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TEMPMtÀTUÏlK CONTKOL
jji /> isgreater than thaï in Â . and tho voltage attr oh s tho fuma ce 
îk redueed on contact boing nmde, the voilage cl muge producod 
hy the operation <d tho relay will cause tJie mercury to over- 
ehoot Uie contact point, thereby tcduGing tlie senaiti vifcy of 
tho relay.

in practice, satisfu tory régulation may be oblainod with 
thé mercury level in Bt G to JO mms. higher than tliat îjl A t

Supp/q M ains

at tiie montent oi contact. T lie bulbs are ho armnged t-h&t 
Ihote is a small rjuantity of mercury in the h$U-um o f the bull) 
u'Iieik contact in marie» tîuis çonftning pressure adjitstm.cn1s of 
tho manomoLor to ihe contact limb. A valve relay is inwerted 
in the circuit thereby redtteing tho eurrcnl at the contacts to a 
fraction ni a milliampère, l>y this* metluqd, régulation of 
±  Q-5% in tho résistance of the Jieat ing élément fe obtainecL 

Résistance of S a lts.—J.t lias hecn alrcady pointed oui 
that sait» and on ides Juive a négative coefficient of résistance 
gênerally tho résistance doçrca&es rapidly as the nielting point 
température is upproaehed. iSince tbis change is constant 
0ver long pedods, iJiis metiioil IijhLh unie application ïu the 
eontroi of solder pots, tempe ring batiis and aliimiitinin moh 
pots, the température remaining coûtant tu _L :îD for GÛO

U2
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When the ji<it is cold 1 lie rc&ïaUuMw is high, !mlf with inevense 
of tcmjjeraluxo of the solder, the vesfat&miç of i lie sait whicli 
is gemerally cmUained ûl a atcol Lubç, doereases, but wil] not 
pürmit sufïicieuf ouïrent ta oporate a rohiy until a température 
of 4(K>°a is reactied, When lias sbate r* uftamed llic rolay 
Opérâtes a switdi wlEqh euts oiï I ho main ouïrent, 'Plie 
iiuxïliary ouïront will sfcift continue U> flow Uirough the m sist- 
auee t-ill tho température o f the solder lias fallen and iJio 
résistaiioq bas inmiased, permitting only a very smaJI eiMTent
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to pans. The inlay conséquent 1 y rctuni# lo iis original position 
an.H roînaüi* sot for t-he ne\t operation.

Anderson* devoloimd [fie Jbllowing method for mabitoudng 
a quanlity uf /.iuo ut ils uioîting point over long période, by 
suiTuuiKÜng it wîth a bath üf tlifi same métal auUmiatieaÜy 
maiiifained in two-phase oquilibnuni tJihÿugh the abrupt 
eh ange irt resisiivity ait eut lin g iso thermal fusion, 11.96 is 
nu h le nftJifc faut Huit at the meJlmg point the spécifié résistance 
of inoltcn pure meta! is about twice thafc of the solid métal 
al Üie sajnc tempe rat uiïe. ThnSj if pool acta are inmicrwed m 
the métal and a steady diront l'imtni passât! through ït7 the 
voltage drop acims Ihese iioleuLiuI contant avî 11 lie f$rnport;ional 
to the quantïty of métal lîtpjitLed. r.l'liis variation in pofcenlial

J R eV .S c i. In itr ,, I, 7t!4. HfôQ.
GLt
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M i lhe zinc )>al h uoiUainod tu. ;m ehmdum cu]i, Timgfitjèn 
puten-ti&l ctontaetu are connectée! to a Moll galv&nomotcr
0  ( hig, 1-3), of voltage gcnêitivity Ci x 1ht; lighl from tho 
irf-ter betug {Lelleetcd le tho photo-electrîc œil /\

T im galon cuiront contacta art; nlso ifUTiicrsetl ïti Mie litilh. 
a 2 volt itecumulatOT l>emg insortod in the eiromf. Hcating 
eurrent entera the furnaec through a paraücl circuit ceinjKWted 
ofiin adjuatablo résistance fi\ aitii tho plate cmroil of a jnectilîer 
valve* Cn ofXTation, full c urgent pusses thrcuigh, the fumace
1 ïn.f i S Mie résistance of tho bat h fallu. and tho spot of light oit 
tho pheto-cell move$ away. and tho bûw$ ou t!ic rectifier valve 
is increased so thaï tJ11; diKcharge îs e ĉtiiiguishecL To minimise 
oïi dation of the zinc afc bat h surface, a sircam of nitrogen 
is ïntrudiLord lltrough the; fumuec cover, or aJtemately a 
blimkct o f graphite eovers the moïtm mêlai. A galvanometer 
do (lent ion of 3 mm. ia snfïïcient to ojKiiato lhe photo-ccll.
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TmiPKItATORI! CONTRQL UTïLJslKO THM PHOTO N M  TJtir
niP^Err

P ilotcj i;t,i>t j iic  ctüUs m a ko uko u f  l-hi* fael lh a t wheii a voltage 
lu applicd tatwoea suit préparai  olecirmUiN situntod 
wilhin il glass envolopc cvatmatcd or gas-fiUed, no cuiront 
passes when tho cell ïs daik. sincc tho pal h 'betwnon l lio 
do<d rodes is practically an insulator. Wlien, hownvor, light 
is allow cd t faU on the  cathode, un oUelron émission takes 
place, the primai y riment produoed l>omg propoitit>nal li> tins 
illuminai ion♦ Tliis eurrenf may lw ampUlied by an ex Lem&l 
amplifymg arrangement and used for contiol purposes ol
auxiliary apparatus*

The ce II (Ifig. 41), çnmÙHtaof an anode in the sliape o f a 
njelanguLar wire grid supported 1>y aglas& pinoh, and conneoted 
lo lhe anode and grid pins of a valve hase, The cathode 
constate o f a V sliiiped plate o f oxidirod silver, eoated witli an 
extiomcLy thin film of caesium, 1-hus forming the lîght wusitivo 
surface fcimi winch électron émission faites place- The 
cathode is conncctad to a serew terminal at the top o f the glass 
onvclopo. The îatLcr may Ixï eithor evacuated and is thon 
knowii as llio lf vacuum type 51 or gus-ftUcd,

Thcfio lighi sensitive relis may Ihî nMtiiïiod wifh varions 
1 ype cloetrodes, so thaï the fipprnpri&tc cc!1 may be employer! 
for the particule,r wavekngllt of ligln uhgiL For température 
conirol work, the caesium-silver vacuum type is most suitablo. 
Tho follo’wing table gives details o f  such celle and the purpura 
for wliicb they may be employée!.

T àBUÎ lu
K ü turc, o f rat ho< l<\

Potassium (mass hiyci) gEts 
fillcd.

I fusain m-silver oxide, Vae, 
type.

y

Propose for wlueh usuL
1 >etc.ctinti and mcasurcmcnt of 

radia I ion iu I lie bille end ol t-lfcc 
visible upcetrum in flic range 
4,00(1 5,000 Ad-. 

iMisLsurcinents in the longer
Icngilisol the visible ftjMîetnnn 
and Lhc ncar infra ml.
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L u m en s/cm * (B la c k  B o d ij)

PrCr. 4.r»ri-̂ ,
Viirialïnn ofîighlllus with tompoi^turc.

G6
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Nature of cathode,
Jb ) t fuis i u m - ni Wc r çtx if Le, 

vacuum.

Sodium-gas fi lied. . 

Oadm iim vgaw filled. .

Pnrposc ior wliîeh used.
Moasuremenl of illumiun-ti'm and 

applications demain iirig soins
sensitivit.y i.lirouglioui. I hc wliolô 
visible sj>eot rum.

Détection and moasiiroment of 
ultra violet rays in tho spectral 
range 3,000-4,000 A . LL

Défection iuid iTicasLiremoni of 
ultra violet raya En ppeeLi&l 
nmga Ü.eOO 3,0011 A,U.
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11’ lighi from an incandescent Imdy is ïillmyed ta fall on a 
photo-ejàctrjr, œllj a curmit will fimv whieh i,s plupart ional 
to the ligliü lhj\. If the température of a body changes, ils 
brightnote also cliaaigcs, ad fciiat tho photo-dectrir .mirent 
can bo uxed as a jncasitro nf tcinfiemiiri'o. Tins eurrent , being 
of a small order, eau ho suit&bly amplifiod and employée! t» 
control auxilîary controlling do vices. Ko! 1er1 liât; Ihcrefore 
developed a method using the lighf. radiation given oui by au 
electric fttrnaoe to control, by ineans of a photo-cloct rie r.-di. 
Ilio tempérât ure nf tJic fiipiace.

lu ürder thut Ihcphoto-eieetnc eurrent may be a iruo moasuve 
of tho température il is essentiel that tho area of the hot 
body "  covered by the cell ehall alwayu be the sanie. Tins 
îw aoeontplished by foc t lifting an imago of the fnmaeo wall in 
the plane of a diaphragm I> (Fig. 4 fui}* plaecd in front of the 
ooll, and aUowbig ouly the cont re portion of the Image to pâss 
to the «dh tn ordev to prevent ex tram ons lîght trom im- 
pingiug un the cathode, a long tubo contoining a diapluagui 
and Icns, wifch. tïïe interior blaekoned. is atfached to the main 
hudy of the oedL hmisiug. the \vhole being eunveuienfly 
mountpd. oji a braëket about l mètre iront tho fui'imcn.

The cell eurrent isamplïlied by a résistance couplet! amplifier, 
the necessary direct binent beïng obtamdd frum a rectifier 
built iuto the set. In the described apparatus t ho amplifier 
ouvrent passes f h rougii a high résistance and t he drop aurons 
the la t ter is ïmprossed between the grid and fi lumen t of a 
thyratron valve. Tbuà, as soon a$ thïs exœods a predetor- 
inirted value, or the température ex couds a prodotonnîn$d 
point, the rectifier opérai es and culs olï tli0 main cuiTont. 
[mmediateiy the J'umaee t(un|U>ratuio falls lxdow the sf»er.î[i

t l»tl. hC %ng. Oh<>n.> ±ït l:i7ar iiüin,
07



tîmiL tho phot^“«ell pueront dccTcaac&p and Uio main ourront 
is switchod. on b y* means of the thyratron* A  imitable oircuit 
for Uns form oi tout vol if? shown in Fig. 4ôb, whilo iJmt in Idg. 
lix gives variation of light flux wttii température mu'vos. 
Tiîis nwthod, wiiioh mamtama a t«tti(xnutnro ctï I,»00 ' ( 
to vit liijL d: 10° G: posèasses tho ndvantage thaï il can de 
Applied to kigh températures or atmosphères vhioh wmild 
liavn a dcléLerious effect on thermo-couples or retsistunoc

T tfM P r ï iL A T n m - : C O N T ItO L

Gt'id ControRed 
R e c t i f ie r
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lhermomolcrs, while l h.o wJiolc equipment can bo gituatod al 
sonie considérable distant froin tho furnaoc imder controh 

Koechel’s Millivoltmeter Method.—A novel and in- 
terestmg inelhod of continlJing ilio température o f a filament 
eoating oven lias bcon dcacribed hv Koecheh1 lu tho oven 
vas installe d a thermo-couple* the liée ends of which were 
conneeted tu a jiiülmjltmetur (Fig. 4h). The latter was 
mounted with a mutable lighf srnù'co focùssed on the mîd- 
porlkm c*f tlio instrument sca le , vvhile pJaood tliiedly behind 
the meter was the eell, situated witkin a light -prouf compart* 
nient, A hole wm iàrilled in the centre o f tho «cale, 
eorresponding h oit;, in ix direct line with tho former.

1 £bxiiou>rx, i>. Ljo. ]&32.
us
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meter case. rhin en a Ides raya uf light to pass through tho 
meter to the cathode ot'c&II.

This hôte was üiranged in sucli a position Hiuï whon lhe 
needlc read in tJ n■ exact contre oi thé soale tho aperUuro was 
éÜQéod ajid no Iiglit r-o«ld pass tJirough to lh© cdl. TJ& lutter 
Wü& conneeted to ii, grill contre!lod rectifier and an associa Uni 
rduy System so arranged tJiat il wuuld connect or diseonnect 
the lino voilage to lhe oven undjor contrat The seqnmec o f 
the opérât i0d is lsucH thaï, when tho tempe rature <>f 11 te oven 
is Ixdow any selecled value, the meter pointer is on the louer 
hal.f of tho HcaJe. Under tlieflo conditions tJie rnys of liglit 
readi Uic ccll, and, h y  nperatmg the relày eoimects the nuin 
Ouvrent le ihc oven. Tins condition exisls mil il aueh a tînio 
tJuii Hic oven température rises to a point équivalent to the 
centre portion of the seale. Under saeh condit ions the aper- 
ture of the meter ïs eovored by the pointer, When lins ©cours 
ligiit ie eut ofl from the ecJL and actuâtes the relay thereby 
eiiltîng oit the eiiETejil from thé oven. The pointer raoves 
wit h dwereose in température and, aftçr uneoveriog thé aporture 
peîîiiitfi Iiglit to |>ass;i the cycle of operations is ngaîn repeated. 
A calibraied meter în .sériés vvh li iemperature meter permits 
setting of thé latlcr. ,80 that it will rend at the exact centre of 
the sealo for auy température flctting ; the dial therei'ore 
controlliugtliis rhéostat eau therefore bc convcnicntly c&librated 
in température values, Thus when the dial is set for any 
paTÜeülar value, if meants thaï the voltmotcr wifl indioate at 
t!ic centre of thé seale when. the oven readhéS thafc température 
and thereforc envers lhe aperlnrc. Witji a fboused Hght source 
oi -1 e,p, and a photo-œil of fsenaitivity 30//.a per lumen, 
usirig  a  ^  Ml h id i  aperüuc in the ca so  o f  the West on 301 meter, 
il is possible to maùituin oven températures values within 
_-];0-5% of the rang© being used* Fox industrial ymrposcs the 
photo-eell and ampli fier are olt.cn accommodaied in separate 
hmismg$. esfxeîally whon e,mployed for eontrol ptirposôS in 
engineering worlss. When, himcver, Mie usage îm not sevore, 
the form of momUing showu je Ing. 47 is emptoyed, Hic Iiglit 
required to opérât© the cef[ ]}jissiiig through the window iu 
the caaiug,
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I$r 1W28, ftœbock dîseoir*ered th&fc wlien tke junetion of two 
dissimilivr .1 notais was heafced an dectroniotivc force was 
gencratod, tJi© magnitude de pouding ou, the two mutais em
ployée! (Fig. 4S), A aérions rîisabil t ty, however, anses with 
iJidt usage, since, on exposure of the métal déments to liîgh 
températures rapid oxidatiim and détérioration takes place. 
Iil practice, tke ïnctaïa are in wire fbrm liaying two dissin1ilar 
ends wekled or soldcrad togolliei' varions cojnbiji&tionfj

a  ~
B

A Hnt junrtion. 
V Ooppüùt IcéuIk.

f  L
Via. -1S.

fi — f|hiï<K£trïng iïiatrumenL. 
If. îCold jmivlrioü.

kavo been employed,suck as popper Constantin, Iron l'Onstantm 
or sil ver-constant in, Wkcn ugod above 300° 0. eopper- 
éonstantin pmetions rupidly détériorât© even when tke wircs 
aro of lieavy section. Iron-eon&tantin may b© employed for 
temporal tues up to 800' but it îh foiuid tbat, afier pmkmged 
oxposure to high. tempérai uw.̂ s, paraaitic eu rient s of!©n dcvelop. 
Previoudy, trou-nickel vvas largdy used, but Ibis bas bix>E 
replaced by niekel-ehrominm and nickel-alnnaniiinn, The 
former consiste of 90% K f ll>% Cr.r and thé la tte  08% Al, 
2%  Ni, ivilk traces ni HE ami Ain. Tfiis îs sometimes knOwn 
rmdor the fcruda name o f f‘ Ckromd-Aiumel ; tke présent 
ol small traces o f Silicon and manganèse are cssentiul ,sinon if is 
fiound t-hat although pure nickel-; dimimiuni aüoy stands wcü 
al high températures, il- boomnes very hriUle &fc ldwer fem- 
peraimes Tliis wire may bo used euntinuoudy for ranges 
about lJÛ trp .} but, foi gond servie©, wire of anipic gang© 
shonkl bc employed.

in 1880, Le Cliatdier introductif 1 Ibu platimnn-plalüjuju- 
rhodium dément, kavîug 1IJ% rhodium, for working in tJie 
neigkboiukood ot 1 ,o(>0 < ■.. but caro must ko taken to protcet 
tJi© cléments from reduciug gasos, Silicon or met allie v a p eu rs . 1 3@®P,

ULTIMHEAT'"
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Platàae&m-pliiitiiiiim-iridium may be used foi: teiïipçratiires up 
to 1,000*0. .AltJi'Oiigh i(. îs possible mider certain conditions 
vrhen workuig al niodevately high teinj^ratures for fhc éléments 
to lie usetl miprotected il is often an advaiitagc to proket 
fchem by placing wit.Jiin a auitable shield* Thèse mny be in 
the f'orm nf boadsor eyJindi inal tubes ; sonie typical prolnotion 
tubes manufacturer! by t-bc Morgan Orueiblu Cïn, of Batter.soa,

81

London> arc shown ni IHg. 49. 3forocJaîn may be med up to 
1,400° C. provided tJi.e surface is glaaed ; fu&ed sïtica up to 
1,000° 0. providod the atmosphère is freo from alkuties ; 
while aluudum wîll witlisUnd 1,500* Cb. but. sinee tliîe nmtetiÿl 
is lierons a gtozo coatîng shmild bc applied.

The tborjuo-olc^f.iio (ïlootromotlvo force wîll do pond on the 
combination of the junetiom and the fblluwing table shows tho 
c .]n i oblainable wiidi. various nietals cou pied to platinum.1

1 Sec Jvur. tïar. oj StambirtU (U Ef 7EJ7V l-f, JTÏ1L jEÏIÏJl. 
Ibid (lîl1 71*6), Il, 247. I93ÎL

71
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T ajljlk 7.

Métal. Mierovol le pc
Chrome! (90% Ni, 10% Ct\) $3
Ni chrome hkï
Clipper lfi*4
Lrun ik
FL&tûuim-Rhodium (PI. LIÜ%. 10% Rh| 0-5
Platinum 0
Ahnnhl «■2
Nickel m ver (li>% Nï) 12
Nickel SiWer (i>o% Ni} -2 2
Nickel 22
Constantin —41
Ooprl (15% Xi, j$fr% Cu) — 45

Thermocouple Construction. ■TiromeOiods of emiatrue- 
Uon arc avaîlabtc dojmndîng1 on whether tho couple in eon- 
struetod in wire or jrod form, In the former easty the «ires are 
ptu&cd through gloss or porcckdtt bcod» or t-uhes, ono pair of 
ends l>cmg caretulEy oleaned and “ tinned.11 and t-hen soldared 
or weldcd togelher The twîslert end slioutd not ho unduly

long, while tlie remaming eiuLs are coniurët$d lu a gui table 
terminal block {Fig. -70). In the case o f the rod and tube type, 
lhe rod of ooe matériel is lilted into auothor tube having a 
tîloaed end o f Lhe other mai n iai. Lhe interMpaee being filied 
tvith asbestns or poroelain. A l llte couplu end* the lobe is 
mluecd in diameier, and the actnal joint; fthould finatly 1»; 
wéïded.

In wclding c brome I-alumel couples it \snII lie fourni tint 
ahmiel melts first : aûcurdïugly this sliould be plarod u

no
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isoler part, o f (lie liamo îintil fhe éliront®! begins to f]<>w. 
When. both. wires ire in (his condition, the couple should bo 
volât ed in the Haine uirtil bot h jeta is  run together. Thé 
«fttenaiiHi leads o f base métal couples are iiaualiÿ mude of the 
same mat criai as tbat of Ibc th£nu($jjunotion wkés, lit the 
«  of platinum-rhodium coiipÉe&j hotvevor. a copper lead is 
eounectod tü tlio platinum rhodium wire, and a oopper-iiiekeJ 
lead tx> tlio platinum wire.

Tem pérature Control by H ierm ocou pics.- A précision 
mçtkod deyelopéd by C. W. La Pierre1 for t tu; control of an

A. t-Suppl y
r,. rAWWVWyVWVWWVirMiri*or —■ _ —i------ .-----GaGanorretpp

P r i s m e  a r / h i c  t h ç  j i g h f  

r a y  a n d rcftçct t h e  twô 
p e r t i e n g  i i } t ç  p h o t ù  -  

eieCtr/c c e //s

; ] ĵ L/ghtPay 
\ )r frp/n tf/rper

Csntroliing çu rren t 
Opérâtes hùaiepe 
for mpmèeztnjnQ 
nc$/red CvndiftOOS

Thyratron
Tabes

y hj, ru h
cil liai fi. iksfmwn in Fig. 51, A ooppor-iiiAnganiii t-hcmiocouplé 
ra immer.seil in an oil whose temjierature U îs desired te control, 
the leads iiom lJio couple béhig taJcen to a galvamimetéf.
The beam of lïght rçflected iiom the mirrorof the lutter ehmes 
inlo ono or twu photo-cleetrie oclLü. file éurrent variât!on 
thus produoed ià ampli fied and imposed on a thyratron eon- 
trolled dhcuibi whida, in t uni, changes Mie ou ruent in thé hcatpig 
çoil circuit. Tut industrial control (ho arrangement is modifiod 
and îhe circuit sîiown in Fig. 5É em.pl oyod. The thermo couplé 
ekoaen for t lie température range is snitably prolected befoié 
mserl ion iït the fui■na.ee, and the ioads fêmur&ectcd lu an amplifier,
The ihemio couple after comparison witii a standard e.m.f, set. 
for the required température infinenees a thyratron throngh the 
.methum of an amplifier, ^rJiidi polarises tbc ohofti® in fhc j.'oji- 
nectiun circuit o f the windbigs. Tlie t-lioke, according to Uio 
state of magnetifîation, admit s more, ciivront to the iuruaeo

' Uen. Mec. Jiet'ie.w, July, im
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windings until the two e,mJ',s arc once again bal&ncect* and 
the fumace ûtlahis the deaîred te rnpt rature.

An rateras ting mothod of coût roi devo1oi>cd by the Cambridge 
Instrument Co.T employa a diJïmuiial theiinocouple Tu 
sitnated at llie cxtiserntty of a délicate gai vanu.rn.eter pointer 
arm. A smail clcet-iicaJJy hoatêd edil 1-ï (Fig. 53)* known as 
the IK cLlt:r, ismounted on t-hemciviibleapm JB^wbich is contre lied 
by mcans o f a removuMo hundle set in Iho tnp o f $hc case. 
This ©uables the instrument to bc soi at the deaired eontrollod

température, an index /  bemg provided to indicatc fhesettmg 
on 1 lu: graduated «cale ujl tiic front of iho easc* When this 
(cmpemt ucc lias heon ncarly at.tamed the couple T l is hrouglif 
opp  )sile to tiue heîiteix juid an el.eclrnjuuLivo force is sot u]> 
wliidi tends for tho moment to throw the relay arm away 
from t J to contact whieh if- >vM3 eventually (dose. Furthcr 
inoroase in the tempera!ure lïeing cmitrolled refïwlts in the 
thermoOOUpIe T z being brought nearer tho bouter. where il. 
cventually arrives* The electromotivc force then gener ated 
at-tuâtes the relay which closes an olnotrieal circuit, winch in 
timi direetly contrôla tho tfitpply cnrrent to tho furuace.

LL- is possible by ernploying different seMmgft bf the heater 
mut vegulafui tliàt lc.ui liera Lines al any pDnil belween t lu 
upper or lower limite of tho se&lc may lie oontrolled. To 
vent any possibilily of the regulalor lailing to funetion, ouf

H
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Lo an interruption in tho supply o f currenl to the licator, a 
safety d&yice is providod, wkeveby the suppïy h j f beat lo Lhe 
apparat us iy automatisai Ly shut oJï il llie lieator cirouit «hould 
ho broken, Sueh au appa^atus ca.n control températures up 
Lo 800° f .  to withîn i 03  per cent,

C ont roi of Fur iiacc Températures.— Adeoek* arranged 
for the control of furnaco températures hy plaeing tho e,m,f.’g

FKJ. Thlî.

of Uvfo thennocouple* iji opposition, tho residual e.m.f. pro- 
ducing the gai v&n unie ter défi dation. The Jight iroro the gai- 
vanpmeter mirror was allowed to falï on tho cathode o f ta 
photo-electric oeil, fchemby produeing a email ciment in t lie 
circuit conneeted to a thyratron, Tho latter Controls a email 
eleclnc motor wliieh is mechanioaUy ooupled  ̂ an ad j astable 
résistance* This resitdiuiœ is iu séries vv-îfch the ütrnaoç 
windmgs, and, on operation of the thyratron erintn>lled motor, 
Iômk or addition al résistance hs insurted în.lo the funiacc circuit-, 
th&reby conUoIEng 1iio température. The set-up is shown 
diagrammalically in Fig. 54. 'l in; clectromotive force oppoging

1 JtHtr. tSiei. îststr,, ] J, 2S(h.
75
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that of the fnma<ïc jonction waa mainlaincd by mcans of a 
potentiel! t 11 vider s eoJi^Lsting of 2G [unis üf vrire, Avoioid as ;i 
spacod hélix on an ijLsiüatod nylinder smuc 2 innhcs diEutietoV 
uïul S hvebes long, The wiro wm au alloy düntuinjng 1 i i ,, 
rhodium-platinum. hiïico Ibis does îlot rcadily tamish ;uid 
tlévuIopH oufy a slight thonnal e,mJ\ aguinst <!<>[ipor, ji’niïtad 
îs Jimde l>y a spriiig fcipjjed wilh gold, and mütably iraokcd e ifcli

bour,
The arrangement ahown in E<ig. Jk> wa$ employod by 8iïott 

m d Bridavedde1 to control lhe temporal me of a ualorunetair. 
Iji this .Y is to bo m aintained a l Lhe Rame tem pérature as y ,
an,tl inaerted in lu .V aucl Y reperd îvd y are Liie ÜiennocoupleH 
which ave uttüehed te  a sensifiv û  gulvanomeler. The mirror 
fit Une latter instrument forma an image on tiio screen A, 
pbuod in iront of the photo^leôf un ecll Ü. The position of 
the îampf screen and acale are hü adjiiatcd u îi h roupcct to tho 
gab ajoimontor, tJialî wlieiL X is at the Miiiit: température as T, 
no f livrent Mous fjwough tlie galviin^notar, and Uie refleckd 
lajnp imago îs foenscd on the edge ofthe floreen A. WJien the

1 Jour, Mit y. of ti'Untdaréf i R.V, 2» % {j, 401. LD3U A
TU ULTIMHEAT® 
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température oÇ;X 'changea front tliat- of Y, the image moves 
aerosâ \he edgoôn to thfe serran ov phgfco-celL depertding on fcjio 
direction o ftempérature change. 8incetho phote-eleetrio carrait 
is too gnuÉ to ope rate y, rclay, they are amplifiai by a valve, 
the relay /? beïng coiuueeted in tiw plate çirouit, of the valve. 
In piiictira the pholo elecü ic oeil aummt is mad0 to vary the 
yrûl potential hy connecting tlie grld beiwecn a photo-ceII and 
a résistance of 10 taegohms (Z). The relay ppenH or doses* fl

simili' circuit aeross the résistance l ï ± conuected in sériés wHÈi 
the heater U. The carrent Uirougb the lutter is yaried hy 
Wît wliilo that for the thermostat is controBed b y 11\£.

It wil) bo ^ppreciated tirât if the juimber nf ] un ci-ion s werc 
mereased and oonncctod in wrie% mvh an arrangement w u ld  
giverise to gre&tero,m,i+, y fa.* for agiven tem]>erat#e différence 
Ijctween tbo jonction s the e.m.f. wil! ho yi limes that of a 
single couple, Such an arrangemeni is known :us a thermopile, 
and Cousis!, s of a jumiber of bars, ait ornai cl y of bismuth and 
antimony) about 2 (ans, long, forming a numtar of couples in 
séries. Tbiyy are i)VHiiîâted frc.no ench olhpr along their lengtlis 
by tlnn mica slvips, and armngcd so that the junctiOAs fornt 
the opposite faces of a small euhe. One of llic.sc faces is 
covered wil h lainp-blnck so as to readily absorb any radiant 
beat energy ihat faits upon U ; the other set of jonctions is

77 ULTIMHEAT®
UNIVERSITY MUSEUM
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kepf bright sn as to bo jion-absorbrut, and ta further protocfced 
from température change by a cap, The whole ta Lhen
motmted in a, convenicnt holder, and to enable the oollecting 
sud'aec Lo ahsorb as mueh enérgy as possible, a métal open- 
ended conc is iïtted ovcr it, the wido end bolng towaida the 
enoTgy woukïc»

I-'io. 5tk

8 8

A oonimercial form îs shovni in Fig. 50 ; the matoriata o f the 
couples jilay vary dopending on the rcquîrcd sousitiviiy of 
the instrument. Au indu Ktm[ application of this iuslnuncut 
as developed by the Cambridge Instrument Co„i ta given in 
Fig. i>7 whero the hoat radiatëd by a cal lent lar roller is absorbed 
by the thermopilü, and is nscd in conjimction wîtli tlie apparatus 
describcd on page 7-7 to coj&trnl iLm temperature,

The Gold J im ctïoii.— Sinee the cleetromütive force 
generatcd by a thermo couple dépends upon the différence in 
température bct-wccn iho Jiot and cold juitctiona in the thermo-
eleetric circuit, any variations in the température o f the eohl 
jmiction will affect the output of the junetiou. Jn oftlct XX<^s>

78
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Uiercfora that tJbdâ coid jiuiotîon may l>c maintainnd at constant 
temporal ores, wiuo form of contrai nmat hë oniployod u\ onUr 
Lo maintain Ibis température constant, A vcry simplemelhod 
ia to cmpJoy a thermos Haak f illcd wifcli oil, fko vesscl tain g 
süTToiuidûd. by a hca( msnlatmg materiaL .A thermometor, hy 
winch t ho température of fchc cold junction may be detcrmined.

m a y be mscrted thraugh a- oqrk in the neck ot tJio flash. 
Aaother mebhod Ls to contrat thc température by burying 
tbc jmiction Htwemi feel in tho soi]t The loi upc rature Loider 
aueh conditions eau l>e maîntnïnod reîtsonubïy constant, 
cspecially if tho jonction is buried muter a lloor of a building 
ridhcr thaii in tho opm. Tho jonction may ta ciydosed in a 
£ inch diamctcr steol sheath potntedut îLs lower eiul, t lie thennû- 
çouplo leadâ being eojffloeted to a ftuitable lieud. lixed at tho 
top of tho t ubc.

ff^ it
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CHAPTJi \l IX

n-lM M JüATirfi [i: i.'dNTROU AS APPLÏJSD Tl.) SClJSNTrÏÏTC
1 NSTEmi^XTS

i-.LIltf.
. u J11 _L ____ 1 II 1111 ■lihil un imin

■̂ V̂ VrT,,L.-:
i J W ..? *  i'- y  ■ - f  «  v  « j - ' - ? - t■J < M i  ÿfpjirl'VS % t ■■1 ■•■•. Ba 2 • ■ ■■

rl r t;iî in>pUcô.1îon ni' l.ompc rature crmtrol lias takcn place in 
al inos t overy branch d  experimental science. for whcnevcT- 
prêtai Ht? and accuraté pieasuromont îs désirable, température 
fluctuation must be raiiüïn.isod as niuéh as passible. TJio

mçthocl nf ouiürnf éjïiployod will vary 
wltlj bulividuul reqi lire ment* both nf the 
experimental pro blem and eqnipmont, but 
l J io folloyriitg dos( ■ ri11Mbii-ÿ o f f ho l<>rm of 
eontrol uhod in varions branches o f  work 
mil,y be 1 aluni as typieal cxaiuples. When 
used in nonne rHon wîtii spect rom o lors, 
rolïnetoiuoters, jvoIaTimoters and micro* 
seopos, thé arrangement consiste of sonie 
fovni o f eireuiutmg en If Ütted so as to 
enclose the vital parts of thé instrumenta 
NotOnly isit es hou Mal finit Liie instrument 
îtself should be rn&intuiiiéd at constant 
teiiiperatnre, but a>Lso i he liquids which are 
being usod En the experimental work, 

Refractoineter Tem pérature C on- 
trol. The simples! Elmu of eontrol u  
tliat ust'd on the Pulfrheh rclract einoter 
&s show n in Pig* t>8. It consista pf a- glasa 
prism surroi mded bya  métal box, Lhrough 
which waUyf circulâtes. Afror passüxg 
round tho primu, tho water enfers the 
holding chaiiiber $, ami finis Controls the 

temporal un* of the cell liquid? final ly passing io the thermostat, 
wiuste pipe. To mamtain tilé fuisiti af tho dosired tempera-ture, 
the h.eating chamber h lowored into the cell liquid* and, after 
stable te mpe raturé conditions hâve been obtateed, Observat.ious 
may be ta ken, For tho pur pose of aù certain in g the liquid 
température, a thermometer is litted into ti. It should lx)

8 0 Wc
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noUsd thaï wluüt fbn temfierainit of i]j<> (‘^périment is 11 c>[.
excessive, ihe oeU maÿ ho attachée t totJ&prfam by meajis of 
vïiKnlmo, but in Mro evtsnf of'Jiigh températures beh^ employer! 
Kroiüg’s cornent nuw IX- tised. This i* propured by melting 
1 pari o( whîte irax wilh -1 parta colophnny, and applied. wïth 
Uie aid pi a heaTed glas* 1u.br or rod.

H i* Komotimey roquîred thafc tltr controlled temperat-mw 
ith tliifl in,dninuni[ £hall br in Mio n«ighbourhoorl uf :ifj" (*.,

or uven loss- An arrangement due to Grustd is shown tlia- 
ggraiiUTiaLiiraÊly tn Kig. nî)3 wjych is seJf ex planai nry, l'üfïieîent 
woling to any desired tempcntituru may l>e fthtamed. by boiling 
ftliy appi’oprîa&e üquid surh as isobntatte ( - 10e ( V), inol liyl 
(dlirr { 2-y G.)- and propane for —42 <J.t but lincr tempera-
Jnro nioasnrt'iurnLs may lin obtained by rjiaiïging Ihr total 
p*feH$uïe of lhe System by means of 0  and /), After Uie n>- 
inietorneLoi h&s fouiai lillod udh a sufficient i| liant U y of coollllg 
liquid, a 11 ic rnio -syj > I ion. cflert is pruduced and very olllcienl 
eooling mth a s&éady température is uUaiued. When wurliïng 
beiow 25 ( . a eaUbratud îhermoeouple is insorlcd in pince 
ol ilie tiquai thermontàt or. T ho pnwms arc coverod with a 
section Iront a niiorosûop# slide to avoid frosling, and axo 
]K‘ld in situ by a lit tir vaseline, A fevv fcc Miels o f  uaLciitm 
chlorida are inserbed into llio cnt-Jnscd spaeo and attaehod 
I o tlio si dos wjlli vaseline. A l a température boLwccn —

* Jour, Aiurr. '7tt-itt. iïïm., ü!î,
ai
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and -HO' C. \t is ijecews&ry to wîpe the glasspa to kocp tbein 
clear.

Tlio tiiaadvantatgef of fins instrument Ilos in the J.act tlifit il, 
can only bû em.ployed wheu a com^aratiyely large amount of 
lïquifi whoso refractive index U desired, is aval labié, The 
Abbé lefraeioroetor doea not sufïer in tins respect, stüce yery 
yjitall Eunnujits are ail that is noceesary for aeèurate me as me- 
ment, While the design of tlie instrument is d ir e n t  boni

the fumier eue, température régula
tion i«, ïievertheleas. aeoomplislved in 
a similar inaïuier naàJiütim in Fig. Gf),
Suftabïe métal boxes arc ananged 
for waior circulation, sudi that thëÿ 
surroimd the glass hloeh$, The 
température is nu Lieated by the 
usual tli.ermometor, rvhicli shouM 
ho screwed into position belore a.ny 
ftttempt h mode té l ireulato the 
walor. Il is always advisabïe to 
àrrango that thermometurs record 
the température of the eireulaling 
vrîater, botli on enlering ami leaving 
the a p para tua.

The jifevjnuyiy desûribed instru 
jnentfi are naedsolely for the Sieasure- 
meiit of reifae t i \ro indices, I ail. whéihe 
the rotary power of liquida or solu
tions are roqulred, polariméters are 
employed, This instrument imturally 

is of different opfed design and eoustruetiou from the ro tract o- 
meter, but. névqçfchelesfb the h ai ne method u! température 
control is adopted, nn.mely, eircubithig a prcviously heat-cd 
liquid flirnugli. the apparat uk- The liquid, wUoso fot&ry powor 
is desrred. is coiitain.ed in a. glass t.-ylimier placed horizontalIy 
between tho relevait optical parts of ihe refraetometer. Th} s 
cylinder, hnwever,. is arrange d in sueh a. mamrer thaï. it is 
surrûunded by a oylmdrioal métal oi: gksw jacksëfcd having 
spofially filfced end pièces to enable the tube td lie readily 
fiiled or emptied. yet mamtainiiig it liquid tight wlicn in 
position. Two tubes arc also Ht lcd to tlie jacket Hcrving as ,

• Tran#. Fur. For., i), 103. 1U13.
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an exit and entrance tubes for the circulating liquid. À typical 
set-up o f such apparatus is seen in Fig. 61 ; the appar&tus on 
tiio extrême riglit being used for the température control of 
the liquid.

It mighfc bo anticipated tliat iii experimental wôrlt éonducteri. 
at room température, water supplied direct from the vrater- 
main ait or passing tkrougk a constant level device wQUld be 
quite pidtftlile for control mu'poses at that température. Jji 
actuai practice, how^ver, accu ru to température control wit-hin 
(inc limite becomes impossible by tins metliod, 
largely duo to the faet that the comparative 
variations in the snrroimdingB are too large, 
making somo form o f control not only désirable 
but easential.

Tliis auxiliary appamtus for ordinary or 
elevated températures consista o f two parte ; 
one part being a device whereby the tempéra
ture is maintamed within thû desired limite C 
and range, the other a devieo for main, tain ing 
constant water level. A con veillent form of 
this type of apparat us is made by Galien kamp 
{London}, being o f the capsule régulation type ; 
the assembly being ehown m Fig, 62* flic 
tube A is cunnected directly Wïtli the water 
supply, whilé B serves as a waete pipe, Tins 
©usures that ü constant head of water is 
available at the given température. Tho 
réservoir cou tains a copper spiral, and is 
fillcd wit-h water to about I indi from th© top 
nected by rubbor tubing to the instrmuent in wliich constant 
température is desired. I f  no provision bas been made for 
(lie direct me apurement of the température of the lutter, a 
glass T pieoe contaüiîng a thenuometer should tje inserted 
between G and the inlet: pipe and as near ih© instrument as 
possible. The flow of water may be regnlated by means of 
tlio acrew clip F , while the gus SUpply is comice te d to IJie pipe 
sïtuuted below tho sorew F. l’he température is reguluted as 
folio ws : The screw A1 is rotated to the loft mil il the spring 
insidc fccls quite Joose. By tliis Encans the capsule is allowcd 
to expand and slmt off the main gas supply, but allows just 
sufficient through tho by-pass Lu keep the borner uiighl

83
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To inerease the tempemture o f the water, ;md idiereforo thë 
gas pressure] the aercw E is tiuned to the right until the fiamo 
reaches the xn^imum heigbt. An y  résiliation neceâÉaiS for 
the b jo lie s  humer may ho mat Le by the scrcw D. The 
température contre] should h à obtained by adjusling tho 
serews D and E  outil the correct température is attainerl, [t 
should be note ri thaï, the sinaJlest tum of tho sexew iï will 
aller the température so thaï wiieii near the desired tempérâtur© 
thîs sorew should be eareJully rotated.

S pectrom etcrs and Speetrographs,—The first tôtëmpt 
to arrange température eontrof for spe cl remet ers was ma de 
by  Perkins1,1 but recent work by Taylor and King,è and 
al^o Martin3? pro vides a mu ch more ouixvement and modem 
method of accomplis)! nig tbis eontroL In. or dur to avoid tlic 
expenae o f  optical Rats roquired for a 1 herinostathEilIy con- 
troUed heat-îng ehamber, whhh only encloses the prism, & 
design was de^loped which perÆitted the whole spo chrome ter 
to be en cio se d, alLowing only the collimator and l.hc eyepieœ| 
to projeet tlixongh the rides of the thermostat c flamber.
Ucating v?m carried put by nieans o f t wo mchrume wire grids 
rituated in froiit of two small cleetrîc fans placed within the 
eh ai n. ber. The conteôl unit comice led to a refay, was mounted 
iu the patli o f  the air recel ved from the huis. The unit rimntod 
in or ont a ballast résistance so that the Sites of heating an rl 
eooling were about equ&L The temgeraturq of the apparatus 
was read by a tlierniomcter inserted through the roof of the 
chain ber. the bulh o f  Lbo huit ru ment being in direct contact 
with tJic glass prism situated on tl\o spee I ronie ter table. À 
sprîng on a shaft driven by the fan boit coninually tapped the 
thenupatat Ogiifcrol and so prevented any stiddng of the con
tacts. An arrangement of sliding do ors or çprtains was iitted 
to seal ehectively the openings in the cliamber neeeasary for 
tire rotation o f  the .speetmmeter arm. With this arrangement 
the température was usiially1 constant to l/H ltîi0C* the range 
being from air température U> 65° C-

iSljhw5 when designing an ultra-violet stellar speclrograpli 
employer! a much more elaborate -jnethod of control thari t-hat 
descrihed, Uie arrangement being sJiown in Fig; G3. Tho 
collimator, prism and caméra wero housed withîn a light sied

1 J °vr* Chem. Soc., p. 2SS. 1S02. 4 Jour. A mer. Chein. Soc., p. 8!M. 1011.
a Jou r . Opl. Soc. A m er., 23, 308. 1933. J Proc. R oy. Soc. (A), p. 704. 1920.

6 Jour. Opl. Soc. A m er., 2(i, 273. 193(5. u l t im h e a t ®
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Ifwfling, in tlic top and bottom of whieh butes avéré cpt, 
KÜghtly largcr in diameter than that o f tho fan bladcs employéd 
to cbéÿlate thé |ieated air. The faill werc fasfened to à stecl 
fipimlS pAsing ttamgh the dmipber, oue end o f  winch was 
furthcr extendod withpUt the case, ko that it ÎSould be coupted 
to a small d fctric mot or for thiviug proposes, The innor case 
w&K tb.en sro&ounëLed 1 >y the constant température caso, 
whicJi wüh eonstructed as a single mut cxeept for 0Jié i emovablc

v̂all. The latter ipis ma<|| of- msuJite* a wood fibre jboard 
having very gopd thermal fosiilation propertieSj and eovetëd 
udih iliiok aluminium sheoüng, The bi-mefallic thermostat 
mût, the he^ters and swilnhes aie ammged en tins movaMe 
aide, the hoaters being of the fiat grid ibrm sgpparted on porce- 
lain bis ni alors on the insidë o f t-li# case* PJexibïè leads are 
eniployéd to make the essentml connections. !n ordei tirai 
the air in tire muer cJ.iamber .houshig the insf minent shalt bave 
no température pocket* or gyadipnt&j the fans are rotated very 
slovvlv foi a considérable poriod jiefore ajtiy tead^ngs aie fcaken 
ni order to o b tain crpiiJihrium, The températures as bufore 
aie measiired by nieans of a very aocurate thermometcr 
mserted through the lions ing and projet-ting througli tiie 
outer case*

O -  ULTIMHEAT®
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M icroscope Stage Control,- if orthç!contÿi>l of microscope 
stage Loniporaturo, a ooBim^rcial form of apparatu^ as shown 
i i  Fig, 64 is typical. The holding and cooling stage on which 
Uie .spécimens aro mounted for examinai, ion is É^ranged &o 
that carboûiie acid may Le circula ted or the requisite ameiiiàt 
of beat supplied by the internai 1 mater unit, The Lit ter is 
conneeted to tho main supplÿ via, a résistant lamp, wiiilo 
t-lie thermos ialiu contre! screw fitted to  tïie edge o f the stage

itself- Gçnt&pt of the lai.ter is mdhated by the |ighting o f the 
signalliixg lamp provided, and if, for ox&mple, a desired stage 
température of 4Ü° C. is reqmrod, the contact screw s.h.ould be

intervaL tho rcadmgonthe thermèmeter, whied is mounted emi- 
centrieally on the stage of raie instrünïënt* is again nbsorvod, and 
the soffitigof the regulator screw readjusted until the désircd 
température is attained, The room toniperaturc must bc kept 
as constant as ijossible and the apparatus must Le protected 
it o  m f Iraug Ms. ©u oling may be effeète d by meansof addition al 
équipmont in connection wit-U Lhe carbonie acid,

Mason and Roche wl hâve ries cri bed a rery useful arrange- 
ment for température control o f a microscope stage, and

Fier 0i

IwL Æ Eng. Chem., fl, 3(17. 1934, 
86
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|lthcm|h the temperatiiremay ta as Tcnv as —25° (J. ifc nmy b© 
maint aiped to witliin 0 3 %. The cold ÿtege tf (Fig. G5), is 
madc frmn a pieeeof aluminium 70 X J 00 X J O ram,, the upper 
surface of the plate being charme lied and a second plate 3 mm. 
tJliok f^toued to it, nshïg a lead foal ga|kefi G. An opening 
i0 mm. diamcter is provided for the specimen and is reeessed 
to take 25 mn* diamcter wihdous. The diannel tlms Ibrincd

eonsiitutcs a uuculating path for the freezing liquid ; a h oie 
ai, W bemg provided for tho insertion o f tho th en nome ter.
Tlîo liquid îs cixcnïated by moana o f dry air paasing into the 
;iir lift L, whoro tho liquid from the oooling System is for ccd up 
iiilo the réservoir R. From ihe lutter the liquid flous into
I be cooling coil C\ and thence to th© cold étage CS, and through
II \u refcum to tJie air lift, The latter is constmetcd as follows :
One ond of a G mm. gl&ss tube is bent into a ourred nozzle 
v itli a 2 mm. openïng. Anothéx tube is clrnwn ont JG mm. 
from the ond into a ncck about 25 mm. long and 3f> mm. dîa- 
j noter. The tant mz%do is inserted into the second lobe 
at thc louer cncl of ils constrictiou. Thèse are then passe(l 
through a oork and inserted into the vessel V which conta ins 
thc liquid to bc circulated. Tlæ cork also contains tho two
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air lift tu lies and anutker for thB relum Lino; finaliy, the 
whole sltould be efï^ètivoly imxctl if) preyent air leakago,

The air admitted frein a loÿr pressure air ILtxe paa&ed tJifOUgli 
a U-tube containing calcium chloiàde to the T-iube liüecl with 
a stopcock. The T tube serves |uth as a safcty valve for any 
liqiud whioh may Iïo sucked back if tho pressure faits. ami also 
as a means of drainmg lia; apparat us by applying air pressure 
at Mie top of the réservoir R. The latter is arrai^ged about 
50 cm. above the stago so as to piovidc a stâtiu liead for tho 
flow of liquid- In Operation, air is admilterï through the boni 
no&zle to  the conatiieted tube at suck a rate so as to cause 
alternats shtg$ o f air and liquid to rise: in 1 lie dclivery tube to 
the furuiel througK whirih air cseapes through tlic inærted 
Lhislde futrneb F rom the réservoir tho liquid flows îùto the 
circulât ing coil of cojipor tubing 6 :3 nun. diameter, wOUJ&tl 
into a spiral 4 cm, diaiucteif and lü cm. long. Bot h the coil 
and the air lift as&embly are immersed in, a cooling bath coli- 
taiued in à lïewur flask T), The cooling bat h eonsisfcs oi aoettme 
and solid carboh dioxîdo. Tl it; température 1s contre lied 
ehiefly by regulating tlie relative proportions o f circulâting 
liquid paasing through the stage, and tho shunt II whîoh is 
aeross the oul-let and jinlct tubes, cofeks being ütted in t^tii 
tubes for this purposo. The assembly mny bo oonvemently 
niounbed on a woodon b&Hcboard and held iu position by nioaiis 
of a largo iron stand.

The folkuving are typïcal examples taken front tlie electrical 
brandi of scient jfic work, ono ïnvolving the measurenient of 
tho êleetronic chargo and lemperat.m-0 control for; use vit h a 
crystal oscillatoL. For the former, tahy and Happer1 found 
that it wOg neoessary to maintain tkè teniper.atmvi o f the air 
in whick tlie oil drop moved, uniform and constant and snch 
that ii lias no motion due to convection.

In order to o ver corne this çÜlliculty, assistance therjiiometer 
was ruade by wincling a single layer of copier wire arotmd and 
iu good thermal èoiitaçfc vvitJb. the microscope condenser whieh 
forma part of tlie apparat us, the température of which it is 
desîréd to eontroL This coil forins onv arm o£ a VVbeatstmic 
bridge, tlie other anus îjcing m&jiggnin résistances. An y 
cl]ange in tho teniporatuæ of tlie apparatu# doflects the spot 
of iiglit of the galvanometer connected to Ibis bridge, whick.

1 Nature, 14», 240. 1039.
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w11(!i ! |>cmiTÿIng in one direction fa|&a on u. l̂iotp-<||efitrio oeil 
which opérâtes *  polarisée! Iclagjp Ti^t lutter thon opérâtes 
two 30 watt lamps pî.&ced on opposite sides of the instrument. 
The biglgo Js thon adjuated to be balanced &t a température 
i\> few degrees hbove the maximum temperatfirô whiàh the room 
att a ins e very  à  \.y, r f 11 e 1 u$nps Üa4tï on and o ff ov ery fo w se coi t d̂  
and maint aîn Lhr extenxal température of the apparat-us eon 
fltâit to about -^02' 0. The amplification, of thé galvauometa 
'ourreni by the photo-elee$Ho oeU circuit is (if tho order l$fl.

Piezo-Electric Oscîllators.- A form of oonlrol epipïoyed 
in, pÎBEô̂ loctiie oaciMators as devise d bÿ Booth and l.hx on1 
ia showri tUagramnî icpJy i^^fc 00- The crystal hoIder was 
mou.nled in a fio"|ijŵi1 box t>I internai dimensions f>xbx3'5 cm, 
|ixed with a iayet of oelotex. The tempe rat tire; was main- 
ta hiorl constant by lÜeans of J ont' iiéater mats! two bèîng 
eonneded to a hait ery giipply, and the remainmg pair cen
tral icd by rr contact 1 lien no] noter th rougi î a mercury va pour 
ioctifymg valve. The l.uitb o( the thon nome Lcr was fihtod in/o 
a mêlai jxycküt sweated té the si de nt the copper box, ühe 
ktter was thon enclp̂ ed in h woodeu box üned With a fhick 
laver of ce loi ex, and the wliole hcrased in au ft In minium box 
2 S x 2$ x 22 cm. Lincd witj| tour layera of eelotex. .11 was lound 
that the on ter mMiIatkm drotlkl not jbo less Llian une indu

! Mtr. Inst. Sm  Ifof.* 77, 107, Lfl90 : six aîeô Proc. LR.E., 
Prtjc. 18, I23ii. L930.
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LIQUÎÛ TtATTTS

T he equipment required for thermos tatio c#htrol constats of 
the sensitive heat unit, the controlled ohamber, atirring apparag 
tus und heutoi' cléments. The stirring and hëater apparatus 
is soinewhat of a different type for controlled air $ia:nbers, but 
many or the sensilivte nuits previously de scribe fl are applicable 
both lo liquid and air baths. Their clioice, aparfc froïn their 
cost f ia iargely detcrmined by the matoriats availablc for their 
©orLstxuctiorq an,dj in many cases, the aurdliary cquipnient 
désirable for their use. T ho sensitive beat units hâve already 
been deseribed, and a brief accoiu.it of the remaining eqtupment 
follows.

Container D esign ,—Tire design of the container will 
dépend large!y an the nature of the ymrk in progress ; the 
materials employéd being glass or métal. The size of the 
container will be determuied hy the dimensions o f the immersed 
apparatus* induding tlie spaco occupied by the heaters, 
stirrers and eontrol equipmont. Whcnever possible, the bath 
should b© of genei^ug proportions in order that it may hâve 
a largo beat capacity, wherehy the slïght variations durîng 
thé heating and cooling periods may take place in a regular 
manner3 and sudden éponges o f température in tlie surroun dirige 
"■'NI net cause errâtic behavîoiïi: of the contre! unit.

The mot al largely favmired for iliîs type of work is copper, 
which should be of ample gauge and strength to hjold the bath 
liquid withont undue sagging and conséquent s train on the 
joints, The bath mterior should !>e treated witJi a beat 
resîstfeLg enamel, whilo, tu the case o f gus heating, additionat 
bailles should bo prpvicled betw*$©ii the burnërs and tlie tarife
bottom. F|pr certain type work il may be advantagoous to 
dimimsh the loss of beat, as mucli as possible by polishing the 
exteriov of tho container to reduce radiation. It will be realised 
that liquide other thon wator are often omployed for bath 
proposes, and possible ehemieal action wïth the materiah o f 
the bath should not be overlooked. Somo o l  thèse are 
follows :
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W&ter « . . .
Kerosenë . , . .
Lubricating O ils . , ,
Connnereia I vogotable oila .

0-100° 0. 
0-75° C.

30-200° a  
100^300° C.

Vnrious l'used organic aalts may al$Q bc cmployéd 0>r thc 
range SOüM.COtT C.

Another important factor, e&pecially in experimental work, 
[a complote visibility. Tins ma.y be arrangent in vari.ous waÿs,

that describcd by W®ijinganz and M cG rew w h o empîoyed 
it for température contre! o f an Oatwald vis cornetcr, being 
obvio^sly of mder application. À pyrex j&r] sonie 25 cm. 
diameter was insertecl jnto a larger jar of lhe samo material 
{Fig. 67), but isol&ted from tke bott em by nieanâ o f  a tkick 
Plastcr o f Paria ring of IIlc sanie diametev as iho inner vesseb 
The siuTounding spiiee between the pyrex jar and the large 
oontaining veasel wafâ filted te tfie samç beight by a 
asbestos. For tlve rèniaining portion of fche jar no

1 J ni, tins. Chem. {Anal. Ëd.J, li, 234. 1̂ 34.
01
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igtaterij&l was used, the two vcasels being held in situ by mean.s 
of a circlo of transié' board situated at the top of tEfe container* 
Final lyf the apparat-us wûh alîowed to stand in a dfiep tray 
odntàiiung solîd PI aster of Paris and tho wholo seeurüly clamped 
by brass tie roda. The kit or* whcn cxteuded, aîjso carrièd tho 
stimng apparat-us and tlie immersion heatofs, winch wore 
capable of supplying 900 watts.

WJ ion an inspection window is désirai do in idio commercial 
furra of tan le, it is nnangcd by makmg one si do of lJio vossel 
of ch amie lied mctal, o f suffieient width to accommodâtes the 
désired thickness of abeet glass. The gkss may ho held în 
position by a pas te of red lead. and goîd sizo, or litharge and 
glycérine. The latter, however, requirds a much longer peiiod 
for drying before il- can lx' nsed.

Suuii arrangement-s are not aftways sui table. s&tcc, on occa
sions, it is often désirable to bo able to rojnove tlië glane f ront 
of (ko tank oompletely in order to adjust. Iho imnxcraod 
apparatus, The following mothod enabfes tbis opération to 
pe earried ont. with. very little  trouble.

H oie 8 are dritled ni tiic métal idm normalïy lïtled to one 
aide of the tank, ko that bolts jiaBsmg tprongh (lie fini mil 
just clear the edge of the glass whon it is laid sytunietricaily 
orer the opeuing. Jjeather washers are ôtted beneath tho 
boit lieadsj which are inside the tank. A pie ce of rubber 
pressure lubîng, thxough whicii is threaded a sliff copper who, 
is applied to tho métal îim between it-s edge and the boit ho les, 
(fie eoppor wiro being bent to keep the rabber tube to tho 
reqnîred sibapc. Tho ends of the tubiSg are eut to fit closely 
together somewliere along the upjxsr odge, The plate gkss 
is la|(l on tire rubber tubing and prossed down to form a w&tor- 
tight .joint- by inems uf small pièces of I mm. bras*, 4 om. long 
and - cm. wide. These brass pièces !iro drilted in the cenfro 
to be a tdidîng fit on the boit s and aie foreod down by note 
threaded on tbe ends of tho boit s. l’ho outer omis of t ho brass
pièces are drîlled and tapjiod to ta,ko r> mm. cheoso-beadod 
screwSj wbicli bear on tJio métal on (lie tank and are adjustetl 
to koep t he brass pièces parai le! to the surface of (lie glass. 
Lîttle of leallier aro intçlpo^l between (lie bmës piecèK 
and the glass plate ; Figs OH slious the meUiod of ooDistrucl-ion.

Slirriug Alethods. In (lie d e s i g n  of liqniit bu t i i s  provkhm 
is madt; for installation of one or many heaters according t<>
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l!iu «izo oJ tho tank- ICvcn so. t-h© distribution o f heàter 
éléments throughout thc bà,th d oesn ^  indicate that thc Jiaated 
li(|uid Avili be of constant température Üuxmghoufc. lu practice, 
it wiU be found th&t thi$ is far from tho case, and if the liquid 
is explored wït li il. sensitive theruiomète^ tempei‘&tm,e gradients 
wii] re&dily be discoverecL Thèse nrc more pronounced in the 
région ofiieating, and, morder that thiseffect may lie neutralisod 
io a large ex tout, some method o f eireulating muet be em
ployée!. Àceordingfÿ, baths are fitted with variomj types o f 
sihrers, tJie design varying with fcbe spécifie purposo and the 
wize of the caiitainer.

l;rrrT lis.

TUv method of atirring repaires eareful considération, m 
ordcv to avoid eerlain portions o f the bath beœjming stagnant 
tJirough the absence of circulation, for not on!y must thl liquid 
m the immédiate ïtôighbourJmod of tJic stin-cr be well mixed, 
bu[ its action rnust eiïect the éxtreme portions o f tJio bath. 
hxperienee mdicates that sucli si: ir ring is spécial ly important 
during sueh time as the bealcr is supplying beat. In order 
ibat (lie myrihg shmilrl be thorougk, and to ensure that 
equihbrnua o f température bas been obtaincd, tire bath 
■should bè explorée! by a sensitive thermometer to doleet an y  
sudi différences. It ahould be rcmembered, howcvor, that 
rapid. local variations may occur* becaüSe of thé lag hetween 
tiie occurrence of température change iu tho bath and the 
compeusapng changé ïn the heatîgg supply; This ma| of 
course, ho miuiinised by m a ilin g  an efficient and most suitable 
for.m of boa! ëontrol for tho appaiatus m use. In practice, 
it iy possible to avoid extrenie différences of temperatnr

1 0 4



1 0 5

T13 M l'EK AT U l: 1£ CO N TRÛ L

by the employaient of a number of unit hea^ers  ̂ rallier 
t.jian concentraiing the beat source at oîig spot. ïn tins way 
Üic he#,ei* tend to mate the stirring effect muoli m o r e  rapid 
and efficient. Whataver Uic forin of stirring eniployed the 
action should bc such tirât it is just suffi ciei$ to produce 
wu volet s or üoating lmb blés ] violent action should at ah 
Limes be avoided. Circulatory piotion, however, eau ije assisted 
soniewhat. by the cnEployment of different types of dôntaining 
vcsscl, tliat shown hi Fig, Cth proving very effective. The 
vesscl is constructed of shoot métal, with a CO shaped secti&n,

the stirrer o f propelley form being comtainod in A t whioh h  
oonnected to tdno section B by the passage CC< liy means of 
this shaped vessel and the suitably positioned partition, steady 
and sniooth cieciilatiôn of the liquid is possible, but particular 
care nuist bc given to ensurc tliat, the apaçes OC are such that 
restriction of the ci reniai ing liquid ia not possible.

For largo baths scrcw propcllcrs arc general Iy  omployed, 
which, while produoing rapid circulation of liquid, v iU also 
produœ ample misîng, provided a suHieient ftuniber oi p io  
pellera aro usetL The best arrange nient is to louât o thojn so 
that the liquid shall be drawn frum the top of the bath, pass 
the heat ing coils, thenavound thepropeller, udiere it is thormmh- 
ly mixed, and Dnally discharged in the neighbourhood of the 
rcgulator bnlb and into the bottom of the tank. Jn Ibis V

04
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a maximum response of température change îs seeured winch 
ia ossentia! to précise fcoptrol.

Collins1 has descâbed a very useful arrangemértt for iJto 
circulation o f wator iu a cylindrioal tank. the ar rangement 
shown in Fig. 70 permit tin g tbc maximum space ta bc avuü- 
able for eqiiipfùenF The unit was caiTied on an iron dise O f 
and a ring (2), Keld apart by means of Ihree rods. The spmdle 
attaelied tu t.iie plate (1) carrier a apux gear, of pitch diamoter 
10 in,elles and J ineh face and olso an. impollor (8). The Miter 
is made of altcet iron a nfrlh thick. The drive sliatt |9) j| 
earried by Uiree bearmgs, and fitted by its lower end is a pinion 
wliioh drives the spur geur (7). Tl iis bas a piteh diurne ter 
2 inches and £ in eh face. The cylindcr, some IÔ in.ch.es dia- 
nieter and 1S inc lie s long servies ebieiiy to guide tiio Iqrnd in an 
ordnî ly circuit. Tbc centrifugal action of the ûnpeller causes 
tiio bquîd in the thormostat to niove nnder sonie pressure and 
witli considérable velocity mto tbe annulai: spuee between 
tbc eyllndei’ and the walls of the container- In brder to Âssist 
fbîy action fuit h or eurved runôers (13) and (14) ara insertèd 
in the niosl suit&hle position. The liqui| having passod Üirough 
the angulur clianucl, spfljj$ a ver the top o± the cylinder and 
J tous downwurd litrough it. Titted al the lower end of the 
cylinder iy a stationary Vané, consisting o f a strîp o f iron 2 
niches uido plaeéd along the diauiot.er and twisted so that Us 
ends make an angle of 90:i wilh cach other. b1 lits twist h  such 
that the spinning euhmm of liquid h  dcfleeted mtfi the îm- 
peher; rather than away from it, plie hcatc]1 arrangement 
conSisted of a nnmbcr of tnrny o f niehrome wire, 22 B.W-G- 
drawn into a si ce! tube and suitably iusulated. It was found 
that go ad régulation was obtaiued wli.cn the p ro filer  fovolves 
at siLcli a speed tJiat the bath liquid passes t.hrough the tube 
fbreo or four finies per minute. A great advantago o f this 
fprm of mixer iy that the liquid is foreod to the extrême and 
outlymg parts of the bath.

Auother arrangement usod when largo hulks of liquid hâve 
to bc mixed is Llic paddlc form of stirrer* hut xvliilc mixing 
thoreugldy tbc smalicr portions o f liquid, it docs not pioduce 
a positive circulation of the liquid.

Fig. 71 sbowri a modification, of the eume idea, The vessel 
iy arrange d h avili g two beaiings diamotrically opposite and

] Itcv. Seli Imtr., 10, 50ÛÊ JîJUü. 
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Javîng a rod passing through tltem of thé ghape ahown in (lie 
diagram, Fixèd ai. JS i* a euitablo driving puiley. wJiile AA 
are meta] plates attachée! to the crank (7, On i lie rotation 
of B the paddlos move backwards and forwards, and atao hâve 
vertical motion, (Circulation càn be sumewhat împroved by 
bonding thé ends of i lie mêlai plates as showu.

Miniature fitirrers. Tho foragoing mcthocls ure spedafly 
suitable when large quantités of liquid are involvecl, but if 
the containers are of small dimensions, the design o f the 
atirrors will hâve to be considêrably mmUfied.

10 8

One of the simples! type is thaf ehown in Fig, 7 where a 
piece of glass t-uhîngof internai bore 3-5 mm. is bent as shown, 
and bas a hole blown àt caOn end. Tire tube may be con- 
veniently fitted to tho shaft of an olectric mot or. The Witt- 
stirror (Fig. 7Sà), is an improvement on tbo former type, a 
bnïb lièplacing the bent tube, By means o f a ciroulatory 
motion, the liquid eontainod in tire bath iiS drawn in througJi 
a hole at the end of thé bulb, and thruwû out agaîn at tho aides.
If stirrmg is nocessarjg in a ver y conbned spart, sueb as a test- 
tube, a i nimber of inetal rings fastened to a hole in an exfcnded 
shaft will be foiuid very useful. T bis stem may be projetée<t 
and made to terminale in a piece o f iron which is placed central

UC
ULTIMHEAT®

UNIVERSITY MUSEUM



LïQTJIIï BATEIH

relative te a mognclisnig ce il ; tire latter is opéra te d h y a 
“ ”  conneeted to the mains supply.

[ il  tire Dujire tyjp§ of ip^jaratus, fwu glaes |tirrers (Fig- 
73) arc so arranged that the shal'fc of one stirrer passes through 
lhe hollow shaft of the otJier. At-Lachcd to the end o! eaeli 
s hait, is a pulley for rlming pnrposp. TJ te mixing fans are 
üo arranged tirât thoy are in dose proximily to each other, 
and with the direction of fan twist in opposite düfeotio&a. 
The rotation o f the Blades is in opposite directions and by

tins arrangement thorongh mixing îh obtainable whilo pîrj 
éulatory motion is absent. In a case where the batJï space was 
very limited, two fan tdadeà Jixod rigidly to one shaft were 
empluyed and rofat.ed at- high speeds. Unfortimately, while 
the cire «dation of bath liquid jwas satisfaetom tlie wave motion 
vp&3 very distuibing to tlio apparatua situâted withüü tJie 
hath, By the provision M  a cylimler of pevforatcd zine 
p la cà  around t ho two tans as so to enclose the blados, adéquate 
oirouJation was readily obtomed witilo tho wave motion was 
eonsiderahly dntnpod,

A commercial stirrer of an efficient type is marketed by

lil
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are hnown as ngitator, emnlsi fier, prnjcctor and reactor 
sfcirreis, eacli being designed for a, partdcul&r purpose In the 
agitador pattern, tho v&ne shaped blad&s are dietributed on 
the periphery o f a stationary ciomi surrounding the propellei\ 
but wliilo tlio mixing îk extremoly efficient, when the attirer 
ia operated at high speeda vertes etfoets are produced whïch 
may be disturbing for âo.mé type work, By i ko substitution of 
the emul gifler type tins may be somewhat diminished, and is 
accoiâpbsbed by replaeing J.ho Btationary difîuaing ctowh of 
the former type by another form of oinum canying a fu-irly 
large number of cylindrical stnds instead of blades, lu thia 
casc the liquid beitig thrown ont by the impeUer meels the 
etuds and h  divided and dis perse d, or produeea a greater 
number o f streuinlets wbioh niuke for more efficient mixing. 
The reactor type consista of an impolier revol ving b e t w a  the 
stationary crown as described abovof but huving in addition

TEM PE RAT !r R £  ( JO>T TUOI*

to the blades a nnmber of studs, which increasea the possible 
Ktirÿuxg eflioien ey ♦ F.r ho projector and t.krbo-roactor types may 
be suitably employed where the bâtir liquid is of a very vlsoous 
nature. Tho compouent parts of tïiis meehaniam may be 
obtained mïnild Steel, monol métal, brams or bronze, Tubberised 
Steel, aluminium or alloys and in bakelité* Thèse stirrors are 
ôbtainable in sizes suitable for use in iaboratoriea and also for 
large s cale industrial prouesses.

Heat Sources,—The beat source for the baths may be 
eithor gus or electrieity ; the latter fmding increaaed applica
tion duc to its ciieapneHs and coitvenienoe in use. With gas 
humera» tho famiiar Jaboralory trunsen burner requirôs 
modification, the diurne ter of the gas inlet bcïng far too large 
for thïs type work. A very simple method may be employed 
when tho tank is of small dimensions (of approximately 1 
ou hic foot capacity and opemjbîng at normal températures), 
wlien. the projection tube of tho borner, tpgether with thé 
adjustablo air corn roi may be removed, ao that the borner 
opérâtes as a small, smoky Hume. Unfortuiuitcly, with gas 
huiliers the méthode of température control are somü&what 
limitod, being eonfincd to the use of pressure, expansion of 
liquida and solid dcvicea, But wiierever sneh bumoms are 
employed, métal baffles should always be fitted between the 
tank and flame in order to prevent détérioration of the tank 
bottom on heating,
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Undoubtedly the use oT cl^ctrieity ûfTcrs gmater scope both 
in cotttrol and design tiian gas, and the methods are far more 
adaptable. One method o f électrical hcuting employa tubuïar 
Jamps, of tlie form employed in the oarly type clectriû radiator, 
but, whilo for tins purpo&o thcy bave talion in tu dïsfavour 
Uuough fragîlity and meffiticnoy, on the other hand t-hoy 
make excellent licat ers for ïiquid batli pur poses. Wlien so 
ëmployecl, however, fead collais shouhl bc fitted to their 
stems to ma ko Ihem more stable when immersed. in the cir
culât ing ïiquid. They arc litted with standard bayonet caps 
and rated ai 250 watra*

112

Keating may aiso bc carried ont by means of résistance wire 
immersed in the liquide, ni chrome beiug generally eruploycd ; 
leads from the wire buing ta ken to the main eleOtiîcal aupplÿ. 
In ortler to ensure long life for su eh, an aiTajigemmt, and to 
avoid electrolytic corrosion at the jmiction of the wire and 
terminais, the cléments arc suitably encased. ïn Uie blade 
type immersion heaterô, the iieater élément is in tJie form of 
nichrome tope wound on a mica fmme, sandwiebod Ketween 
mica prote<$ing flheets before being insertod into t.lic case. 
The purpàse of the latter is to prevent th| éléments short ing 
acrofis the ou ter casing. The cylindrieal type consista of 
lliohrome spirals placer! longitudinally in a .suitable rcfractory, 
imerfced in a grey cast iron trame. The mounting is then 
i ns nia te d m an outefe case of welded eopper or galvanised 
steel, the mterspaco being an aluminium and Silicon alloy.

IT will be ÿtppreciated that, in order to conserve batli spacej 
“ blade ”  type dealers slioukl be fiifctèd. Thés© are oblainable 
lu atraight or circulai fur nu fitt-cd with patent plugs for ease 
ol fitting, and also to ensme that the heaters are watertight. 
It should l*e realised that in order tu improve control et bath 
températures, (lie heating éléments should lx evenly dis- 
tribîited over the bal h area as mue h as possible. Thus, if it 
is desired to lieat a bath o f great lengLJi, it will be far more 
advantageous to employ a number of heaters, with the load 
distributed uiuong tlicm, tluui, to use one largo heater with the 
fuit load. This tends to accomplish a more umform heating of 
the bat h liquid Unm if one heater only mis employé d. Whèn 
Jitting blade type heaters, %ey sliouid lie m an horizoïd-d 
place and as near the bath bottom as is practicable. For t-!iO 
heating of corrosive liquhls spécial Ibrms of protection mm

Ü 9
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be employed, and generally Vitrosil is found tïio mbfct suitable. 
Tins mater! al may l>o obtained fïom laboratory fu m ish ^  or 
from the Thermal ^Syndicat© Co., who manufacture it in ail 
sIkgb and siiapes,

In gclceting |he neœseary heater for this purpoife a certain 
margin must be allowed Iol o^ireme variations bol h in the 
desîred température of the bath and tiw possible température 
fluctuation of the aurroundings. The beat unit empîoyed is 
the B.ThJLL (üritish Thermal Unit) and is the amount of beat 
ïequixed to raise the température éf 1 11 e o f water 1° F,, but 
if the unit weigïit aelected be the gramme and the température 
scale the Centigrade, the beat unit is oailed the calorie. The 
Eatter, howover, is more generally empîoyed in srienttfio Work. 
The olectricaî unit is the kilowatt and one unit of the latter for 
one hour is onc kilowatt Lotir; aise one kilowatt hour is equtd 
to 3.412 beat nuits.

T bus the reqrtired number ûf eleetrlcal xmits for the heating 
of a mass of water is given by :

lbs, pf water x (elesired température température of
surroimdmgà * F.)

3,412
By Üie tenus o f définition of the B .Th, U., 1 lb. of water 

requircs that quantity of beat to raise its temporatme L,J l\, 
but if that quantity of beat is usetl to raîse the température of 
1 lb. o f enpper. the rise will be gre&ter than i F. Similar 
résulta are obtained with ut-hcr substances, and il is found that 
the qnynf.ity o f beat so required to raisc the température 
through 1° P. is propoartional to its spécifie beat. Thus when a 
liquid other than water is employed for bath pxirposes ibis 
value must be takon into acoount. Aceûrdnigly |hc loimnla 
béeomfiis ;
lbs. of water X spécifie beat of liquid x (desired température — 

température of surroirndings F.j 
~ 3,412
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A1H BATTIS

Ti ni design of a. température eontroliod room wfll vary greafcly 
mth the pui po.se in view, and tlie availablo faoiülies but-h in 
resiKxt :of e qui pu Lent and co|t. In many cases, the ehamtar 
M̂ ill be of comp&njurvely s lu ail dimensions, involvjng little 
ex]>enae or construction. On the ofcher b and, it-s size may be 
sueh n,s Lo need exy^isive building materials, which muet bave 
goed thermal imulatiug proportion. I f  an exisfing room 
wîthin a building ia avai labié, il ifiay frequently be adapted 
fur Ibis purpose with but little expenac ; if tiie clioiôe lies 
bef wbgu a rooin weU witJnn a building or tïiat partially exposed 
to extcmal ceiiditiom, préférence should be givcié te tbe former. 
rinJÙR is advisable, ainge there is lilcely Lo be considérable changes 
in the putside températures and thue cause a grenier dissipation 
ci beat through the wal 1s to thé mitside, than if the wallis are 
cohhected to the inside of a building.

An idéal arrangement, although m>t often reudily av&ilable, 
is a cellar, since |he surrounding earth serves as an excellent 
insulator, wbîlst the deeper the room, the lesy likelihood pf 
température variation* causcd by fluctuations in external. 
conditions. The déterminant factor general J y in the design of 
su eh a cha i n ber i s pri m ai i I y une of cos t . The ehoiee of m a tori al 
to prevent the !o*.y of beat will dépend on its thermal conduo- 
tivity coupled with its |og£-, and if is only reasonabjc to suppose 
that. efflcioncy in this direction wpl be gotfemed by eost. 
Kurther defleienoy in ibis direction will mcan a greatér amoimt 
ot beat will bave to be snpplied to the ohamber in order to 
maintain ifs température equilïbriiun. So tliat cous (demi g a 
chamber having walls of good thermal eonductivity, or a wab 
liaving a thi citer insulaiioil but pf pooror quahtjpv the ultimato 
taepor will be the cost of heufing to 'éoîtipcn&ate for the poor 
Insolation. TJiub a balance bas to lie struck between the cost 
oi additional ïnsulaf ton and tbe coât of heating required lo 
obviate tlie neeesSiity for it.

T h erm al Insulators.—-The ehoiee of materials will dépend 
on the purpose for whicli it is employed ; for a large size room.
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brick k  préférable, altbough; woud may be ulilised ptovidjëd it is 
suitubly insulatod. Foi: an alre&dy existing interior room, 
général ly tke walls need thomud insolation, and some form. o f 
air look is cssentia! for meffps pf aooes$ In the case o f small 
ohambers situated withîn a room| wooden or métal containers 
iiiâulatod thermal 1 y arc suffiront. The ins(.dation may bc 
insulwoodj ourk, ceint ex, slag wool, exparidéd rubber. and for 
the instruction. o£ doors, Balsa wood may be employed.
The Jatter, howeyer, is rallier soft, ajid in practice it is pré
férable to use an or d mary construeted fluor, with a fa ring o f 
this maleriab Bètbi insulwood and eork are available in 
panel form whi.ch niakes for ease of fixin|j£ These ineulators 
may reçoive a coating of plas 1er if necéSB&ry after Jixing, in 
order to cnhanee tJioir appearance.

The beat form of insnlator to £mploy is? of eourse, a vacuum 
and tire iiext beat, a gas |uch as Mr in a perfeotly still state.
It mnstnot Ire assnmed however jbjiat a simple air space between 
two walla p  a still air 37jace, for it yvîll be h nmd that convection 
en mm fs circulât^ within it, and tnerease tho transmission of 
beat from one wall t o the otber wa]L TJ rus in designing; air 
contiolled phambers, an endoavour should be made to reduce 
sucli beat lusses to a minimum, and the fonction of such 
matériels as grauulated corlc or ox|)anded rubber, is to sub- 
divide the aii’ s75aoc. ào that convection is great ly redueed.
On the other liand, the présence uf thermal insulation in the 
neîghbouidrood of tire waîls groatly redîmes the transmission 
o f beat b y direct radin tï ou

ït has been suggested thnt the value (l-2£> B. T h. 0 . 71er square 
foot per hour per ineh thiekne&â for 16 F. différence of 
température betwoen t he faces may be taken as the thermal 
conduetivity of an insulatoil lof gond quality. Tins value thon 
m il serve as a guide to the choiee of sueh jnaterials for thermal 
i nsi dation.

It will be fbund that finely granulated eork, after baking to 
a dark brown eoloux, is a mueh. lutter insuJator than the raw 
mftteriab Cork wool or shavings is anot.her good i nsi dater, 
but must l>c earefuliy proie cto d from. access o f moïsfcure. Slag 
wool or silicate uf cotton nui,y al^p bc epiployed, but dose 
packing should be avoided, sinee it will tend to becomo a 
relative good conductor, Shcet mbber is not very efficionh 
but with cellular expanded rubber, i.e. a material mado up of

-i n q  ULTIMHEAT®
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au ftÊSombly o f minute air edis bmmded by membranes, 
excellent résulta are o blâmable. Il, diould be remembered 
tli^t whatever élection is made, it is esserÈtial tlmt the matériel 
Kball not rBadily absorb jnoiaturo, since ap&rt from it.s infèrior- 
ity for thermal insulation, il. is also liablo to yet up decomposi
tion in organic substances.

rr\vo forma of e^panded rubber avo aval labié, Onazote and 
Rubazote, thj. latter being o f the résilient varie! y, o f  thermal 
ponduotivitÿ 0 19 B .Th,U, Tt, may l>e obtafoed in a varicty 
P  forma, sueh as woodefc faeed panels# gaskots for scaling 
doora and Windows, eylmdere for pipe fomilatioit and in sheet 
ibrm. The manufacturera are thé Expanded Rubber Ce.,
Croydon. Insulwqpd is another useful mat criai, being of a 
wo^d cellulose composition and mode by the Patent Im 
perméable Millboard Co., SvmV>iiry-o~n-Thâmes. TJiis mat&iial 
may he usod as a qôverfog direct ly in contact witb brick or 
woodwork, with  or withoufc a protecting coât of plaster, or 
may be used direelly as a Wall itseü’. It may afso be used as a 
rocif or eeiling, a covering of bitumastic or asphalt being used 
as a wealher protection, F o f çemcntin| to bjÜk or pl aster 
a spécial bonding cernent, Ko. G5633 Line Cernent, made by 
Mesats. Coodlass Wall & Oo., Langbam Street, London, shpuld 
i>e emptoyed, The edges of each panel should bc brought into 
close contact and a sfcrip oT the e&me matcrïa! should ho glued 
eitJier behind the joint or on the face.

[f we assume that lhe <ju&nfetty of beat flowing into the wall 
tbrougli one face is eqitaT to that ilowing ont frora the wall, 
noue being ahsorbcd or givon up by the inter vening ma ter i al, 
the quantity o f  beat |p&ing throngh the wall is proportfonal 
to the tlifferen.ee hx température between the faces. This 
rjuantity alao dépends on the nature of the material o f  the 
wall, and Jnr overy material therc is a value, fI K ,f> known as 
the thermal conductivity. The unit o f conductivity may be 
deimod as thô number o f Britbh Thermal nuits winch flows per 
Iloiit, per square font# per ineh thiohness, per 1° F. düfoÉnco of 
température be tiv een the fa ces- Thia value for v ar ions materi aïs 
end different methods of construction are givon in l'ables H 
and tL wlüch bave been supplied throngh the courtesy o f the 
Patent Imperméable Millboard Co., Sunbury-on-Thaines, and 
tliis beat loss for wall area o f tlie chamber will hâve to be corn 
pensated for when calculating the Iieater sizes for a given rooni

~  uLTIMHEATB
I Ü 3  UNIVERSITY MUSEUM

ATR. UATH3



117

T E M P E K À T U R E  C Û N T & O L

Tho lteaÆ loss by conduction thxpugli a pl&in wall is Mien

K A l (»i "_̂ s)
L

whero j4
a

*1
0,
L
t

-— area ûf walîs in square feet ;
— the thermal feonduetivity o f the matonal of tho

walls, in B.Th.TJ. fier hou? ;
- température o fh ot face of wall in û l*\ ;

— température of fcold faéo of Wall in û F, ;
— thickncijs of Wall m lâches ;
=  time in ho uns.

Taele 9.
THERMAL CONDUCTIVITY OF MATERIALS,

li.Tli.U. /  Sq. ft, /  tour /  for 
Matoriat. i intrfi thickneBS and for L° Ie.

difTrTçnrp in température*
Slah cork fnakcd) *  *  -  , .  Q'21 to 0'41
Cork wool {paelted 3'3 Ib.&oub. ft.jj . .  0*21
Charcoa) .  .  ,  .  . .  0 - M

Slag wool or silicate of cotton ,  . ,  0*20
Rubber sponge slicet ,  .  . .  0*37
Pitdi piüo (acrosS grain) ,  .  . .  1*05
Tealt (across grain) „  ,  , .  0*S1
Oa k (across grain) ,  *  .  * .  M O
Dca! (aerpss grain) .  .  *  * .  0-81
Sprnce (acrosa grain) .  ,  , .  0-70
Throe-ply r .  .  *  . .  0-96
Balsa vvuüd .  , ,  .  , .  0*32
Glass libre mats -  -  * * .  0-27

Attention should alao bc given to the floorf espeoiàlly whm 
the building (s exposai to outside weatlicr conditions, and it 
should be of the gre&test thieltness pfermissibie, Portland 
cernent is the beat mateïialj and a minimum thifcknéss of six 
imliOH sh ou ld  be regarâod as. casent iaL When, fewever} thii$ 
i$ not possible, and a raised wooden iloor p  employée!, somo 
form of beat insolation is désirable j parti eu lar attention behlg 
given Lo tlie é lim in a t io n  of any possible ereviees duc to faulty 
jointing, This is also applicable to Üoors of esisting rooms, 
sinee, with the usual form o f  iloor construction, a large air 
spaoe h  always présent under and. bctvvecn the jiikts. Tliick 
linoléum may bc cmployed for this propose, or where expense 
is no object, tlie existmg floor may be covered witli plywood o f
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Table B.
V*juft.j±K tra!* mLlte,i ^ Ji.Th.IVaquare foot/Lour/l» F. différence hotweea wall fora for variera ntoteriab.

Total
tEiirfsiiefss
(mcJiesj,

As dcBCTiljCil Tri; h tk? aclditcou of :
Description of Vrork or materiflJ, M K « One

thkkne&s 
oî pLiatect »ii

One
tbidintKB
nL̂ iln’Oiïfi

V

Y placier 
éa&h aide. 

T total
tiiickne&H,

S"jnsulrroqd 
eaett d<le.

ïinsiiltfoffli
and
plflster.

Orrïm&ry brick wall— aand lime bricks in cernent 
ïnortar . 0 1 03 ■S7 41 ■76 ■26

1"
4k O

Cftvity wall—santl lime bricks in cernent mort&r 
header* spaimin  ̂ca vit vk—i y ■so *76 ■38 ‘66 25 ■36

-i bi. Gravc-l concret*; -4 in. tjreoze concrète witii 
-  in. eavity and gaJyaïiised iron tics 10 — 46 ■29 43 20 ■27

Concrète Tréll—coke breeze 4, cernent 11 9 — ‘43 ■27 40 ■20 ■27
Portknd stune i : saiid, 2, cernent I 9 — ■58 ■33 ■52 ■22 ■33
Tituber construction^ ni. weatherhoarda, 1 in. 

rmigli boards, 4 in, X 2 im studs and lin . 
latb and plaster . 6 040

Dittn, but witliout 1 in, boa rds and 1 in. lath 
and pkst-er. but with 1 in. Inaulwood each
a i d e ....................................................... rw0 015 —  1 <— -— — —

f c
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suitablo thiolmeas, and t.lie j miction bctween jloor and the 
walls covered with a bcading.

The présence of Windows is not altngethcr advantagefOUS:f in 
fact theæ may l>c easily eliminated, since adéquate illumina
tion m&y t)o obtained by usihg internai lighting. For sonie 
purposes, however, observai, ion Windows arc ètescntial ; thoy 
shpuld bo doublc-glazcd w ith window glass, and care t&ken to 
eîisure that the spaccs between the glasscs are air-tight, This 
lias two advaniagos ; ît éliminâtes the po&aibility of contlensa- 
tion forming between the glasscs, and also, thd intervening air 
space will serve as an insidatmg medium.

Heàter Design.—Tlioro are two classes of heaters à variable 
for heating purposetf ; radiator and convection typos. The 
former, which aie usually fitted with reflectOrs, dissipât© their 
beat by radiation, Electric (ires and panel heaters conslructcd 
with their cléments eneased in reiractory matcrials arc ex
amples of tliis form o f heating. The second type is the con-i 
vection heator, which coifôists o f  a nichrome wire wound on a 
spécial former and enclosed in a perforatfid métal case. Air 
cornes bito fbuucdiate contact with the cléments, winch on 
heating set up convection eurrents, which by circulation warni 
ail parts of the rooni. These heaters maÿ be eonst ructed by 
winding nichrome wire on a frame of solacifce, urahte or hard 
asbestos sheoting. Commercial forme of this heator are 
available having wattages of 250, 500 and 1,000. A convenient 
position for erectiug is sonie 18 inches from the floor, and prd-
jcetiiig soute distance from the wall, but in order to avoid 
température gradients, t-hc positions shouid ho c&refully chosen, 
Thesé gradients will* of course, be greatest in the vieiniLy of 
doors and Windows, and, in m-der to |ompensate for this, 
heators slionhl be placed in tJiese régions. For tliis reason, 
although 1 lie initial cost wi11 be slightly increased, it is pré
férable to subdivid© the beater syslem into a nimiber of 
s mal 1er unit si eaeh one hei.ng fitted with a svvitiJi. The lat tcr 
will then permit the inclusion or exclusion of heaters a,s rc- 
quired. For po^itioning, when, Windows are présent, a heator 
shonkl be placed beneath it? and for doors, on cithcr side of 
the outrance. For calculation of the requîred heaters, the 
formula on page 100 is nsed, the .spécifie beat of air hoing Ü-23J 
and spécifie gravity ü-0012. Allowance sliould bc made fin- 
beat loss through the walls and ceiling.
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Tt. should also ho rcmembeted that when crcetlng the sclccted 
control uuitf it is important not to fix the sensitive portion 
nearer than 1-J inehe| to the wa.U. Tl iis ip important sinco 
it will be found that the température withln t.hrs area is not 
idlatieally the samo as that in other portions of the eliaznher.

In ordor to prevent température gradients, an air look 
shonld be provided, sinoe, tliougb the do or may onïy bo opened 
on occasions for a eomparatively short period, influx o f cold 
air will be snffioieut to dî.sturb tempe rature cquilibrium. This 
will \te inemised furttâgr if the heater System has no safe worJo 
ing mai-gin, so that a longperiodmust elap.se hefore equilibrhim

iy 01 Lee again atfamed, Sucli an arrangement, to prevent the 
lire 4 f e a  of eold air h  shown in Fig. 75, but w i l l  have to be 
modifie d to suit individuel ie qui rements. Apart from tlio 
actual air look, it will be a distinct adÿantage to arrange that 
the chamber do or jatnUs are ch&mfered, so that it makes a 
very tight fit, The: t-hovough agitation of thé air iss extremdy 
importantü if stratification ia or variation of température 
at different heights is to be avolded, Thia may bc aceom- 
piished by the use of eleeti ieally driven fana, Which may be 
one oi Lwo types, the dise or prqpéUof forni, and the centrifug&l 
or paddle wheel type. The former consiste of a set of radial 
lilades winch drive air forward on thoir rotation, in a direction 
paraileï to the axis of rotation. The blades may be fiat or 
curved and shonki bo run at higli speeds ; they are employé<1

1 2 0  : v ULTIMHEAT -
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when smaîl pressure Ss rcipiired and a large aimumt of air lias 
to l>e moved,

The centrifugal or paddle wlieel type b i&rgely employée! 
where constant change of air is iiecessary, tJio air beîng cx- 
tractèd by meum ofj èbntrifugal force, This type fan is so 
arranged tiiat tfcgether wïth ils framing il eh rigidly clamped 
over an opening in the lhambor wallÿ an noar tho ceiling as in 
practîcàblo.

L'ciiing fans opcr&te ai mttçïi lowcr speetfe than U te former, 
and in order to produ.ee an equal agitating action the blades 
are construit éii wit h a larger sweep. Tins, cou pied with the 
facl that the bladétè are increased in number, cannes the air 
to bc ko pi in motion over a large area. Ko delinUe ruiing can 
bp given regarding fan tlxîng, sinoe conditions vary with every 
type of contre! cliainb^r, mailing il r&ther a mat ter of experi- 
ment for the détermination of the beat position. This may 
readily be fotmd by aïtering the position of the fan, and ex- 
ploring tire varions positions of Lhe ehamber by means of a 
sensitive thermometer. General ly, bowever, the bost ponition.s 
wiU bc ioimd sonne tliree-quartcrs the lieight of the room, except 
of course when ceiling type fans are employai, ;iud Uioso 
should bc dircntly attached to lhe ceiling. Wlicn it îa practic- 
ables se parafe fans should lie provided close lo eadi heu ter in 
order to avoid températ ure pocket s.

Ventilation should also be provided, espccially if the ro<nn is 
to be mised to more thaï! ordinary températures. Many 
moth&ds are avaïlable, but one of the following will be fonnd 
useftil and simple in Construction  ̂ Small métal grids, having 
un area of sonie 9 squale niches are lîxed ai tho corners of tlie 
lopin, about 9 inclues from the M-alls. On the rising of the 
hot air in the rooni, uhieh passes through Lhe grids, cold air 
is brouglit iato cireulaiion in the ohamber. Another simple 
arrangement is to drill a nmnber of hoLes m tire botiom oi 
the door of both the air-tock and thé température chamber. 
Thèse may be approodmately l in ch cLi ajuster, By incitas o f
simple guides or miniers, a shuttci may be used to close or 
üpen the ventîlator as dcsîred, thereby regulating tho supply 
of cold air to the ohamber. Commercial ventilât ors of this 
type may be readily obtained. Il should bc noted that when 
tixing the ceiling grids, the position should be so chosen thaï 
the liot air readily cscapcs into the atmosphère, and is no*

lüS
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pappetl by tKo présence of still air reinainiiig in the neigh- 
bourhood tlie grid. This m ay bc elimi%ated 1 >y the p:ro visi < n i
o f  short ebimneys p ted  with whidiT jçrhilo permitrfcmg
Üie hot air to eseape prevent cold air from entering.

Somc tvpiea! tempe rature eojitiullod cbambçrs, giving ibdr 
const-ructionai détails are uow deseribed. The following 
design is due to Deightond and constats of a room Io 'x ‘1' x8', 
the walln of whieli. are insuKted by i pèh éjnek ûélotex board- 
üigj tha Jluor being eoverod with eork lino. Double W indows

are ftttod and bi addition the wholc windnw framc covered 
over avîtli eeltotex bonrdmg* the door and ccilmg being 
uumsuhited. The heating was ramed out by an eJeetrlc fiio 
of 2 kilowatts output, situatcd ai oue end |f 1,1 ie eEiambcr. 
TJu.h was so arranged that vanous huating éléments eould be 
used ay required, giving LôUO, 500 or 250 watts. F Lu ther 
çontrol was elle etc d by connecting an adj instable résistance in 
séries with the mains supply. The fu‘cs were corçstruetçd on 
spécial IVamee of gralite woiuid w.itli colis of uichrome wire, 
shice the beat c»pa®ty <jf the usual (ire éléments was found to 
be too grojàt. This ensmestbat the beat eapacity of f.he tire

1 Jwtf\ tfcl. IvHr., 13, -0̂ . 1Ü36.
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is hardïy gneatcr than thaï o f the spiral s thomselvea, A\ a 
short distance iïrmi tlie lire is placed an clcctrio fan C (b'ig. 7b), 
ko un to blow aii tlirough the fins éléments, winch are moimted 
vortically and parallel to each othei, and about l iiicli aparté 
By lliis means, the warm air is apread over lhe end of tJio room 
;vnd taken ttp by five electric fans and driran tow&rds the 
opposite end o f tho room. The retnm flow of air is assistai 
by tho operation of three additional fans. The thermostat 
unit constats o f a capillary tnljo k2 mm. in diameter which was 
attached by cément to a longth of "  compo ”  tubing passing

fia. 77a.

front t he U-tube round the wa)U of the room a( a height of 
about -Ï iect. fter mailing a broad loup ou (.lie watt oontainïng 
Lho window it finally termmated in tho lient absorber F  specially 
construeted of motor car radiators. The relay circuit is 
activated by accumulât ors, contact being mude with tho capül- 
ary tube and mercury through a nichrome wîro. 'I lic makc- 
and-break lor tho main ciment ïs accomplished by a rocldng 
merciiry-in-nc on switch i)} wliich should be capable of passing 
at Ieasfc 10 am|*eres. The lirjuid omployed in the other lirnb E 
of the thermostat is paraffin, ( -are should fio taken to ensnre 
that when filhng the ' tempo ”  tubing with oïl, ail air bu b blés 
are oxduded before fîxing the same to the eapillary tube 
h inally, tJic beat, absorber P is iilled with oil. It was found 
thaï 11te employmont of ibis portion o f the apparat™ was *
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distinct udvantago iu obtaîning morè balanéed températures, 
and it should be placed immediatclÿ behind the (ire,

Véfnon,1 hûwever, arranged for suéh a chamber to fil >̂n 
tlie top ôf an ordinary laboratory o’iipbnard, the si^e bcing 
apptoximately S 'x 4' x 3b The walls were constmcted Üf 
l  incli matuhbo^xdj backed by a lagging ol conrpressed eork 
în closcly fîtting blpcks 2 biches fchick, wliich wcrc lined 
intemally with asbeatos boaircl J  încli thick. The twu p o is

Fia, ’wfy.

1 2 4

open by slidïtig vertic&lly, eauh being in two parts  ̂ the npper 
of wliich fîts by a do votai! joint iiito the lower* The latter its 
lagged with corkf whilst the upper ia fitted with t #  glass 
Windows, enclosing an air gàp. The top edge et tlie uppcr 
door is fitted with riibbcr fiaps so that wlion. the door is fewered 
the cupboard is completely closetL To fabilitate ease of mani
pulation tho doora may be held bi any deaired position by 
me&nô of a i>eg engaging in a soties of holes. The healing 
arrangements eonaisted of carbon filament lamps* arranged iu 
two groupa of four, each gioup being dieposed symmetrioally 
in a brass frarao, wliich is suspcnded in front of a 14 inch four 
blade fan in an ai>propriate position.

1 T ra m . Far. .?oc., 27, 241. 1031.
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Tiw fan centres are 2t> inches above the levai of the worltmg 
lloor, and the two opposing air jstreams, after passûrg over tito 
heating lumps moct in th© rtdddle of the tjicrmofîtat. and pnss 
drôynwards oVer tha régulât or bulbs. A  portion of eaçh 
streum passes through the holesH x  or JI.z  in llxo work ing fluor 
(made of 1 inch wood) under whïch it retumsj a portion is 
dfiflGctod to fhe side of the cnpboàrd and returns by way of 
the gap between the floor and tbe waJls*

The jfëgulatora aro üf the toluenei type, fclie main one being 
mude of § inch glnss lubing of length 22 tect, and is bent into 
a giïd 2Û inch long x 15 inch high, and oonsists of 1S vertical 
columns, A t one end a vertical capdlary tube, I mm. bore, 
is sealed, which houses the pfitinum contact. The sub^idiaiy 
regulutor is of the Lowtv spiral pattern, fittcd with adj us Lubie 
Contact at the head of the tube.

11 during work it is désirable to ojHm the door widely, an 
auxiliary lump may be switched on at the appropriât© end of 
the cupboiird  ̂ in order to compensât^ for local cooling, and to 
main tain as far as possible the normal working of: the System.

Fig. l i a  is a diagrammatdo view of the arrangement, while 
Fig, 1 1 bj shows the eléctric&l circuit ; h wq| found that 
variation did not ëxoeed -015° C. at a con t-roll cd température 
of 25° C*? even though lüe ont si do température varie d betweôn 
15-5P and ffl-5û C.

T EM P JURAT trais CO NTROL
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HELAYS

T he amomiî. o f energy hsually a variable in thermostàtic 
contre 1 de vices is usuallÿ very minute, and generally ton small 
to give satislaetory operation of the durent régula lors. In 
order, therefore, thaï eueh. currentpi ma y eontrol those of 
gréa ter strength, deviees known as relays aie employed, 
These may lié o f the semi-mechantcal or entité ly eleetrical 
type, By sttch an arrangement current$ o f the order oi' a foiv 
miUiampores are usecl to eontrol a sceondary circuit eanying 
10 ampères or more. The former type o f  such control is 
«hown in Fig. 7 S and employa a met al-mercury contact, sfiice 
metal-nxetal contacts are usually unsafrÈsfectory witdi currents 
greator t haix l ampere. It consistjÿpf an elcctro-magn(it3 with 
an extended armature fitted with a eu un ter-balance. By tkis 
jne^txs ihe U-shnped métal contacta may bç adjusted relative 
to the position of thg mercury surface in the contact cups. 
These contacts oxi makixxg contact in the two sépara te mercury 
cups close the secondary circuit, the other pair of terminais 
being connecte^ to the bat h control de vice. Altlxoïxgh heavy 
cxirrentg may be made or broken b y this means, in practice 
it is fourni that il is not altogether a vexy reliable pièce of 
ap para tus.

T h J s is ïaigely due to the fact that Sûpeix contact cups are 
employed, and the mercury surface rapidly becomes oxidised 
when in contact with air. Tl iis oxide not only inereases the 
contact résistance, but rendors renewal frequently or cleanâing 
of the mercury easêntial. Varions attempts have bcon made 
to minimise this defedfe by providirxg a protective film of oil, 
sur-h as glycérine for the mercury, but after some period of 
use it will not be found to bave improved the control.

In order to over corne tins inhérent defect, the make-and- 
break meohanisni o f relaye have been developcd so that contact 
takes place within a seàled glass ejivelope, and whïch does 
prevent to somc ex ton t rapxd oxi dation. The tubes ave made 
o f liard Jena glass or pyrex, fitted with an internai spark

i 113
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protection in the form of un internai irough or tube of bard 
glasis, eeramic matcrial or quEüftsc. TJh£f électrodes consist of 
a spécial alloy of iron and nickel wkieli are olten platmiBOd 
to miniiüieè contact résistance* The mdEt reliabl© form of 
6witcÈo| do not break tke circuit between tho solid eleotcbdo 
and mercury, but botween pools of mercury surromiding tbo 
électrodes, Tins also keeps down tke contact résistance and 
pie vents excessive heating at one or L>ot li électrodes in t he 
case of iugh. voltage or cumenta being employed. Sucli

Keating trould tend to destroy Üie glass Seal and cause break&go 
of tlie èôntaining tube, Jn ibis manne? areîng at Lhc électrode 
is prevented, and in order that oxidution of mercury may be 
altogether provented, tlie tube is filled with hydrogen. The 
curront is lcd into tiie switebea by fine stiwuted oopper wirc, 
insulated by poreelain beads.

In selocting snob &witcheç$ fcliose o f ample proportions 
sboukL always be ebosen, sinoe witU large volume it is possible 
for the beat généra te d on operation to be dissipated rapidly,

Tliese are obtainable froin Iseut bal Automatic Controls, 
London. It  skould also l>o rcmembered thaï, tire energy to be 
dealt witb at “  make 11 is vastly but momentar il y  increosed 
owing to tlie production of aurge cutïents. T bis is parti en lait y 
so on D.C. circuits, and ample margin should be allowed l’or, 
especially when frequent Bwitebing is anticipated.

Althougli tliis lbrm of relay, i.e. tlie electrical mochanic;il 
type, is Iai'gdy employé d, it will Ire appreciatod tliat a sn

1 1 4
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timedag must Üierefoio ocour before U te relay wiH eileûtivelÿ 
rcepoml to eaeh individuel tpipei&Jnré change, This ia duc, 

coiitac, to thé Jïiodïïuncal \Teaknesfl of su eh a System, 
tho présence of friction bciug one eoltiibutmg cause. This 
cfôfcqt, however, lias been overeome in the valve type rectifier, 
tlie tune of contre! boing reduced to about 10- IG micro-

Jiac 79. Gas-bjtj,sd P illât. 'Iatical Cir̂ vjiACTHiusTro Ciulve. 
îiïiJamiïit voUfc 4*0, Filment eu ire rit 13 {ùmj^éé).

seconds. This valve, bnown as tho thyratron o ï  grM con
tre lied rectifier., ia m  électron décharge fie vice lonsisting of 
an induiioctly heated cathodej and anode and a eonfcrol grid 
sit i i&ted in a glass cnvelope contabïing mercury vapmm 

Carrent îs ma de to p&sa fchrongh the valve bÿ tho passage of 
électrons fiom tlie cathode to lhe anode by  tho application 
of a positive potenfcïal to tlie latter. This flow of current 
between tho anode and cathode may be withhehl, however, if

12 8
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a sufficiently négative bias is applied before tlie anode in made 
positive. Puither, if (lie anode voltage is now increased, or 
the négative blas reduced ÿuffidently, a dÎBcharge will take 
place, and anode current will ftow. T bis will ionise tiio 
meroury vapottr, ami a bine glow will be présent m the hu lin 
and the internai voltage drop betweon the électrodes will be 
about 15 volts. The tube now acts as a simple bot cathode 
mercury vapeur rectifier, and. on te ionisation lias been pro- 
duced, the giid will normal 1 y  bave no powor to eontrol the 
discharge. Thus for the grid to regain eontrol, the anode 
voilage must be removed or the anode ouïrent stopped by 
breaking the circuit for a finie long emough for the ions to 
disperse. In practice, ibis may rctpiivc 10 to I,00û uiilli- 
eeconds aeeording to dieu instances. En altcrnating ciment 
circuits, sincû the anode curront falls to zéro at. some part in 
every cycle, tlie grid is able to eontrol the instant iti the 
succeeding cycle at which the current will commence agaîn. 
It should be noted tliat when îhe peak voltage ïs less than 
500 volts, argon filled valves oie, employed instead of the 
mercury vaponr type. Néon also bas lieen used for this pur- 
]K>sc. The néon or gas-filled types liave the advantage that 
they are imaJïected by température while ilic nicroury vapour 
tubes aro aojuewhat critical to temj>eralure changes, hleon 
tubes bave considcrably higher voltage drop than mercury 
tubes, whilo argon bave only some 2 Volts différence than 
mercury vapour. Circuits employmg sue b forma o f relay bave 
already been descri bed ; wliil© thé eharacteristic opérât ing 
jgrttph is shown iu big, 7!).

T  K M  P U rt À TLJ BU) t  O  î î  T R O L

(cï§ëx5) C 1 fagap)
W ^ M f
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G À ! /V AÜSf O J TET [■] RS

T he^ë instrumenta are used for the meastureinenfi or détection 
of eleetric ewenès, but, in général when employed for tem
pérature contre] work, the détection of varving cleutric eurrente 
ïa of primary im portant. This variation causes a movenient 
o f the instrument coi T whieh is uaed to ôperatë auxiliary

Ri.Cl. 80.

1 3 0

sontrol apparatus. Tbis instrument cousists of a horse-shoe 
magnet h&ving radial pôle pièces, and situatëd between the 
pôle picees is a eyiindrical soTt iron tore. In this way, the 
maglet-b froid is ma de radial and constant irrespect vo of the 
position of the suspended çoiL The lattcr, usually consista of 
a rectangular ^haped. eoil, having a large number of Umis oi 
fine insulated wire ; the ends being taken to a suspension 
fibre and spiral spring rcspcctively. It is arranged in such a

117
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mannor that it muy swing froely in the spaoe bofcweeu the 
pôle pieeos and the soft iron eykiïder, Thia motion takes 
place on the passage of an eleotrio onrrent and. in order that- 
the eoil shall retum to its original position on the cessation 
of t lie eurrent, a spiral of pïiosphor bronze is fitfced to the base 
ot' the coil, Cuiront is lcd into the instrument by moans of 
the upper stjhpension ôtrip and tins retum spiral. When the 
cnment passes tlie couple rotâtes thè <;oil uni il the opposite 
ecrapte chie to the twist in the npper suspension strip brings il 
to rest. With su oh an arrangement, the couple is pioportioïial 
to the ouïrent, and thereforc ihe aefleotion. An instrument 
o f the reflecting type is shown in Fig. fit), and when used in 
conj miction with a galvanomoter larnp is cmïnently suitablo 
for température eordrol pur poses.

The insistance of a galvanometer inay be high or )ow ; 
and its senaîtivity may Ixj alt.erad oit hcr by using different, 
résistance values or by elianging the suspension st-ripa. Practi- 
cal diificulties in construction and design: howevor, lim.it thèse 
values to wifrhin certain limita, fn practice, however* not ton 
high a résistance instrument shoëld be empïoyed.

The sensitmty ot a galvanometer jnay be défmod as t.hc 
deflection in hum. produoed on a scale, 1 moter away f rom tho 
galvanometer îuirror, by a i iirrcnt, o f  1 micro-am]Kirc. In 
order to compare tho performances of différent instruments, 
a rpiantity, known as lhc t( Factor of Morit/' ia generally 
stated in manufacture ns' publications, and is caïeu ïated by 
redudng Lhe sonsitivitie& to ihe value tlioy would huve il 
ali such instruments h ad unit period and résistance. For any 
galvanometer the Factor of Mcrit is :

100 x f)
W (liff*

whero T  =  peviodie tim© (imrkunped) in seconds,
U -  gahanonieter résistance in ohms,
D  ~  détection in mm. per micro-amporo at a seule 

distance of ï mettre.
The follewïng Table gives sensitivity data of somc typScal 

instrumenta I >y varie us makera :
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a p p e n m x  Eli

TH K WADÜ AM ) ÜKlOUMAX L'ItICSSi: Eti MA POSTAT

1t has bee3i akeady intimaleri. that when using Lambert and 
Clarke vapour pressurp batli (Oh&p. 111} eome foim o f constant 
pressura de vice was essential. These workers adopted thc 
i’orm de vise cl by Wade and Merrimam1 which consîsted o f a

U-tube AB {Fig. SL), thc limbs being 
10 nmir bore and connectcd ai- thc top 
by a tube çontai ning a tap E. T bis 
U-tubc is fitlcd wit.h mercury, some 
I3ü cos. bcmg needed, thc upper end 
ol the U-tube being corme cterL tu thc 
evacuated System by me ans of ihc tap 
E. The centre of t hc ïower bend o f the 
U-tube is eonnectcd to the chamber F 
I>y the short capillary tube C, wJiile 
tins ch^mbor is open to thc atmosphère 
at thc tap G. The iapiÜary tube ï) 
o f 2-é mm-2-6 boré jusfc dips int© thc 
mercury at F, ending just above thc 
opening o f C, Tlio upper end of I) 
is convenieEtlv attachod by means ui 
rubber tubing to A just abovo the 
mercury levai. Wben the pressure is 
reduced at E the mercury ri ses in A 
and B and falls îp E  uùtil lhe lower ciïd 

of B  is uncovcved, finis air oan bc admitted to the apparat-us 
through D. Whcn the jipparatus is working a continuons 
stream o f air aïid mercury bubblcs passes up f) into A ï For 
use at pressures aboyé the atmosphère thc apparat us may be 
coimectcd to th© pressure System at CL whilo E is loft opûn to 
thè air*

1 Jour. Chem. Soc.> f)tS ISt* lylJ.
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TH h] KM AL CONTANTS

S v b a k ^ n c o .
M . r .

° C .
b Ï *

CCJ.
8p e c i t i o  H  o n t  

C n l & .  g i n - l  Jc .  ■1 
T e m p / C Ï

E x p a n s i o n  
C o e f f i c i e n t /  C  

x l O  ” ,

T h e r m a l  
! V m d u c t i v i t y

{  ' iL l f l ,  < ! i l l  1 M L 'C " !

A l u m i n i u m  . W â 1S C O 17-100 <1-217 g 0-504
P i r o m i u m  * I S O 2200 17-100 0-110
( . P o p p e r  . 1083 2310 15-100 0 093 J 7 0'02
I r o i i  - ■ L030 m o I S - l O f l ( H Î U 12 0-101
L ü e k L . - 327 2H -100 00305 0-083
N i c k e l  . H ô 2 3000 15-100 0; 1Ô9 13 < M 12
P l a t i n u m  . 1773 39 ï O 15 100 6-0323 9 0-105
S u v è f r  - O l i O ‘5 J050 15-100 0- i k “t ( l J 9 0-074
T i n  . . 232 2270 20 |054 2i 0-155

DENüITI ES
In grms. ce. ii-t. qrdinory températures (15°-23fl G.)

M e t a l s .

Aluminium 2-70 Platinum
Copper . 8-8Ï) Rhodium
Iran. , 7-85 Silver
Ûleroury , 13-50 Tin
Nickel . é*ï Zinc

LlfiUlDft.

gl-50 Brasg , 8-4
12-44 (Jonstiintiri S-8W
10-5 Invar , 8 0
7-20 Mangarmi . 8-50
7-1 Steel i 7-S

(15e O.).
Aloohôl (ethyl) -, 0-701

„  (methyl} . 0-810
Ether . . . 0-735
Glycérine , . I-2C
Paraffîn Oil . ■ 0-9
Tiirpentino - * 0-87

1 3 4 ULTIMHEAT®
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FLECTROMOTIVJS FORCE 01̂  STANDARD CËLLS 

Clark T * , . T -433 volts.
Western . 1-0183 „

RESISTIWTŸ DF SOMK COM MON METALS
Température 20° température eqoiïidcïnt at 20° C. 

The values are in mierohm-ems.

Métal. Ruais tivity. Teinp, cocfîn
Aluminium . , * 2 82 0-0036
Rrasa , * . . 8-0 0-0015
Constantin * . - 400 0-00001
Oopper , . . J -72 0-0040
German s il ver , . 28-0 0-0003
Iridium . . . 015 OG037
Mangiuiiiï . . . 44-0 0-00001
Ni chrome » . . 100-0 0-0004
Nickel . . ■ . 7-24 0-0054
Platinoid . . . 38-0 0-00028
Platinum . . , 10-5 0-0037
S il ver . , . , 1 -02 0 0036
Steel—Invar „ . 780 0-002
Steel—Mild . . . 150 0-0033
Sied—Piano wirc , ♦ 320 0-0032
Tin . * * , 114 0-0044
Zinc . * . . 532 0 0035

1 3 5 \21
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COO) NICKEL CHROME RESISTANCE W IR E — No. 1
Carrent ncrçaan.iy to raamt^ia given Wnipora-t-nre rrâe. Wire hetd sfcr&ighi and liorizontül in air ivith iïcc radiation.

c
<m c  
x G
H  2-< I2 f”C >v) d m ® c
S

8i26.
SAV-G.

Diam.
inclits.

Diani.
rn/m.

Résistance pi>r 1,000 yards. 
OliiuSr Ampsrea for a température rî c of Weighï ptr 

1,000 yards, 
165.100" c. 300° 0. 0000° 0. 100° 500= 1,005° c.

16 -064 1-62 457 474 475 6-4 18-75 42-5 34 9
17 ■Oart 1 4 2 m 619 621 5-3 15-50 35-1 26-7
18 ■ 018 1-2 1 8 13 844 846 4-3 12-60 28-3 19-6
10 ■ 040 1 0 1 1 1 7 1 12 15 12 18 3-4 10-00 2 2 1 1.3-6
20 036 0-01 1446 1500 1504 2-9 8-60 IS-y 11-0
2 1 ■ 032 0-81 1830 1899 1904 2-4 7-40 iü-0 8-73
22 -02S 0-71 2390 24S0 2483 l § 6-30 13-4 6-68
23 ■ 024 0-60 3254 3377 3384 1-5 5-20 I0-S 4-91
24 ■ 022 0-55 3873 4019 4028 1-3 4 4 5 9-5 W i 2
35 m .) 0-50 4685 4862 4873 1-33 3-95 3-35 3*41
26 ■ 018 0-45 5784 6000 6017 0-99 3-50 7-28 2-76
27 111.64 0 4 1 6970 7233 7251 0-90 3 1 4 6*45 2-29
28 ■ 0148 0-37 S557 8880 8901 0-SÛ 2-80 5 65 1-86
20 ■ 0136 0-34 îô jp 10 5 16 1054 1 0-75 2 55 5 0 6 1-57
80 ■ 0124 0-31 12 19 1 126 5 1 1268 J 0-68 2 '30 4-5 1-3 1
31 t a i e 0-29 13 9 3 1 14345 14490 0-64 2 15 4 -15 1 -147
32 ■ 0108 0'27 16071 16676 16 7 16 0-60 2-99 3-78 ■ 994
33 ■ 0100 0-25 13745 19453 19498 0-56 1-S4 3-44 -852
34 ■ 0092 0 '23 22146 22980 23035 0 '52 1-68 3 13 -721
35 -0084 U-21 26565 27566 27633 0-48 1-5 1 2-78 -601
36 0076 0-19 32457 33681 33762 G'43 1-34 3-48 ■ 492
37 ■ 0068 0 4 7 40536 42063 42165 0-39 3-19 |* 19 394
38 ■ 0060 0 4 5 52077 54042 54 17 1 0-35 1 0 3 1-9 1 ■ 306
39 -0052 0 1 3 69315 71928 72102 0 32 0-90 1-63 ■ 230
40 ■ 0048 0 4 2 $1360 S4426 S4627

i
0 30 0-083 1-5 1 ■ 196

T l i e  a h o v e  d a t a  s h o u M  Lu; r o g a - r d e i d  a s  t i p p r u ^ i i n a t e .  M e t t i u g  p o i n t  ] S 75“ 0r T a m p é r a t u r i o  c o e i f l c % i t  '0001.0°  C ,
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N IC K E L  CH RO M E RESISTAN CE T A P E — No. I
Carrent iwoessary to m&intam gîven température m e . W îre held straïght and har Montai Su air irith froc radiation.

T-r,

Size ilicfi.

Ïfosiïtancç per 1,UÜÜ yards. 
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■ 025 x -002 33567 34830 34914 ■ 61 1 41 ‘7,n*7« l/èd *482

■ 025 X 002 23422 24305 24363 ■68 i-ei 3-40 ■ 681

■ 025 X -004 Z 5 13 2 15703 15740 *75 2-06 4-2S 1 *058

■ 025 x -000 8003 10339 10364 -83 2 -80 5 37 1-623

■ 025 X *008 7395 7072 7692 M l 3-31 6-27 2 1 7 7

■ 03125 x 003 158 14 16410 16450 ■ 71 2-09 4-53 ■ 968
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*050 *>004 78 15 8109 8129 1-2 1 3*43 7*36 2 063

■ 050 x -006 4038 5124 5136 1-63 4-56 9 55 3 18 1

■ 05ÛX-00S 3 s l7 3961 3971 1-97 5 35 11-4 7 4*244

■ 050 X '010 2812 2918 2918 2 01 5*53 12*36 5-460
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A N D  ( O N T R O L  I N  S C I E N C E  

A N D  I N D U S T R Y

Sponsored by ths Symposium Committec üf American ïnatitutc 
of Physica, The National] lïmreau of Standards, The National 
Research Gouncil, as weil as officm aod committeea of American 
Centime Society—Âmcrican Chemical Society—American Tu suture 
of Mining and Metallurgical Engineers—-American Society Ibr 
Metals—Àmerkau Society of Heating and Vcniilnting Engineers—  
American Society of Refrigetating Engineers—American Society 
for Tesring Materials—American Standards Associa lien—-American 
Weiding Society— Society l'or Automotive Engineers—American
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A Sepütate Rnprtnt of the ï*; Standard Référencé Tables fmmd in 
tho Appendix of thisbûoh ù avuiïablc al an addithm l CDU of 6s, net.

Fuudamcntfll knowledge in tlrci iïeld of température and ïts rneii&uterneiïl: 
iü Eüihausutvely çoycrcd în itu& encydopaecÜc volume. A collection of 126 
pnpers by eminent cheïniatSj engimCCïS, mctfillur îsis, physic&ts* physidEina 
and biologiste  ̂ il pressente tliorou&h-gDmg descriptions. of ali phase* «f 
température technique, and profounti rheoreticai treatment of Lhc therrnu- 
dymisnica and physics which underlie the Vflôous température selles. 
The name indüi ulrme indudes some 1500 individuüh. An ftppcndiK of 
ptLges of Jnca prepared by Drs. Rocs CT and Wcnsel FepreNenting latcit 
values approved liy 1 lie National Bureau of StimLlarda ia inVitltmble ns a

référence»

6 INS» X  9 INS. 1375 PAGES 550 ILLUSTRATIONS 66$. net
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