
THE MEASUREMENT OF HIGH TEMPERATURES. 

The subject of the measurement of high temperature is 
one which has had a, very large influence on the whole cornmerchl 
and industrial progress of the world and has to-day become of 
vital importance in nearly every branch of mant~facture, and it 
is mainly due tm the advance that has been made in the accuracy 
of high hrnperature measurements that me owe nearly the whole 
of the rapid progress in Modern Engineering and other Sciences. 

The use of heat in the art6 m d  sciences has been continued 
from very early &imes but no mention is made of my succes&ful 
attempt t o  estimak any of the temperatures employed tiI1 
such a late date as 1702, when Sir Isaac Newton made an. effoh 
to measure the temperature of w fire. The method he enlployed 
was to beat an iron bar in the fie and then withdrwwing it and 
measuring the time it took to  cool to an observed known tem- 
perature, as by %his timc the use of ordinary khermometrrs 
vim known but their upper registering limib was low. The 
r e d %  Ncwton obtained were not in any senw accurate and 
the method wraa too cIum~ly for cornmereid purposes. In 1782 
Josiah IVedgwood found that in hi8 pottery making i% was 
essential ta memm the temperabtuces at which the clays, &CS. 
were baked in order to get consistent restllts. He made use 
of the face that cIzby on being baked, shrinks and he assumed 
t.h& the shrinkage was directly proprhiond to the highest 
temperature obtained. Ismall cylinders of clay were used and 
heai;ed and dowed to cool and their contraction measured by 
+,he distance which *he cylinder would more %long a sloping 
groove. The marking in degrees of %he scale WBB purely arbitrary 
as Gha;G was requimd was that cylindew of a uniform make 
should arrive at the mme position h tlho groove for a @V~R 
hmpemture and this method ensured ths t  more or less consistent 
resnIt,a were obtained. If  was the soIe type OT ppmetsr  used 
for nearly 40 years and is in fact in use in gome plaoes to this 
day. 

Wedgwood endeavoured to correlate the r e s d t ~  he obtained 
wifh definite measurements in degrees Fahrenheit but he feu 
inb thc error of assnmhg a uniform contraction of the cylinder 
with increase of tempature and by this meana he arrived at 

which are somewhat I u d r i c ~ ~ s .  For instance he gwe 
the melting point of wrought iron a8 being 21,637" F., whcre&s 
the present accepted d u e  of this temperature h 2,770' l?., a 
&f€erencnce of nearly 19,000"- 
h 1822 Daniell produced a pyrometer which was based 

on $he expansion of a platinum rod embedded in a plumbago 
tube, one end of Ghe rod was pressed against the end of the 



tube and the other end was free to  mow, its movement being 
messured by a multipIying device which meamwed the expansion 
by a pointer on e dial, The scale on %he dial was divided e~cnl;r 
as it was assumed that the difference between the emonsion of 
graphite and platinum was uniform at ad1 temperat&es. With 
this pjmmeiier Daniel1 obtained a value of 2,533" F. for the 
melting point of aiI~:r whose true figure is 1,7rilo F., showhg 
an error of only 482" F., a wry great advance on Wedgwood's 
results. This p ~ ~ o m e t e r  was widely used and it is in use to  this 
day in another form, in bakers' ovens, where it consists of an 
iron rod surrounded by a porceIai11 or fireday tube.. Rut this 
tj-p of pyxomehr loses its accuracy owing to the fact t1la.G the 
coefficient of es;pamion of $he mkrirml Atem with prolonged 
haking and moreover the alteration is different for each 

All practical instruments for memuring temperatures are- 
based on 8ome phjrsical cha,nge on 4-he part of the substances 
employed--such as the altaration of volume of the mercury h the 
ordinary thermometer or the c h g e  in pressurn volume on the 
part of a gm, &G., and so it ia of the utmos* importance that 
whahver principle is employed that &]X these measuring instru- 
menta should read alike at the game temperature, and so it is 
necessary that some standard independent of any physical 
property of matter shouhi be used. Such standard is the 
Thermodpmic scale of temperaturea originally suggested by 
Lord Kelvin, Thb scale is based upon *he conversion of heat 
ta work in ~b heat engine, a process indopendent of %he working 
substance, where exist- instruments are compared with this 
standard it is found that if WO male a scde of Oempernt~ma 

P. V .  
based on the oft quoted relation - - T - constant that thh km- 

perature is in close agreement with bhe Thermodynamic scale, 
and of course i£ $he gas employed were " Perfed " the scale 
conformihy would be cxraot. In fact it is found that gaaes 
such as Hydrogen, hTitrogen, or Air are aU suitable to give 
hdica%ions about identical with the Thermodynamio scale. 

The most convenient method in practice is to mrtke use of the 
Constant Volume Gwa Thermometer. It ~ not proposed t o  
describe such a thermometer h detail M it is an instrument which 
can only h U& with extreme care and with many very delicato 
comctina. But i k  is the abndard against which all other 
forme of ppomekr am calibrated. By using bulbs of mdia 
platinum, tempraturns exceeding 900' C. can be measured, though 
the maximum so far reached with a gas thermometer i~ in the 
region of 1,550' C., but it is very necessary that further expahenta 
&odd be carried out to extend the range of the gas thermometer 
to  2,000 or more m G h a t  high r e a m  pyrometox~~ can be checked 
directly &g&% the gaa scab, 



Bubstance. Physical Condition. Dag. Cent. Deg. Fahr. 

Water (ice) - - - At Melting Point 

l 
0 l 82 

Watar - - - - ,, Boiling ,, 100 212 
Aailbe- - - m $ 3  P, l* 18.Z 3 83 
h-nphthalene - - # I  ? I  , p  218 42 4 
Th - - - ,, Melting ,, 232 449 
L O F ~  - - - M ,, ,, m, 3217 620 
gin0 - - m - P7 9,  H 419 SS0 
Sulphur - - - ,, Roiling ,, 445 833 
Antimony - - - ,, 31elting ,. 03 1 1,167 
Aluminium- - - ,, ,, P I  GST f ,214 
Common &It - - ,, ,, I% 800 1,472 
Silver (in air) - - , I  ,, II 955 1,7;51 
S i h r  (froo from oxygm) ,, ,, PI 962 1,763 
GoTd - - - - + I  I 9  S3 I,06,1 1,045 
copper (in air) - - ,, ,, I* 1,064 1,947 
Copper (gmphi* COVBPBI~) ,, ,, I Y  1,084 1,083 
Imn (pure1 - - - ,, ,, ,I 1,520 2,708 
Pa1Iadium - - - ,, ,, l* 1,549 2,820 
Pld~mm - - - ,, ,, IT 1,735 3#190 

The gas thermometer has been used to accur~tely determine 
cerhin so-called fixed parts by which other instrum~nts may be 
calihrakd con-reniently and Table 1. show- such a tabIe giving 
a list of snbstmcers with their melting or boiling points in degrees 
Centigrade or Fahrenheit. It will be noticed that the* substances 
are all auch as can be obbined in the absoluteIy pure condition 
and thk h essential as the presence of relativeIg sniall amodnts of 
impurities wdl give rise to serious errors. 

It is noh yet possible t o  compare an instrument directly with 
the gas thermometer a b o ~ e  l,550° C. so that higher hmperatms 
must be arrived at by extrapolation. By careful observation 
of a physical change at tempraturea up to  1,550' C. the lam- 
governing such change may be &cussed and assuming the law to 
hold hdefinitely Bigher temperatwe~s may be deduced mathe- 
maCicalIy, but in my case of extrapolation there is uncertaint~ 
wide TVcdgwood's results. 

The lam go~erning the radiation of energy at different 
temperatures appear, howem, to be capable of mathemat.ical 
proof from Thermodynamic prhoiplcs and go temperatures thus 
obtained am in reality expressed in the Thermodynamic scale 
and so extrapolation d these laws t-0 deduoed temperatures br 
means of Radiation Pyromoters appears, to  ba justiiied, but it is 
still desirable +,hat they should be checked by the gas scale. 

We will now discuss the general principles of Radiation 
Pyromehrs m d  $heir p r d i c d  application. Any substance with 
a tcrnperatum above abbbsoIute zero ( - 273' C.) radiates energy 
to its ~moundinga by m e w  of mm. Below 400" C. these 



waves produce no impression on the retina of the eye and the body 
therefore appears dark, above 400' C., however, ~Gible rays begin 
to be emitted and 9s &e temperature rises the body increases in 
brightness, the dserence between the non-luminous and luminous 
w m e  lengths being merely that of length, the shorter wave 
lengths being visible but all wave lengths repsent Radiant 
energy. In addition to giving out radiant energy a substance 
aIways receives wave8 from its srrrroundings which if absorbs or 
reflects, those it abaorbs tending to miso its temperature. The 
rate at which a substance emitg or absorbs mdiant energy depends 
on the nature of its surface, a rough bbck surface radiates and 
absorbs heat with greater ease than any other while a polished 
metallic surface which acts m a reflector is the worst. But even 
a surface of finely divided soot does not cornpleteIy absorb all the 
waves which fall on it but reflects a amall proporhioxi. 1% we 
could find an " absolute black surfme " it would be totally devoid 
of reflecting power and would absorb all the energy reaching it 
but no such surface is known but Kirchoff ha3 shown that it is 
possibIe t o  devise an arrangement which will give t he  same 
numerical results for energy iacliated as would be obtained by the 
perfect black surface and such an arrangnleent j x  ternled n 
" Black Body " and the radiates from it are called Black Body 
Rdia%ions. Such a.n arrangement is obtained if we have a 
heated mass encIosed all round in a box with a small hole in ane 
place in hhe side of the box, and it can be proved t ha t  no matter 
what the surface of the heated mms be like, i.e., either polished 
or black, the amount of energy which escapes through the opening- 
must be the same m d  only dependent on t he  temperature of the 
body: This condition is obtained in Ghe cme of a block of 8t-1 in 
a furnace at constant temperature and moreover black bocly 
radiEttions can dways be secured by placing a tube closed a* one 
end in the heated space and receiving radia%ions through t he  
open end, so thak alI that is required js an instrument for measuring 
temperabums based on Black Body Radiatiow and such is 
obhined in the Radiation Pymmeter. The dwign of the 
Radiation Pvaorneter depends on the law connecting the energy 
radiated by a substance, under given conditions, with its tern- 
peratwe. This was h t  accumteIy skated by Stefan in 1879 
from data supplied by Tynddl. We concluded that, the energy 
radiated by a given solid varied as the fourth part of its absolute 
kmperature. This was soon found not to hold txus for all 
instances but h 1884 Roltzrnann showed from Thermodynamic 
Principles that the quantity of eneqy radiated in a, given time 
from a Perfecti radiator (or black body) mufit vary as the fourth 
power of itsJ absolute temperature rand it is from the now named 
Stefan-BoItzmam law that Radiation Pyrometem are based. 

Expressed in symbols the fourth Power law takes the form of 
E = R (TId - TZ4) 

where E h the total energy radiated, 
PX is the absolute tempemture of the Black Body. 



TB is the absolute temperature of the receiving substance. 
K is a constant depending on the units chosen. 

If E irr expressed in cdories per cm2 per ssecond the ralue of K 
is 1-34 X 10 -l2. 

It will be noted that if the hmpemture of the recei\%g body 
were zero (absoluk) the energy leaving the black body would be 
KT4 whereas if T, iFI equal to  ir, the loss of energy would be nil as 
no substance can cool by radiating to EL Iower temperature than its 
surroundings. 

So that from the above when the relation between the tern- 
peratwe and quantity of energy radiated is h o r n  in rsny units 
any in8trument which 11611 indicate the amount of the mdiations it 
receives may be used t o  measure temperatures. Tbe ray from 
the black body for example may be f ocussed on a thermal junction 
which will be heated according to the amount of energy incident 
upon it, and when corrected to a miIIivoltmetre will cause 
deflections proportiand to the ener:y it receives. 

In 1902 Fery introduced a ppcsrneter in which the rays were 
focussed by a lem upon a small blackened thermal junction, but 
this wm not satisfmfory owing ta a variable proporbion cd the 
my bcing absorbed by the lens itself, and in L 904 Fery overcame 
$his by using a concave mirmr t o  focus the rays, thus overcoming 
the error due to the absorption of the lens. 

PERT'S MEWR PYROJXXTER. 

This instrument is shown in Fig. D. A concave mirror M which 
has a gilt reflecting s d a c e  is placed ak one end of a metal tube 
and is fastened to  a rack which cngages in a pinion movcd by the 
milled head P, so by turnkg P a longitudinal mo~ement L 
imparted Go the mirror. A small blackened thermal junction, 

ahown mt; the centre of the cross section, and consisting of a copper 
disc to which wiree3 of copper or iron and comtant.an are f a~ened, 



receives the rays, after wflection it may be brought into focus by 
stzitablp moving the mirror, the wires pass t o  the two terminals 
b and b' outside the tube from which leads are taken to the 
indicator. In order t o  disco~er when the junction i& in the exact 
focus of the mirror an eyepiece 0 is fitted in the end of the tube 
which enables the junction to be seen magnified through a hale 
in the centre of J I .  B? means of a11 optical detrice placed nertr 
the junction the image of the sighted object produced by i?f is 
reflected in t.wo portioils in the eyepiece Q. 11-hen the junction iEl 
exactly hi focus R circula~ image iu  seen ro~~nd t.he junction, wheu 
out af foeus the appearance presenkd. is that of two semi-circIea 
displaced Interdly, it is adjusted by- mox-ing the m k m x .  A 
diaphragm is fitted a% the front end of the Pyrometer in order 
that the opening may be partially closed by t&e dbphr- or left 
open as required, the diaphragm cuts off a definite proportion of 
the xap, it is used for very high temperatas and on the indicator 
two scdes of temperature. are provided one referring ta full and 
the other to partial aperture. The proportions of the instrument 
are such that the junction never rises above 110° C. although the 
intensity of radiwtionv diminishes as the square of the distance, 
the quantity impinging on the junction is, within limits, 
independent of the dista.nce. This wises from the property of 
concave mirrors x5t.h respect to the relation between %he size of 
an image and the distance of +he object producing it, and it, c a n  be 
proved that the amount of energy ~ e c e i ~ e d  by the junction does not 
Tary provided fhat the ima.ge produced overlaps the junction and 
that the limiting distance at which a correct wading c a n  be secured 
is that at which the size of tbe image b e q l d  to that of the junotion, 
md in the case of practical instruments this distance is circa 
30 feet. 

FOSTER'S FIXED FOCCS RBDTATOB, mommm. 
The necessity of focussing which is common to all Fery's 

Pyrometers obviated in Po&x'a instrument, which, howewx, 
cannot be used from so great a distamce. The principle employed 
in the fixed focus instrument is that the amount, of energy received 
by a concme mirror and focussed on a thermal junction wiU not 
vary so long ns the area of the a d m e  sending the rays to  the 
mirror, though a fixed opening, increases aa the square of the 
distance. This is explained from Fig. 111. 



C B the mirror, U a thermal junction fised so as to he in the 
iocus of the opening EF, and BB the heated surface. The lines 
joining E and E to  the edge of the mirror intersect. in a point !;: 
and provided the lines Gk: and GF, if produced, fall withi11 the 
heated surf ace dB, the qumtit~ of energy falling on D Wi!l always 
bc the same. A cross section o£ the co11e GAB is a circle, and if 
AB be twice as far away from G! as EF the areas of the circles of 
wboh AB and EF are EZiarnebrs vrdl be in the ratio 4 to 1. But 
as AB i& twice as far from G as EF the intensity of its radirttions 
will be as 1 to 4, ancl so the loss of radiating power is exactly 
balanced by the increase in area. In the actual instrumene the 
tube in which the mirror h plated is blackened internall!- to cut 
out reflection, the diametem of the opening EF and the m k o r  C' 
aro such that the perpendicular from G! .to AB is ten Girnes the 
length AB, bencc if the heated object is Ci inches in diameter the 
limiting position of G: is 10 X B = 60 inches, the position of the 
Point G is indicated h?- a &g outside the tube, and in hiking 
a measurement the tube iq brought well within the distance 
prescribed, which is in all cases 10 times the diameter of the heated 
objcct, temperatures are read by a portable Galvanometer attached 
to the thermal junction. 

Having mentioned in discussing the Radiator Ppmeter 
that the hedanb energy was measured by a thermo couple, we 
now turn Go another class of pjJro1neSer, i.e., those of the thermo- 
electric t p .  The preliminary U-ork on t.hese was started h)- 
Seebeck in 1822, but it was not tiU 1886 that Le Chatelier 
successfdly overcame the dificdties and produced a workable 
pyrorneter. Although, if we take any two dissimilar metaIs and 
hea* the junction between them we find that  an electromotire 
force is aet up a* the junction, yet it does not foHow that any 
metals w5ll do for the purpose of measuring temperature. 

For th i~  purpose the f ollou~ng conditions must be satisfied :- 
(I)  'The E.M.F. developed by the junction should increasg 

regul~rly and uniformly as the temperature rises--as an 
instance of thk, if we take a jmction of iron and copper 
they d give rise t o  an E.M.F. which rises with the tern- 
perature to a certain poink beyond which the E.3I.F. falls 
off and fillally reverses in direction although the tern- 
perature is rising all the time ; these metals are therefore 
obviously muitable. 

(2) The meMing point of either component should be 
well above the highest temperature to be meamred. An 
excepkion to this occurs when the E.31.P. of fused ntateriala 
is employed. 

(3) The thermo-dectrio value of the couple ahould not 
be altered by prolonged heating.. 

(4) The nletals should be capable of beiug drawn into 
homogeneous ~ i r e s  so that a jmction wherever famed may 
always gin rise to  the same E. W.F. under giren conditions 



It h a further adcanhge if the metals should be cheap and 
durable. 

It must be remembered that  m y  junction of two metals gives 
rise to  an E.M.F. I we can take two wires and join one pair of 
ends and lead the wires direct to t.he galvanometer then the 
gaI~anometer will measure the E.31.F. generated by the heated 
junction, but in general these wirw me expensive and it is im- 
practicable to  use them in this way so shorh lengths of wires are 
used, and these are connected by ordinary copper wire leads t o  
the gnlvmometer, and we now find we have %hree dissinlilm 
junet,ions, one from two metals A and B, one of A t o  copper and 
one of B to copper. Now A t o  copper md B to copper do not 
necessarily give rise to the a m e  E.M.F. at the same temperature, 
but at one temperature the difference in E.M.P. can bo known 
(note the E.M.F.'s will be in opposition and will tend to caneel 
each other), and so it is of the utmost importance that the cold 
junction ~lhould be kept ab a steady known temperature ; this 
aoint will be mentioned later. 

A very u~eful point in connection with these junctions is that 
the E.M.F* developed is independent of the thickness of the wires 
--and, also, if the two ~vixes are bronght into contact, they may be 
fastened over the joint by soldering or by using a thick metal 
without alteration of thermo electric value =cept in rare cams. 
Until recently it was customary t o  use a platinum-rhodio platinum 
junction for dl temperatures beyond the scope of the mercwy 
thermometer, but the enormous price of these metalp; hw brought 
into we fused metal couples which can be used with perfect1 y good 
results for temperatures up to about 1 ,000° C. ; above this tem- 
perature platinum aIlojv ase stiU used, bu* advance ia being nla& 
in the urn of fused metal coupIes. 
Fig. V shows a, section through a practical therm0 couple. 

J is the hot juuceion and the wiree for *his are passed through 

F T ~ .  V.-PmoticaI Form of !Therm~-electric Pyrometer. 

thin fireclay tubes which serve m insulators to the reels BR in the 
head, upon which a quantity of spare wire h wound to enable 
new junctions to be made if required, two bras38 strips m 
secured to the wires at one end and are furnished with screw 
terminals for the attachment of the galvanometer wires. A 
protecting tube T surronnds the wires and tho hot junction, the 
head l7 m y  be constructed of wocd, fibre or porcelain rtnd should 
be an insulator for electricity and beat. In order to guard 
against emxs arising from ahratiom in the temperature of the 
cold junctiom it ix  som&imes useful t o  employ a water-cooled 
head as shown in Fig. VI. The choice of the protecting tube Q 



one of gxeat importance ; obviously it is required not to soften at 
the higheat temperature attained, and when the junction is of 

FIG. VI.-fyFOmetm with Water-cooled Head. 

expensive metals the sheath should not be permeable to gases or 
vapours ; at the aame time the sheath mmt be a good conductor 
of heat so that the junction may respond quickly to my change 
of temperature and i b  should be mechadcdy strong. Various 
sub-ncea are employed, each having special advantages and 
disadvanfiagw. Mild s k d  is much uaed for temperatures not, 
exceeding 1,100" C., but they are a@ t o  deteriorate rapidly due to 
oxidation. Nichrome k also suitable but more expensive but 
lasts better. NoIybdenum is mattacked by most molten m&Is 
md k very strong. VitrXed silicon is often used but is porous. 
Carbomdum has mowcl useful for temaercdtures ua to 1.600' C.. 
and many other aucbshnces have been n&d at ddiffeknt t&es. 1t 
has beon found that the continuity of the E.M.P. produced by the 
couple is not affecbd by the fusion of one or bothof the elements 
forming the couple, and Fig. V11  show^ s form of Pyrometer 

FIG. VXI.-TJguid-element Thermocouple. 

based on these lkea. A rod of refractory matmid B is perforated 
with two holes down whioh m passed the rods of the thermo- 
elements A and B, the lower ends of A and B are inserted in a 



gmphite block G, which is jointed on its upper face t o  R, the 
whole being surro~mded by the sheath C. On either or both of the 
elements melting the circuit is maintained tllrough G which 
wrres dso t o  prevexll the mixing of d and B --hen molten and 
at the same time it d m  not affect the E.3T.F. developed. Up 
to the present it has not been found pmsibb to procure the 
refractory parts in a form suited to ~ommercial use, but thk sRouId 
be able to be overcome, in which cass this type of couple should 
prove invaluable for measuring temperstures beyond fit scope of 
the present forms. As the E.N.F. of the thermo-couple is srnal, 
being of the order of five d ivoIta  for a arise of temperature of 
100" C., a Tery sensitive form of galvanometer is needed, in which 
the E.N.F. is measured by thc movement of a aman mirror 
actuated by t he  coil of the mmatum working against a h e  spring, 
the measurement being accomplished by the movement of a beam 
of light reflected by the minor on to  a scale. Various foma of 
Galvanometer are umd, and it is worthy of note that the best 
metal couples have the advantage that they develop a higher 
E.M.F. per 100" C. rise in Gemperature t.hm the noble metal 
couples, and so a coarser and less delicate t ?p  of galvanomctcr 
may be rised (Pt. R. R. 1 - 1 nlv. Iron ComtantEcn 6 . 7  mv.). 

These deflections are required to be read as degrees of 
temperature, and t~ enable this to be done it iFl; neecesasry t o  
construct a calibration curTe ; this is done by m f d y  placing 
the Pyromekx so that it &all m e a m  some known. krnpe~ahure, 
the whjle behg pmticuls-rly careful that the cold junction is kept 
comtantly eh the tenlperature it is likely to at-tain when actually 
at work in practice. Iihr the h o w l  hmperattm m y  of the 
fixed paints shown in Fig. 1 m y  be used, and where posdb10 
points should be choma so &at the desired range of reading 
of the instrument b U  lie within the readings of h e d  points, 
thus avoiding extr~apolation. As a d e  the points chosen are 
the boiling point of vrater, the melt in^ pointa of tin, zinc, and 
antimonj-, common rock mlh and copper co~ered with graphite 
at its melting point, this latter being at a temperature of 
1,034" C. These Gemperat~~res are plo%fed against the defIection 
of the galvanometer and a graph drawn as shown in Fig. 9, 
line A connects deflections with the corresponding differences 
between the temperatures of the hot and cold junction, so th& 
the true ternperatme is given by adding the temperature shown. 
on the gmph to the temperature of the cold junction; this 
obviates the necessity for keeping the cold junction at any 
definite temperature. Line B represents the calibration of 
another pyrometer and is suoh that direcG readings are obtained 
from any deflection for zn cold junckion temperature of 25 'C. ; 
this i s  the type of c m e  obtained from the thermo-couple &own 
in the previous figure. 

Perrnment temperature scaIed can 'be made from them 
curves to attach to the galvanometer scale ; if the calibration 
curve is nearly a straight line then didsions wpre8enGhg 100' C. 



may be marked out, lsnt if the line curves much then every 
30 degrees or bss must be marked on the galvanometer. It 
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4r1libration Curves for Two Thema-elwtrio Pymrneterx 

is hardly necessary t o  add that the substances used for 
standardi~~btion should be pure, as impurities --ill tend to  lower 
the melting points. In one t3-p  of continuous reoo- 
p p m e t e r  a mirror type of pIvanometer js used, and a spot 
of hght is dhxkd on fk sensitised bromide paper attached 
to a rotating drum whioh h set to rotate say once for X2 or 24 
hours. Z'hi is a very sensitive instrument due to the um of 
mirror galvanometer, but has the disadvanhge that the record 
is out of sight until developed in a dark room. For mosii 
commercial purposes w Iess sensitive and more robust instrument; 
is used, which in effect consists of a galvanometer needle which 
at certain definib jntervals of time is pressed on to an inked 
thread, thereby mmlring an ink dot on a rotating drum of paper, 
thus giving a continuous and visible record. A further develop- 
ment is in the control of gas h d  or electric furnaces. Should 
the ternpemt.~~ rise during a given internal the contact of 
the galvanometer needle with a stop rv4U set relays in =*ion 
and thereby lower the supply of gas or fire, and e q d y  raise 
it if desired. By these means a f m c e  can be kept working 
between srnd limits of hmpera-tuw. These instnlments are 
more or less in their idm~cy, buh indubitably ham a, greak 
fnture. 



Fig. If is shorn as indicating a means of obtaining a 
Merentia1 cooling curve, that B of the difference of the rate 

Ra. XI.-Differential Method for Determining Critical 
Points of &eel. 

of ooohg of two spechem in the same furnace. This is the 
means employed in a laboratory to measure &mall evoItrtions 
of heat clduring the cooling of say pure iron. These observations 
of critical temperatures are frequently of great gervice in deciding 
the subsequen* heat $xeatmenb of m aIloy steel. The aample 
of steel A i3 p 1 d .  side by side with a piece of nickel B of equal 
dimenaiom in the tube of an electrio furxlme. A naked junction 
C is placed in a hole drilled h A and i~ connected t o  t he  galvaso- 
m&r G which is caIibrated to read temperatures. A two- 
jnnction circuit formed of a junotion D placed in the hole A 
and another junction E located in thc h010 in B am connected 
to a delicate galvanometer ET. The furnace is heated till the 
gaIvanometer G reaches say 900 degrees and %hen &I aIlowed 
to  cool. h A and B under normal ciroumstances oool at an 
equaI rate, $he junctions D and E wiU be at the aame temperature, 
rtnd so no deflections will be observed on B, when, however, 
owing t o  recale~cence the cooling of A is m t s d ,  B not being 
thus affwkd wiI1 continue to cool, thus producing a dserence 
between the te~ngeraturw of D and E and consequentj1y a 
deflection on H. The tempera;tum of A at the time this ocours 
can be m d  off on G .  
The ad~antbbge~ of the thwmo-electric method of measwing 

temperaturn compared with other methods rtre m follows :- 
(I) Simplicity, no special experiment being needed to twke 

a reading. 
(2) Cheapness of outfit. 
(3) Adaptability to m mriety of purpose8. 
( 4 )  Ease of repah in cam of damage. 
(5) Fhbuatness, not b e i  liable to get out of order under 

workshop conditions. 
(6) Suihbility to the ppee of a centrally oontmlbd 

jnstal1&tation. 



The dem~backs are :- 
( I )  Liabilit~ to  error owing to fluctuation in the cold 

junction temperature (which may be avoided with care). 
(2) Lack of xensitiveness at cery high temperatures 

compared with the resistance method, a p i n t  selclorn of 
great practical impohnce as the limit of accuracy is 
usndly within the amount by which an ordinary furnace 
Auctuwks under working conditions. 

RESXSTAXCE PYROHETERS. 

When a pure metal is heahd its electricaI'resistaance increases 
progre~sivelg with the tempemtm. This fact is made use of 
for the measurement of high temperatures. The choice of a, 
metal h this case is more greatIy re~tricted than in the selection 
of mehls for a thermaI junction, owing to the fact that a, small 
dter~btion in size produces a very marked effect on the resistance 
of a wire. Also ik is essential that there should be an entire 
absence of any inkrnal physical change affecting the rwishtance. 
For temperatures above red heat the only feasible metals to 
use are platinum ox the more expensive metal of the platinum 
aeciee, and platinum is in general the metal employed. It -3s 
essential therefore to consider the effect of temperature on tA-te 
resistance of this metal. Professor ChUendm has +haroughly 
invwtigated this subject and evolved a formulae from which 
the temperature of s given kind of platinum could be reduced 
with great accuracy f ~ o m  its resistance. This formulae is :- 

where t is temperature on the gas scale ; 
p is the temperature on platinum scale ; 
E i4 8 c~nstBn& depending on the purity of the wire. 

The degrees on the platinum ~ c d e  referred to are obtained 
by aswmmg tbat the increw of resistmice of platinum is 
uniform at a11 temperatures. That is that the temperature 
resi~bnce curve is a straight line and not, as iit actually is, rt 
parabola. In order to determine X: if is necessary to  measme 
the reskttbnce of the wire at Ono., I0O0C. and a, third temgerature 
which should be considerably a b o ~ e  100'C. The first two 
readings mtablish the platinum scde of temperature and the 
+bird determines the valuc of E. p and a; are equal at 0 and 100 ; 
these points form the basis of both scales. 

Example :--a platinum wire has a resistance in ice of 2 - 6  
ohms, in steam 3.6 ohms and in boiling suIphur 8.815 ohms. 
To i h d  the vdue of k: the boiling point of sulphup being 444.5 
degrees on the gas mscde. 

Since an h c m ~  of (3.6-2.6)=1 ohm is prodnced by 
100" C. the increaee obmrved in boiling sulphur (6 - 815 -2.0) 



-4.215 ohms \r-gl. represent a temperature on the platinrrnt 
male of 

Applying CaUendar's formulae, 

(444-5 - 421.5) = b r- - - 
(W 

the ~ d u e  of X: is found t o  be 1 5. 
Great precision is needed in taking %he* initial readings. 

as in the example wbot-e if the boiling point of sulphur mwe 
taken 2 degrees lover, X: would work out ak 1-37 and the error 
at I,20O0C. mould be eba~rt 17'C. And the mme error would 
be caused if the re6stanco in boiling sulphur taken m 
6-835 ohms or an error of -02 ohms so that most eIabomte 
precautions must be taken for these initial xeadinp or the 
find reading will be largeIy in error. Unless this cm be done 
an oneratar would be welt advised to atmhrclie a resistance 
ppketer by taking wmrd fmed points and drawing a cal ibuation 
curve as for n, therrno-eleceric pj~ometrer. 

A typical resistance pyrometer is sho~nl  in Fig. 12, where 
the ooil of phtinl~m n+e is &own wound round the e d g ~  of 
a mica, frame~ork xmde of two strips of mica forming. an X 
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as it is foilad that mica is chemically inert to platinum even 
at high hmperat~~res. The platinum leads pass from the coil 
through mica washers to terminals in the boxwood head. A 
second wire noe connected wit.h the coil, but identical in length 
to the leads, is bent into two parallel branches which are passed 
through the mica washers side by side with the leads and are 
brought to a second pair of terminals in the head. This second 
wire compensates for changes in the resistance of the bads when 
heated, by opposing the compensating %ire against the 
pyrometer in the measuring arrangement, when the resistance 
of the leads and the w k ,  being equal and opposite, will cancel, 
the resistance actually measured being that of the coil only. 
The resishnco of the coil ia measured by some adaption of the 
WheatE3tone Bridge method. 

Them me many pymmeters of thi~l type differing only in. 
the method of supporting the coil, measuring the resistance, &c. 
In all cases the coil is wound non-induct.ively. This form of 
pyrorneter may be used with varying forms of indic&brs, all 
of which am in re* ouffits for the measurement of reshkance 
but calibrated in degrees of ikmpemturc. 

Thcse pyrometer~ are not suibble for the continuous measure- 
ment, of temperaturea above 900°C., and even so the resisbnce 
gradually changes even when 900°C. is no% exceeded, rso readings 
should bc conGinudly checked by a fixed point in the neighbour- 
hood of the working tempraturn. Generally s p h g  any 
serious defect enbils returning the instrument to  the makera, 
as a special degree of skill is required to rep~kc them. The 
following m the advantages and d h d w n t q e s  of %his type of 
pyrometer. 

It is more cbccurrate than the thermo-corlple for the masure- 
menf of stcrtdy ternperatarers beIow I,050cC. 

The xeadinp are independent of the resistance of the wirea 
used h connect the pyromekr and the indicator, ae these am 
duplicated and 80 cancelled. 

In addition, the head of fie pyromebr may vary in 
temperature to any extcnk without affecting the result. 

On tho other hand they am more costly, more fragile, much 
more difiuI6 to repair, and need much more skill and attention, 
and so are liable to get out of order when used industrially. 
But they are very suitable for certain cbsses of work when 
used in a laboratory. 

We now turn to e type of pymmefer which is andogoua 
to  the mdiration tyyp previously described. The principle is 
based on the fact that when a adid is heated above about 
470°C. i+ begim to send out luminous radjationa. As the 
temperature rises the luminous xadiations become more intense 
and the colour of the body changes from a dull red to 8 fighter 
red, then f 0 orange, yellow, white end, &ally, to  a dazzling 
white, .&my attempts h m  been m& since I836 Go a8,ssign 



defimite temperatures to specified colours. Howe's table is one of 
the latest of these, but of course it must be realised that it iic 
quite impossibIe to accurately define these tempera;tu~s as no two 
obssmem can exactly detect the same coIoura at the same tern 
peraturns and even below a yellow heat two obervera may be 
as much a3 50 degrees apart, whiIe when a dazzling white i s  
reached accurate discrimination is impossibIa. At the sa& time 
it; m~rst be noted that a trained workman, working on one elms 
of job, my the quenching of &eel at  850 degrees, often acquirea 
s, high degree of judgmenk and may not vary by more than 15 
degrees C. from the required tempemture. But in general Ghe 
p m o n d  equation is too great for eolour judgment by the 
unaided eye to be taken as an acorn& guide to  temperadare. 
But a fairly close approximation may be obtained by matching 
tho coIoum qpinst prepared standards. 

The main t y p e s  of Optical Ppmeters  fall under the following 
heads :- 

(I)  Photo-metric type, in which the sbndard light is 
constimt and the intensity of the Iight from the source is 
varied in the instrument until equal to  the sbndztrd. 

(2) Photo-metrio type in which the standard is varied 
untii equd to that of $he source, which may be reduced 
in intensity if this exceeds that of the standard. 

(3) The colour of the source i~l mstched agaimt a 
stand& colour made t o  agree with that obtained in a 
given operation. Or the source m y  be made to produce 
a, standard. colour by a polarising device. Or the colour 
of the source is extingnkhed by snitable absorbents. 

A.s regards the l%& two typea the hw connecting the 
inhnsity of the whole of the light wavea emitted, with the 
temperature, for a given aolid is appmximateIy given by Ramh's 
formula?- 

I I  

where I1 and 12 are the intensities corresponding t o  mbaolute 
25,000 

temperatures TI and T2, and the exponenk X = - 
F1 Hence 

at 1,260 degrees Abs. the ;brightness increissea wa the twentieth 
part and at 2,500 as the teneh part of the tempemt~~re. This 
rapid increw in brightness for a, small rising temperature 
enable8 small increments to be reacEiIy observed. But in prwtice 
i h  is found there are vast differencert in the brightness didisplayed 
by different substances at the same ternperatwe, d e  a g m  
mantle and a piece of platinum at the same temperature. I* 
ia possibIe, however, to obtain indications for any substance 
in  term^ of w black body. Thus if a heated sokid possessed 
Ghe aeme intrinsic brightness as a black body at a kmperature 
of T the " apparent " or " black body " temperature of the 



solid would also be cdled F. Thie would only mean that the 
light radiating from the solid was equal in intensity to that 
emitted by a black body at temperature T and ta obbin the 
true temperature of the solid the temperature must be multiplied 
by a factor which expresses the ratio of its emissive power to 
that of the black body. 

Tn all the photo-metrio methods rl, standard light is employed 
which is kept constant in brighkness and with whioh the light, 
from the desired source is compared. Xo attempt is made 
to measure the candle-power of the dluminant. f t  i s  desired 
only to bring the standard m d  the  source to the same degree 
of brightness. Amongst the standards employed are Carbon 
filament electric lamps, &my1 acetate lamps, or the centre of 
an acetylene .p flame, each of which is capable of producing 
a fixed degree of brightness when used under standard conditions. 
The sihnda~d is then compared with a black body at known 
temperatures, thus furnishing a scale of black body temperaturn. 
It is, however, found that above 1,Q0O0C. the Iight becomes 
too dazding to enable a pmper compmison of the standard 
and aource to be made, and 80 absorbing gIaam3es must be used 
to  reduce the brightne~e. 

It h not possible to use any coloured glass, ody a mono- 
chromatic glass i s  suitable, i.e. a g7a.s~ which transmits Iight 
of one wave-length only. 

As these pyrorneters are required for uae at temperakures 
above l,OOOOG. it i~ necessmy to consider the relation between 
the wave-lengths of light and the temperature of the mdiating 
subshnce, which wilI be assumed to be a bIack body. 

Wein h= produccd a bw connecting the black body 
temperature and the iintengity of a. ray of wave-length which 
ia as follows :- 

- 5  -c2  
J = c , - X  e- A AT 

whek J --energy corresponding to wave-length ; 
e =base of natural logarithms ; 
T =abdu te  (thermo-dynamio) tempera;f;ure of the black 

body ; 
c and c2 m consbnta the d u e s  of which may be found 

by meamring 
J at two known temperatures for a Iight of known wave- 

length. 
For the purpose of o@imI pymmetry a red light of wave- 

length of about 65 millionths of a, centimetre may be uwd, and 
Wein'e law may be applied with great accuracy. 

The above fomula? may be written in the form :- 



1 
This shows s linecr reIation between Log.;, J and-and T 

hence 2 the temperatures corresponding to two intensities he 
known the resuIts may be pl~tted in the form of e straight line 
connecting T and J.  
h cerhin optical p>-rametem these theoretical considerations 

me made use of in practice. These instrunlenb ccnsist of R 

hleecope fitted with a side branch in which a standard lamp is 
pIaced ; light f ronl the lamp is focussed upon a, piece of tmnspai~nt 
@ss inclined at an angle of 43 d e g k s  to the axis of the 
teIemope from whence it is reflected to  the eye-piece. Ta 
render the light monochmatic a piece of red glass is interposed 
between the lamp and the mirror. The telescope is sighted 
on a hot gubstance, r ~ y s  from which pass thcough a piece of 
red g h e  and thence through two wedgee of darkened glass, 
which dimimish the intensity to e greahr or less degree according 
to the thickness of absorbent glass interposed, which can be 
varied by sliding the wedges nearer or further apart. m e r  
passing through $he wedges the light pmceeds through the 
indined mirror to the e3.c-piece. Consequentlj- the nqppearance 
presenhd to the eye is Ghat of a field ilIuminated one-haIf by 
the sbndard Jamp rand the other by the hot source. The 
adjugtment consists in sliding the wedges by a, screw mo~en~ent  
until both portions of the field am equally illuminated. A 
temper~ture scale is provided on the moving piece which actuates 
the wedges, and it is derived by Wein's equation for the 
thickness of the wedgee interposed when equality is obtained. 
calibration is eflected by noting the thickness of the wedges 
corresponding to two known temperaturerr, from which a 
straight line connecting thickness with the mipmm1 of the 
absolute temperature may be drawn and a table formed giving 
values of T in terms of the thickness of the wedges. The 
calibration may be extended indehitelp, the accuracy of the 
readings depending upon the truth of Wein's law. Thk malrm 
a very convenient, instrument far occasional readings of high 
temperaturns, oombining simplicity with portwbi3ity. 

There are many other pjmmekrs of this t n e  in general 
use, including Wanners, The Cambridge Optical, and Hol born 
Kurlbaum, and of those which employ the matching of colours 
method, the best known are Lovibonds, Mesure and h'ouels, 
a d  there are others st iU which work on the colour extinction 
method, such as the Pyromike. 

Great a r e  is needed in the use of all these pyrometers, and 
skilled workers are needed t o  take readings as the matching 
of tints, &C., demands a High degree of judgmenk. FTery careful 
attention must he paid to  the standard I a m p  and also, ss the 
readings are black body readings, it h necessary that the same 
precaukions ahouEd be observed as to focussing, &C., aa in the 
50kal radiation pjmmetem previously mentioned. 



This hype of pyrometer depends on Ghe fact that certain 
 did^ MSY 338 obtained which have progr&\-e -enelting poi~~ts, 
and if rs number of thew be placed in a furnace and are obserred 
whilst in the furnace, some nlay be see11 to hare been unaffected, 
and others to haw undergone fusion to  a more or less e-dent. 
The tenlperature of the furnace is then known to be higher 
than meIting point of the Iast solid melted, nnd lower than that 
of the first which has remained intact. The accuracy of the 
temperature determination depends of coum on the interval 
between the successi~e melting points of the materials used. 
This method was foreshadowed by 1Vedgwood for use in the 
pottery kilns hut in his case no attempt was made t o  measure 
ternpercttures pua such but only comparative results were needed. 

In 1886 Segar in Berlin produced a series of silicates haring 
progrewive meIting points, and by ~ a y i n g  the composition he 
produced materials having melting points r q i n g  from 1 ,890QC. 
to  590°C., the internal between succemive co~npositions being 
from 20 t o  3OWC. These materials were made up into triangular 
pyramids 5 c m .  high with a trhnguIar base of side 1 -3  ems. 
When a krst is being conducted p.mmids are selected ha~ing 
melting points near to the required temperature. These are 
inserted in the furnace standing on a slab of refractory material 
and am watched through a sighting hole, the temperature of 
the furnace being estimated from obsemakia~~ of the cones. AV 
the cones are stamped with B. distinguishing number on the 
base so &hat they can he recognised md their melt@ points 
mav be hken from the table sunulied. 

I I 

' T h e  cones are of great uuse when it is required to raise the 
temperature: of the furnace to a definite amount, and then 
t o  remove the work or cool the furnace. But aithout a lam 
expenditure of cones they are not mitable for use in a £urn%& 
wbich is required to be kept at a constant ternpemture. 

Another form d t h m  pprnetam a m  the " Sentinel " 
Pyrometers produced by BrearIey of Shefield. Thew consist 
of cylinders about 1 inch long by 2 inch in diameter made of 
sdk on definite melting points which collapse entirely on 
reaching their melting points. These cones may be found in- 
valuable in the hands of untrained workmen, and as an instance 
of their use may be given the case of the heat treatment of 
shells, where it is  found by experience that they -xiU harden 
satisfmtorjly between two lhits of temperature. In this case 
one Sentinel of the higher melting pint may be issued to the 
furnace man who has orders on no mcount to let his furnace 
rim to auoh a height as to melt the upper Sentinel ; whereas 
one Sentiael of the lower h i t  meIt.hg is placed inside each 
 hen and .thh has to be seen to melt before the shell is remo~ed 
from the furnace. In thk way it is em11ped that each shell 
is heated sufficiently high wihhout overheating. 
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