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P unira  rcoe'ti.1 years. a greafc doal b f attention liais boni gîveri 
to the sul>jeot of température eontml. Tliis lias been ïnteiSBÎ tieil 
by tlio jkimwledge tiiafc ma ny factors involved in praetical work 
fVL'O directly infiiiciioed by température, ! ïit> tempering oï’ 
wteels, oliemi$}àl ]irueesscs ol varions kin ĵ&f and Mie moasure- 
iiu-tiL o f  pliysical constants sud* as uefiuot.ive oall for
températures witlbn n&rrqxvly defined limita.

Thia noed lins ied to the development of khormostatie icontiol 
wliich enubies the lient source to be açîjüstéd when tbei'o êm a 
déplacement gf tempernturb fmiu the dosimd value. For sonie 
pnrposeâ liftnd coritrol of tilie température may bo sufïkifent, 
but modem re qui renient s, both in aeientilie and i ru lus triai 
practice, déni and a muûh more presse and accu rata forni oL 
ûûnfrol. [il tact, ail Industrial proccsses of major iui[K>it&neb 
arrange for tliis to tafcc place autonratioally by méthode whioh 
are large scale developments o f labo rat or y méthode

It musfc be miilsed, hmvever, thaï fcheuc arc limitations to 
iàucli ooritroh wince howevcr sensitive the regutator may be, 
the controlled itaipcraturc will oscillatc betwoen two points 
ilcjjending upon llie cflieiciffy ol lia' heat source and the 
sensitivity of the euntrol unit. Thus ü a furimco is badly 
lagged wïth fconscquent large lient fossés, or ü the convection 
currents are great, tiicn (ho ability of the control unit, to 
funotion wit-bîn predfetetmluîîd Jiiuits will lie influeneed by the 
cfticieney of the funiaoe or beat source, Aecordingly, the 
faelorw involved in sucli a problem must îndude the source of 
beat suppl v. the prcci&ion In Uin désirable control, limitâtfous 
as to eosts and the spa&O avuifablo for the installalion o ï the 
control ei juifiinent.

In the iolloniiig pages an attempt lias bcen nmde to cour ointe 
nome of LJ 10 methods employed, sûico the sources of înforma- 
timi on tliis practioal subject arc wldely scalttned in the literu- 
tnre and are not généraIly accessible The treatment does not 
claim to be exhaustive, luit ai ni.s at pioviding méthode which 
are depend&ble and simple. ïhnctieal and trlêd cfïicfency bas 
lieen prdferjed to methods o f moue d oubliai value, am 
itifm mat ion given miist bo regarde* L more as a guide Unit:

vi



c o m p l é t é  s o l u t i o n  t o  e v e i y  c o n t r a i  p  r u  b l o t t i .  T i n s  n u t s l  b e  s o  
w h e n  w o  v c ] n o m  b e r  t h n t  t h e r e  a r e  s o  in a - n y  v a r i a b l e  f a c t o r s  
i n v o l v e d ,  s t ic li  a,s t h e  b e a t  é u p p î y ,  t h o  t y p e  c o n t r o l  a v h i l a b l o  
i m d  1 lie Ë i ü T O i m d i n g  c o n d i t i o n s .

Ma i i y  p h y s i e n l  e l le  r t s  b a v e  b e e n  u t.il is e d  J o r  t h e r m o s t a t - io 
p u ïp o g flfe  m d m l i n g  t-h c  e x p a n s i o n  o l  f îo l ir ls . l i q u i d a  a n d  g a s u s , 
t l t e r m o - f t l c c t r i c  a n d  p h o f c o - e l e c t r i c  e l ï e e t s , e l e c t r i c a l  m s i s i n n e o  
o f  s o l i d a  a m i  M id tS j a m i  v a p o u r  p r e s s u r e . K m n o  a r c ,  o f  c o u r s e , 
a p p l i e d  m o r e  e i r s il y  t h a t t  o t b e i 's ,  a n d  il w i l l  o f t e n  l m p  p e u  t h a ï  
t h o  e o s t  o f  A s s o c i a t e d  e q u i p m e n t  r e n d o n s  o n  a t - t r m ; t î v c  m c l l i o d  
p r o h i b i t i v e .  T h e  r a n g e  c l i o s e ti f o r  c o n s i d é r a i  iim  e \ 1e n < is  f V o iu  
i r  ( J .  t o  a b o u t  1.500°  ( 1 , n u  a t t e m p t .  b ç i n g  m a d o  t o  d c a l  w i t h  
v e r y  ] o w  t e m p é r a t u r e ,  s i n o o  w o r k  i n  t l i i s  s p h è r e  is  l ù g h l y  
s p e c i u l i s e d , a n d  t h e  s o i i j x ï c é î  o f  i n f o r m a t i o n  a r e  m o r e  r o a d i l y  
a c c e s s i b l e . The t c r m  H i e r  n i o s l a t  "  U H u a l l y  ( le s c i'ib e s  n
c o n t r o l  d c v i c e  w i t h i n  t h e  r a n g e  e o n s i d ç r e d . w h i t a  c r y o s t a t  ”  
is e m p l o y a i  w l i e n  t h o  r a n g e  e x t e m l s  b e l o w  0 C .

U  is  h o p e d  t h n t  t h o  i n i b n n a t i o n  p  t x i v i d e d  w i l j  b o  o f  r e a l 
s e r v i c e  t o  blie w o r k e r  w b o  brus n e c d  o f  s o m e  l o r m  o£ c o n s t a n t  
i e i n p c r a L i U 'o  c o n t r o l ,  f o r  ifc is c e r t a i n ,  fc h a t n o  o t h e r  p iè c e  o f  
a p p v r à t u s  e a u  w u s t o f i i l l y  a h s o r b  s n  n u i c h  J i m r  a s  a c o n t r o l  
m e t f j u d  i r n s L u t a h l i '  f o r  i i s  p u r p o s o .  N  m ie  w o r k e r s .  h n w e v e i y  
m o y  f i n d  i t  m o r e  d é s i r a b l e  t o  p u r o h a s e  t h o  o q u i p m e n t  t l i a n  l o  
m a k e  i t ,  a n d .  f o r  l .h e s e , l Tu’ ] a. b o r a .l o r  y  t y p e  o f  c o i l t r o l  1m s  
b e e n  s u p p l e m e n t e d  E>y d e s c r i p t i o n s  o f  m d u s f à i a j  o r  c o m m e r c i a l  
f ç r j u s .  l u  o r d o r  t o  m u k e  t h e  g u i d e  a s  u s e f u l  a s  p e a s î b l o j  
a p p e n d i c e s  b a v e  b e e n  a d d o d  d e a l i n g i v i t h  t h e e s â e n t i a L  a u x ü i a r y  
c i [ u i p m e j i t  r u q u i r c d  ; e o p i o u s  r é f é r e n c é s  t o  o r i g i n a l  | t a p e r a  w i l l  
a ls n  b e  f o u r n i  t h r o u g h r ^ i t  t l i c  w o r k .

The au l h or is speeially indebted tu Mr. N. Lnrlman. B.Se,: 
for m u lin g t h e  MS. and lo the rollowing Hrms for t.hc Joa-n uf 
bioeks : Cambodge lusLninumt (,'u.f U rifftïi & Tatlock, Sun- 
V ir. Ltd,, B ritish Thermofetat Co., Bcllingham and Stanley. 
O .E .t1., Ltd ,, Oallenkamp bld., London, and The Patent 
Imperméable Millboard ( 'o. for the data supplied for Table
VIÏÎ,

AUTiLUK S I,H!:FACE:

A. J. A NS LE Y
November, 1941.
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CFLAPTKK 1

GÆZTISRATj CHXSIPERA'FEOÏîS Jfülï TEMPERAT U RTS CÛNTROL

8

T hermostats, the apparat-us emplojæd to maintam constant 
températures, may bê txmvenienl.ly dividtxl mto tJiroo classes : 
those for use at

(a) low températures (ftn 0*— 100° O.) ;
( b )  medium températures (100u C.-- 350' U) ;
(r) liîgh températures (350( Cf-- 1,500e

Thçso 4ivisions are, o f  éourae, arbitrary, and \n practice» 
sortie instruments can be employcd for any température abovo 
(liai o f the atmosphère, altlumgh désigned for onc spécial 
pürpose.

It shnuld be rcmembered that the term "  constant tem- 
perahir© ' Varies somewltat in meaning accurding to the 
spécifie work undortaken. TJie variation o f a few degreeâ 
from a predetermincd value may permîssible in ouo procès» 
whiîc accuraey wil hin a few thonsamUh* o f a degreo iw neoessary 
with another. Furt fier, il in criterion o f cfHcieucy o f any such 
System will be tho rapidity vit h whfüb it re^adjusts the tem
pérature to iis original value. It  is sonie lime 3 possible to 
maintam the température s officient E y constant fur practioal 
purposcs by iusnlating the apparatus thcrmaUy. Sueh insola
tion eau never be perfeot, so that whero précis© coût roi is 
essenüah a thermostat is noeessary fn addition.

G O N T R O L  U N I T  T E R  M S

The D ifféren d 2&.—T his is most Cénvcnjôntly provided 
by irmnersmg the apparatus whose température it is dewrod to 
control, eifcher in a Liquid or an air batJi from vThicli it may !>e 
removed without disturbing any essential comportent^,; The 
autoinatiô eontrol dépends iu immy cases on the prindple that 
a change in beat causes a volume change in some substance, 
which direct ly or ludirectly régulâtes the beat supply, The 
idéal thermostat control would, of course, permit no variation 
from the (lesired température, and (lie cquipment musi bc 
désigné d to restrict any suc h variation to within tho sinallcst

Tî 1
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allowahle limits, This variation callod thc ** fliffereiitial '* k  
i ko numtïcrs o f dogreea above or h clou tho set Icmpcraturo ai 
whidh the control nieehamsm. opérâtes,

IJ un lin g o f the Unit.—This déviation from the desired 
tempcTat-nro value ia duc tu insunsitîvc response oi thc roguhitor 
to tempera turc changes. Couse cpieii.tlyJ thc design of fiitoh 
unité must aim at reducing f liis timo-iag to jl minimum. On 
t he other h&nd, i f  ïnstability o faction on the part of’ tho control 
unit, or ** Imnting as it. is tenned, coeurs, rapid Oscillations 
o f  température tako place. Suck fluctuations me not corn- 
plotely avoid&ble but, by caroful insl ruinent design, lhey muy 
lx: reduced te a minimum. Tho points tu be remenibenftrl in 
control design ave :

(a) thc roqmred température oftlio thermostat ;
(£>) tho ton jîo rature extrêmes of its surroundings ; 
h*) tho extent to whîeb the rûquircd sensitivity inay bo 

combined ndth case of ad j usinent and shuplieity of 
operation.

R aille  o f  Unit, —Tho range of such control u ill do pend 
largcly on thc medium tlnough whïcit control [a aflfceted. and 
the highesl and knvost temjicratur&s over which thc control 
ran opérât c, This constant détermines tho operofchmal value 
of thc control unit, whîch unfor tunately, in many cases, is 
iimited by consbriictionul difhcultics,

A d justment of Control* Whcn a température change 
takes place in the medium surrounding the cou ( roi mechanism, 
ît irf désirable thaï il ahaN rapidly restoro tho température to 
ils original value. This déviation ean be measurod by a 
convemont me&njs such as a thon nom ©ter, Il nhould ko 
remembered, heure ver* tliata time-lag is proseui in thc rosponse 
ofthe control, due to thc ïnortia o f the unit. The therjnomelcr 
al,su intrnduccs a slnùlar Ug, m  i liât il. doeB not gïve immédiate 
information when enough adjustment luis hccn mode, Jn 
practice, tho tendency Js to arrange a very violent response 
of the hciitîng System (ihrnugh tho control) lr> any déviation 
i'iom thc truc value eausing an L“ ovorahuot T’ of thc désirer! 
température. iSudi on actuation o f lhe cou( ml wiU 
necessitate reversai o f  control action, uith a con.se r 
doJay o f at tninment of the desired température, and thc 
duel ion o f 4 him ling/1 Thus an y adjustment sheuld lx:
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that lie&ting will bo intreduoed by a graduai, steady amount* 
t luiy avrtidiitg mâtàbility and virent fluctuations.

The uhc of matiy diverse physical phenoraena us tbe basis 
for varions type controis, suggests thaï each bas relative 
advantages an4 dieadvantagea when oomparéd with the othons. 
Industrial requiruments are ïargely baeed. ou Géonomie working, 
wliieli in, practice means that any forfit of eontrol mug£ be of 
rohust oonstruetioTL requirittg (ho minimum of intention and 
upkéepH Tiio eiùployment of ski lied workci-s is finis diverled 
from tliis t-ask, and development of these instrumenta for this 
partiel ilar purpose lias been influence d by thèse considérations.

The laboralury and reseurdi worker’s re qui remorts are 
muhh. more readïly met. Ikltcaey Tboth o f constmctÈen and 
adjuslmont of the eontrol présents no dïffieulties to tbese 
workers* EutmstncBs inay lie aacrifi ced al the gaiïi of flensiti vo
ue as, w'hiob mukes possible the employmen L o f met h ods 
unsuitable fur workshop conditions. In this respect the 
Iaboratory worker gains sensîtivity, with tlie introduetièn of a 
sni aller çlifïerentiak F or in skaa kmÜ the use of a unit fim fît ionî ng 
at 20° C, wifch a différentiel of ^ H O . gives a permissfhle 
variation of -± “>%. Un thé éther h and. unothev set »t ôiH)D C, 
with the Eame different iaî givcâ a variation of on!y -J 0 6%. 
Tlie relative ufccuracy o f éqntrol will be rcadily appreoiateds 
and tins will hâve a deeiding in 11 nonce ou t S Le final sole et ion of 
any thermost&tio instrument,

Th ère are threo t.hings which affect the raie of change o f 
température : the température o f the surrmmdings, its own 
température and the t[ seümjj*,É of the contre] medituibun. 
fdc> tlvat the ammmt o f heat requîred to keep tlie appar&tug 
at constant température is not ouiv dépendent on. the différence 
betweeïi observed and desired température of thé bath 
which kIiouIJ normal J y bo sero but aise tm the 11 ateatbneâs 
of its surroundluge.

Métal Expansion Controls.— Conlroi unils which employ 
expansion of mot al strïptf fmd employaient m wax and oïl 
bat ln0} g lue pots, electriq irons of vantais types, dry in g ehambôrs., 
iucubator évens, shoc making machines and viiïcanising 
lirocesses^ heated grcenhousey and at>il tempe rature s and 
thermo-couple eoM ymeLion control. In these professes the 
“ thne-lag ” respqnse nced not bo mimitely sniaLL

Thcse bimetidho strips are spécially trente d by speïà;
a
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“  ageing ’ pro cesses lu ordor to mhbîniw changes ht cryatftl 
formation doveloped b y ï&ating and constant use*

A frequent method o f employnient is tp use a bras* tube 
anchofed rigidly to one end of tire moiintâng on tJie apparatit^ ; 
at the other an invar rod is fixed. Tiie expansion and eun- 
i raction with dianging teniperaUire o f the brasa tube causes 
a\iai movement of the free nul uf i lie invar rod which avis on 
lhe Bwitch meehanism* TEs expansion wïB, of course, la: 
i>[ i lie diffemntïal type and is used far eonlrol of a température 
range between 0° 0 , and 120n C.

lu somo forma the whole mechanism is moimfced in a glass 
enveiopc Conlaining an mort gas in ordor to reduce arcing 
and oxidalion ot the contacts. The Jahter are juomitod in 
sucli a maimer that t he y produee a wiping action on oponing 
and elo&ing, These type Controls can n&ually cari y' 1 amporc 
aL 22U volts A,0. or DXh

Liqtiid C ont rois.— Liquida muy be Omploycd in a similar 
imm ï ter ; or by u ti ) i sing t Ji fut vapo ur pres&ures, In commercial 
practice boÜL for ms employ similar apparntus ; le , a phial 
cpntaining the lkpbd and a bellows’ type expansion chamber. 
Wheji used as a Hquid-melal expansion combination, the 
apparut us is coniplctcly hIEcd wilh suilaMe Jiquid. Tlio 
principal limitiog factor is the hoiling point of the liquid, 
wJüdi slionld îiol attack the e hum hcr walls, nor vapourifie 
at workiug tempera!tires, and be of chemical slaïiîlîty through- 
out* Tho expansion o f the liquid is mdforjn over ail tem
pératures and the differmiLî^l is tho anmo at ail pointu over the 
température range, in mounüng the apparatus t Ho relative 
positions Ijcfrvveen tlio 1mlb and the heJIows is uot important*

Taiîltî: I.
C o u F n a i i O N T . s  u f  { J u b u u l  K x i ^ j n s i o n  o r  L i Q U i n s

a  at 1 a
Liquid x u>-

Alcohol (amyl) m
(ethyl) UO

Aniline fio
Ether (ethyl) i
Olyccrinc 53
Mercury 18
Paraflm 00
Turpcntine 94
Toluène 109

■4 ULTIMHEAT®
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Vapeur Pressure Control* The ut ilisai km o f vapeur 
pressure for eontxoï purposes lias fourni wide application in 
industry. It is superior to tho direct expansion of a liquid 
method owfrig to tlio extensive range which oan be nh&incd 
by inorensing or dccïcasing the liquid charge contained in 
the sensitive phial or capsule, These do vices operato thumgh 
thr presaïues créai cd by tho vapniu'îsatkm o f the liquid ; 
and fort lier iucmxse in bulb température moreases the sitpplv 
of gaa* This pressure, operntiiig through a bellows system, 
causes motion .tgomstan opposmg force, siich asa compression 
spring. With a coiTcsponding l'ali in température the gas 
txüidenseflj relouaiug tlie pressure, so fchat lise opi>osuig force 
is greater ajul tlie ïuoehaïusm ocrâtes in an opposite direction. 
The eqnipmont îs so arranged that tlie liquid Is vapeur! sod 
from ordmary températures fo a maximum of about 200pr., 
the volume of gae emptoycd for o{>cr&tîonal contre] nofr being 
auffieient lo ereate bursting pressures,

Iil practice^ tlie bulb temperat’iii'o is aboyo that of tlie 
bellows ; and tho bellows is ko uuumtod that some port ion 
of il; is ahove tho etmneetion betweén tlie capillary tube and 
the bulb. Tlie gae tJien generated ean go into tlie ut-termost 
portion as a pocket, tlie pressure hero thon acU on the liquid. 
The latter moving up tlie capîllary causes expansion of tlio 
bollows System,

Tlie disadvanlage of this type is thaï sinoe vaporisation 
of the liquid is a straighfc line fimotion, the different ial of the 
control over a wide tei&perature range u ill vary considérai»ly. 
Sucli equipment iis supplied in a set température range, 
de pouding un the rc qutopn lents o f the procoss to bc contre» lied. 
The ranges may be varied by using different liquida and charge 
amounts for the capsule.

'J'his mctliod finds witle application în industrial procesaes* 
in dyoiug pots, drying réunis. incubât ors, lûiotype pots, liquid 
baths, to nient ion but a few.

Méthode emplqying deetrieal phenomena, such as thermo- 
eleotriciiy and change of résistance with tenqHænitnro hâve 
found Yviclo application in hofh Kcieutifie and industrial fno- 
oesscs. Tins is due to [fu ir wùte npi iating range [J l,fiOU°C. 
cou pied witli sensiîtivîty and iu tapi nia Ut y, Tlte use of galvann- 
meter bridge circuits in conjuncfiun with these phenomom» 
limites for control semutivitY not found in otlicr methods.

5
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T h erm o -electrîc Control M cthods.— Thermo "eleetrîo 
methods, Junte ver, are not ho éxpénâiYé as rê ist-AUCé méthode 
but both motîiods are equaily useful for t.ltoii- çon+sidored range* 
The former meihod employa ttf-o dksimilar wirefl jorded 
together a.t mie end, whilst Uie iree ends are cunneeUïtl t.o an 
eleetrical mdieating déïbee. Jf tho jtmotion is heatech an 
idectric carrent wfll flow along tho wîtvh.

Tlio magnitude of tho electnttnâtîvc force pruducmg tins 
ouïront will $epend on two factors ;

(o) The diflercnee in tempe rature between tho bot and 
eold j une lions.

(b) The mçLÿfe omployod hi tJio loop of aire.

Tn Table 7. page 72, tho values or lhmm>-e.md’. / ü 0. vapré
sents tho emi.f. trhicli wou.ld be obtained if thé métal slated 
was umd wit J l platirnun la foim the Jonction. botween
un y of tho iafcndatcd me tais eau be fourni by Bubtracthig Üie 
values 11 shotdd lie noted thafc tliese are $ve£a.ge varies, duo 
fo thé nondiuéarity o f the tomj >er ature^.m*f. curve ; tho 
àctli al val ne var î.e s w if h te t ] ] pt !r a tu i\i.

The factors influenchlg tho solo ci ion of varions metals will 
bo U te av&üfffblo thermal power, strfcngth, cod-, and ihe abilii v 
io witliatand c m &esloji and high température*

Tho Odupie may be a combination of rare or base met al s, 
and ho le d ion is determinod primai ily bv thé température to 
U  contre) led or mcasured*

But for the question of eout:n platinum aB.il ifcs allnys would 
be universal ly ustéd, an theit ûûnojxklabiîity, higli melting 
point and strœngth mako thmn spécial ly mbtod for their work, 
Jn fl le case of rare métal eom binât Ions* the É1U&U diameter 
of the wiree tué ni ta in a somewhat délicate couple for véty 
liigh température Work. Base nietaïs, due to tlieii1 cïieapnea&j 
éan be jiui.de of vire of more générons proportions,

The approx imate temperat uro lange co verni by tliese 
couples are :

Couple Température ltange
Coppcr Ocmsttii j l i n 30ÏV*<&
Iron CeiLHtaniin !H>0
ChroinekAlumcl f, 100
Rial i 1111 m - ( I hd iîw m !K)% ■ ;-

10% Rhodium) 1,400
13
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The «.iikf.s iiroduced ut varions températures arc appcnded.
T abljc 2,

THERMO COUPLE K.M.F.s IN MTTJJVOLTS. 
Cold Junctifin at 0° O,

t-ouplti. * 100 200 300 loo 511(1 (>CK> 70fln

Pt./Pt Rhodium
is %  . . 0 M ilS I 15 3’3Sô 3-;ws ■ 1 - I l 5-50 6 '725

CopiîLi1-
< ’rnn'it.iiit tn . 0 -i :s:j 0 35 1 MIT r i -os 27 45 ____ __

OfurcuiLol-Ainiui.'] 0 I I S J3 12-31 ig .ni S0*B1 31 -Il 2014

J nui.
donstimliii . 0 5*0 IF 2 10-0 £24 28‘3 31-2 4Qfl

( lûujjlo. 0 SI KJ 131 Kl 1,000 U  (10 1,3(10 l,5HO 1,400'

Fl ./PL ltlmilimn
Jy% . . 0 7-1HS y 1041» 11 ’SS — —

Copper- 
(Jnn^nnün . 1) — — ,— - .___ ____ ____ ___ _

Ohmiiel-A IduldI 0 3&31 37 U  34 4S*Ii ■rs-,Sô 53' 13 5 5 S1

Iron-
CbJlDtMltîtl . 0 17 ;[

“

— — — —

Copper Constantin Couples.—1Xhis is ouo o f bhe mpat 
widely nwtl and moefe aecurate of the base métal couples. 
Il will maint a in ils calibration, if not overJieated. but above 
300° rapid detcrioption sets in imitas, the couple fs made o f 
heavy gaugo nire, The thermo-e.md'. I* 4r> m v / 'd ,  and 
expérience lias skown fcli&t a précision of £>C-I0° 0. eau hc 
oxpoctcd in the neïghbourhood of fîOU ('.

Iron Constantin Couples.—-The température ro-
iatkmsJnp of thfe combination ig a doser appïoxîination to 
a straîght line tkan the oopper-coiudaiitîn type. Twp dis- 
*idvaut âges are présent with tkifl combination.

(a) At low températures 11 ic iron tends to rust in humid. 
atmosphères.

(A) Aficr jurokmgerl expo sure 1 o hi«çln températures 
paraîtLo cUi'J'ents deyelop in the irou and are believed 
to bo parlially duc to change of crystul structure end 
prolongod Keating.
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Chrom el-A lum el Couples.—-These are extremely aceui'cdo 
and dcpendable, and can be usixi up to 1,100“ 0. coidmUousLy,
The c.m.f,-température curvo abovo lD(f f ■. is mainly a straight 
line.

Installation Of Couples, — When couples arc jjnstallcd îl 
*s important that tJiey are in immédiate contact with t lie 
beat source desired to eontroL ftjîccial protectivo refnÿctory 
and métal sheatbs are nooc.sgaïyr to uHJisland l ]k> corrosive 
adiim of fumes and Materials met with in pr^tîee. Xt is 
cssential thaï lUe Qouplt: head iskould net Ikî siibjocted to hîgh 
températures and the positooiwîg of the connecting loads 
should reçoive caroful attention.

Kor damp conditions subber însülated or lend oovered 
cai>3o should Ikî employed, and wJioji cxpoæd to relMivcly 
liigh températures aabestos covored wfco is fmbstitutod. For 
aeourate work il i« essonttfil to employ stuno fomi of cold 
jonction contre!. Terminais slioulcl bo kept eJeaa sine© 
corrosion will inlrodiuT an increuso o f resislittioe to fJio circuit, 
liane métal couples may bc W ilated  with nslïeatos string or 
tu Jung paiided with a solution of earbomnduni, liro n t! and 
sodium silicate mtxtsd to a iJiielc pas le. Wiicn Ivate-d aboyé 
fiOO f'_ the insnlafIon will, of course, disin fcegrate, the car- 
borunduin vigmuously attacking [fie meUïs. Thé connecting 
lottds sJioiild be abolit - stj, oms. cross sectimial area, but whero 
tbe circuit résistance exeeods 4 olnns a lie^yier gaugé ivire mus! 
be omployed.

The Cold «I miction. —ftince thé électromotivo force 
generàted by a t hernie-couple dépends on thé différence in 
température between the hot- and cold jonctions in tho Ihenno- 
oksctrîc circuit, any variation in tbe tmnpemkme of tbe cold 
junclion. will alléef tho out.put of tbe juiiethni, In ordor, 
therefere, [ liât the cold jimetion may bo maintaiucd at constant 
température, somc form of control nmsfc lie mrïployed A \rry 
simple j net lu ni U to employ a thermos JJask fiilcd with oij, 
tlie vessol being snmmndcd by a beat insiilatlng mat criai!
A fhermometer, by whu-h tJie lempevalurc o f tho cold j (.motion 
may be deteymined, may be ijinertésl tlirough :l cork in tin: 
neek of tho Ifask, Aixotbor nudhod l.s ic> contre 1 Ific tomj>era 
ture by burying tho juncthm UJidor a floor of a ludlding m fber 
tban in (lie open. 'I lie jt me lion may be enelosed in a £ ineb O  
diameler Steel shcatli, poiuted at ils longer end, (lie Uuinudf

S ULTIMHEAT”
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Stidf
Wire

l.'jo, ] i ■■

couple fonda being connectcd ta a Euitable head fixed al. (lia 
top o f fcho tube.

r!'lui o,m.T. produced by tbo thenuo-elemenk bas bolh to he 
standard! scd and inteTpreled in tenus uf temporal uï&. Ktir

tins purpuse a polen-
-||-------- tiu.meter method if*

cmployed ; in this, 
a Itnown c.ïn.f. pro- 
vidcd by a standard 
frGll is balanced 
agamst thc e.m.i. nf 
tJ io couple.

T lie circuit diagram 
is shown in Ift,
ami a t y pi cal instru
ment empiuyed as in 
(f>). The murent eup- 
plîed by bat tory F is 
couttollcd by i lie ad- 
j astable résistance R 

ta a fa'cde termine il value, se tlrnt f.Jie voltage drop acrosa any 
portion oi AB  is known. Adjuslnient is made by varying the 
position al Lho movnhfr contact arm (*, until Lhe galvano- 
meter G shows iif> dcUection ; in 
t-hïs position tbc e.m.f* o f  il Le couple 
is eifuai to th&t o f t ho oeil F.
Any variation, in tho murent supplied 
by  LJ le lal ter will adversely eiïoel the 
rcadingw siu.ee ihe pot-ciltial aernss lhe 
s Eide \\ iro wi 11 thon vary, To standard
ise t fie battery circuit. the standard ccll 
K is coiuiocUjçjl aeross tfee gaIvanmnoter 
circuit, and adju&tmiiut o f U will bring 
Hiq instrument once again to the Kcro 
ï>oisiUon. Then the e.m.f. produred by 
ba Lan. oing tiré eoufiJeagain.sE F, will aise 
bo ecjiial to 1 liât of the siandard eeJE IC.
A calibration chart gîvitig tlic euinfdxmiporature value jnay 
eonveiiiently indicato Uie |emporaüire oE the thermo-couple.

This tyjio cnjitrol finds extensive application in metallurgical 
researcli, in chcmical plants, in brick, tilo, potlcry and gUffè

<J ULTIMHEAT®
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Works, uod in 1 lie annenbug and hardouiiig processus using 
Jiigli températures in bmndry work. FïaUrtimi vesiNlanoo 
thermometeTS may ûIku lie ftsocl foi- ^indlnr control probleniss+

Tlitï Platinum Résistance Thermometeâr. When a  pure 
métal \a héated iU decUïcal résistance moreases with ih© 
température. In practice, platinum is generally employed 
^eausc of Us high àegrce of purit-y and melUng point, while 
ai the sanie tirue. ït <tocs uni corrode.

l'be wire is wound on a mina or identité frame, cnclo.sed 
wîlhtn a suit ah le protecting eheath depondiug on tJæ nature 
ol’ the medium into which il \s to be plaocd. Leada are earried 
Iroin thr. frame to a. large terminal block aituated ut lhe sheath 
ïwswl* Th® re&istmcn cnil is adjusted to hâve a définit© 
rc&îstaneo ni the meïting point of iee, 0*C., {HJ and Üm boiling 
point ofwater* 100° 0, al 7UU «uns. pressure

J'he Fondamental Interval. The cpiantity is
eallcd the Fuiui ameutai Inter val ni1 the f hennoi noter,
L Iiis value ls adjusted to lie one or fccn ohms, so thaï F’ O. is 

eijUid to a diange of résistance of the eoïl appro\ünahT]y 0-01 
and 0 +1 ohm respcetivcly*

Shiee Ilie final referon.ee suaiem  the gas-scale, [ fie relationship 
betwoen the variation iji résistance of a wire with temperatm© 
mui [lie gas-scale should b© hiinwm (Jaltender introduced the 
tenu “ platinum üc&h”  asauming Huit the mercasc o f résistance 
o] pktintmi wiis luiifnrm at ail températures. I le showod that 
Uie différence Ixffweun t he truo température l, as measmed by 
tlie air-tJieviuojnoter, and the platinum 1 liermomclor tem- 
per a turc p, waa given by (lie following formula:

t p

17

whe ro l i= tnm.j stat ure on Lhe gas-scule
P ~ température on the plathuim-scalc 
fi - coefficient of thç wire specimen.

For pure platinum a is oqual to 1 %  but varies with the 
ilegrre cd purity. T o u t  tain the différence heW<am the gos 
and platinum wcales? the résistance of tho wire must hc fourni 
al three known. temporal lires, Those employcd ans U" (

O.j, and FildPC., th© lattçr heing the molting point 
Êulphur.

lu
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T aut/tc 3.
REDIKTITOM OF PLATINUM SCALP TU A.1R-S0ALE

TEMPERATURES
< ïc nti^rarlc scajc, fi pLitiimm wWc. constant — 1-5.

PJatimim 
'i Vm p m-tji.L ij hL

Air-S^u
Température

Platinum
T̂ DipcFütiuje

Air,S[-£L3p'
TepjpwoLupç

50 400 600 054-4
100 100-0 eel 716*2
150 351*2 700 779-4
200 20IM 750 844-3
250 250-0 800 910-8
:soo noo-7 850 979 1
550 304-5 000 1040*5
-100 420-2 950 1122-0
450 477 0 1,000 1107-0
ôOO 554-0 1,050 1274 ;>
550 504-0 MOfi 13551

18 I l ULTIMHEAT®
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LHAUm EXPANSION CONTROLS

A

É P

xJ)

.1 n
\ f1

T ml expansion of a liquid wil.h morease uf température lias 
been bvrgofy utilïsed for température control ; mercury, 
toluène, paraflin, ether, alunhot, aniline and glycérine being

empluyed h coalise thoy jwkscss 
rclati vuly high coefficients of ex
pansion. Tnvariali!y, ilie expan
sion o f one of thèse liquida ls 
eommnnicatccl to a eolimm o f  
mercury wilh wliieh il in iu im
médiate contact and Üiis causes 
an altérai ion in Lhe control of (he 
avaiiablc beat snpply.

One of Llie oarlioxf ternis ofsueh 
a çont roi wa& desigmxl by Mario 

-1, and Marquis,* wlin employod an 
ordinary thermomptor tube iillerî 

È'ï-ruit wit-h acetone, electrical contact 
beitig eslablishcd by moans of 
platinum wiros ficalod iuto tlio 
stem. Tho us Liai foi'm of ap
partins.. however, ooirsists of a 
largo cyliiidricaî bulb B (Fig, 2a), 
partial ly lîlted \vifch toluène, or 
other liquid having a bigli co
efficient of thermal expansion, and 
sealcd tu aoapillary tuJie A , wliich 
contaius t-ho mercury colunm- 

Oïl tlio expansion uf tho toluène tbo mercury is eaïuscd tu riso 
iu. tlio tube A. while decmise tu température causes a ooil- 
Iraetion of the nontroî liquid, by winch action llio beat supply 
is brouglit once agahi into operation- 

To avoid temporal urc lags duc tu laok of sonsîtivoru^s o f 
tiw régulât or tJuç cxpjtivïiori ehajidw'r lî shmild bû of générons 
proportions, wkiLe tlte tube A should be a»s smali as 1s com
patible with effective operation. De créas ing tlie bore of the

J Comptes JtctulM, Lit), 1M4,
12

A

____ t

(b)

(a)
Fui* 2*
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capülftiy or contact feibc will mcreasg tho sfmifciÿity, but a 
diameter les* than I mm. raay cotise îrregiilar working. Tins 
îks in general, due to l lie lad t liât i lie time lag in most Systems 
h* such that the mercury over&hoots or undcrshoots the con
tact point very rapidly* lüspetialiy is Uiïs tire case on a rî.sîng 
température, tlie mercury romaiivng in contact with the cou 
tact wire for an indehniLc pcriod, cnitsing the thermostat Lo 
opemtc ai a ncw température. TJ ms, while it ig désir ah Je ic> 
obtain a large relative déplacement in .d, alntüJaüon wilj bu 
présent duc to tiie inhérent- practicol 
difficultés o f the system,

TJus type of régulât or is usually eon- 
fctrucled of glass and, although llds 
mafcerial ohjoctionabîe bceause of ils 
mechainoal weakness and. low thermal 
coiuluetivity, il h Iransparency more 
than off-seU ruiy ad vaut âge gaine d h y 
the employaient of métal. \Vhen Uie 
latfer in employod, practical diffieulties 
aréc in the détection of but* blés of gas 
in 1-lie rcgulating system* Thek eom-î 
|)ïüssil)ility makes ae ou rate contrul im
possible, and tlieir présence mny only be 
delccicd by tJieir indirect effects, They 
Jnay, of course, Jkj removed by tapprag 
the area in. wMçh t-hey axe localise cl. or 
by the admission of a line ivire info tlio 
apptuatus in order to destroy the 
irapped gag.

In order to increasc t ho reaponse of tlic contrai to tem
pérature fluctuations, the reguiaLür fciuTace sJmukl be as largo 
as possible, Whcu, Iiowever* the av&ilabte gpaee in lins 
thermostat doçs not permit tho forai sliowtt in Idg. 2rt, lhe 
Lowry type may be ntodified fox tliis purpose. The original 
fonn fFîg, 3), consista ot a spiral of glass luhing. somç 0 mots, 
in diameter, the npen end of \vhuh é  souled io a eapîElary 
tûbe as before, in order te conHcrve h puce and at, 1 ho saine 
lime to memuKï tho area nf surface contact, tlie spiral juay be 
arranged to Uo cJt̂ so to flic wulls ol the conlaining vcnssél, lin* 
inner cliamcter of the sj»iral U*ing sud) as to permit I lie insertion 
ot t he nocessary apparatus wit luii il .

)3

¥ia* ‘t.
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Métal-Liquid Comhination. Id is obviuus tliât a much 
more rapitl response mndd be obtàwjcd from a métal regulator, 
rathor than frqni glns& Aecordmgly, muny wuÿkors hàyô 
SpUght to combine ÜiG cj$yantagO& of Lbo glass ami the métal 
types, parinuM y in obfânnng ttansparencsy in the région of 
tho contact pointe. Do Khotinsky1 use cl nickel plated Etcel

for l ho main hody of the roguîatûr, sinœ thia 
liai tho advanlage of a cnudactivity approsi- 
nmtely 6f> limes thaï of glas», while mercury 
wjj,s employcd as the «oniroï liquida thereby 
impioviug tho qu$ïibîoH o f tlie enr1.1 roi. Tu 
oïder to ma,Eco visible the contât betwecu 
tho platinum point and tire small mercury 
mer liions, a capidary tube B  (Fig, 4), ground 
to fit the métal parts cxirnüy, is af.tached by 
Ttioms of oemcT.lt to f lie body of tho contre], 
ftopper bas Jilso been em.pIoyed,Hlie métal 
beîng de foi'niable into the desired sh&pe il" 
moltcn load is poiired into the tube and 
allüwéd to mdidify hofore bcîng bedt. The 
co p per ia thon sealed to tho glaft» by menus 
oi a suitablc renient, tukipg caie to tbieken 
i he edgp of 1 ho glasa tiibo prier to fixinfc 

AlternativeEy, the oopper may be soldered 
to a métal d'ireeiiy plated on tho g]eusse5 
A fier tlus luis been accninplishod the end of 
the oopper away from the glass is eloscd viitk 
a n total cap fhrough which a si n ail ho le Es 
bored fo altow esc&pe of air. The System is 
1 lien ffil«d vvith toluene through tho glass 
end of the regulator and, ydien ail air lias 
boon expellod, the &maU hole is closed by 

drîving in a copper plug whidi is lltcji. wiped wilh solder.
Gas-Contrûl.— IVior to tho ErUrodiiction ideleetrieal lieat.ing 

I hermdafatîc regulators contre lied a gas aupply but, witli shght 
modification, the ^qj ic apparat us may also be used for oJoctrical 
heating. \?ùv ga& euntrol the tube shovm in Fig. 2a i» om- 
pioyed, tho lubù B botog jflledwïth the liquidof high expansion 
coefficient, whlle 1he capiUmy tube A ia fîllod wit-Ji irancmy

’ 'ïf.vtii'. Amt$i CJi.au- lVhi„ :îs. üDl. 1 jiev, Sri, ĥ tr.* G, 32.
J Spp 4athorfâ Introduction t<> Inabarrtforÿ ÏPÿchnitptç,

H
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L i operation, Uvc gaa supply pusses through the tnii<t < \ 
whîoh is lixed bv rrceans of a well-litt ing cork iu the ond o f Uie 
régulation clmmber It, imd fchenre through the suit; tube l) to 
the humer, The bulb B is immersed iu the liqiüd baih and, 
conséquent on die température i-isso dtie to beat Jrom t-Iie gaa 
huniers, the lîqutd in Hic Ixufb r\pauds nnd causes the mercury 
levef in À to *isot thereby ïuirtially cutting olï the gas supply.
JH hojrcveiv sudi au action is too tupid lhe ftamq is lia,hk- to bu 
àxtingiushod, but by arranging an additif mal side tube E 
—wbicJi is general fy of rubber—the ga.s is by passed to t ho 
borner.

The amounfc of gus controllcd b y  the adjn.stable clip E 
should be sueli lhat, wheu the end o f C isdo&ed by theiheroury, 
tire thermostat is just maintamed ai the desirod température.
When t ho ond of the tube C i.s closed by the rise of tho mercury 
cohiiim, the amounl of beat given to ilio thermostat will 
decrease, thereby causing the mercury to faH iji tJie eapillaiy 
tube and, at the samo tiino, tho toluène will contrait and the 
tube (' Vr"if! ho opened ngain, allowing an increased supply o f 
gas to bo a rai labié for the heuling f>f the thermostat. Thus 
the température o f the bat-h. witl vaiy betweon certain limita, 
flopendijLg on the sens il i veness of 1 ho régulai or and the extemal 
conditions o f the bal h. Any bnprove monte in, tins form uf 
control aim at hringing these factors whhhi as snmlJ a range as 
is praeticable,

Electrical Control*—When Lhis régi dater is employed 
for electrical conüul the mercury èolumn is usod to " make JI 
or L break an cloclrïeal circuit, whieh iu tum, Controls the 
Jioat suppty, Tins modifications requ.ired aie as follows :
The gas tube C‘ (JHg. 2et), k entîrely di&penaed witli as is atso 
tJic; by-pass tube È\ leaviitg only ojlo ïnlct tube entoring the 
rcgulator Jicad It. Hcalcfl into the capillftry A (Fig* 2b), is a 
platinum wire wliidi makes contact with the mereury colmnn 
in the tube,

À-nibber bung is inserted at IL ami e&mca a plalinum wire 
-  aometimes tungsteti ornhdufMne k usod passbig through 5t.
IJic wire sbunltl lu- madf- adjustable so that the point-o f con
tact witJi 1 lie mûreiiiy surface may lie initier coutrol, 'Pho wke* 
protruding Innu lhe ap]>aralus arc llien lcd to Icrmînals 
situated at somo couva‘nient position on the apparalus and arc 
ultimately coiuiectcd to the relay circuit o f lhe thermostat.

‘ ULTIMHEAT®
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Filling and Adjiisting the R cgu la lor. -Rcmnvo tho
iulettube C(Fig. 2^), and close (ho up]>ernui of the regiilator
tube Ji b y means of a rubbcr Inmg, To the end b f the tube D  
at-tach a pièce o f rabhcr tubing eam m g a stop-dock and, by 
menus o f tho tubbig E , attadi a uûter or other suctitm puBip 
to the regulator. ExhausL the app&ratus with tho tap attache d 
tu D eïosed, Then close E aiul ojxm I) wJiilst tho end in held 
uncler a quantïty o f the liquid with whhh il in desiied to fil] 
tho expansion ûhaniber, Whçn nome of lhe lutter bas passed 
into tho ap’fjÿwutusi close / ;  and ugain exhaust by mcans of 
Uie pump, but with tho crm froi tube in :l beuker of warm 
water. mo tliat as the liquid in heated air will be cxpelled. 
Close E  again, and npeà D lu trier tho toluène so tliat a fort lier 
quant ity o f liquid will enter, Tins operation should bo ropeated 
until (lia tube B isftJinost luth T hecork U should be rcmovcd 
ujLd moi ne mercury pourod into tho tube. Replace tho cork 
and, whilst holding the tube at au angle so 1 bat the mercury 
leaves Uns endtd the capillary froc, exhuust once aguin ; tcpl&oo 
the i ube uprighl and admit more air. Tins operation should 
bo repcat-ecl mit il sullieicnt mercury lias been adrinttcd to fit! 
tho naiTow tube and fomi n luyer some 2 eiu* deefi îu tlie 
tube fi. Surplus liquid eolteetcçl at the surface o ftb e  mercury 
at Ji ma y bo removed with filter paper, The anuumt o f 
mercury must now bc adjusteri for the tempo rature at which 
the i©gi dater is to bo employed. Aecordingly* the tube should 
bo plaecd in a bail] o f vvater maintaïued for a lew inimités at 
the destred temperat m1©, l f  Loo mue h jnorcury has been
introduced the exeess is removed by meuiiK of a pipette, mit il 
the remainder just occuptcs lhe lowcr end of tho tube above 
tïie cupiUary. I f ton litÜc mercury is présent, tho tul>e should 
be plared witJihi a bcaker eontaining wann watnq ro that the 
mercury surface ri ses above the end of the eapillary and a
birthor amoiuit of mercury added. Once aguiu the tube 
should be adjusled for the toluène lovel ; the final udjustmeitfr 
of tho latter being eompleted by tlie use ni tlio inlet f:ul>o G.

Au alternative mothod whiohf il }>erfoiTned earofully, ean 
be carriod ont more expoditioualy is as follows : The bel b B  
sîumht be held somo distance above a email fl ai no or immeraed 
in very but wator su ;lm to çxfiel soi ne air. and al the same timç 
tho end of the tube ]> is placed under tho surface o f sume 
tnlueuc, (h) coolingj tho lai ter mtÜ bc dravvn into the 1 " '
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tube js then rowarmed whicli w\\\ cause lurther expansion 
ot' air and more lïqnid will enter the tube on cpofàûg. 'ïhm 
process shpuld be rc[>eated uiilil su fli fient quantity of the 
liquïd lias cnlered the tube h

Préparation of Toluène, tt ghould bo rcmemborect thaï
great care muai ho exoreised when handling toluone slnec H is 
very Ijî ;J11inflammable. .h’<fr this rcason, lomo workers may 
teel disposed to substitute another liquid, snob as aniline, 
having a high coefficient of expansion* To ayuid difïieutües 
in the o]x:ration of the régulai or when toluone ie femployed, 
and which usu&lty developft after tlio instrument lins beon 
in use for aome time, the liqmd ehould 3jo treated Lo elimmate 
ail traces ol uatet. This is donc by standing the Jiquid over 
auhydmiïs calcium ehJoride, and then, m er fVoshly tsut sodium 
mets! for twenty-four huurs, The toluene is theil decanled 
iuto a distillation flask, dislilled, and is roady for insertion 
into the rcgulator tube.

Im pravem ents in Toluene Reculator Tubes. As tho
tube lias tu be adjusted for use at a predetermuied tompera- 
liiro, eaeh change of température range nécessitâtes au m ldition 
tOj or removal from, the control liquid. Eu order to avold thia 
ineonvenienoe Polisser1 lias «uggested tehat a nimibcr of t.njig- 
str]) contacts lie fused iulo the oapillary tube and îmlined at 
au angle of -lu to tho bore. Intemicdtate tempe rature 
fcettùigs are thas oblaiued by tîlting 1 lie régulai or slightly 
until the mercury lliroad jusfc readies tho appropriatn contact.

Parks,2 howovcï\ employed a tiglit ûtl-ing phmger in tho 
reguIatoT head and, by raising or lowering the lutter, the 
température eonld be adjusteil wifchin (lü C, of the desirod 
value. iSucli an arrangement is ;t conveniemt addition to 
the control and in tho type employéd by Yee and Davis;* the 
plonger is marie adjnstable while the adjustment head îh 
fixod. Tlie apparatus is consi niek-d o f thin-wallcd pyrex 
tubing, -K mm. thiek, having an outside diameter of 35 mais. 
(Idg, 5). Indentations* about 25 imns. wide at the inquL-h and 
2a mms. deop are provided. liie thickness o f the indentation 
wails being Cb2 une. which ^ccouuts for the rapid rosponHO 
of tho regulator to température JïucLinitions. To avoid air 
heing l rapped in the pocket.s of thè iatler w\nn the régulât or

1 Jmo\ A mtr. Chua. .SV., R2. (l;ïO. iy:iO.
Ind.j- K-Jif;. Oh an. ( a naJ. Hi ], ), r?t ;uï7 . JEÎ33. J J bnJ .± a 4 77. ] fi!
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fcpîng fi lied, the il nient allons are pointéd upwardtf towariLs 
the feutre of the tube. The adju&tmMt inechanîsm, directly 
aealed to the tube C winch éxterds almoat to Uio bottom of 
the tube A , consista o f a Tcngth o f  Joua KP(J tubiug, «orne f> 
n\mH. bore and 50 mms. long, a brass cap iS is attached wüh 
wax to the top o f this tube and through it a finelÿ tbreadcd 
hrass rod carrymg an invar sfcccl plonger F  passes, Xho 
diamètre o f the latter is onty shghtly amaUer Lhan the inside 

diaméter of the tube» but it ean move freely 
therein wilhout the use oT a lubrieant,

To Üic top of G is Jîtted ànother cap H,
thfougJi wMch js p&ssed a. rod carryîng a fine 
niehrou*® wire whieh makes contact with the 
mercury ah / ,  whcre the fine eaphlary opens 
ijxto f. he 1ipiter bidb. The other olcd dea'l coâtàet 
is made through the wîre litted to the aide arm 
J, white h and L are loôk nuts. Mercury is hv 
troduccd Info the regulatm- by meaï% o f  a funnol 
w iü ia  fine eapîllary stem reachbig to the bottom 
oi the tube (K Gare àhould be tabou tp avoid 
trapping air bu b blés in the tube A. WJien the 
mercury reacJtes halJ'-way up the tube £> the 
tunnel is mn.oved and the plungcr repiacod. 
The latter is nul air-tiglit and, althougk rto 
mercury onn eseupe, the bottom of 1 he phmgcc 
should bo arrangée! so as i<> lie stightty below the 
point /, and silice thero is positive pressure 
against the phuiger, air is prevôtlted from 
entering.

Prévention o f Surface Contamination, —A further dofcct 
of the lùjuïd rogiilàtbr using àéreuty with eleetrical contacts, 
is the possible contamination o f the surface with oxide due tà 
^parking at thé électrodes, Ji the epark is at aJI intense 
détérioration is very tapid and ultimabély causes failure in 
the régi dater action, hi order to reduce tins urcing, for it îs 
jmt possible to e Intimât e it aTtogelher, many suggestions havo 
\ >cci ] j iroposed. Ram sey1 designeil a regulati >r (Fig, j if wliich
the immédiate contact is encLoscd in a chamber contaiiLing ait 
inei-f gas. It is constriicled o f pyrex glasa Jiaving at C a 
tungstén wke whuh extends about \ cm. Info the eapiî 

1 hid.. *lj Eag. Vhmn. ( AimL Ed.Jt "2 lJJ, 1033,
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of bore l mm. The aide arm /_>' of tlie oonlÿeÈ ch&mber is 
ben t as shown and sealed. Cte&n, dry .mercury is added at E 
tutti 1 it reaelres somcwlrai abovo the stopooek? winch .is about 
lëVè] AvitJi the contact point- in the capillary. Hydrogeit, 
supplie d fVom a Ijapp’s generator, in ajlmitted tô the contact 
dhamber b y niéans o£ a three-way fefcopcoek. The lai. ter tinis 
permis Ih.c contact chswuber to be connected to the go-y or 
air supply, B y applyîng fiuctioii at E ? wkeu connection is

26

made willi the hydrogen source ; and reloïusing when ppened to 
t Fie air $ the chamber may ho tliox*mighly washed oui and linally 
(il lcd wîfh g&a ujit.it the mercury &Uuds about 1 cm, below 
the Tvire in thé capillary. Thon the stopeoek regukitor is 
close d, the chamber is chnnocted \vith the air by in.ea.ufi of 
the tkreo-way eock and is immédiat ely tsealed oiL 

To set the roglilator for eontrol at the desired température 
it- is allowed to al-tain tkis température by k m era o»  Eu liot 
wa-ter wii .1i i tic stopooek opon, T h en , with the circuit bre&ker 
corme et ed at A and Z)via the mercury, slight suctio^ or pressure 
is applied at E imt-il the mercury barely touches the tungsten 
wire wJien the cock is cl ose d. In order to avoicl the Tieeessuy

19 ULTIMHEAT®
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oi’ opening and relillmg with mercury ivlieu too Jiftlo lias beeh 
intmdueïHl into the contact eharaber the skie arm îs l*mt aa 
ahown at ik parmi ta t o p  ping Borne of the mercury away
from tlie main body and thereby loyers the mercury lëvd 
suflioient-Iy tr> break cou ta et.

Jt hm  beeii ob&èrved b y Couy1 and Sl|gha that, if tho contact 
jioirLt iÿ m&de to oscillate up and down far a distance of about 
1 mm, in llio regidator tube, more sensitive contrai ia ohUuncd 
flian if tire contact romains staMonary. Il is évident that even 
tJmlcr sue h conditions, cnn familial ion nf the mercury surface 
mu l̂ me\ il ably take place, and U is fensiblc 1o snggest that a

far more oonvenienb meÜiod o f ininmuaing exidation h  to 
reduoe or limit the amomit o f mimait passing Ünough thç 
reguUtor, Accordlnglÿ, BeaVer* and aJâo Ceuke and gwalîo#4 
RRggesf that a maximum current value of 0 00$ ampère shçuld 
Iïc omployed 3 h the controi pireuît and that hy m.eams of un 
amplifier this cuiront- oan bo increased to operatc a rdfey.

A typical circuit an.1 aij.goinent is shown diagrem.nialically in 
I1 ig. i . A 120 volt f u t  snpply lias two resistanceg, £ 1 and R& 
eonnccted aeross it with the filament oJ the valve in sériés,- 
the value of the résistances being I2U oJuiik and 2 ampères 
capaoifcy. F t Q and F  are resp^élively the blâment, grid and 
]»lale of the valve. Résistances of 1 megotomaro plueed al

1 Oiitm. Pkijn̂  Ü, A 79.
* hitL d> Eng, Ch&n.t 15, S!>7. 3 Ju/tr. Amcf, ÜhruK Ak,, ty fiO,

JU23. * Jour, EcL Inxtr., U, 287,
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supply mains, and h y  Üiîh mcans tho currciU p&asing i hrnugh 
tlif̂  r< filialor will ho vory small. I f sparkm# aeross Uio relay 
contacta pointa be corne loo great, adjustmmt of tho value of 
C2 viUJ l>t- nocessary.

M îcro-Liquid Therm ostat. — Whon vory smail quantit-ics 
of Jiipritl bave to Iw mainfeaincd witliiji vciysm aU limita of

(cmperfttiH’e change, the problcm of oontrol bccomes more 
difïiouli. The design of sueh ;i. rogulittor by  H^geraami1 
For use in connection with the meusm ornent o f high and liw  
iiequojv'v conduetiviljea of électrolytes is worthy et mention, 
The thermostat way constmctcd o f tw-o gtasâ oylindors

K
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leiminated at the terminais Æ, and Ez. Al tadiwl t o the body of 
the thermostat was a U tube containbig monmiy, ïo which 
was sealcd a capillary tube £  so arçangcd that, <>n the ex
pansion of tho toluène, th© ûiexeiiry rise in Mie tut*© K was 
about ;1 cms. for a température eliangc o t about <M°C.

Finallÿ, Mie terminais were onn- 
nscled to u circuit cuntaihinga relay 
uiiîch oporated, in turn} the main, 
current paseing tlirough t ho hoater II. 
Tho aetftal ennrluetivity eéll was 
plaecd in the thermostat wïlh ils 
stem projeding thrmigh the «lot S 
fonnod by tho Walt* of ihe régu
lâting chamber, I ho intervenmgspaee 
beWeen the sleni and l ho end of t ho 
hibc being carefully plugged to j ne- 
vent teakage et tlæ tâhndathig liqutd. 
The end of ihe llionnestât \vu$ Mien 
elosed. by-ïmsaus of a rublier end plate 
K and, tu allnw the liquid to pass, 
holea were bortsd iu the Jaltor and 
tubes mærted to enable the wator 
«npply to Ixi connooted to it. In 
practice it was la mut that the tem
pérature of the ttfetmosiat xcmained 
constant to ]_ Q-Û01r' C. over hourly 
jieriods.

[Itilising llie; expansion ofmeromy 
ha. fi/j. Stott1 oontrobcd the température of

;m ofeetric hinuuo byaii arrange mm it 
ofwhich adiagrammatie vlow iashown in Fig. da, whih (b) shows 
the ni ring diagraüi. flltuated iu the centre of the apparat ira 
is a mercury theraipmLer the bulb o f whidi i* ivounrl ■with a 
small! jheat ing coil of 30 H.W.G, insulated mang;ini|i wiin, hdd 
iu situ by meaue of cellulose acétate varmsh. The therme- 
J ne ter is inserled in a oylindricai jmt F  and w©U însulated by 
magnesia lagging, Tho bel b la s  a platinum wire IV} sealed 
al its end, and the CapïlWy tube uf I mm. bore to whîch it is 
atlaebed also eontnins a. tliin platinum wiro II a al tho end of 
wJiicli a simili bail of tlie .sanie métal lias bcen mclted. Thn

1 Jotir. Sgû htHr., 0, 313. 1031.
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wiro is arrongtxl so thaï. ah a température of l&5°<h fhc 
mercury jtrel îeaehes the platinum bail, The usual expansion 
cha-m hcr i* iitted at the head of the eapillaiy and lhe interven- 
ing $paœ fi lied wû b inert gaa. The heating coil II i.s arranged 
in aortes wifch a résistance and fchimtcd acroas the terminais 
of the fuma oc, oi it may eonvenie-ntly bc connected to adjast
able résistances in the voltage circuit, The ubres TF, and l\\ 
aiT ['oïinected tu the in put aide of a lelay opérât ing a mercury- 
hx“glaas switch, and the 1 aller Is ao arranged Chat, on the 
mercury eumîngbito contact witli the platinum bull, lhe main 
uurrent is rcduccrf*

Tn socure a constant cuiront îo  the furnaco* and in order 
thaï Mm external rnom conditions it.l not cause iJifricuhios, 
tîic apparatus is phiçed within a Ifugcr, but similar, pot I\, 
and the température is maintained al S(T fl. in the annuler 

-V by mcans o f ilio hoatïng çoil woiuui on the ou ter wall 
et lhe îimtr pot. The current from Ibis ooil passes tJirough 
the ont put circuit o f a post-oilico rehiy confcrollcd by a mercury 
thermometer. When nporating on a 100-volt supply 1 lie 
résistance cl Uiîs lutter aîiould be betwoen Su and lüO oluns. 
The circuit dingram is shoiui in Fig. t)h and by mcans o f tbc 
adju stable rosis tances R1 and JIit it. is possible to ealihrate the 
Iitrnace température for a given value of Rn.

23
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The résistances A>,1 and K.- shoitld be adjusted sn as 
to ni al a' the “  o n Î1 and. " thl " perindy of the régula tor 
a bout èqual * in ordor no É to overlo&d the main relay. 
An une tors may cpnven ientïy be inserled in \ lie circuit 
as an aid to boiter eontrol.

A commerçai application ofthe use of thecxpanihon 
of liquida ïsioLindm. the meixmry montant fcïiér.ruometorj 
sudi as tJiat mode by ï.A.U. Ltd.* of London. Tho 
thermometer is h lied. wi.lh mercury in the us uni 
mariner and c-alibrated ove r the deaired tempérât me 
r ai i go. À platinum wire î a sealed in to the lo we r région 
of ily jn.ercu.ry eohmm. and normal ly iy connectelL to 
a terminal al. tho head of the instrument. Anotbcr 
plal-ttnon vvire, froni Ui.c top bf the stem, passes along 
tjio tujiê and bas a £mall lengih of iron wiro a.ttacbed 
t G i t y e_\ t J'en îi ty . Arrangod in the tube at a eût il venien t 
])Ofîitjnn is a si n ail platinum spiral through wbiçh the 
provioua wire passes and, regardless o f the position of 
thé latte r, contact is always made via tbe spiral and 
the wire. The end of tho .s[mal ïs tahen to Lho rc- 

JL maînjng terminal of the instrument head. By means 
' o f  an exéem&t magneL the position of the iron wiro 

in; the stem inay be adjusted to nlakô contact with 
the jnem ny in any desired position* and the length, 
of platinum d re  is chnsen so Uiat ils lou er tip will 

alwavs reach the surface ofH1
the mercury at tho lowest 
reqnirccl température. Jn 
praciiee, Ü lc iron tiÿ is sel 
for the l'cqnireüd température 
of 1 hc eontrol and tho instru
ment is imed in thé u^ual 
manner ; leads heing tabou 
from the tlieruKvmeier ter
minais to a relay circuit cen
tré! ling tho hc&lïng cum ul.
A typîeal instrument is 
sliown in Fig. lÇk

Ann Hier interesting appli
cation is th.at employed in 
the température eontrol of

21
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Juif air ovcjijS ü,ntt hiuiikators. Tho litpml isi pkiced in a métal
CJipsiuti (jpig. H), pliï<;ed wiiliin f J ut heatcd £j>aee, and. the 
expansion oi thé liquïd causes juu veinent o f a wcîglited In ver 
wliifli «i>cm or doses & gas or elodiit. eontroL It may lie 
iurtULgetl tliât,on. tho expansion ot tins capsule, movénienL lakcs 
j'Uüti whidi causes fiie opening or dosing ol" a daitipri-. Jn 
MiLs way, gases may proeced dire et ly th.ru Ugh a vertical 11 e j < ̂ at 
Clio eidû oT tho oven, or may Eie by-posSod ho m  lo  ll«nv 
nmun.il the «von and Jicat it, ike direction of llow being 
cimtrollod by the caysuloropcrat-ed daniper. The lûLfeor doses 
tlto top o f t ko direct vertical fine oxH Iliïji tke température 
JalJy, Whon cquîübrium is once agoni nttained, Uns dampor 
m i  ho vers almvtf tho exifc and pérmiU a portion of the huL 
gases Lo esea|H\

32
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'VA r o m  J3ATHS ANÛ VA POUR ÏTlSfiSFltE UJETUODS OF 
TEMPE UAT C RE CO NTR OL

Tue ujSq of vnpours for température control htus hnvnd grever

refont development s Lmlîcate that the use pf eaptgn-ïi is being

over long pçrïods ean bo a-ssured.
For laboralory jmrpos&s tlie mcfüiod n su ail y employed is tp 

arrange thaï lhe vapeur iront a hniim.g substance is caused to 
suiToun.d the bbdy to bo maintainetl at a. predet |fj n med 
tcinperattüîc. Tkïà îrvust bc éàrrïed ont, in sttch a manner Huit 
the rising vapour is ccmstantly kept în contact wifch condensed 
liquid in qrder to preclude superh&kting, The Liquida ai© 
usuàlly opei&tcd al (i,tinnsphéihio pressure sinoe thp boiling 
points ave already known for thaï, pressure. Çknce the boilîng 
point varies wilh pèessvupe—tha.t àt. a,tmospïieErie pressure 
being known -inlermedinle températures may bo produced 
b y  nsing tho sanie liquûl afr different pressures - S vu-h a 
pToeeduxe is ixot generally ueeessary sbiee a large ruonber 
of Chemicals wit.li a wide range of boibng points ave readily 
availablm Jf is aiso possible to pvoducc uitcrmediato teïn- 
peraluros by mixtures jiaviug varions pmpijrtîonei ; while 
dbaolved solids in. a 1bjnul batlf cause the boilîng point to bç 
ïTSbiscd,

The foliowing table gives détails of suitable substances 
for vapour baths, il shonid be noted Ütat, whilo somo hâve 
toxic and inflapinmble qualifie^ thoy may be convenient ly 
emplpyed provided roason&bb cui'é is exemsed-

r«nmil«v 1îllihl1]L:h,
4-6 Methyl Bromtdc 
7-4 Ib mctliylàm me

12 2 EtJiyl Oîi bride
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rJMlLTifï
KumiM'kfl.

Inflammable* expiés! vu
mixturo wilîl air.

VAFÛL'Jt Tl ATI[S AKTT V;\l»orK PUBSSUÜ-.K 31 ISTf FO 1 )S

20 S Aectaklciiyrîr- (U I^ O
3(1-2 IVntune C ,H ja
38*0 Kthyl J.îî-omide C ,K B r
42-0 MethyL Totlkle c k si
46 3 Carbon Disutpliide CKa
5lKi G lyaxal C.AljjOjj
54 '3 Kthyl Torm ato c ,;h ,;u ;
|ô*L Àtsotoae
57 1 M uthyl Aoutatu c A o a
fil-2 ( IJilfJTülbrm G H C lj
64-5 MetliyJ A lcoliol C H ,O
7 6 4 Carbon Tetra*

clilei ide OH*
77-1 Kthvl Auetafcé
7«.-5 EthVl A k o b o l < W > "
7ÏHÏ iïunaene O X
8 3 7 Œiliylernc D iehlorkle CLILOL
88 0 T riohlorethylcne CsHCk,
oi*r> Isoboty l B ro initie t.VHsBr*
07*8 M ethyluïie Bromklo CU 2B ra
U7-8 PtopyL A lêobôl C ,K ,0

100 W ater H ,O
n o T oiuono c th s
i ig-:s l ’ yridine < W S r
117 h7 n -tîïity l Aluuiiol
113-1 Aoeliti Àeid ( ■ W J *

123-5 Tsoamyl fo rm a te ^ H ia0

1 3 2 0 Chlorbeiiüerio C ftH td
147-6 u -À m yl A cétate C sH 1,O a
142-6 X y le e o ÜaHip
144*8 M bthyl Laotato C ,H sO a
145-0 2 - C l i W l l i y ]

A céta te e ,H 7c i a
J 50 4 Broun il’orTO CH Jîf,
150 0 Turpt-n 1 me  ̂ i o Cl
170 0 JfoW iyl Aeuto-

Auutatu C riH ,O a
182-0 Phénol * W >

184-4 Aniline CgH .N H
180*5 Carbon Tetra*

btem itle (JBr,
190-8 o-Cresol c 7h «o
102 0 D eca-Ï ly  r l ro-

nn.pl Liaient1 C i [|kJ.JS

Ajiæsfcliotic.

Toxie,

Explosive mi\- 
ttinc wifch air*

TW c.
Toxic,

Not to bu tusofl ^vitli 
métal coûta iners. 

Commet ally known as 
Artlyl Altrüho],

Toxie,

Net 1,0 be user! in métal 
containers*

ToxUi.

(Dokulin).
27
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lîoilijig OûLutf 
1 atmuijtfetero*

T.,
N unir.

v n ■> Ethyle ne (îlyeu] ÏKX!H.,CHaOK
2180 Turj tiiir/ul c a*HwO
2180 Kaphthalcne
2000 (llyceml (inej CÎ,Hfl0 5
2080 Benïyl Efcher ÜiSuÜ
302-0 Diphonylamiue 0V-[,),NH

0 nH IQO,314-0 Flionyl Bcnzoate
320-0 JJ exachlorpbcnzâiip
àr>«-7 Mercury Hg Va pour
401-7 Benzidiuc

ÉJ444-fl KulpJxür
7300 Siïnc Chloridr y.nV'l .N ut In

liemuiirâ*.

containers.

ITotroburu lStber
y 7

1 9

 ̂ 5

3 1 

3 3

f  3

9 9

J tango
40 -50 
40 00 
50 m  
00 80 
80 100 

îoo-iao

av.
Explosive mixture 

with air,

VVatcr Type Boilcr. -V'arioua fynnü o f boiter* ha™ been 
deviscd for liii* purposc, bat the principal précaution ia to 
011s,iiv that iinpurifie* arc absent froiu the bath subatartcc, Tt 
i* suffi cient to boï] tiic substance rapîdly nd first, in, order to 
drive ovcr impnrîfcies, and then il is possible to adjuat tlie hèat 
f>iij>p]y ko that tbc vapopr wiïl produoo fiteady conditions. 
Jn order to obtain sleady ébullition a email tjumitify of mercury 
may be added to lÜColud buths.

\i. .S. Edward*1 employed tlie forju of bal h shown in Fig. 
1̂ , I or us© al. 100' (1. a sejïarato boîlear was employed : tlie 
aLeam brougJd- biLo the jaekel at A b.y méans ô f flexible 
tubing and allmvod to es capta at B . [jl order to drain off t;on- 
densed steam from the jackct a Utp w*s providod al T, For 
tempe rature* above 100 (b Iho beat saipply v̂îus sîtuated 
dirceÜy imder tlie vapeur bal-h, l.he substance heing plaoed 
îjl the bottom ot the vessoh 'le oblain stendy boiiîng it was 
fourni désirable to place an aaïjisLos coin; round t-lics b wer liait 
iïi ( JiC vcs*eh asin Fig, lâii, whïlo tlie uppor portion wan jadketcd 
u ith au air condenser to eundeaiyo ihe vajiour.

1 ;Vi>. Roy, 8ac,t (A), 117, 2ïS, lüSfi.
2 8
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Sulphur Type Boiter,—For sulphpr, tire lxjilmg ]»nint 
being Mo r r a ,  certain modifications lia i to bo madè. The 
Container, usurdly o f iron, was Surrounderj by an asbestn# 
çylinder E, and the ]iot gases front the brimer at the base 
pagued «p Ummgli Lho inter.npaœ and eseapcd at D . A cofi

of métal tubing J was wouud round the top of I lie jarket, 
through wliich a cvirreul of r;old wnler was eiréulatcd. tJiefeby 
Ctmdensing the sulpîmr vapour. In ordor to protcct tire 
mimoraëd appatatus froni (lie vapeur, a métal cône H was 
snspended fmm the top of the bath container. The eoimeo 
tions to tire apparat u& wore ma île by passing tubes thrnugh 
the lid

Lambert and Clark1 devise»l the apparafus shown in Kig. 13, 
whieh consLstcd of a long glass tube with a bulb B at one end,

•IW.!., H 7 .u a . 1928.
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and poulaintng lhe litjLüd to be builetL AsbcHtofi papur and 
watsir are ground into pulp and mmiklod round the bulb and, 
whcn dry, a suüabie muni kiv of lit rus of nichrome wiro woro 
wound in the position C Q t *

Tltis Keating troll was coTUiocled in sériés with a eontrol 
rhéostat and llic main current supply. A  fttrther thicfc

cnatmg o f  usîiestos was ni ou I de d 
uvrr the hc&lüig System and finally 
Lhe u h u.lo Keating apparat-us w m  
lagged by packing u d h  *lag wool 
in the meta] container M .  TKe 
exposer! outer glass audace of llio 
vrijiüw &afclx was proteetcd by the 
eylmdrieal aluminium tube J ) ,  
w hkh may lie provided with slils 
for olwervatiunal pur poses. i iï 
ortier to  minimise the d ïcet of cmi- 
vectîon eu monts arouud the vapour 
bâtit* tKe top o f the tube I )  ts 
©overed with an aabestos board EL  
'The opfji end of the I u Ikï A  was 
eloscd by a oublier bung F ,  whieh 
carried a glass hook I I  in oirder to 
support (lu; îmmei'sed a p parafais- 
G  is a water-oooled condenser to 
condense eseuping vaponrs, and J  
an aee imite thcritiometor. Tho&e 
wOrkers in order lo obtain, contre I 
wif!nti. fine limite, used a m  an estât 
te main Inin the air pros&uve con

stant-, A description of tins W ade and Morriman manostat 
wtll be forint] in Appendix J IL

ïu order to curry eut p ïï measiirements al elcvated teni- 
jieraturcs the autlior devisod Lhe bat h shmvu in (i'ig. 14. It 
cernais U of a double-wa lied eopper tank A , of 24 H.WAL the 
enter com part ment being complctely dosed exeept for the 
lu o cireular opeaings BB . A ridge inaidc the tank supports 
a perforated eopper dise G<\ tu whieh Lhe oonductivity ccUr 
are attache d. T lie support D in fitted wil h bon rings and carries 
the mnlor-driven paddle stirrer E, and, to onable the hyib 
whieh passes into the edi also to be at constant tcni{K’rature

30
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a oopper eoil V route rm tho fcottom of tho inner coni [tartinent. 
rr ]i  ̂ end» of tho coïL reach Üic f.op of tho tJiermoscbat tank, 
and tho h.v&rogen snpply îs oonuected theretn by means o f 
riiblwr tlibing. Jn order to condense tlie escapiàg vapeur a

3 8

waLor-cooletL condenser O ia cOnveiiicntly fîtled to B, and held 
in place by tho loloit- et and U. A g ok ring situated al K witJi 
ffmall jels is ompïoyefl l'or hoatiug, The eoiTect Ihgiid for t.hc 
desîred tt^mptnatune range is pourod into lire miter jacket and 
tho opening B' i.s thon closed. Tho colis are thon plaoed in 
position on lhe plate V, and the huier container is lillod wit.h 
water to a eon veinent deptli. rl’ho liquid in lhe outor vcssol

x ULTIMHEAT®
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in Iiutttod to lioîlmg wliioh raisoa tho température of the water 
in tlifif inticr compartiment to the saine vaine.

[ ji  thîs form o f apparatus, expoaed liqnid surf&oes should lie 
elimin&ted, by employing a eloscly JUtmg hd and to ensurc 
conghincy o f température over long [ïeriods précautions must 
be faken te provint the eJTeot- o f any variation o f atmo^phorie 
pressure, eïnao the boiling point Ls dépendent thereon. This 
may bo ttccom plis lied hy sealhig the Lath in an air-tight.

iipLiuier, and eqmpen- 
satiug for changes in 
tJ ie atm6épheric: | n’es- 
snre by the addition, or 
ràmov&l o f quantifies 
of ipx an roquired.

À mothod designed
by Fock i'sj showu in 
Fig, 1 5. I (. consista of 
a double walied copper 
veasol, ilio intcrvening 
spàce betw oon  the 
Iwo vessels oontahhug 
mixod liquida and i Keir 
va pour, A elosely 
iittin g  lid , h ea v ily  

heat-insuktedp employed to eli minât e ex Le mal temper&turû 
différences. vt liile the objeet to bu kepi al constant température 
is situated in the innor compartment. The mixture is boiled 
and tho vapeur passes in to the combiner and from tlicnoe 
flows inlf> a (KiiiveuienLly fût-uated vessol. Wh.en the desired 
température ha» been obtained, m  mdiente^ by the ther- 
mometer Tt plaoed jii tbe vapeur bat h, i he condenser tap 
(' ts closed- 'Huls when mixtures are cmployod for bath 
pitipories, tbe concentrât ion Avili romain constant, sinon on 
tho va pour condensing ihe eondensate Avili return te t ho 
bath. Jiy tins means a liquid jnay l>o boiled at constant 
température.

Au intercsiïng Ibrm of hath was dovclojïed by tin' chemical 
workers Nelson and ila lkr1 and m sliown dtagrainmatleally 
iu Fig. 16. It consista essentially of a boilcr B, contaiiiing a 
liquid boiling al constant température, a beating unit ail 

1 Iml, if; AT:f£* Ck&n. (Armai. Met), !3T 402, ÜJU7.
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VA POUR BATHH Aïs'J) VAPOUR ÊUliSSURlï ÎVHÏTILODS

■V Réffii» 
Condenser*

SW b  tube for a reflux eoudemer. T ho boiliu# [las k was a 
Kjddidü flash spit&bly ailapted ft.hr the partieular pur pose in 
virw. Théispace betavéon the mokuular stilf and the tem|>era- 
tUT© bat.N was JjJJod wiili a minerai oil of high boiling point to 
fimotibn as a beat çonductor bétween. the vàpoi3rs oi' Une boîling 
liquicl and. thé material ül the stilL Heafing was catfied 
ont b y ïnSerting a suilahJe Jéngtll of 
niehrome wire in. the boiling Hqmrl and 
éOnnebtêd by leads to an cxtcriîkl 
gçmrco of cuiront Bupply. It 
fourni advantageoiis to inaert a mds- 
bmoo in aoties with thé main cunm t 
and tiie heater. The height froni thé 
base o f the still to the bottom of the 
ba t i t w as &ppr<> xi matoly 11 cmfuivhi le 
the apace between the Mil[ and 
bal-h Wris apprêt iimdciy ü cma. wîdé 
tfrarughont.

Com m ercial applications of
Primdple,— A eammereial form of 
apparat iis using Vapeur pressure is 
shirvvn in Fig. 17* The projection, at 
tho Joff- of fhe oaso housos a ftexiliLe 
ehàjnbeTj in the form of mot allie 
bellews, ŵ hich ia cétiurged With a 
voJatifo liquid sudh as elher, aleûhol or 
turpontino. One faoo of tho ehamber 
presses againsl a spiral «pring of 
roquisifce sUength, the ot.her heing
maintained against tho hontmig In use, an Inrroase oi
température causera eorresponding ineroi&acof vapeur pressure 
within the ebamber and the expansion of [ho ! al ter lukes 
3 s lace agai.nst tho spiral spniig. Tins mj t̂ion is then eom- 
mtmicœted throngh a lever System te a movaille contact piecs 
whicii makos or breaks contât t wil-li anolJior s laid. In somc 
arrangements the studs are replat od by a mercury-in glasi. 
jgwitch- Èhiitablej leaila are proVidfid t.o fnke the main ourrent 
to the studs or switdh* B y means of the ccmtrol fcnob /h the 
s p ring i eus ion may S je varie d and U iis inereases er tlecmiseS 
tho opéra! ive température o f tho conti ol deviee. This adjust 
ment, howevor, is only pcrmissible within oortain iimits, sincr.

D 33
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m order to obtain suffi oient desibility in the chambor walls, 
thick inetal cannot be employed. .

l.hc apparatus îs ijusuiilly placed within th© cdiainboic whos© 
temperatnr© it desired to controî, but, in the modihed lorin

shown m Pig, 1%, only the eontrol phial 
need be piaced within the cliamlier. In 
tbis case Lite volatile liquid is plaeedwiUtin 
a métal cylinder, seine b l'ncliés long and 
tfi btoli diameter, and connection is made 
ta the GWitûii conttol liy means of a meta! 
c apillary tube, The action is similar to the 
proviens arrangement, the vaponr trapped 
in the turc bore tubing pToducing sufficîent 
pressure to operato the switch arm. 
Iftg- 186 shows tfie external arrangement. 
Anotlier commercial forai is shown in

T> Ceo ter 
Circuitf------  "fi

1

il - Caps 1/te

Jj<j. !LJ.

b ig. 10. À  volatile lûjmd is plaeed within a Buiall hormeticaily 
copper capsule. The ktter ts fixed in a crup, situated 

uoai’ the jonction of a. pair of liinged am s. On the increaae of 
température, the capsule wall iw caiiHed to expand. tlie mo ve
ulent being communîcated tu the lever System. Température 
control over a range of aeveral degrees e&n be obtained and 
regulated by means a lino-pib h  adjusting screw.

U ULTIMHEAT®
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MKTAL EXPANSION CONTROLS

S o t j d .s , su cil as mêlais,, hâve fourni widespread use in, tem
pérature cogt-rol uork, beeaufl© o f the simple construction 
iavolvcd, drpemiaJîiliiy o f Lho apparat us as woll as long liic. 
In f&et, the earliest. régula lois used b y Koimemann1 and Lire2 
woro ma de o f métal, In ils simples t form the expansion: of a 
rod of meta ! is made to opende a sÿstem o f levers or Controls 
wliidx In Uun régi i lato the température o f the System* In 
ordcr, lm vcvi'p to obtain tli& greatest sensitivily over a pio- 
deferminefl range, it 1$ désirable t.bat tire greatest expansion 
per unît fongth o f  bar should be obtained, I lois me tais haying 
large expansion coefficients are ahvays cm ployer h

The values o f the coefficients o f  linear expansion (a) are 
appended in the foliowing table :

Table 5.
COEIOrmiENT OF IJNEÀH EXPANSION FER °C, AT OlLIHNÀRy

i\Tfil 0 kS J ' U E RIO TEM l'KRATURES.
Metab

Aluminium ,
Bras* (Vau 6% Zn. 34) 
E>run£c: (( îu, 32) 
Ooppur . *
-Duralumin .
trou Cast ,
Iron -Wrtmghl - 
Iuvar . r
Nickel . .
Nickel steel (20%) 
Pkosphor bronze (Cu. 
ftilver . ,
Steel . ,
Tin . > .
Zînù . .

Gbc ffi es ciit o f  expansion X lO  *
{«)

. . . 25-5
18 0 
17’7 
l(î-7 
22*6 
10-2 
! 14  
18*8 
12*8 
19*5 
10 8 

10 û 11*6 
21*4 
230 
26 3

97*0, Sti. % P, -2)

1 &mgL 'pttyl Jour., ifi, 2%. 1S2 !ï, 3Ibid, 42, 173. laàï
3 5
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TEM l'iüRATUliE OONTROt*

Tho ehoice o f  a métal \\rïJi be determiruxi not ordy by ita 
expansion coefficient., Imt also, by considering possible cor
rosion wlion in contact wîth liquida eoet, and construit ion&l 
dilïicuUio.s.

Wirc Expansion Control* -Chevenard lias deaignod a 
control în whieh the expansion of a wirc caused by an metteuse 
in a «muent passing bhuough it, enablcs an adjutîtablc résistance 
to operato on lhe ni&iït holding cniTenfc*

f!'ho wiro, prefbrably o f ni fibrome, pay*$es thinugh :i vertical 
pyrex tube. One end of the wire terminâtes at the screw hoad 
P  { liig, 2<i)f whilst the other is linked to a pivoted lever h 
at the hoad of the tube. This lever is cnanccted to auoldicr 
pivoted be&tn, at tHe ends of whicli are prongs wlüeh dîp into 
mercury cups. The tadter arc coimocted to the main circuit in 
which an adj instable résistance is plaeed. lîv « jeans o f the 
scww jSf the u ire ma y be adjusted for equilibnum al the 
rotpiïrod température, i.e. the prongs Uü  are in n̂<-h a 
lion, thaï t-liey will break the surface immediatcly tlie cü 
passblg tJirough the niehrmue ivirc exeeeds a predotern

3G
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value, J]i ordor tirât fluctuations in tkc atmospherié tcyaupcta- 
Utm shall not ajïeût eoniroL eompenaitlion is provided by 
makmg thc litik loyer 1>i metallie, tJiat as il bonds wïlh
vhnnge of température, Üio point o f  contact beUeen Üie 
mercury leveî and prongg advances or recèdes.

Tliiaforin ofcmitrol ha& boen adopted by Grifliu and Tatloek
loi1 commercial purpoHes, lhe oxterior of tJie equipitient bobig 
slioivn in f1 ig, 21, wliilc Kig. 22 gives (ho circuit diagram, 
rJ'he action of lit© relay dcpeîidô ou tke expansion of the wire 
ÀBt wIicji JieaUïd by lhe passage of a currant-. The résultant

Ï^±~~~~V7:rfl, Tf , , ^ rrp

M V W s
fr-r Ütttfiçn

L---, «
V.*WS

aa£ ™ wire i.s usod ta tJïeet Lite tilling o l 'a morouty tube 
switch whieli thon makes or t*rfcaks the nuiiji circuit. In 
lhe diagiam il ïs (o Iw, noted that the thermostat ia eonnotded 
ni parai loi wilh the wire ajoutent-. When the thermostat 
coutact Sa compluted tlic vire olapient is short tirtmited am 
the euircut throixgh il taing th#eby reduecd, Ihe wire eools

3 7
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a-Uf! contracta, l1 Fie effort of this contraction îa to tilt tlie 
mon uvy &witehf and Lhus to opérai e the nïûîn circuit., Tins 
vyrfc. îh mdfifijiitcly ropeated vMiüe the apparat-us ia in ojieraiiom 
11 iis prootieabfc to eonnect the thermostat ni séries wiih the 
m iiy; élément, luit tJien Mlc polcnlial across tl].o eontUcLH ira 
ct|uftt to that of t.Ke mains supply*

Bi-m eta 11 te Controls*—t ! one rai I y 8peakk)^J? Mie empJoy- 
jnent of a rod of singl$ jnatt-rial jm nof. usuat hükh; tJie inercaS© 
<>1 Jongtli évita* a short length iis not gréai for normal o îipratîng 
tomperatiircg. Oonsequeiitly, ïL wül be tbmnl thut rôtis of 
different niatenal.s are coup lcd together, thereby inereosing the 
effective expansion for the ooircàponding range. These arc 
known as hi-mctallio types and gonoialfy constat o f  a bras* 
tnbÇ Kürrtmnding a rod o f invar, t]m two bemg gojuieeted 
rigidly al ono end. T fie brasg tnbo anehorod to tho cast; 
af Ifie ni lier end, and ite expansion wiih température causas 
axial movement o f Mie ibeo end of the invar rod, whiieh operatœ 
(■■lie fontvol rijBclianism.

Siieb a movement uséd for tlro crmtrol of Hot-air t»vt-ii,s, 
and thé nicf-Jiod adoptod by Kcarsfm, as in Fig. 23, [a typîcab 
J bt! mût consista of two métal roda A t having a widely diffor- 
ing coeffîciéÊit of expansion^ provided witft a central rod U.
I lie.se roda are fitted so liiat I Iic suin ol tiieir lincal expansion 

coefficients is marin a va viable foi- operating the piyoted lever 
L, wliïcJi also Controls thé eloeUk-al circuit eontaining the 
heating Moment ri o f the oven. The lever is pivoted about 
the Üionnostatie liait, and piisaîng th™u$i the rod al tliis end 
is a lino i Ineadéd setinv by whîch contact is mud# betweea A 
and the expansion unit Ai ilio otlier end an rnsuMor S is 

vhirh, wlien tlie rod is raised or Inwercd, applîes pressure 
on the spring tongue XT, thus making ru* hreakingtheeiectrieâï 
lienting circuit, fn order to facilitote rapid adjustmont of 
the tout roi, a graduai cLd Jicad is attache d le Mu: expansion 
tmit oxtomal to Mie air oven. In operation, the screw VJ 
jmist rest on tlie rod lî, and il îm rolatod, till fixe springtongues 
just Jiiàko eontaet wlt-h Ülc tipped eontael screws, w hiih are 
f>aià. of tlie heatîng circuit. Thcso are so arru-ugod that two 
sépara te ïi.cators can be lu’ougfil inb» tlie cil'cuit, Ijot-h toge t lier 
or iiulividually. On sudtehîng on the ciuTent, (lie lient ing 
wï.Il ooinmeneo ami continue unlff lhe chap|lxir at tains ajipri 
matoly tlie Lemptuafnro ÎJidicated on the graduated scak

3S
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When t.liî v state îs reaehed tlie fr©£ end of the lever will be 
found resting on the contât spring  ̂ so that ono or more 
currejits hecomc înterrqpted. Iji this manner, Montrai k 
cifected-ji but if f.h.o température rc&chod k nol withiïi the 
d&aired amünnt, émail movemetits bf the cont-i&I head wili 
êuaWo a fmer adjuàtment to bu ma,do, It is possible hy Lbis 
msdianism to ctmtrol tempciuturest over a rangé 50e 25(P 0 .

A s ail aJ tentative > a ca-nl île ver k often I a rgcl y fa v ou rod, 
the dofiection o! thé freo end beîng usod for eoî rol pmposes.

Pic.

'.fhe metals in t-Jiis case are in strip form, two diSfiimiUr xnetate 
boJji.g fuse cl or welded together, wii h t|ie r#ult that tempéra
ture variation produces a distoi'Hon or bending of the atrip. 
T ha proccss qf joiiUing lias to be carrierl ou! witli extrême 
carej sinec thé l'ontinuaf expansion or contraction résulta in 
considemble & train ùï t.bie hi-metaî strip, and, unless the joint 
is perfect, the resuiting dktortkm quiekly fears them aparfc. 
TJie strengili of Lhe individual compononta is also of grcat 
importance, sinee, il the mot aïs arq net suffteienily strong, 
permanent de format ion wîll rcsult, and the strip wîll not 
return t.o ifs original setting oïl eoolmg,

The aeeursujy oi a bi-meUUlir strip dépends principally 
on tli.e elastic p toper tiea of th$ combination; it îs l J lc redore 
cssential le use thc material liardened by cold-rollLn^ iuid 
careluuy heut-trealed to obtain tire highest possible streiigüi 
and eiasticity. Subséquent treatment. wliich Avili adverseb

31)
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ü£f#t l.bese ]3rt>p<irtiê  shmdd be ayoidod. Auy romaining 
St rainai conséquent ou manufacture, may be rcmoved liy 
h&ating to -about 50 1Çh n-bove the intbndüd Wjorking jen-ipcra- 
t-urc and slowly eoolhig.

General l y i lic low expansion strip consista o f ad allô y nf 
nickel and it-otl, havÛAg n ‘À% nickel content. the material l>emg 
lofiown aah Lnvar. V ar ions combina fions of me fais hâve 
boen mod and the high expansion metnls may bo brass* jiiort&i 
métal, or ntïld sfôe.b A very good combination is brass and 
invar, marketed un dur the tradn name " Thermo il ex.” and 
madc by Wilkinson. Shustoke, Waruiekshh-e. It in possible 
to obtain sflvor on eoppeiq silv®r on bra@8, eûpper on brass*

i%, J-k
AltlitOugh ït is possible fo pas$ hoaXhig <tttrnnikH dire ci J y through 
the bi-juetal strlp, einoe atich eiirrents bave to be limiied to a 
amall value. thîs met ho d is unsal isiaetory in practice. It is 
Uflualj therefore, to ojperalo ei r&lay hy n leans of Lho fri-métal 
stripa ; this 13 Aihvaya 1-3te case when t-he euLTeiU «ïxdéeds I 
amp<;ro. A typicai mountmg for sueli a slrip is shown in 
Fig. 24. the contact distance Ix-ing £oi$ro1led by the adjiisfablc 
serew heaih

It is an îutYîtfitage te know l-hts amouftt of movrmeid in the 
clmucni for a givotl change of température* VV'illi a straiglit 
bi métal strîp held as a cantüeydr at One end, the de flcctitm 
ât the free end vîmes as the square of the length and inversoly 
ns the tbiekness.

Thns if h
U.

the leitèth of the sltip, 
-  the différence in m ^n 

of the Iwo mêlais 
range ruquirerlT
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T -  
H -
X  =

then X ■

rlegreefÿ change in tempo rature, 
l lie thJûkness of the strip. 
the detleeümi a1 (ho fret; end, 
fMJaï\

4 7 / "

Il will ho !C(31 that wlten tlie hi-mo fallu; attfip fa used fri 
s wayv grcater aonsît$rity fa obtainod when the strip fa long 

and narrew.
Commercial Ui-metalHc Units.- A compact ibrm uf 

m ili'c»] userï IVh- régulai ing direetly l ampère at %m volts 
À.C. or Di ', fa manufaetured by the SumYic Thermostat Co., 
and iis shown in Idg. 2 ch Thfa device Joui boon fciïccejssifully 
üfiecL to eoidnd tbe température <>r aquariums, viseometers, 
standard celle, wax. ■.»il. ftndghic bafhs, mat in vi.tJeanfamg ami 
pliotographie procéda. it éon&hts o£ a simili bi-métallie 
atrip herraotieal !y soaled into a glass The thermostat
fa sot dutiug mn.nulaef me to th&Tequiretl operating tempéra
ture, and simu no arcing at tlie cnn ta et b ta tes place * thfa 
sotling romains enürely permanent. The tolally sealed 
construction permita the r le vice to lie imnicrsed Lu wator and 
o 11 tor 11 u î tls. The di lieront ial obl&ined wrth thfa con tr o]L do os 
not oxceed 0 . when ooutrolling 1 ampère at 250 volts, 
w\ùU i, vari oms set 1 i r igs u, ro 0 ! >ta h table for dï ff< errait to j n peæ& i are
ranges.

Anot-her form of régulât or mado h y tbe G.E.Ü, fa shom  
Fig. 2£>. Tins eonsi.sts of a bi-melallie élément, mie end ëf 
whîbh fa lixed, the olber c&rrying a moving contact ami t«m - 
tm-e of soft îrom T lue la fier 13 ttttraeÇed by the pôles of a 
magne1 suitnbly n 10 lui te d on the fmme. and lying in a plane 
parai loi to the bi-métal siE-Ip and close io it ; whifal tbe fixed 
contact fa siüial.ed mtdway botuoeji t lie limbs of the magnet 
ne ai Lhe pôles. With guch au arrangement a “ snap ” action 
fa provif le d silice tlnj pull oxertod by the m agile 1 011 thé 
anuaLure jimreaeeB rapidly as lhe Jatter approches iu Tbe 
design is euoh that on in.erease of tempc^atuÿe the strip bonds 
away Iront tlvo magne t. and tbe construction oj table* 0 peint ion 
betweon ,Lî(f '-2 Kf F., the adjustment for the lemporaturo 
being eanïed out by tlie (xnifciol kn.oh lixed at tbe end, Thî 
adjostinr.nl jy ehected by raounting tJie (< lixed ft èçqd of 
l>i-nielal on a liîliged bracket wkieh is eaused to rôti do throu:

4 1
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a fïm&ll Hjïglo when the adjud ing luinb m rntaled* The bi 
metalliç: strip (1) cartes éhe soft inm anu Attiré (2) nt its 
frê eitd and the coûtât (3), T J te fixed Cojrii ac t ( 0) issu m mnde cl

by a poteelam art srhute (d), the 
inaction of uliK'.h îg to prevent the 
arc strikmg over te the ftaine 
ykich is ai. the sanie pcrfontial 
as tbû uiovmg contact {?). ïhë 
permanent nmgniâ (5) is elamped 
to the JVame vvitli its polos em- 
l>moing the oeil tacts, The end of 
( he bi-metaîïie stiip more distant 
Crom tlio contacts is elampëd fo 
the angle b racket (7) by màvttmeut 
of w.hioli the contact is forced to 
a greator or les s dogreo agaînsfc the 
fixod contact. Thus muter ançh 
ciivumstaiiees. a gréa ter or !ess 
vise of température is t̂ quirûd to 
enable the 1.h -métal to opeix the 
contacts,dépendin.gon the position 
of t he bra c ket. rl41 le lai ù s r is eau sec ï 
to rot&to by the Tod (H) which. 
bears on the surface of the cam (0) 
which is in Unn rotated hy the 
kriÔb (10). The whole inociiauism 
Iw thon Stted in a tubuiar pocket 
in a u at.er he&ter enubling the 
de vice io be proton te d fmm any 
fonling jilatt er,

TJie «âme naeUiod is employed 
by the ï&ifisli Thermostat t !o.? but, 
in ordor to inoreasc the son b ilivJty 

of fl io unit, the bi-métaïtic strip îh irâorcûsod in longth by 
Ibnning the üxed end inte a soi les of l oiieenlrio citcIêe as 
shou'ti in Fig. 27, The operating procedure îs os Ixdbre.

BJîick1 lias developed tlio bi-motalJio Iietix type for eou.- 
trolliug an air oven. Wiien heated, fHo hélix D (Fig. 2S), 
orie eiul of which is lixed. receives a twisting movcnient whieh 
is coaveycd to the contact arm by .menas of a stoel «pindle

i Jour. 8cè. lutstr., 5, 37 (5. 1028.
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of il; iiicli diamoter, On reatitung fche riequired tempemtujçê, 
tJio arm makes contact with the sevew B, thus closing the rclay 
circuit whioh cuis olF ai! or part of the hoatiug current.

Rough adjustmenl for tlie temporal m e tnay Le made hy 
damping tlic contact arm un the spin die and the final adjust- 
jlient by mearua of the contact Bcrmv\ 'Hic main body of the 
regulator consista o f a hrstas tube, sonie S inc lies long and <H 
inch diametem THîs ïs dUcil with two similai ond pièces B B f

wJüefi furm bearingft with the collars F, sweated to the sied 
spindle A . Thé t-ube ahoulcL hc threaded for aguitable distance 
so that with the aîd o f knurled nuis it may hc fastened in 
position. A  pièce o f elxmite 0-75 inch X J incli x 0 $5  in ch 
fhick îs litted to the ou ter tube and tins camés tho contact 
screw and a terminal at Jts outer end. The hélix is ton- 
gtmeted front bi-metal strip 30 biches long, 0 -2f> inch wide and 
OiS inch wound înto a liolix o f  1 inch diameter. This mateihtl 

may Le ébtained from Wilkinson J Ad., or the British Thomson 
Houston Co.? Rughv. For the contact arm to rpicrate in 
the direction sJiown, tho hélix shirnld hc wmiud with the brass 
surface on the iusido. one end, o f wliieli is fixéel to the tube by 
fh.c scrcw !>, and the other attache d to tire wpindlo by menus 
o f  tlic ebtmp.

The contact serew shnuld be lippcd with tungsten or pla.* 
jLiim, and a condenser of value 2^F, with a résistance o f  2(lï>

4:î
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ohms în seriné slirmld be opmieetêd aeross Ih.e gap to présent 
sparkmg. The sensitivity of the ii^trurneivt is §iieh Lhat for a 
diffcreft.ee in tomberai uro « f l  ( tfio tip of the contact &rm. 
infimes tliroiîgbt a distance of I cm.

A commercial forai of air bat K made by tJie Cambridge 
Instrument ( Vm alsu employa bi-mêlailie eontrol, ït confiais 
of font heater eoils ïli serieg willi twü liigh résistance «arboa 
filament lamyis giving a green and red light, respecLivoly, and

siurated endside the ap para tus {Fig. 2b). A bi-iiiot allie srrlp 
having an adju^tabfe contact is ao armnged that wlien a 
dclinit.e fem péri < turc is reactied, the deflection of the be&m 
cotises breaking of an, electrieai circuit., winch ai Ihc sanie 
lime brîngs both Latnpfl in circuit. The réactance of tlic 
lamps decreasos thç i nim ber o f wàtta dissipal-ed in the dealer 
coi bu and. the température falls mit il tho fltiip makes etHitact 
and shunts one Jamp, I l ms agaîn mereasing the Keating efîeet 
due i.o the ûèils, The eonkol strip, heaters and tho éûld 
jimetiou (the thermostat being deaïgned for Uie control of the 
latterh are immersed in an air bat] y plaeed in an miter métal 
tank* Uvë spàçe het.woeti the two containers beûig web lagged 
to prevent- beat loss. This apparatus was devcloped to .main- 
tain the température o f the “ cold ’ ’ jinietion o f a tlier 
eleefrio circuit constant^ silice the eieetromotive force dévot

44
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b y a thentio-r.-oupk- dépend# on the diffcrauîü ol tempera,tnro 
hetwecn the fl liot ,: and “ eold juiLotionH of the System. 
If tlie température of tho colfl varie#, tfete ré&dhigs of the gal- 
vaaiometer Tri Jl vary. ailhqugli Lbe Mot juin lion may bo ai a 
constant température, but. witli thîsdevice the “ coldir jmiction 
température eau be eonirulled. tu wiüiin a b ont d: 0>5° C.

54
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CHAPTER V

('AS i:\rAtffUON CONTROLS

A uthougiï gaseu havo tho largest coefficients of expansion of 
knov/n substances, and thore iu rcl&tively Utfclo différence in

phenomena has uni found wiito application for control pur- 
poses, When one o f the permanent gases iu employai, the 
range over vlikh il is pf»saiTÜlo to work iu only limitcd, by the 
porouity and stmigUi of the enntaining vessol, usually of

on 11 ici volume of tho gus in tho bu ,lb um àvoîdod, Krom the

lu constructed entiroly of glaas^its uæfukiess iu rallier eonüned 
to the la ho va tory.

[11 prîneiple, the gaut whioh iu conlamed in. a glass envclopo, 
îfi utilised to move a mercury eolnnm which makes or breaks

sliOTild hâve as large a. surfait) au pofisiblè exposed, and hâve 
suffi cient- volume to rediuc to ixegligible amounl# tho cffocls 
of rtxmi température variations on tho eapillary and contact 
tube volumes.

BonsDeld1 ilovelopod a simple form o f Control ;ls shown iu 
Fig* 30. A bull) K iu fdlod witli hydrogen and sc&Ied to a 
barometer which has two bulbe A and H, The baroinôfer 
tube oontains mercury, the correct quantity for any dosirod 
température beiag admitted infco the apparat us by means of 
tho tap C. Hy<l rogen muÿ bc hrtroduced into tlie bulb E by 
meanu of tlie tap and, bv Loaving G open, the gau may 
thorougkly wasfe put tho bulb. For eleettîcal contact pur- 
poses, Uni platinum wiros X  and Y are soalcd inlo the appaiu- 
t nu ; tho former at the point oT contact of tho gau and mercury 
surface. The mercury at this juncüon doea not- tarnish simeo 
no oxîdation oueurs ou sparkiug. The wires X, Y , arc eon- 
neeted iu sériés wïth the heating System,

1 Tram, Far, à'vc„ 7, LJ(K>, Jt» LI.
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.Mio menu pressure in thé bulJi K is bo chngëft tlfat 1 ]ie nier 
('iitj ii t 11 1.0 small buîb A occupiez about. half fhe volume o f ii.
j>y maki ng the g&s procure in $bu Jatter expiai to un'an atmos- 
pliéne pressure, the lengfch o f 1 lie vertical tube is about that 
Of an ordinury barometer tuba The
Iower bulb // supplies su fileient mercury 
lu m  tlie but b A, iji ù$.sç> o f over- 
hoaüng, wikhotit allowmg tir© lowcr 
ievcl of |be mercury to be depréssfed 
to the bot loin of tlio tube, fur if tins 
oceurred gas bubbies wouid pass ovev 
i u i H. fit hMt roy (lie va m 1111 n j h the -\ i t mer 
bulb.

Ca eprnitèr and StoodlcyV ( i< ssigi i vFiüs 
somewhat different, a» in Fig, 3t.

It eonsisted of a T.] shuped glass tubo 
- -onn.l ain in g i ner t : u r y -  -f lu i rigfot ! i a nd 
limb A being a eapillaçÿ tube 1 inm, 
di&mtiter ; [.lie romaioder of the ap- 
paratos being eondruded o f S-.l mm. 
infornai diameter tubing. B îs an 
adjusting screw tipped with h on wmy 
whidi alao serves aa a termina^ Con
nection ia aiso made by lu eaofi of 
p lénum  wiro gealed through the end 
of tlie side limb B in tlio horizontal 
portion of the U-tube, The left-Jiaml 
limb 3s eoiLiioelofl b ya  mbtxv tube R to 
Üie contre! bulb, immcræd in tïie tank 
yvhofic lojnpemtiuo it is desdred to con- 
Irol, a 1:ap 7’ bemg p [̂>vided for Uie

V\u. 30.

P ’TTP K̂:i °i ÎL( li u t̂ui<ait. B y in cliuing U ie 1 î m by u J ' fbé mere 11 ry 
lillod U-tube, a n*0roprécise control of the mercury waseffecUd. 
In order to accomplis^ thîîy thé app&r&tus was mmuited ou a 
lmig{;d. boarrJ, t-.lie angle of inclination, being maintainod by a 
”  ShadMt atay.1’ The eouipletion of the oireuit through t■ll(̂  
moTcuiy iron contact ëÉncrgises a relay which opcii.s fhe mairi 
healing currenfr natif cou lad iw re-estalilïshiéd. ^cru] allons 
clcanlincss of both mercury and glass is îietTssary to en sure 
reliability and sensitivity. In use, tlie bat h desired to bc

1 Jour. iS'ci. Inxtr., 5, IOO. 1928.
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cuntroILcd îh heated to wit-hin 1 C. oi'lhc requirod température 
with tho tap T open to the aîr* Ait is thon blown thrmigh tho 
tubé K 'imt.il tlie niorciuy is witliin ■’> mm. of tlie contact. 
The tap is then closed, linal adjustmont being n s ride wiih the 
ocljllâtmg SCT6W.

Iloughtt.m and Hanson1 usiug tJüs priiiciplo hâve dcveloped 
fu form o f appartins for the control o f températures up to 
1,000° C. Thoîr original paper3 gave details of control up lo

To Control D

000" C., but willi fai*Üter ûupruvemciiLs and modifications by 
tiioae, and olher worJkers, tlie range luis been extended. In 
principle, the apparatus consista o f a double walled vessel, 
we3l lagged and wound v it h jif-brome wire. The air space 
betwoen tlie two walk ïs connecter! ihrough a TMube con- 
tatning mercury to another bulb whioh is mainlained at a 
.constant température. The former is knowii as Iht: “ hot- 
bulb '5 and the latler tho *’ cold-bullv’ Changes in the

bot-bulb 11 température cause fluctuations in tho mercury 
i]i Lhe Ud-ube, and this movemeni kusod to control tho healîng 
of one or more fumaces* by making or brçaking the heatüig 
ctirront.

Tho bulb ii (trig. S2)3 is wotmd with niditnmc wirc ovor 
tu'o-tliircLs of ils length, and is connectée! Lu séries with a
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5Ô0 ohm rosis Lance, wlikih, wht ii the mercury makes contact
ïvith thé uppcr platinum wire, ûi Hlràftted by a 45 ohm résistance. 
A OA /il1 condenser conneoted across the contacts reduces 
sparking. r 11 fie ‘ eulddnilb ”  is mow t eoniitnientty  immersed 
in moltitlg ira Ên a thermos fiaskj which main tains its tempéra
ture at a constant value.

HoÜptcâH Therm ostat Rcfmemente.— (àrogan1 devised a 
jncthocl whereby f lie rate of dooling mid Keating of Lins thpnrto ■ 
s La t lïiîgiit bè m&de possible. The aiTangoment i« &hown jji

fjn. ;i2.
Fig. 33, ind consista of an oUîctrdlytîc eell, wliiëh by meana of a 
tàrce-vray fcap Es enntded to be éonnoetfêd either to tho atmos
phère or the thermostat-h: System. By nnoÜier Lbrce-u'av bip 
connu eted to bot K an ns of the mercury contact IMubo, the 
cclL is iiaiide to detiver gus to oithor bel h. To produco slow 
fiooling tiie cell is conjticcted to l'mlb I and a suitablé curront 
passer! through the œil. To prüduee slow bcaung Üio celj 
is connected to tlio bulb JJ whicli is working at constant 
température. 'J'lie clpçtrolyLic gay taises the pressure in Bf 
while the pressure in À l ises equalJy the iuorcaae in absolutc 
teiujjo rature being prop^tlouai Ut the increuse in pressure, 
Wlien slow Keating m in pixjgiesa Lite thermostat works midur 
constautly mérci isiiig pressttre;

To avoid loakïLge il is Ileoessar# to restore the pressure to 
normal oeensionally. The heatipg will thon continue as 
betore, but at an ineroased rate owïng to the change in initial 
absolu Le température.

]■;
1 J car. Sci. 5r 217. 1î>2m, 
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A saturated solution of chromm acid in equal parts ni watcr 
ftiirL sulphuric &ç)d Js usod ; tlio maximum value • the niiTml 
being that whieh juat dues not cause libération ol hydrogeil at 
the cathode. .In tHe ce II déSéribéd Llie limit îs t> miJJ[ampères, 
whieli gives a rate of oooling at üOODC. of oyer Ih 'tb  hoiir* 

F. Adcuck1 has modifiée! this type of colt! bull) éliminai ing 
the usual foi-Tu of Udaibe, The tube front the " hotd>u]b,i

is connectod tc> thé open limh of a mercury banometer, into 
wliieh contacts are sealetL lïy using suitublc cap&citiey in 
the Uol-lmlb " and the connecting tube, and the correct 
volume of mercury belûw and above the level ni (lie platinum 
contact, il is possible to élimina le tlie changea in mmn tom- 
(ïeratuie. An odditional advanlage in obtained rf the tube 
jui.ni.itg t ho tf hdt-bulb 7 to Uic h arôme 1er is eamed to slich a 
heîght Huit on evacLiating the whale System the mercury wiJJ 
not reaoh tlie top,

] t siiould b g n o  led tliafc eorusidorablo çûmrg may ho întroduced 
if the thermostat is mrmnted in su eh a position tliat direct 
Kunshine faits on one Hmb of the tPtubc and not on the other. 
Précautions sliould therofbrc fcc taken lo ensiite thafc a dequale 
protection from heat ray s are affem lcd when selting up Uns 
cquipuient.

1 Jqut. iVct, J nsfr., A, 1
50
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ClIANlîlï o r  IlESTSTANctli WTTH TEMPlSttATUKE CÜ^THOIj

The changé of résistance wifch température o f a miitfïrîftl hag 
bcen utilised for température eontrel deviens. Salis, oxides* 
non-metallio aiuL mutai lie moteriuls hâve beau employed, but 
more espeeially tiie l&ttcr. The résistance o f mêlais mereases 
with temporal une, whfle salts, oxides and non-métal lu- m&lorîals 
Jiave a négative coefficient of résistance* ie . tlie résistance 
Usually doereases rupidly as tho température approachcs the 
melting point. Abovc the melling poinL fin i lier deoroaso is 
slight* while the reverse occura on eonling. This change is 
constant over long période and, in sonie cases, ncar the mclUng 
point, Balte decreose thoir résistance from about 1 ,(J00 En 5,01)0 
ohms per centimètre cube, down Lo 1 to 5 ohms per cuIh; when 
the température passes through a range o f 10 -15° O* near the 
melting point o f lire solid.

Mauy eommerciaï forma of control h â v e  utilisée! Iho lem- 
peta ture-coefficient change in spécifie imistance, by making 
a ooil o f  spceiaî résistai rue wirp the arm of a Wheatstono bridge 
network. Snob an arrangement lias tho advaiduge that ïfc h 
ex'tvemely compact, relia bîo and of low east. C. VV. Siemens1 
u ay thé ififst to employ tho principle in measuring tempéra
tures, usmg platinum wire, but il was uol initii the work of 
Galle ndar" and t■rillillis3 that sûcccgsfu.) devioes wero produced 
for température cmitrol uork. The wiro gmerally employod îs 
nickel, but vhmi the tempera limes are iu the neighbourhood of 
1,000 IL thon platinum k  mueb more sol table, Tho preparçd 
élément is oxposed to the température which it is de sire ri to 
ccmtrol, and forms one arm of a Wheatstoue network, which 
is balanml at a température correspondras to the zéro of the 
indii ating instrument. As the température rises, the degree 
of nnbatoce of the bridge ïs mdicatcd by the galvanomotor, 
winch r-an thus he calihrated in degrecs of température.

1 J’rcH-. Jlor/. üai\ (A}* 10, 4-Jfl, 1871.
1 Phil. afrtüJJ. (A), [78. ]rn. 1SS7. PhU. Mugi (5>, $2, loi. 
3 Phih jfmiur, (ÂjT lÿü. ISSU. Nature, Stt, 3VL lW$,
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En ordcr tu obtain aocttralc control, an adjustabie résistance 
eîionld hc included m the bat tory circuit, lo compensai® for 
variations in bat-tery voltage ; tliïs skould Ixi atÿxisted on 
tnaking observations. To compensate for thé température qf 
the connecting leads  ̂ thrcc Séduis are omployed between the 
résista^  élément and bridge as indïe&UxI iu Fig, Ma. A 
hirthcr development of tliis circuit is shown iu Fig. 34b, and is 
knowTi as the cross-coi l résistance thermometer, Ct and ( r2 are 
two idenücal coils forming t-ho movîng System of tJie galvano-' 
meter or indiirating instrument, while Rt is a fixed résistance

r
f1 m. 34&.—J5ni,̂ 10 circuit uf crûss-rfÿl m ' - y i i i thytïûüipcÈer.

in sçriea with C\ and R» the sensitive eoil élément. Àt a 
im dot cnumcd température the instances R, and IL  areequal, 
and ninec Mie coiïs ( 't and ident ical, the i-iincuts flowing
in the two ends are ecjual. Since the galvuiiometer coda are 
voitiwt lu opposite directions* so that thej tend l o cause dclleo- 
lioiis in opposite directions limier tlieso (auditions, no deflee- 
l iftn will éccur, If the résistant© of IL changes witlv ïricreasc 
or decrease o f lempcratme, the balance beLween Mie two coils 
wiH hc disturbed and a de Élection proporlionul to Umjierature 
change will resuit*

Sojne typieal forma o f commercial résistance Miennometcrs 
are shown lu Fig. ; fur those, however, who are inter es te d 
in eonst.ructionat details référencé shoulti bc mode to original 
papers or articles.1

L sing the platinum résistance tlicrmometer mtrny methods 
hâve been deveioped to rende? ils eontrol autoraatic and 
accu rate, a modem development being t-ho ose üf tfe> tliyrat 

1 ,/pur; U}‘t. jVw. Amer., tï, Sfifl. Jour, 8a. lu.Ar., 2, iîJS. 102-J.
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or grid cantrolled valve, The general arrangement pf sueh. 
i\ sehomo is shown in l*1g.. 3G; ’tfhere it is usod ivifch a valve 
rcgul ator for the montrai of a very rapid movipg cummt of 
air, the tenipcaralures r&nging front JllO^TT to 300° 1?. The 
cjold air is for^ed Ijy means pf f&n£ 1 htmigh a pipeline, and, fi'om 
theu.ee. it. paesea tlirough a apeci&lly oonstructed fumaço

Fjti, 3f>.

con1 aining Lli.n windings I I .  Àfter lcaving the lai ter* i ko heated 
air cornes iato im médiate contact with a résistait ce f&ermometer 
of minimum kéàfe eapkdty* (Xuineeted to a bridge circuit 
operathig thyratron a thrpugh an amplifier. The reetifyiiLg 
valves* aooording to tho a lato o f iinbalanep o f the bridge 
deliver a grcater or sumller direct cuiTcnt, vfjiieh in t’uni » 
polarises üio ohokes in the connection circuit windingH. The 
cJrokc thon admit s additiüïtül (sur rente to the windinga aooonl- 
ing to (lit) state o f magnétisation, and the circuit tliereby being 
mmpleted, control o f air tern ira  turc is carried ont.

5 3
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A similnr r.lnvioe lias heen fle-scril ôd by L. i Vdolfôky1 foi' 
contrai ulioiti tins possible variations were extremely «çtvoro. 
Control was ©ffeotcsd by variations o£ ono ol" t.ho bridge arma, 
and witli correct température, no voltage is promut across ilie 
bridge. Tcmporature variations imbalanee the bridge, and 
apply a voltage to tbe insulafjng Isçanftfoijner, whidi Jy thon 
iinprÇssed oti the grid of tlie reoLilitît valve, An increas® iu 
tçm|ieratoc cause» the grid bias to increa.se and tlms rcstrict 
f ho flow of eurrent r>n the bulf-eycle, wlion thn anode is nojy 
mal ly eonduclrng, i .e. the positive hnlf-eycle. A ce rresj uni d i ng

deorcaso permit,» the tube to conduit, tliereby elosmg [lie power 
rrlay; tliis appamtus (Fig. :î7), bas been uaed to ounlroJ the 
température of a fimuioo ai 50h Ch to wïthiu d=E>°-

ni, .Al. Sturteviuit3 has reenntly deseribed a thyratron o<>it- 
trolkd rc93sUn.ee fcl terni onieter circuit, tbia Iseing an improve- 
menton the original arrangement of Botictiiot3 and Wïnton.4 
L'sing a water bath of 160 Eilras oapneit-y, ©entrai to J. ‘003Q Ch 
was bbtained. ai 2!! G. with the arrangement sliown in Fig. 38. 
Altematmg voltage ni appropriât© phase Yvith re£}>ecl to tho 
supply luie was impressed on the bridge; ttic autput of thé 
lalLer b oing made up of one cojnjjonent varying wîth the 
balance oi the bridge wJieaephase is the nome as t-Jiat of the 
ùnprcssed voltage, and août ber componont approNimalely

1 F.hi'tronir*. fl. îsn. ht;!;;. 
* lliiil, A, 2̂ 3. 1937.

3 Retf. Sci. iisstr., fl, iîVO. 1938.
• Jour, .SW. Instr., (î, 211. Ifl2fl.
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eoû ont ol phase with tho impressed voltage Tho bridge îa 
transformer çoupled fo a single stage hf amlio-iiuiplilicalüni, 
the out-put of i lio amplifier being fod into the grîd o l a power 
valve, The l&tter is Iransforitinr-eoupled to the grïft o f a 
mercury vapeur lillod. thyratron, the transformer Bcrvîng to 
isolatc IJlo thyratron fmm the rest of the circuit-, thus avoidutg 
feed-back. In practice, it is advîsable to shield ihe bridge and 
tlio amplifier thorougbly, sîitee tho amplification is ko hîgli thaï 
pick-up voltages may givo riso to endless trouble, For tho 
s&mc reason, the transformer Ti shoidd bave long shiolded

64

IcatLs 00 that it niay bo readily filaeod in such a position that it 
is mit ïmhictively coupk-d. to any other transformer. To 
réalisé thîs position, the prirnary of the tftuis former should 3jc 
ehorted and ihe instrument moved about until uo voltage is 
observed ou tlio grid o f the thyratron.

Tliere is a considérable phase shil’L between tlie bridge 
and the rèctîfier va! vo due largelyto the saturation of the iront 
in tho transformera and. tho audio jftï-actor, and llhs phase shift 
varies somervliftt with the amplitude of the impressed signal. 
For maximum peuaitivity it is uceessary that tlio variable
voltage at tlio grid of the contre 1 valve he in phiuse with the 
anode voltage of Lliiü tube, i.e. tlie alternating outrent suppïy. 
In practice it is found that witli the liated comp-onents the 
phase «hift is approximately !M ' so thaï a simple capacitor 
résister jnetllod of obtaining the proper bridge supplv is used

n,.-.
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T ISMRttnATtr K 1>; ( :< > N TROI.
( Ko voilage drop m the bridge is about 20 volts so Lhat e&eh 
arm of tJio bridge lias lo dissipal-e tNS watts. The value of LJie 
résistance Ria_ is adjustocl ho tin al the phase of voltages of the 
onlor of 15 volts at the grid of t-he thyratrons is the saïuo as

C7

It  ■ ’J l lO  i l l T i t i .  I jÜ I l u i  ] i i i3 ] i f .M i i i i i .  v .'l r ï :tI ■!l-
11-, ïi3 jIëû oIiiïif, lïeIIjit fiuinii'inm
JtA ÎU O .D IK J  4itiHh i ] i l  ïiNLbjir ti r ,  1 'Aj i N, 
n ,  ■ j i i j n s , 1 t t ] L ) t
A', I iltW{r>hmH I w:ill 
Itj S tHHj ohnn, lu n-ftlian. J".une t.lun :, kti WlMti 
n  1 ,  L V 'IH »  n J i lL i^  JÜ
J' ai -  üriniit hIhu | i»hïrtii[iinHor, 1 w Jitt
iiit L,€OlmLitofi. QU wa* r̂ _
A | ; - 7 5  I t 'U L  I ; L ILl | h-*f ' i. f ' i j."i iiilrîbÊÎTMj 
{ L  [H ]- f  l i i j iT i> [ ; t t J i i L  f1 ! - fiiiH'njfnrinlh:, ür vulî-.il rl i ■ h 1 Lr
Ch Gim f/n.  ̂ Jiiit'riüfarjiila, -WH voltri, 

r lw i  m ly l lir
( ' i  il ÜJ rttLi'riila r:i11r l(HJ v*il1 s
!■', lL."> m|rtnfnRiî( 400

rrH, f 1 mirrHif:iit;nl, -lliiMiik:-
f-,j fi mlndfiLNiil . -uni vultI*i Tji.ilî-11'-ï11iH<;jl ini(‘[iji'lii u- In jjFiil

üllilii 111;lri--1 <ir j11l t r:d 1gt ÜLÎ : I 
r,=An=liiMjii[.]iul ttun-L'i.inn't, raliii 1 : I.

hIæ rr̂ kitniiru yQ ulinùf, r.li willi- 
fljii|inr< h

Tu r?ui;iti(.ji traà̂ Eâkiunr, rfttto 1 : l, mû writln
i \  J ' i . w i t  i i i i i L H t i n  j m  i ;  7 0 0

11 IL - r! 1-1 ij e ri ' I s p ^  ,iii i inlIÏJiriiE'rTH'.'i ; 
r> V-rpHci, ‘1 iiTn|M'Trs ■ T̂* vfLlts (iviilri! 
L l i ■ J , I : t E i i | i i - r r  ;  Ï- T i v y l l  f m i l - n -  l ; 11 
I ■-"> o l i i t w f i » !  5  v i i U m ,  .S r> a n w i V i 1 

L, AinSio rf;icfnTh l.nfli IkTirysi ju O-S iiilEUditiiKin!
I. Pllti>r cJîukc, 1 cï liftir}  ̂ ;i r 115 miJli-[L'mfKin.ifi

that of the 110 volts supply line, The grid voltages at (lie 
thyratron aie observer! wït h a eat Mode ray oseillogmplt, With 
the résistance Ihormoi noter in the bâtir, (fie potentielnoters, 
/’ t and iî|lf arc adjusted so tirât the bridge eau be balauoed 
to g iv e  zéro voltage at i lie grid of the thyratron by mcans nf s 
slido wire inserfced in one arm of the bridge. Tliis adjiLstmcnl

GG



c iT A î î t ï J i  o i f  ] i i : s i H ' r . \ N r K

66

serves le neutralise stray elecfcro-motivc forces arisïng ti'oni 
leakage nr coup lit Lg elle et fi,

Tlie variation with signal amplitude of the phase shift in the 
amplifier is suÉicicrd m that it îs unimeessai y lo supply more 
thon a very small component ofvolkige other thon that çm ing 
from lise eo-bahniee o£ the bridge in orcler to sceurc continuons 
control. Tins composant is obtaüied by a sbght changé m 
setfing of tho potcntkmieter Jiltt lhe besfc setting being that 
wbîch gives a maximum rate of change Tvith respect to the 
bridge ofî balance af tho plaie cuiront- passcd by the rectifier.
Therésistance Æ8is adjustedfto that tho maximum onrieïüt that 
Plie thyratron ’wilt pose is abord twiee that needed to mob dam 
constant température. If lhe résistance of the t-hormometci1 
iiiereases boyond the point of bridge balance by more than 
0-2% lhe thyratron abmptïy stavta to pass maximum minent.
Thîe resuite in a complote loas of température control ko that 
tho tomper&turo o f Uie bal h naust bc withm a fbw tûïilhs of a 
degree <j£ the dcsixfedpoint.bofore il wIII ho eJïeetively conlrolletl 
by i ho thyratron.

J. ( Kivallow and E. A. Coolie1 developcd a pegulator using 
a change o f resislauec uith température, and which WUS cm- 
ployod on u 221J volt D.C. supply to control tlie température 
of mi elertric i limace to wifliin d: h’ h ai 000 ( . Since, 
ho\veve?\ it. is uguaL to upende résistance fimiacus with nil 
altornàtmg eurrent, a commercial form of su ch control lias 
bcon produoed by Metro-Yick U d. for that ly|X> of aûjpply,
The apparat-us shown in Kig. $î) Gûnsfet# of LIlc usual network, 
onc anii of whieh h a platinum résistance thermmiicler of 
thive s] tirai type- iHexablo eoppcsr leads arc al laehcd to ils 
liead in oxder thaï it inay be wnvenîently located in any 
desirod position in tho hu-ïiaoe. C^iipeusatiijn for résistance 
variât ion in Üicæ loads is jjÈrovidcd by a sotôïid pair of Icnds 
of tlie mmv, citble, isojmected in the opposite orrns of the bridge.
Hy means o f a variable résistance in UiC compensai ïng arm of 
the bridge, rentre! may be efTecled Êom 20 ’ to 60ÜfJ (h l n- 
balanee of tbts bridge causes tho operation of a sensitive ivlay, 
and, in oiîdur lo obvial-e the tondeuey of the îvlay eouLaets to 
stickf an aiLxîliary circuit" is arranged wliicb supplies to tho 
relay régulai or currcilt iiiijmlscs Hidlicicut to open 1b<‘ cou 
tacts against adhesion. This is arrangod by a condom^ Q

1 Jour. Sel. ln d r ., tî, 87. 10 20. 3 Proc. J toi/. Soc., 84, 20-1.
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whk-\l in eharged Utrough a résistance and discharges Üirough 
ii, néon lump al seconds int carrai. Thus ofidi discharge 
Jeaves Uic rolny ooü perfboüy frce, ho Huit Lhe contacts may 
ho opencd or closed aeeordmg lo lïic bridge balance, It \v*S 
fourni thaï to avoiil any likelihood of sticking, the «inire&t 
must. nol exceed a few micro-amperes. Aecordingly, Ihe relay 
is airttngcd so tbat Lhje closing of ïts contact s reducod thc bias 
on i Hc gi ul of the pentode valve, and thé rosulting incmise in

blinde current opérai es tho power relay ; Uio contacta arc now 
ahio to oarry a maximum current o.l'about \2 mA. in order to 
minimise variation in ilie bridge eharademl îcs roaulting 
from ambient température variations, ICuroka uire is used 
wherever possible in coiLstrudion andwiring of I his leinporaf urc 
régulai or,

Although it haa been sÎiowji that a separate résistance unit 
may bc nmployéd for control pur poses. Wliitê and Adams1 
hâve used tlie heating eoiJ of 1 ho fumaœ il self rus the résistance 
clcmcnt. tiitLSiforming IJie basigof fchc ther.monieter. tlihben- 
has modifie*! thîe arrangement. The résistance t lion nome ter 
was formed by tlie wmdiugK o f the furnace Rx j(Fig 4Ü), of 
résistance approximately ü ohms, and uns one arm of a 

' Phtin. Itce., li, 44. 1310. ? Jitv. Sa. insfr., I. 10JO.
ÜS
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Whcatstone network. Æa fe an adj i ista blc constanti n rosi fît ance 
oJ 7-5 ohms and cl t ampcrc capactty ; 2P ohms And of 40 
ampères capaeiu and JZt a similaa: type rosistance cnrrying 
Üio saine t:iarrent al 2t) ohms, The bridge was coiuwoîfltt 
aerosa 11,0 volts D.C. ; liie two rosistances / ï5 and JiT bcîng 
insorted for course and I Lirai adjustment. Cutmected acroas 
ibe bridge was aise a slide wiro in üütïcs mth a gai v anoure ter. 
J j] practice, it in arrangée! tliat somo mcchanioal arrangeraini 
causes the engrent regidatiiig swltehcs to move aeenrding lo
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the changes in the portion of the gatyannmeter bcanL, so thaï 
it strïkes or misses a contact maker whieh ïn tnrn Controls a 
Étui table rehty.

Barretter Vulves.— It it w$tl kiiown thaï fchc résistance 
of iron wire increases rapidly over a limiled température range,
In practice, tliô wiro is cnclosed in a glass envelope cojjtainmg 
hydrogen, in ortie r to provent oxi dation of the métal. The 
ends o f the wire terminale in, the base of the lamp, whieh. hold 
l.he neœasary contact pièces* The lamp is inserted into the 
hoater circuit, and contrôla the carrent passing so that it. jnat 
gluws. Any iuerease in the applied voltage inercasos the tem
pe rai nre of the wire, causing an ineroase in ils résistance, 
tfcereby decreting tho currcnt tlirough the circuit, À typiehî 
characteristic curve is shown in Fig. 41. Tliis dévie© is known 
as a barretter valve, whieh opérâtes satisfaetorily al a critieai

ou W ^ W
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cumml value. îîormally. thÎ3 is a mean cummfc value of 0-3 
amperes. and with a variation of bdriüwcn 1 10 - 1G O  volts, the 
GfEXf Osram barretter, type will niamiain tJiia cuvvoïit 
valuo constant over t.lxiei range. Tbu devise is eminenUy suit- 
able fur circuits ûl whidi the iieatmg curmnt is not great, In 
opération^ ample QUoiilatioïi shoiild bo allowod l’or LilLs. valve, 
ginec il becomes extremely hot on circuit. Apprnximaleiy fivc 
minutes should ho allowed for tho baiTctUnr Lo sottie down to 
ïts stcudy cuiront régulation.

m  m  123 13Q mq i$q m  m  fao f$o 200 zto 220
Voltage across Barfeitur 

i'uî. 41.

Résistance - Outrent - Voltage Kchitiunship. Procter 
and Douglas1 using the resiatance-ouLTÇ ît- voilage relationwhip 
hâve do vise ri. : l simple method for t h e  control of fumaue tem
pératures. II. possesHos tho advair!âge thaï ihoro ts an. absence 
o f température ]&g betwccti the régulât or and tire heating 
éléments, and it can bc used up lu tlie higtuëét working tem
pérature, winch is spccially usetul witli juolybdmnim. or timg- 
sten furnaoes. Tho rcgulator consista of Iwo bulbs A and B 
(l ig. I lilled with air aiid ceimected by mcaus o f'a mercury 
manometer, Filaments are fitteri In cach bu 111- ma de iWmjt CM 
mm. diameter niel ironie v ire in cnil l'orm. of 14 mm. diameter 
and o mm, pitdl ; the résistance of ea-eh being 10 ohms. 
The filament in .1 is connected so as to he heated in proportion 
Lo ihe voltage across the lumacc, whîle tlmt in is hçateit in 
proportion lothat fk>wing tlLrougJi tlic i’urnaoe. With incre&se 
of tempera turc the insistance will increase wlÜl a corresp ondmg 
dm -roase betweon t he rat io of the current tlirough the fum

* Juur. Sri. /«sfr., % e 03. m a .
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JX1VCL Uic applicd voltage. Conscqueutly, the cuTrotft through 
A will increase rolatiyely Lo that thrûugh B, and Ihus capsc tlue 
aii' pressure of j4 lo inurease lOOnip&réd with that in JJ< The 
mercury level in the loft lun b of the control a. p parai ils will 
ihlL and oïl breahüig the relay current, po’rôer to the l'urnaee 
will bo redueed by tîio insertion of a sériés résistance.

h’or satisfaetory operation the air pressures in the two bulba 
ahould be approxbnately equal at i lie instant of break ing or

rttflldng contact. IL will be fonnd that if the air pressure in 
one bujb m considérai >] y m oxcess of tho other, the régulai or 
is afïectcd b y changes in voltage fteroSf? Lho l Limace eauHod 
by the operation of t lie relay. 11 wè assume that that' pi essuie 
în B is greater than in A, prier to mokmg contact, and that 
tiio circuit is ho arrange d that the voilage Êçross tlie fumais 
also ri ses the fumace having a large heat capacity— im
médiate! y contact is made heat euppîiéd to tlie Lwo bulbs will 
increasc in the sanie ratio, with a corresponding propovtienul 
inercase in bulb pressure. T h us Lho différence in pressure 
hetween the two bulbs wiü increase and the mrrevny le vol in 
the large but b wiü fall, therebÿ redueipg the Itirnace voltage.
Tins wîll cotise the gas in the bulbs to coob the nacreiuy1 will 
rise, iriake contact and then the cycle will lie Tei»cated and the 
relay will ehatter continuously. Altornatcly il the pressure
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