vibrations of t,he motor used to 
siir tho bath liquid are imparled to it.

The Mercury Surface. Whatever type of coil tact is used, it. is 
necessary, for high sensitivity and satisfactory working, to  maintain 
a- clean mercury surface at the contact. This requirement is not 
easily attained, and many methods have been tried.

Elimination of oxygen from the space around the contact would 
be a satisfactory method. \\ it.b this object in view, the air has been 
replaced by hydrogen or nitrogen. This method is sal isfaclory hh 
lung as the gas is present, but is cumbersome because of tho apparatus 
and care required to maintain the gas. There is a risk of forming an 
explosive mixture with air which may be admitted inadvertently 
when hydrogen is used, (ienerators have been specially designed 10 
ro supply the necessary hydrogen. If the regulator is wealed Jl it 
is difficult to change the position of the contact-point and also im­
possible to oscillate it. I t  does not, however, prevent the mercury 
surface from being agitated by vibration of the regulator. Scaling 
the cap of the regulating capillary with a drop of mercury fails if 
ihe regulator is jarred, because the drop theta works downward.

It- may be mentioned here that all regulators which depend for 
their action on the expansion of a column of liquid are sensitive 
(n Hut;tuations in barometric pressure il the liquid is open to the 
atmosphere. Variations in t be controlled temperature rjf the order 
of 0*2° ( Arise from this cause. By scaling the gas space above 
the liquid surface lo maintain the inert atmosphere, variations flue 
lo this cause are therefore prevented. Another method ia of elimin­
ating atmospheric pressure variations may bo mentioned which is 
to place in the hath a vessel of about one-litre capacity containing 
a-iiv and in connect it by a tube with the top of the regulator. The 
junction between the tube and regulator can be effected by arranging 
a mercury seal ar-mind 1 he top of tTx- regulator into which tin' tube 
dips, f. be latter moth oil does nol, of course, prevent the mercury 
surface from coming into contact with oxygen.

Prevention of Sparking at Mercury Surface. Sparking at the 
point of contact can he reduced by using a small current hi the 
circuit and placing a condenser a shunt across the con tact ] joints 
or, alternatively, connecting a Westinghouse rectifier across them. 
Contact can be arranged to  lake place away from the mercury surface, 
and Pig. 1:2 il Just rales the use of floats with contacts attached at 
their upper ends. Both methods, however, decrease the sensitivity 
of the regulator.

Less sparking takes place if the usual procedure of making and
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breaking the relay circuit is reversed; i.e. ift when contact is made, 
the relay is short-circuited and the armature released. The energy 
oi the i el ay coil is then (lissipatcd through a closet I circuit instead of

L i y  U in  EX 1\J| NSJON" TfJilTtMOMTAXfi : LA ItOitATOTtY T Y P E S  2 3

thftjqgh an open circuit, and the hot inductive spark is eliminated 
.Sumnerli describes a similar method when using D.C, mains fuj 
operating the relay circuit (Fig. 13). The relay coils ft am:
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regulator T  are in parallel, the relay being energised by the current 
through the lamp resistance L 1 when the contacts arc open, and being 
short-circuited when the contacts close. The inductance of the coils 
opposes the tendency to formation of spark when contact is broken 
in the regulator, condenser £7* reduphig this tendency s t i l l  farther, 
The cumml through the heating circuit U is controlled by the relay, 
which shorts circuits the lamp L when energized; The condenser 
C,, tends to reduce the s p a rk  at. 1.1k : re la y  Contacts.

Triodc-Valve Relay.- Two methods now widely used to reduce 
sparking art: the application of either the triodc-Vftlve system* “f 1 > lu 
or the hot cathode grid-controlled gas-filled 20 tube, as a relay (see 
p. S3). By those means the current at the make-and-break 
contact is reduced to a minimum, whilst still providing a sufficient 
current through the medium of the relay to operate a relay valve 
controlling tin: heating supply of electricity or gas.

The use of one of these relays naturally introduces complications, 
and where simplicity is desired one of the other methods described 
has to bo adopted*

In the triode-vaivo system, the adjustable contact of the regulator 
is connected to the grid of a thermionic valve, and thereby controls 
its plate current. The plate or anode current may then bo made 
sufficient to operate a robust relay,

W inton%x uses the valve-relay method in conjunction with an 
unusual form of regulator Contact. This consists of a wire tipped 
with burnt sealing-wax. thus forming a  contact of varying resistance 
(Fig. 14), I'll in variable resistance forms one arm of a potential- 
divider, the other arm of which is of fixed resistance, and is so con­
nected that it can vary the grid bias of a thermionic valve from zero 
to a fixed value. The anode Current n£ the valve passes through a
heating resistance in the hath and is thus aid.....a ticully adjusted
to a value which will keep the temperature «f the bath constant; 
The valve must of course be capable of dealing with the necessarily 
large current to provide sufficient healing for the bath*

Certain difficulties may arise in the use of such a variable-resist- 
auce contact, unless precautions are taken. There is a tendency for 
dirty mercury to cause sticking; this may be overcome to a large 
extent by vibrating the regulator in some way- Capillary-electric 
phenomena (which lead to instability) associated with extreme 
sensitivity may occur unless the mercury is connected to the positive 
side and the wire to the negative side of the potential'divider* To 
avoid passing too large a current through the contact, a resistance 
of about 5 megohms should be placed in the arm of Hie potential- 
divider.

Beaver and H eaver2 use a tridde-Valvo relay in conjunction 
with an oscillating contact . The oscillations are produced by agitating 
the regulator from the vibrations of the stirring motor of the hath.!
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An tho frequency of the make and break may be too high, causing 
the relay to act too frcqttently, a condenser of‘about 0-J fiF. capacity 
in parallel with a, grid-leak is connected between the grid of the valve 
<iih] the negative terminal of the filament. Bv varying the Rapacity 
of the condenser or resistance of the grid-leak' the speed of the relay 
ea-n be regulated to any desired period. A priori of twice a second 
ie of fche right order for baths of about 3n litres or more capacity ; 
for bat Its of smaller capacity shorter periods are desirable.

Baths and Accessories.

Ft>r iaboi-atory ptuposea, the object to be maintained at a constant 
temperature may be placed either in ait air-chamber or immersed 
in a liquid, ami the temperature of the air or liquid is regulated bv 
means of the thermostat.

Air-Bath. 1 eniperature-control fed air-chambers are particularly 
suitable when, solubility measurements 18 or cotrosirm 2S work, etc.38* 
have to be carried out.

, Owing lo tho small thermal capacity of air, it iR difficult to obtain 
m iifom jiiy of temperature at different points in the enclosure. 
hJIieieid mixing of i lie air is necessary, but a continuous, Uni-directional 
flow across the working space is to be avoided, since under the latter 
conditions a tempera Luro-gradient is set up in the space by the air  ̂
stream, which is etmt-iimously losing heal.

If a single large source of heat is used, and particularly if Ibis 
source be incandescent, there is a risk that direct heating of the 
contents of (he space may occur by radiation. A number of small 
heating elements is preferable, arid beaters of the wire-grid type 
\ei v often meet the ease. The risk of fire, however, is present with 
this type of heater, and the use of a number of small heating ]amp* 
may sometimes be preferable. In this way the temperature of tho 
heating elements need only be a few degrees above I be control 
temperature.

The Use of a deed»lo-wnlJed vessel, with the space between the 
double walls therm rotated and tin: whole of the air in the inner 
chamber thoroughly stirred, permit# of very close uniformity and 
constancy of temperature, Tian describes a multiple*walled 
chamber with the regulator and heating on the outside container.

Thernwtitated A ir-ch a m ber-  A detailed description of a thermo* 
stated air-chamber (see Jfigs. 113 and 1(1) has been given by W. H. J ,  
Vernon.** The chamber is of wood, %  ins. long, 45 ins. high and 
T.i ins. wide, lagged with cork slabs. Two fans, situated one at each 
end of the chamber, force air over a group of heating lamps set in 
lronf of each fan. The two opposing air-streams meet in the middle 
ol the chamber and pass downwards over the regulator bulbs. A
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pm'tiojj of baoIi stream then passes through two holes in the working 
^oot, under which it returns*

.In the worfr tor which the Yemeni tlf&rniOBtat was primarily

fc 'lf l . 1 5 . -Plan nl tliunnoefafad a i i ' - c hams howi ng section through Inns, heating-lamps,
I H J lj lI a n d  ^ :[] l.is if li:|l'V  In lllF D Q  rPga iltH lO rS .
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t'Ki. lf> -  Tin ns verse section through therm ostated air-chamber, showing mam and 
subsidiary $pluonc regulators* heating-Iamps, and fan in rear,
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used liquids are ]isfed below, with upper and lower temperature 
limits : —

I'tin
Water .............................. 0 to KO
Kerosene ... ... ... — 40 ■ Ji 75
Brines ... ... ,,, ... —40 5 ? 120
Light lubricating nils . .. ... $0 - i 200
Commercial vegetable fats ... 100

» J 300
Glycerine ... ... ... ... 100 «

> > ■ 270
To in | wring oU ... ... ... 30 J  i 300
H igh- tei 11 per a ti u e \ u bricati ng oil 100 3 1 300
Lead-tin alloy ... ... ... 200 S !• 600
Fused inorganic salts . .. ... 200 J  1 1 000

When water is used as ;.l bath liquid., a slimy growth Is apt to 
form after Some time. This may be prevented by suspending in the 
batik a muslin bag containing mercuric iodide, or by dissolving a little 
mercuric chloride in the water. Evaporation of the water may be 
minimised by Maintaining a layer of olive oil on the surface.

Brines and aqueous solutions of salts may attack the walls of 
the containing vessels on. account of hydrolysis, and moreover with 
brines the maximum limit of temperature is only about 2 0 ° U. above 
that of boiling water.

Sulphur has a  tendency to Fume uiu! therefore requires the use 
of a hood ; also Cara has to be taken in handling it when. hot. Other­
wise it makes quite a good bath liquid cud is often used.

Paraffin oils and bath wax cm a:>' :!i; must of course be heated with 
due regard to the fire hazard. l i H ard TJ hydrogenated vegetable 
oil is a good bath-liquid, since no tarry masses are produced in use 
and the risk of lire is small. So-called " hard sesame oil,” an opaque, 
white solid, molts at 60° U. to a clear oiJ and has a weak m Hash fi 
at 320° C. This substance does not stick to iron or glass on solidifying, 
bub cracks and falls apart into fragments* and it is superior to vaseline, 
paraffin or other M  iXKsarbons ns a bath liquid. Hard hydrogenated 
cotton-seed oil is more widely obtainable than the sesame product.

The upper temperature limit- of the oils is set by the decom­
position which occurs afc higher temperatures, huge volumes of gas 
with a (]isjj.grocable odour being given off and spontaneous ignition 
often occurring. For mnderalely high temperatures, the difficulties 
may be obviated to some extent by enclosing the oil or paraffin 
in a metal vessel communicating with the air through a single tube, 
through which the stirrer spindle pusses, the tube serving as a kind 
of reflux condenser. W ith art of I bath it is possible to have a n 
of tubes closed at the lower end and. let into the bath throng
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cover, thus forming :jl number of air-baths of considerable capacity 
and with excellent uniformity of temperature.

Lard is said to bo more satisfactory than heavy mineral or 
vegetable oils. An iron pot serves us a containing vessel.

The eutectic of diphenyl-diphenyl oxide may bo used us a bath 
liquid up to 200° C.

Beattie recommends the eutectic mixture of lithium, sodium 
and potassium nitrates, which consists of 30 per cent, lithium nitrate,
14 per Cent, sodium nitrate and £>fl per cent, potassium nitrate by 
weight, and which molts at 120" 0 . A less expensive mixture consist* 
of 27*3 per cent, of lithium nitrate, 18-2 per cent, of sodium nitrate 
and 51-4 per cent, of potassium nitrate, a mixture which is fluid 
at 13-V1 although some Solid separates. The specific gravity of 
1 he latter liquid is LBS. It; is advisable to allow the liquid to act: 
on steel turnings for several weeks before using, in order to minimise 
Corrosion, and Other effects.

Many other inorganic salts are available lor use as bath 
fluids,

MetaphosphOido acid, melting at a temperature of 150“ 0 . to a 
clear liquid, can be used as a hath liquid, but is improved by the 
addition of S5 per cent, orthupheuphoric acid. A variety of mixtures 
of the two acids can. be employed, but the most, serviceable is that 
consisting of -i parts of 85 per cent,. orthophosp boric acid to 1 part 
of nietaphosphoric acid. This mixture can be used in the temperature- 
range 100-340° C, The mixture is mobile at room temperature and, 
hi common with other mixtures of these two substances, possesses 
a very small tornper a t-un;-gradient, as expansion takes place on 
increase of temperature, which serves to circulate the liquid. It is 
advisable to heat the mixture to a temperature of 2tiOn 0. and to 
remove all the water vapour before putting info use.

When sul)stances which are solid at ordinary temperatures, 
such as metals ^ and alloys,3"’ 32 arc used as bath liquids, precautions 
have to be taken that the bath is heated from the top when, melting, 
so that liquefaction occurs from the surface of tho solid downwards.
If melting starts at tin; bottom, the expansion may cause fracture 
of the containing vessel. It should also be remembered that the 
vapours of some metals, such as antimony and lead, are poisonous.

Other objections to baths of metal are their relatively low heat 
capacity ancl high specific gravity.

Containers,- The size and shape of the bath will bo determined 
by the content a, and liberal allowance should be made for adequate 
circulation of the fluid. The material of which tho bath is constructed 
is determined also by the contents : glass, iron, galvanized iron, 
zinc and copper baths are used. Luame] led iron usually cracks 
and rusts after a short time, especially if used at the higher 
temperatures.
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(.1 lass-sided troughs a3i ai can be readily made to any form with 
tlio aid of metal angle or oliannelliilg framework, Lead-oxide base 
cementsai are most suitable fbP the joints.

Methods of Stirring the Bath Liquid. —Vigorous and adequate 
mixing and stirring of the liquid h  essential m ai! thermostatically 
controlled baths, in ruder that temperatlire-gradiente set- up in the 
region of cooling and heating lm y be smoothed out- and Lhe tempera­
tures equalled. The rapidity of stirring just insufficient to produce 
wavelets and floating bubbles is generally found adequate. .A Beck­
mann thermometer is convenient for exploring the hat.li for tempera­
ture-differences ; but it must be remembered that rapid local tem­
perature-(ludtimliom may occur which are integrated by a ther­
mometer even of this type (because of its high thermal mass) and may 
therefore be undetected, ft must also be realized that a stationary 
reading cannot always he taken to indicate a constant temperature, 
Despite vibration of the thermometer^ “ sticking 71 of the mercury 
may persist. Further, a ** soaking eifoefe may arise. This occurs 
if tiie thermometer is left a t room temperatures for some tim e; on 
returning to higher temperatures it rises too high, and subsequently 
very slowly sinks.

F l u c t u a t i o n s  i n  t e m p e r a t u r e  o f  t h e  h a t h  m a y  o c c u r ,  d u e  t o  a  

n u m b e r  o f  c a u s e s  ; t h e s e  f a c t o r s  h a v e  b e e n  d e a l t  w i t h  i n  g r e a t e r  

d e t a i l  e ls e w h e r e  ( I n t r o d u c t i o n ) ,  T h e r e  is  a  la g  b e t w e e n  t h e  o c c u r r e n c e  

o f  a  t e m p e r a t u r e -  u b a n  g o  i n  t h e  b a t h  a n d  a  C o m p e n s a t in g  c h a n g e  

in  t h e  h e a t i n g  c u r r e n t ,  a n d  a  la g  b e f o r e  t h i s  c h a n g e  o f  c u r r e n t  a f f e c t s  

th e  t e m p e r a t u r e  o f  t h e  b a t h .  T h e s e  t w o  e f f e c t s  p r o d u c e  p e r io d i c  

f l u c t u a t io n s  o r  “  h u n t i n g  7 o f  t h e  t e m p o n a t u r e .  S l i g h t  i r r e g u l a r i t i e s  
in  s t i r r i n g  m a y  p r o d u c e  s h i f t i n g  t e m p e r a t u r e  p o c k e t s  in  t h e  b a t h ,  

a n d  t h is  e f f e c t  is a g g r a v a t e d  i f  t h e  h e a t i n g  is c o u n c i l (  r a t e d  in  a  s m a l l  

f o c a l iz e d  a r e a .
There are vinous means of stirring, to which brief reference will 

now he made.
'&&■-jets.--The use of air-jots is often a convenient method of 

starring. For low-tempera tore work the air most he dried to remove 
moisture which, otherwise would condense in the bath. The dis­
advantages of tins air-bubbling method are the evaporation losses 
it causes ; the heat carried into the bath in low-temperature work ; 
and the heat taken from the hath at other temperatures by the uir- 
strea-m. When the bath is in the form of a tab, cylindrical, vacuum- 
walled vessel, the use of an air-jot is often particularly Convenient.

f e i t f  i'ropelltyd -  -These itijrcr^ mix the liquid well if several 
are used on the same shaft, hut they are not very ‘effective in driving 
the liquid over more or less pre-rietemiined paths. The most suitable 
way of using screw propellers is to fix them so that the liquid shall he 
drawn from the top of the bath, where it has been exposed to the 
effects of disturbing influences, past the heating coils, then
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the propeller, when'- ii Is thoroughly mixed,, and liiudly discharged 
past the regulator bulb into the "bottom of tho bath. In  this way 
a, maximum rapidity of response to t  cuipemhiro-changea is seemed 
which is essejdiial to precise control, and i.he attempered liquid is 
brought into the working space in the bath with the minimum ex­
posure to outside iioflucMces. As a general guide it will be found 
that good regulation is obtained with stirring sot up by a propeller 
in a tube operating a t such a speed that all the bath liquid passes 
through the tube three or four times a minute,

Cenirij'wjut. propellers give n, wide range of velocities and force 
the liquid to the outlying parts of the bath.

lieciprocaUvf/ paddles  are nnolfecfnve as general mixers unless 
t hey are of relatively large size.

Supports for Objects in Bath.— rl lie stands for objects immersed 
in the baths should be perforated or latticed, m order that they shall 
not have any appreciable effect upon the circulation of the liquid.

The buoyancy of the immersed articles has to be overcome in 
some cases by loading at fixing down.

Gas Heating of B ath .- Heating by gas i$ convenient, arid possesses 
the advantage of a low operating cost, but. this is outweighed by a 
mnnher of disadvantages. I t  is rather difficult to deliver tho heat 
Tom u gas flame to the exact positions where there is greatest loss of 
heat. The question of ubtainmg a humor which, will not strike back, 
not cover the apparatus with .soot, and yet bum with a, good hot 
flame over a wide range of gas ilow,p is very difficult of solution. 
One method is to provide the major portion of the heat by a Bunsen 
b u r n e r ,  with a small burner control let 1 by the regulator to maintain, 
the desired temperature.

Again, the question of danger from fire must, not he overlooked, 
especial!y when the apparatus is left- Unattended over lung periods 
of f ime.' Rubber tubing for the gas-supply should he avoided.

Electrical Heating of B ath ,—On the whole, heating of the bath 
by Electricity, when available, is to he preferred to gas, for the heat 
eaii be delivered in approximately the position where greatest loss 
occurs and the controls are simple and positive.

Healing by elect rid l v may be achieved by immersing a number 
of incandescent electric lamps in various positions in the balk, and 
protecting the sockets from the action of. the water by suitable means, 
Electric lamps are manufactured with long stems especially for 
heating purposes, A length of tube of 30 10 cm, has a bulb ai cue 
end, and at t lie other, metal cuiitacl-piee.es, collar, and studs as in 
an ordinary lamp. Since heating, and not lighting, is required, the 
lumps cun be mulor-run, thereby incre&dn$ their life considerably. 
A 250-v oh hemp on a 200-volt circuit, with a nominal candle-power 
of 50, is suitable as u unit. To overcome the buoyancy, a ring of 
lead should be slipped over tho head, resting on the bulb.
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c'oily of bare or c o v e re d  wire may h e  w&tmd around the bath
or even .......lersed inside i t ; but in thd latter ease, with liquid bathe,
electrolysis tends to take place, which ruins the coils, even, when 
using alternating current:; hence it ia always advisable to enclose 
(he heaters for protection.

Convenient heating elements cati be made by inserting coils of 
niehrome wire in test-tubes filled with oil. I t  is eometim.es an advan­
tage to place an auxiliary heater near t o  regulator itself, and this 
can bo done simply by fusing a length of tungsten wire into a tube 
of High-melting-point glass and bonding to a Convenient form.

When oils or similar inflammable liquids are used as bath liquids, 
it is sometimes advisable to insert a safety device in tlic heating 
circuit. Otherwise, the bath may become overheated if one of the 
Components, such as the relay, fails. This safety device can take 
the form of a fusible link in the electrical heating circuit. The link 
h pkicnrJ in a metal or glass sheath which is immersed in the bath, 
~(l that when the Link melts ft breaks the circuit and falls into the 
bottom of the sheath, IFusible links of jmnnterous components 
and proportions can he made or obtained to suit any desired tem­
per; dure.

I he method of making the bath .liquid an electrical conductor 
and heating by passing the current between resistant electrodes is 
not' to be recommended,, became electrolytic action may lake place, 
and also the heat- evolved is badly distrihtiled. Baths of this type 
have, however, been devised. For instance, ft. 0 .  Colling ** h as  
described an arrangement for Ihe automatic control of such a bath 
when; one oi the electrodes which conducts the electricity into the 
hath is contained in a pocket* The unbalancing of a U-fcufoe arrange­
ment containing ether and mercury, inserted in the bath, gauges & 
gkiss plate which is attached to the tube to close the mouth of the 
pocket, and so to cut down the cross-section of the column of eon- 
dueling liquid.

Insulation of Bath, -Mood thermal insulation of the bath is 
essential, both for the conservation ol heat and to minimise tine effects 
ci: extraneous temperature-changes. The form of insulation will of 
coarse be governed to some extent by the method of heating. Cork, 
either in the form of slabs, line granules, shavings, or hair felt, can 
hr used for this purpose up to moderate temperatures. Wood servos 
as an insulator, and its olfect can bo improved by filling the space 
in a wooden box surrounding the hath with some other msulatm 
material, such as  diatomaceous earth. When the size of Lhe bath 
can be small, .Dewar flasks may be used. A wooden case surrounding 
rhe flask serves as a pro tuition anti as a mo fins of maintaining the 
temperature of the air around the Jlask moderately constant.

(fO
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t h e r m o s t a t s  f o b  u s e  a t
EMPLOYING REGULATORS 
OF VOLATILE LIQUIDS.

ATMOSPHERIC TEMPERATURES, 
DEPENDING ON THE EXPANSION

W i i e k  the te m p e s t u t *  of LJia space to h o  controbed is within the 
range of fluctuation of atmospheric temperature, pooling tus well as 
heating arrangements have to he provided. The space to be con­
trolled may be in the form of an ait oven or liquid bath.

Air-Ovens.- An example of the air-overt type is the ifearaon 
apparatus (E'ig, ltt), I t  consists of a water-jacketed chamber, a

vessel containing ice, and a heater, the whole apparatus being 
thoroughly heat-insulated. The regulation, of the temperature within 
the chamber is effected by a Small stream of water which runs con­
tinuously through the appai&tus by one of three courses, tin; particular 
course being determined by the thermostatic capsule. These three 
course a r e ; -■

(1) Heating pfi^sage through a boiler,
(2) Coding passage through ice,
(3) Kv-pass passage direct to waste.
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The stream of water is supplied t.hrough a kcpriaonW tube which is 
h en i  over a t the end, and pivoted ho that as it moves from side to 
side, it passes over the open ends of two adjacent vertical pipes.
I f  the chamber m being heated, the water from the tube passes through 
the right vertical pipe A and th rough the heater, where i t  is wanned 
before entering the water-jacket of the chamber. When the desired 
temperature in attained and the necessary adjustments have been 
made, the tube is moved over to the left, by the capsule-actuated 
lever, and the water flows into the space between the vertical pipes 
and so to waste, without affecting the incubating chamber. If the 
temperature of the room is higher than th at required in the incubator, 
the horizontal tube will continue to  travel towards the left, so that

the water runs down the left-hand pipe B  
and passes through, the ice-box, where if 
is cooled, and then into the water-jacket, 
so lowering the chamber temperature to 
the desired point, when the capsule will 
partially collapse and cause the stream 
of water to pass again between the two 
pipes.

The makers appreciate the fact that 
should the water supply fail, the incubator 
control will not function, and they have 
devised ail apparatus to obviate tin; use 
of running wafer where there is any risk 
of its failure. By means of a two-way 
switch connected to the capsule lever, 
current is switched on either t.o heating 
coils in the oven or , i.i cooling is necessary, 
to a motor which drives a pump to 
circulate water in the jacket over a 
supply of ice.

When the temperature required in an oven i.s always slightly 
above room temperatures, cooling is unnecessary and ’ a. simpler 
arrangement can be used; for most incubatom this meets the tem ­
perature requirements. The control generally consists of a  capsule 
con taming a volatile liquid placed in the heated space, the expansion 
of the capsule Causing movement in a weighted lever which opens or 
closes a gas valve or makes or breaks contact in an electrical circuit.

In  a form of oven where the heating is by means of a  burner, 
the control can bo very simple. For instance, the hot gases from the 
burner may proceed either directly through a vertical hue a t the 
wide of the oven or may be by-passed so as to flow around the oven 
and heat it {Fig. 19), The dbeeSori of flow is controlled by a caps (de­
controlled damper which closes the top of the direct vertical exit 
when the temperature falls. When equilibrium is reached thew ^ l s r
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damper lev ers  just above J lie exit and permits a portion of the hot 
gases to escape.

W ater-Baths,- -In order to pool tf^/feer-batha, tap water, previously 
cooled if necessary, is either added to the bath or passed through 
pipes immersed in the bath. Efficient stirring must, of course, be 
maintained. The How of water to the bath may be controlled by 
modifying a toluene regulator of the gas type (Eig£ 7). Cooled water 
is used instead of gas, and a rise in the mercury column cuts off the 
supply of cold water to the bath and diverts ft to waste. This method 
is for small baths only.

Siphbn System^- -Baths which arc cooled by the addition of cold 
water requirasone means of keeping constant the level of the water in

Til LCTtJTOS T A T S  IFsINC V O L A T i n t f  I j I  Q U I D  3 3 7

f1u,\ ior—.Siphon n.i'rujiiconicul. ! ■ > UiJI ill tail! l!MllMtlLtlD [i
HolcliijtTes),

vol in wAttT'liEL-Lli (J3rou:i)wHz anci

the bath. A number of such devices have beep described by Wilde l 
ajid take the form of Siphons of various designs. The use of siphons 
eliminates the necessity for drilling a bole in the bath, as this may­
be difficult to can y  put with baths made of certain materials. An 
i n t e r e s t i n g  device working on the same principle has been described 
by Btewowitr, and Hotchkiss i and is illustrated in Fig. 20. Gold 
water is supplied to the bottom of the bath by the pipe A. Excess 
wraber in the bath flows into the closed-ended tube TJ, from which 
it is siphoned into 0  and runs to waste through D. This occurs 
when the head of water in B  is sufficient to cause a displacement 
in the direction of O. The tube E  is a- safety overflow. The siphon 
does not break, as its ends dip into reservoirs of water in B and (7, 
and flow only occurs when there is a head of water sufficient to cause 
a displacement in the direction of D.
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Othmer Flv7u-c*mtroiler — A controller to regulate the quantity 
of water added to the bath lifts been deathbed by OthmerJ (see 

21), A vapour-pre.ssure bulb, containing ethylene oxide, is 
immersed in the bath and connected to the flow-controller by a tube 
containing mercury. The level of the flow-controller is adjusted 
so that the vapour pressure of the liquid in the sensitive bulb at 
the set temperature forces the mercury high enough to submerge 
the inverted V-weir of the central tube.

Cooling water Hows into the tube ftt the upj>er left side of the 
flow-controller and, when the mercury is below the level of the wr ir,

down the annular space, up through the inner 
tube, and out through the discharge tu b e  on 
the left to waste. As the mercury rises and 
throttles the flow through the weir. the waUir 
rises in the annular ppace and ove rflow s  
through the tube an the right side, running 
directly into the  s tirre d  water of the bath.

Both outflow tubes have in scaled tips to 
facilitate visual inspection of t he comparative 
amounts Jin wing in each, and arc vented to 
prevent siphoning.

Control with a reverse action to that 
described is made by interchanging the con­
nections on the left and right arms,  Foe 
temperatures above that of the mom. any 
temporal m e point below that of the hot 
water available may be maintained with this 
arrangement. Hot water- discharges through 
the left arm lo supply the heat required. 
Ethyl ether is a suitable sensitive liquid for 
this range of temperature*

Baths for temperatures between In' C. 
and 2,T' require provision for ludb heating and cooling. Two liquid 
flow-control lers are therefore used, ope diverting a. stream of cold 
water and the other reversed ill action and diverting a stream of hot 
Water, both controllers being connected to the game Sensitive bulb 
in the bath. With the two weirs at the same height, increase of 
vapour pressure in the bulb raises the mercury level to throttle both 
simultaneously. This increases the cold-water flow and decreases 
the hot-water flow to lhe hath, the respective flows to waste (hanging 
to compensate,

Fill. Li J.- i lllmutr How - 
Ccuitn pllrr.

The same controller can be used foe other purposes. For regulating 
ihc gas supplied to  a burner, the gas is introduced fhrotigh the tipper 
leic arm and discharged through the fewer left arm, all other openings 
save the b o t t o m  being pluggwt Again, in distillation processes, 
the flow-controller can be adapted to control the stillhead temperature
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by reg nl at ion of the amount of wash liquid re turned, to a fractionating 
column,

Schmitt Therm ostat-~\x  an example of a thermostat using the 
principle of passing suitably tempered water through pipes immersed 
in the hath, that of fichuilit  * may be instanced, (yen Pig. 22), Any 
temperatures within the range !u° to 4O'1 (.1, may he maintained. 
The water passing through the colt in the bath is drawn from a pro- 
thermq&tat. winch in regulated to a temperature just sufficiently 
below that of the main thermostat to provide adequate cooling when 
the water is made to circulate rapidly. The amount of cooling in 
the main thermostat is control fed by the difference in temperature 
between the pre-thermostat and the main hath, and by the rate of

tic.nti.nq
C ircu it

C a o t i n q  B a t h

Regulator
Circuit

P r c t h e m t  o$ t a t

Horsehair //isuLation

i j  —W ater

Regulator
Ctrciiit

M a m  7 7 icrtnosta.t

Hcatinq
Circuit ------\

E a s t  I r o n  T a n k

I'i'i- --- -TJh L'nio&tftfe for Is.'sn|K-Cii iuff bHav̂ rJi 10" jiru! 10' 0.

flow ni I ho cooling coils, the latter being contrail able by a valve, 
the |ire-thermostat js cooled by the passage of ice-Wider from a 

Constant-pr^ure system through a copper coil immersed in this 
batlij camjxmsatory heating being obtained by a heating coil immersed 
in the bath and controlled by a tuhiene regulator. The temperat e re - 
difference between the two baths de|w?nds on the temperature desired. 
At 20^ b, the best results are found to obtain with a femperature- 
differepen of i)-2 to d-4'1 CL but whatever this value, the cHfferenoe 
must be Constant to J- fVd)0d,: f t

Heating of the main bath is accomplished by passing an electric 
current directly through the cooling coil, which is suitably insulated 
for the purpose. About 90 per cent of the heating is continuous. 
The amount of this heating is regulated so as to be just insufficient 
to maintain the desired temperature. Additional current, controlled
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by a regulator wound in a similar form of coil to liie heating-cooling 
ebil, can provide ftiippic-iiientary heating more than necepfiary to 
maintain a constant temperature.

num bei‘ of advantagCM. Heat is liberated from the same SL$fncc 
as that from which £ooUng takes place? so that equilibrium between 
heating and cooling tends to be completed in the coil rather than in

the temperature-gradient around the coils. Heating is practically 
instantaneous and the heat is liberated Symmetrically throughout 
the bath, making violent stirring unnecessary.

A simple means of maintaining fairly eons.t-a-nt, trmipemtu re­
values o' or 10° below room temperature wit-limit the use u£ iced 
water and circulating coils, has been suggested by fkirrett.6 The 
terminals of a srnalI fan are ^hunted aeross the heater terminals of 
a relay which is in series with I lie heater. When the relay circuit 
is closed by the regulator in the hath, the fan is shunted out of the 
circuit and a. largo current passes through the heater. On the other 
hand, when I lie- relay circuit is opened, Hue fan runs a t lull speed 
but the heater cm Tent is cut down, due to the high resistance of the 
fan motor. The draught of the fan causes accelerated evaporation 
of the water in the bally which is designed lo have a reasonably 
large exposed surface. The humidity of the atmosphere should not 
he excessive, because efficiency of cooling depends upon it.

References to Chapter I I I .

||) \Vl| m-:. {).'■>. ft tul Eny. t'hr.fiL , lfl£lh J0. II" I.
i;>\ BrNcowiiv. ITotciiihibs, ibid,, 1034,16, II, no;!.
(3} Oi'H.MJEft. Jut/, and A'uy Chew, (jinaL j&lii,), 1031, 3+ ISO,
(-11 iScHirttri1 . r tn  Sl'ujvil'i'T* tiev, V e t  in s lr ,,  1033, 3 , !L I ' iV  
( i j )  O A lt i lF 'T T , I  fid, (I nil tintHlartf;. .  l.tUJ}:!, 25 T J t56.

m i
46 ULTIMHEAT®

UNIVERSITY MUSEUM



CHAPTER [V

47

ACCURATE ROOM TEM PERATURE CONTROL.

Cbktain  Imlkv instruments require a constant ambient temperature, 
and this may often be most jboiivenionjbH maintained b\ keeping 
the room, in Which the JnsLnimenfc is situated, at a constant tempera - 
ture. Tim need for sm-h eon trot can ho exemplified in two eases, viz. 
that of an interferometer or of a concave grating, where temperature 
variations of about 0*1 U. are large enough to reduce the resolving 
power to half its attainable value : and that of creep tests oil metals, 
where temperature is obviously an important factor,

More accurate control of tem]Joraturo is desired in such cases 
than, in the adjusting of temperature for comfortable room conditions, 
where other coarser or simpler forme of thermostats suffice. These 
latter are described elsewhere.

i 'ondithjji.s himihir to those in the laboratory air-baths previously 
described apply in room control, but on a larger scale. Especially 
is the eoncen that ion o.f the heating elements in nne positing to b* 
avoided, unless a high degree of turbulence of tlx* air in l!io roon; 
has been arranged for. Otherwise, the risk m' direct radiation from 
the beater on to the object a in the room is very great with such a 
conceal rat ion.

Vapour-pressure Regulators. -It must be borne in mind that ah' 
has :i comparatively small heat-capacity, So that for sensitive regula­
tion. the controlling ami heating elements have to be carefully con­
sidered in their relation to the heat capacity of the air in the room, 
U  is frequently found that the volume of air to be controlled has a 
smaller beafrscapaeity than the therm&stafc, resulting in a corresponding 
sluggishness of rfts])^Lsc to temper at ure-ehanges. It follows, there­
fore that it is an advantage to  ns© a vapour which ha>. a low bear- 
capacity as a thermostatic medium in the regulator. The change 
of vapour pressure with temperature in suitable volatile liquids is 
quite appreciable, that of ethyl ether, fot? instance, being about 
2 cm. of mercury pressure increase for 1° C. rifle. Regulators using 
these liquids a it  fairly easy to Construct, and by reason of their form 
it is advisable, for safel y, to make them at the pln.ec where they are 
to he used.

A description of the method of construction of one of these 
regulators has been published by Green and boring.1 and since 
certain precautions arc necessary to obtain successful operation a

41
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somewhat full description will b© given of the method they employed. 
Fig. 23 shows the regulator, together with the accessories for filling 
it.. All the components fire of glassware* apart from the two contacts 
which are sealed in pyrex, one a t A  consisting of a tungsten wire

4 2  T H E R M O S T A T S

with a plat ini mi lip, arid the ether at H of tungsten. An important 
essential, and one on which the successful final operation depends, 
is that the glassware be thoroughly cleansed. This can be done 
in the usual way with, chromic acid, finally rinsing with, distilled 
water. After the glass system has been cleaned and then fir 
sucking dry hot air through the tubes, it iy suitably suppoi
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wiihsiatuJ tfio weight of mercury ufhieh is to be pla&ed in it, Mercury 
is introduced into the retort D t and f/.s is sealed ofl:. 'The system is 
then cm si meted to a vacuum. pump, with fttopcQck </B el used and 
&tppeook (t open to bulb F . When the pressure is ns low aw the pump 
will produce (preferably less than 0\L mm. H g)t heat is up filled to 
the retoft D and mercury is allowed to distil into the system. When 
the mercury has attained a height of 33-40 era. on each side of the 
U-uibc, the 1 leafing is stopped, 'i’he bulb // is tilled with carefully 
dried ether and the stopcock fV t-mued to allow it to run Into F . 
■Q is then closed arid a little ineivury put into IF  to form a- sea! for iff. 
The stopcock . } i is closed and 0  opened to the system, when the 
bulb F  ean be very gently warmed (with the hand) until about 1 ml. 
of ether have collected on top of the mercury column. During this 
process the mercury column on the ether side drops by about 23 to 
30 cm., with a eoneeponding rise in the other limb. The seat C\ 
may now be sealed ofI? hut in'doing I his care is required, or the ether 
vapour will blow out on beating ■ it can he done in the following way. 
As mueb ether n,s pq&bilile is collected away from C t by cooling the 
system about A and E  with iee or solid 00^. The sealing can. then 
be effected in the usual way. "The cooling medium Is removed and 
the mercury in 1) again heated. When the level of the mercury in 
the limb on the same side as T , -is about 80 uni. above the stop-cock 
J j ,  the heating is slopped. J opened slightly and the mercury allowed 
to flow into K and i lie stop-cock then closed. 0 ,  may then be scaled 
off.

L’o set the regulator, tlie following jimeedmv is adopted. .Allow 
h to attain equilibrium in the room where constant temperature 
is desired, fhen open J 3 slowly and allow mercury tu rise about 1 <un. 
above the [joint „■!. If atmospheric pressure is low, it may he necessary 
to  pump a slight amount of air from E  to accomplish (his, Close 
J ,L. rl he regulator is then connected to a- relay system governing 
the heat supply,

Other methods ■ :;>'1 11 of regulation of room temperature arc possible, 
but in all cases the form of the regulator, the form of heating, and 
method of mixing of the air have to he carefully considered in relation 
to each other. The importance of thorough mixing of the air cannot 
be over-emphasized. ,

The necessary extreme turbulence of the rvir in the renin is achieved 
by Heighten - by the aid of ei|jht or more electric fans suitably dis­
tributed in the room. One fan blows air over the elements of the lire 
or healer. This is made of low heat-capacity by supporting three 
set. a of nickel-chrome wire resist j i ticca on Light, rectangular urahte 
frames. These icsistane.es are placed one behind the other, vertically. 
The expansion liquid used in the, thermostat itself is paraffin, acting 
on a column of mercury in a U-tube. The U-tube contains the 
•contacts. The paraffin is enclosed in a long " compo ’ pipe whirl
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is fijcê l around the room about-, a yard ........  the llunr undine at
l k \l!lld ivmoto from the LMube, in a heat absorber of g$Ued copper 
Iubmg of a foam similar to the old typo of motor-ear radiator. This 
keat-abserter, fixed immediately behind the heater. fa a so c ia l 
fe* S TO of the thermostat, and acts as a " b r a k e "  controlling the 
motif>n of the mercury in the contact tub© after make and break uf 
™  P.1UTent* Tll( heater, omng to its small heat-capacity. rmofa 
rapidly when the current is cut off, and when this occurs, ‘flic W  
in front o f the heater blows cod air on to the beafc-absorbcjy causing 
contraction o! the paraffin hi it and Urns ofi'settuig the continued 
rise of the mercury dui: to lag. Similarly, at "m ake/ ' the heater 
Haims np quickly and hot. air is blown on the heat absorber, causing 
i-hc lag to he taken up as before. The size of the hen l -absorber shoo id 
be arranged so that the relay operates every lo to 25 secs, ]i is 
essential that, if variations of atmospheric iiressmo arc not to aJfecr 
i Ih; thcrniostat. the whole of the compo ” tube and jreal-absorber 
ic ruled with paraffin and free from air hobbles before scaling. A 

mure uniform temperature in the room can bo obtained if the heaters 
an: split up as previously suggested and some of the heat is 
generated in the opposite part of flic nnnti. Suitable insulation of 
use walls iti tile ...... .. also assists in maintaining uniformity of tem­
perature.

Solid-expansion Thermostat for Room Temperature Control. —
Mention may be made of a thermostat3 which, while not dependent 
fin liquid-expansion but rather on sol id-expansion, is, however, 
I]scd for room temperature control such as is considered in this 
chapter. Ih c  (sensitive element, a stainless steel strip so ft. lung,
- "j* w“ ^! ;ETl̂  1M' !°  in* thick, is supported on pulfevs .......... I the
wa ls of the room at a height of about a yard from i he Moor. Variations 
in length of the strip, magnified fifty times, cause a low-voltage relay 
lo act winch, ill turn, through a magnifying lever of (} to J. causes 
i lie operation of a contactor tr> control a number of heating elements. 
In this way, sIom movement of the first levn is converted, ttu'Ougli 
(fie medium o! the relay., into a rapid m a k e  and break in th e  second 
contactor, which controls a larger power supply re lay.
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<:b  U A S W u - irc r  a >-u  1) a v , A w g m M H n p , U )S !J , 14( .  S f i i i l i .  1 i s .  
(-1) HuAHifi, Kiedrician, lOSt&fil, 115,
(aj JWiiLLi. a m i E vans* J .  jSd. Jnetr.t 12, 2S1.
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MERCURY-EXPANSION THERMOSTATS.

'.hit; merpury-expansion regulator^ described in this chapter are in a 
different category from those described in Chapter I I I  in that, in 
the latter, the regulators considered are those which are solely used 
to control the temperature of ;m air or liquid hath for laboratory 
woi'k, In  this chapt-cr will be considered miscellaneous applications 
of the expansion of mercury in a somewhat different manner, for 
bo lib laboratory and industrial purposes.

Mercury Thermometer Type. -One of the earliest, and yl.il! used, 
forms of thermos;tat, is that of a simple mercurial thermometer into 
which are fused two platinum wires connected in, series with a battery 
and relay. One platinum wire is sealed into the bulb and the other 
at a predetermined point at a certain height which represents a definite 
tiuupcratpre ; the mercury thread completes the electrical circuit at 
that temperature. A Suitable relay operates air, steam or gas valves 
as required. This form of instrument wits originally designed for 
such purposes as maintaining greenhouses at a fairly oven temperature, 
the relay opening a cold air valve when the maximum temperature 
Was readied.

B y  sealing in a number of platinum contacts at various points 
along the length of the bore of the thermo meter, any of those contacts 
may be selected, according to the temporal-uro required.

An adjustable form of instrument is available, in which one 
terminal is connected to a small spiral of platinum wire inside the 
bore. A. glass capsule containing a short piece of iron is located at 
the top of the thermometer tube, to which .is attached a length of 
platinum wire parsing through., ant I making contact with, the platinum 
spiral and forming the Upper contact. The capsule can he moved 
up and down in the tube by means of a permanent magnet applied 
externally, and hence the regulator can be arranged to make contact 
at any temperature within the range of the instrument. (See Fig. 24,}

These thermostat^ may lie made to operate control-valve- through 
a thermionic relay.

A maximum and minimum thermometer can be fitted with 
adjustable contacts and used to indicate by audible or visible means 
whether the temperature is too high or too low. Another way in 
which tills can be achieved with the ordinary typo oi mercury ther­
mometer thermostat is to have “ high ” and “ low M points. For

45 (o® g) X X
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thy high point alarm an open circuit is used, which the mercury 
itself closes us it reaches the upper platinum wire. For the “ low- 
point alarm a closed circuit is usedf which the mercury opens as 
it  recedes below the lower platinum wire. The alarm device is actu- 
atctl by means of a relay which completes a secondary circuit when

the mercury orreuit is broken.
An apparatus depending upon the 

expansion 'd mercury to regulate tempej - 
iituro hi a somewhat different manner, viz. 
by utilizing its mass, will now be described, 
This apparatus consists of a double-walled 
vcssch the space lie tween the walls con­
taining a liquid having a higher boiling- 
point than the tempt nature a) which the 
space inside (.lie walls is required to be 
kept' constant. In this liquid i.s immersed 
a vessel full of mercury, u ith the outlet 
drawn cin 1 to a capillary tube, also full of 
mercury. The open end of this capillary 
tube dips into mercury contained in a pup 
which is attached to a ring encircling the 
Outer vessel. Phis ring is balanced about a 
diameter by two pivot* in the sides of the 
vessel, and is attached by moans, of a lever 
in the gas-cock. The ring is balanced for a 
required temperature by means of weights 
oji its opposite side to compensate for the 
mercury ejected up hi this temperature. 
When the temperature increases or de­
creases beyond the Required tempeiattire, 
mercury flows out of or into the vessel 
iit the bath, Lin balances the ring, and 
correspondingly moves the lever which 
controls the gas-supply valve. Ono of the 
principal difficulties in the use of this 
thermostat is that of obtaining a, freely- 
moving gas-cock.

Voltage Regulator. A regulator has been 
devised by V, IT, S to tt ,1 which, whilst not 
controlling the temporal ure directly, does so 

indirectly by keeping constant the rool-ui can-square voltage up]died 
to the furnace terminals. I t  must be pointed out that the temperature 
of the furnace will not be maintained at a constant value where 
there arc large fluctuations of room temperature over long periods 
With the regulator in normal operation* the voltage remains at a 
certain minimum value (subject to mains fluctuations) for about

J’]fj, 2-t- UH?iitlmrn ufl ji stable- 
tSOnkuL* typo m^rtmrydl ier- 
mmnetar thermostat. '
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10 seconds, after which it is raised sonte 20 per cent, and remains 
at the higher value for about the same length of time. The cycle 
iH repeated indefinitely, and the times during which the maximum 
and minimum voltages are applied are adjusted automatically so 
as tci maintain a constant mean square voltage per cycle, The ratio 
of the maximum to (.he minimum vpitage may he varied to suit

1^0- V5.— ArmngoiiU'iilS of itn.-rcvji'y tÛ raQftiiffefr'rff in Stott; T^ula-tcir.

different eircu instances, As the extra voltage becomes greater, 
the time of a completed cycle of control becomes loss, the two magni­
tudes being roughly inversely proportionaL The cyclic period is 
too small to affect the tetripoi’atum of a furnace of ordinary siz,e.

The regulator (Tig, 2c) consists of a bulfe containing mercury, 
wound with a  heating coil which,, in series with an adjustable resist­
ance, is shunted across the points in the furnace circuit where voltage

(9®©P)w
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control is required,* A platinum wire is sealed into the bulb and 
anothear into a capillary tube projecting from the bulb. The bulb 
and capillary function like a mercury thermometer. The platinum 
wires are connected to the input side of a delicate relay containing 
■ i mercury “Lilting switch* The output side of the relay is associated 
with the furnace circuit in such a manner tlmi contact of the mercury 
witii the upper platinum wire reduces tine main furnace current* 
Will i suitable ;ulj list men l of the maximum and in ini mum currents^ 
1,he teftiper&ture of the central thermometer is maintained auto­
matically uj 125" C. Energy propori mind to that supplied to the 
central thermometer is supplied to the furnace. In order that this 
energy may be affected as little as possible by variations in the

t c m  | M.uuture of the room, the bulb with jt« capillary is placed in a 
large vessel, the annular space between the two being kept a t a 
temperature of 50° ( by means of a. heating coil on t he inner surface 
of the- outer pot., The current through (his heating coil passes through 
1 h[’ output circuit of a potil-ufliee relay controlled by a mercury 
thermometer, so that fherinoslat.ie action, is achieved.

The wiring diagram for 0 , 0 ,  mains is shown in Fig. 2 0 .  I n  the 
case of A.O. mains* direct current must bo used to operate the relays, 
for a given value (4 ftj it is possible to calibrate the furnace tenxpera- 
i-iu'o* when in final equilibrium, in terms of l t E and it„, I I  is necessary 
to see that the proportional change of voltage produced by the 
regulator is considerably greater than any such change likely to 
occur in the mains voltage.

* Them points may either In- tho terminals of the furnace, or rheostats may be iu<_lud< d 
for convenience of Control.
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11 is possible to adapt lilt apparatus lor alow-Iieattng or cooling. 
After* some experience with +.11ip. thormnstaL it wsih found 

that Lho e iid heat losses were greater than was originally supposed. 
They may bo eliminat&d by using a  natrrowf^ and taller outer j>oi. 
and. arr&ngingj (lie lagging ho Hint there ia an air space round the 
top and bottom of the inner pot:, ils well a  ̂ round the nidcK. The 
narrower pot is placed eccentrically no as lo leave room for the outer 
bulb. The tv ecu trie ri t ran go turn! also facilitates the circulation of 
air by convection*

Reference to Chapter V,
^ii.iL. a . fnatr., i iw l .  8, .n ■. in. :tu-;sio.
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CHAPTER VI

CLASSIFICATION OF CONTROL EQUIPMENT*

BjfiFonE pniceoding to a  consideration of some industrial types of 
regulators, it m ay be advisable to explain some of the terms used 
in connection with these regulators or controllers. Despite the 
tremendous variety oi these instruments, the majority are based on 
three main methods of control, which may either he in their original 
form or in combination with eaoh other; a limited number of 
mechanisms employ derivations of these systems.

(■0 The <f On-and-Off ” Method of Control*—-Other terms applied 
to this category a re : “ two-position^ “ open-and-shut/’ “ fixed™
position ” and the various “ ------ stats*” The Trench term is very
apt : "  tout ou  rien ”

the om&nd-off method of control is the most primitive and is 
characterized by the fact that the controls— meaning valves or 
contacts -  can be in one of two positions, in  one position the tem­
perature is too low, and in the other too high. A sudden movement 
of the controls takes place from one portion to the other. It is evident 
that a permanent oscillation, of temperature must result, with an 
amplitude and frequency depending on the characteristics of the 
plant and on the extent of the variations in Hie conditions caused 
by the control. Jit the £fthree-point control,” three positions are 
provided, one lying about half-way lie tween the other two. The 
temperature is just correct when the controls are in the middle 
position* When the conditions change, to make the temperature 
depart from the desired value by a certain small amount, movement 
of the controls takes place* Gmand-olF control using situ pie globe 
or balanced-disc valves is simple and cheap, particularly where large 
valve-sizes are required, The on-and-ofi method of control is the one 
normally used in laboratory thermostat3 using electrical heating

(2) The Proportional Method*—This, type is also called ** corre­
sponding control 1 and “ throttling control,” the latter duo to the 
definitely allocated band of values (termed the “ throttling band ” ) 
in which the mechanism acts* This band may either be “ narrow,” 
say less than 10 per cent, of the scale width, or “ wide,” in which 
case the band of proportional response may extend in some cases over 
the full scale-range of the instrument. In the “ on-aml-olT ” system, 
small deviations of temperature cause the same movement ol ilif 
controls as large deviations, and it would sometimes be more <£m-
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