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Table 1 .... Measurement of Temperature
- Now Mecssrement Means Application Range, F Procision, F Limitations
1 Glam-stem thermometers
Mercury-glass thermometer Temp of gases and liquids by contact | —38/575 Less than | In uracy af.
& meter . —100/100 0.1 to 10 fec!ed by mdutmn
Pen meters « ~~200, - “

Jena or quarts mercury nitrogen
thermometers

2 Gas thermometer

:ﬂuzumwmdcmbh

4 Thermocoubl
Pt-Pt-Rh th R d for_th

Hl@h cost; accuracy af.
fected by nd.u!.w{ in

. Chromel-alumel thermocouple
Iron-constantaii- thermoew le

5 Beckman thermometers

For differential ﬂemp in
,(mztubtu:)

’ For mtenn y of narrow
of high temp rndntwn

nﬁan (nmm )_ L

« 1|, General testing of high temp; remote U lo2200
ra.pxdrmdmgnbyduecteo' ¢ ’

Copper eonmnu.n thermoeouplc game as above, especially umted for Up w

‘uomumghssfzmwﬂmo

For mwnsxty of ul high temp radi-

Appmx tgmp (wn.hm u:mp source);:|:

High cost; also, requires
expens:ve measuring ds-

.. Iea:aqcumtcthuu:bova

g Bubject to Gxidation, -

.1 Must be set for tex f.o
N n | mp |

aame
bé m
- Tlme lag, '.nble l:or

remote . use;

. ~Caut.mn -must ‘be - exer:
so that installation

+1'peree.n‘ C t v )
Extremely\ _For laboratory use only

vpenmma equi].lbnum with the surrmmdmg ﬂmd In; mdmg
a t.bermnmgter, the eye should be at t.he same Izve! the top

whxch xt is ; desived to observe the tempemtum Tn pmctwe it
#i8 duu'nble to ut.l.lmeemf to indicate lexnpemt.ure bemuse, ut
“emall or zero current flow, the resistance of the “circuit is tme
-important. A-high 1 remsta.nee millivolt metér is'useful in some
«casesibut the potenhumewr yields, better results. In the po-
- tentd ~the el i fom ted by the thermo-

muplm is balanwd against an’ electromotive force from the

-battery; so that ob&mtlons are made with no flow of cur-

'soldenng, wddmg or merely by twlstmg le:
thermo-;unchon is formed An electmmotzve foma whmh de—

peids upo of ithe j 'is found to'éxist
bef.weenu:emyes Whent.hewuesm joined at twopoints
a ther ple circuit is fi d:'If one junction is'kept at a

{&fipefaturs’ différént’ from ithe.other, an electric -ciirrent
‘flows through: the. cu'cult diie to’ the dxﬂerenoe in eml devel—
oped by* t.be two i This’
mperat in therm systems, one
di y-kept'at 3

. ‘being
in an ice bath, while the ot.her junction is placed ata pomt.at
Lhe

-rent through, the thermocouple circuit. A conventional ar-
rlmgement is illusteated in Fig. 1. The theimiocouple leads
A-B ‘are so connected that their polarity opposes that of bat-
tery C..If the pusho of E on the graduated shde wire rtheo-
.stat D, d ‘until gal ter G shows no current
ﬂawmg
erated by the thermoouuple T order ‘to calibrate the instru-
jment,: sth.ch S is (.ln'vwn over to, the 'standard, cell circuit
while rh R is adjusted so that the galvs te

“standard cell st DH.°

b

stta.nce ‘DE wl.ll md:ca&e directly the voltage gen- °

ghows .
zero current. Battery C then exerts the known vulza,ge of the

¥
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heostat D-F (Ylg 1) for zero cun'ent
The act of adlustms r ey

lﬂ,;':ut;ogrummts of both the indicating a.nd recording
are on the market. They usually contain an automati-
fypes ting cold junction to avoid the use of an ice

ﬁ oo special thermocouple wire is furmshed with them

{m&t.hc;:;w of mtenals for t.hermocouple wire )s deter-

d by the temperature to be measured, the protection
from carrosion afforded the couple, and the .precision and
service life In general, copper va. constantan is
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Thermocouples in parallel,: baving-the similar.metals of a
aumber of couples connected mgether and run t0 a common
cold junction, will cause an.indk
which is the true average emf only if tbe electna:l rwsr.a.nws
of the parallel circuits are the same.™
_ The thermocouple is_particularly useful in detenmmng a
urface temp It may be hed to.a metal surface
in any of seveml ways, For permanent installations, solder-
ng, brazmg or peemng may be dmmble‘ A small hole is
drilled_for the peening op ; the ther le is_in-
senadandthemeuhspeenedtorefamlt Tlmfutthattha
ther ple is in electric contact with the surface is unim-

forwmpemuumupmeF iron ve. up
ﬁni‘;;F and chroinel vs. dlumel'up to 2200 F- Higher ‘tem-
tures mquu‘e '.he use of noble metal thermocouples (plati-
mﬂr dditi tof.hehlghermxhnl

- .S -

Fig. 1....Basic Circvit and G ions for T couple
and Potentiometer et

cost of a noble metal couple, it does not develup as high an
emf as the base metal couples do. Impurities make large dif-
fm in the performance of thermocouple wires and for
this reasor calibfation of samples from each spool.of wire is
essentisl for precise work. Data on wire can: usually be ob-
tained from the manufacturer.

With a suitable potentiometer, small wum serve as well for

thermocouples as large ‘ones, and the’ fineness of- the wires is
limited_only by ideration of h t| h and

convenience in handling’ Small “couples respund ‘more -

promptly to changes in and are less affected by
radiation than large ones. Heavy gage couples, huwever,
necessary for high wmperamre work where corrosion of the
wire i3 a problem. For-use in huuad air or gass thermo-
couples are often shielded,’ as are t and aspx-
rated thermocouples are i used.- An ar
has been described for avoiding error due to radiation. It in-
volves the use of several thermocouples of different wire sizes,
the true ¢ being estimalted by. extrapolation: of
readings-‘to zero diameter® : - "3

By the use of thermocouples, temperatures at remote points
may be indicated or recorded on convement.ly located instru-
“ments, and t es may be obtained' within thin mate-
rials, narrow spaces, or otherwise inaccessible locations. .

Thennoecuplg in series; wnb every nltemw juncuon

ad emf
which, when d.mded by the‘number "of c.ouplm, gives the
average emf corr to theé t
This series ar of ther . pl oﬂen called‘a

th

pile, can have a.ndlsu.mfulmdo-
'echngverysmllchangmmwmpemm NoRtE]

poftant in usuxl ‘cireuits. For umponu'y zu—nmgements cot-
plesmaybe ttach d by means of or tape:
For boxler orf furnace surfaces, furnace cement serves very,
well. To tinimize !.he possibility of error due to heat eonduo—
tion along’ "the wires, a surface thermocouple should be nmde
of fine wites; and the wires should be held in close contact
with'thé surface for an inch or so from the junction. Electri-
cal insulation between the wires must be periect exeept at
the junction.

Resistance Thermometers

" Resistancé’ thermometers depend for their oper&hon upon
the change of electnc resistance of metal with change in tem-
Thé with rising tem-
perature. Their use’ latgely para.llels that of thermocouples,
although rmdxngs tend to be unstable above 950 F. Two-lead
are not ded, since they do
not permit oonecuon for lead resistance. Three leads to each-
resistor are y to obtain cc
A typical circuit used by several manufacturers'is shown
in Fig. 2. Inthxsdwgnadxﬂ’erenﬂalm]vanomewnsused in
which coils L and H exert opposing forces on-the indicating'
needle. Coil' L is in series with the thermometer resistance
AB, and coil H is in series with the constant resistance R. As
the ture falls, the ce of ABd allowing
momwrmnthﬂowthmugheod L than through coil H. Thm
causes an increase in the force exerted by-coil L, pulling the
needle down to a lower readmg Likewise, as the temperature
rises the resistance of AB increases, causing less currens- to
flow through'coil L than through.coil H. This forces the in-
dlcahngneedlemahlghermdmg RheosmtSmustbead—
justed donally to tain a° flow of current. -
As d to the ther le, the resi ther-
mometer does not- require a cold’ junction, and ‘it, can be
simply- scaled for more accurate measurements; but, gen”
erally because of its construction it i more oosﬂy and is
apt to have considerable lag. It:gives -best ‘results: when'

crae o A CTonEeE

h Fig.; 2_....i'ypiccl Resi‘.s'tancre, -Themme'er‘_




