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A 

Absolute Seebeck coefficient, 246 
calculation, 17 

Absolute Seebeck emf, 5, 8-9, 246 
across homogeneous nonisothermal 

segment, 9 
Absolute temperature, 246 
Absolute thermoelectric Seebeck emf, 

38 
Absolute zero temperature, 246 
Accuracy, 246 
Adiabatic recovery factor, fluids, 173 
Aluminum, freezing point, 271 
Annealing 

optimum temperature, 145 
wire, 144-145 

ANSI, 246 
Argon, triple point, 270 
Asbestos, 90 
Assemblies 

with protecting tubes, 101 
using quick disconnect connectors, 

102 
ASTM E 77 156 
ASTM E 207. 
ASTM E 220. 
ASTM E 230. 
ASTM E 235 
ASTM E 452 
ASTM E 563 
ASTM E 585 

141,161 
141,154 
189-190,237 
113 
141 
141 
109, 117 

ASTM standards, 258-259 
Attachment methods, 177 
Average, 235 

B 

B, thermocouple type, 145, 189 
applications, 48 
emf-temperature reference, 192t- 

193t 
polynomial coefficients, 208t 
Seebeck coefficients, 46t 

Bare wire junction, 117, 121 
Base-metal thermocouples, calibration, 

155-156 
Bead, 14, 246 
Bias, 236, 246 

Type K wire, 238-239 
Binary systems, minimum melting 

temperatures, 84, 85 

C 

Calibration, (see also International 
Temperature Scale of 1990), 
141-167, 246 

base-metal thermocouples, 155-156 
drift, 246 
emf measurement, 145-146 
fixed installations, 156-158 
general methods, 147-148 
high temperature standards, 144 
homogeneity, 146-147 
initial tolerances, 190, 191 
interpolation methods, 158-163 
noble-metal thermocouples, 153-155 
point, 247 
reference thermometers, 142, 144 
secondary fixed points, 143 
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shift, 247 
single thermoelement materials, 161, 

163-167 
emf indicator, 165-166 
measuring junction, 165 
procedure, 166-167 
reference junction,. 164-165 
reference thermoelement, 164 
test specimen, 163-164 
test temperature medium, 165 

stirred liquid baths, 156 
uncertainties, 148-151 

envelope determination, 158, 161 
using comparison methods, 150-

151 
using fixed points, 149-150 

using comparison methods, 153-158 
using fixed points, 151-152 

CCT, 247 
Celsius temperature scale, 247 
Centigrade, 247 
Ceramic insulators, hard-fired, 93, 95-

96 
Ceramic tubes, use temperatures, 98 
"Cermets", 98 
Certify, 247 
Characterize, 247 
Chromel 3-G-345-Alumel 3-G-196 

thermocouple, 77-78 
CIPM, 247 
Circuit complexity, 27 
Circuit model, 4-5 
Coaxial thermocouple, 247 
Cold junction (see Reference junction) 
Compensating extension leads, 25-26, 

247 
Computer based data acquisition 

systems, 131 
Connection head, 247 
Convention, 247 
Cryogenics, 214-232, 247 

materials, 215-216 

thermocouple pair sensitivity, 215-
216 

wire, 238-240 

D 

Data acquisition systems, 131 
Dataloggers, 131 
Decalibrate, 247 
Defining fixed point, 247 
Deflection millivoltmeters, 125-126 
Degree, 247 
Degrees of freedom, 236-237 
Differential thermocouple, 248 
Digital voltmeters, 126 
Dissimilar materials, 248 

E 

E, thermocouple type, 189 
applications, 47 
emf-temperature reference tables, 

194t-195t 
polynomial coefficients, 208t 
as reference thermometer, 144 
Seebeck coefficients, 46t, 215, 217t-

220t 
thermoelectric voltage, 217t-220t 

Electrical compensation, reference 
junctions, 136-138 

Electrical conducting material, 248 
Electromotive force (emf), 248 

indicator, calibration, 165-166 
measurement, calibration, 145-146 

Entropy, change, 36 
EP, thermocouple type 

Seebeck coefficient, 229t-232t 
thermoelectric voltage, 229t-232t 

EPT-76, 274t-276t, 277 
Error, surface temperature 

measurement 
determination, 181-183 
minimization, 183 
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Error sources, 20-21 
extension wires, 54-55, 58-59, 62 
ideal thermocouple assembly, 21-22 
nominal base-metal thermocouple 

assembly, 22-25 
precious-metal thermocouple 

assembly with improper 
temperature distribution, 25-28 

reference junctions, 138-139 
Exposed junction, 117, 121 
Extension lead 

in electricity, 248 
error, 248 
in thermoelectric thermometry, 248 

Extension wires, 51, 54-55, 58-62 
advantages, 51, 54 
categories, 54 
design, 99-100 
disparity in thermal emf, 54-55 
error sources, 54-55, 58-59, 62 
insulation, color codes, 91, 93t-94t 
types, 60t-61t 

Fahrenheit temperature scale, 248 
Fiber glass, 90 
Fibrous silica, 90 
Fixed installations, calibration, 156-

158 
Fixed point, 248 

reference, 248 
Fixed reference temperature, reference 

junctions, 133-136 
Fluids, temperature measurement, 

169-175 
recovery, 172-173 
response, 169-172 
thermal analysis, 173-175 
thermowells, 173 

Freezing point, 248 
calibration using, 151-152 

Functionally equivalent form, 20 

Fundamental law of thermoelectric 
thermometry, 8-10 

corollaries, 10 

Gallium, freezing point, 271 
Galvanic error, reference junctions, 

139 
Gas thermometer, 264-266 
Gaussian distribution, 235 
Geminol thermocouple, 75 
Gold thermocouples, 81-83 
Graduate, 248 
Ground, 248 
Grounded junction, 121,248 

H 

Hard-fired ceramic insulators, 93, 95-
96 

Heads, 100 
Helium, as thermometric gas, 264-266 
Homogeneity 

calibration, 146-147 
thermoelement, 8 

Hot junction (see Measuring junction) 
Hydrogen, triple point, 266-272 

Ice point, 249 
automatic, 136 
reference junctions, 133-135 

Ideal assembly, 21-22 
Immersion error, reference junctions, 

138 
Incidental junction, l4, 249 
Indicator, calibration, 24-25 
Indium, freezing point, 271 
Inhomogeneity, 249 

thermoelement, 11 
Instability, 249 
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Installation, fluid temperature 
measurement, 173-175 

Insulation 
characteristics, 92t, l i l t 
chemical deterioration, 91 
color codes, 91, 93t-94t 
flexible, 90 
hard-fired ceramic, 93, 95-96 
maximum temperature, 90 
moisture resistance, 88-89 
nonceramic, 88-93 
resistance, 249 
sheathed, compacted, ceramic-

insulated thermocouples, 110-
112 

Interface, 14 
Interlaboratory comparison test, 249 
International Practical Temperature 

Scaleof 1948, 249, 273, 276 
International Practical Temperature 

Scale of 1968, 249, 274t-276t 
International Temperature Scale of 

1927, 273 
International Temperature Scale of 

1948, 273 
International Temperature Scale of 

1990, 141-142, 249, 260-272 
defining fixed points, 143t, 264t 

pressure effects, 265t 
helium vapor-pressure temperature 

equations, 262, 264 
platinum resistance thermometer, 

266-272 
principles, 261-263 
triple point of neon, 264-266 
units, 261 

Interpolation methods, calibration, 
158-163 

Intrinsic thermocouple, 249 
IPTS {see International Practical 

Temperature Scale) 
Iridium-rhodium thermocouples, 68-

70, 7 It 
Iridium thermocouples, 68-70, 7It 

Iron/constantan thermocouple, 
calibration, 158-160 

Isolated junction, 121,249 
Isothermal, 249 
ITS-90 {see International Temperature 

Scale of 1990) 

J, thermocouple type, 189 
applications, 46-47 
emf-temperature reference tables, 

196t-197t 
polynomial coefficients, 209t 
Seebeck coefficients, 46t 

Joint, 249 
Junction, 249 

class, 249 
incidental, 14 
measuring, 13-15 
real, 14 
reference, 14, 20 
style, 250 
thermoelement endpoints, 14-15 
virtual, 15 

Junction-temperature/circuit position 
plot, 22-23 

K, thermocouple type, 190 
applications, 47 
Chromel 3-G-345-Alumel 3-G-196, 

77-78 
emf-temperature reference tables, 

198t-199t 
polynomial coefficients, 209t 
Seebeck coefficients, 46t, 215, 225t-

228t 
thermoelectric voltage, 225t-228t 
Tophel II-Nial II, 75, 77 
voltage drop compensation, 180 

Kelvin, 250 
relations, 36-38 
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KP, thermocouple type 
Seebeck coefficients, 215, 229t-232t 
thermoelectric voltage, 229t-232t 

KITS, 250 

Laboratory furnaces, calibration, 153-
156 

"Law" of homogeneous metals, 33 
"Law" of intermediate metals, 33 
"Law" of successive or intermediate 

temperatures, 33 
Leads, 250 
Least-square line, 237 
Linearization 

overall, 174 
stepwise, 175 

Liquid-in-glass thermometer, 144, 
250 

Loop resistance, 250 

M 

Matching extension leads, 250 
Material gradient, 248 
Materials 

cryogenics, 215-216 
inappropriate pairings, 26-27 

Mean, 235 
Measurements (see a/^o Output 

measurements) 
error, surface temperature 

measurement, 175-176 
standard, 250 
uncertainty, 250 

Measuring junction, 13-15, 250 
calibration, 165 
surface temperature measurement, 

176-178 
Mechanical reference compensation, 

reference junctions, 138 
Melting point, 250 

calibration using, 152 

Mercury 
contaminated, reference junctions, 

139 
triple point, to gallium melting 

point, 272 
Metal-ceramic tubes, 98 
MilT12124, 113 
MIMS, 250 

N 

N, thermocouple type, 190 
applications, 47-48 
emf-temperature reference tables, 

200t-201t 
polynomial coefficients, 210t 
Seebeck coefficients, 46t 

Naming convention, 16-17 
NBS, 250 
Neon, triple point, 264-266 
Net Seebeck emf, 15,251 
Nickel chromium alloy thermocouples, 

74-75, 76t, 77-78 
Nickel-molybdenum thermocouples, 

78-79, 80t 
NIST, 251 
Noble-metal thermocouples, 

calibration, 153-155 
Nominal base-metal thermocouple 

assembly, 22-25 
Nonceramic insulation, 88-93 
Normal distribution, 235 

O 

Onsager relations, 38-39 
Open-circuit emf, 251 
Output measurements, 125-131 

data acquisition systems, 131 
deflection millivoltmeters, 125-126 
digital voltmeters, 126 
potentiometers, 126-129 
reference junction compensation, 

130 
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temperature transmitters, 130-131 
voltage references, 129-180 

Ovens, constant temperature, 135-136 
Oxygen, triple point, 270 

Palladium thermocouples, 65-67 
Pallador I, 73-74 
Pallador 11, 74 
Peltier coefficient, 251 
Peltier cooler, 126 
Peltier effect, 251 

discovery, 30-31 
Peltier em{(see Seebeck emf) 
Peltier heat, 251 
Permanent installations, surface 

temjjerature measurement, 176 
Perturbation error, 181 
Pigtail leads, 251 
Planck radiation law, 272 
Platinel thermocouples, 71-73 
Platinum-cobalt thermocouple, 67-68 
Platinum-iridium thermocouples, 65-

66, 67t 
Platinum-molybdenum thermocouple, 

67-68, 69t 
Platinum resistance thermometer, 266-

272 
Platinum-rhodium thermocouples, 63-

64, 65t, 69-70 
Polynomial approximations, 208t-21 It, 

212 
Potentiometers, 126-129, 251 

circuits, 127-128 
theory, 126-127 
types, 128-129 

Precious-metal thermocouple 
assembly, with improper 
temperature distribution, 25-28 

Precision, 236, 251 
Precision index, 251 
Precision of the mean, 237, 241 

Primary reference standard, 251 
Primary standard thermocouple, 251 
Probe 

with auxiliary heater, 178-179 
surface temperature measurement, 

178-180 
types, 184-185 

Projected junction, 251 
Protectingtube, 87, 251 

choice factors, 95, 97 
selection guide, 100, 102t-107t 
use temperatures, 97-98 

1976 Provisional 0.5 K to 30 K 
Temperature Scale EPT-76, 
274t-276t, 277 

Pt-27, 251 
Pt-67, 251 

Qualify, 252 
Quick disconnect terminals, 122-123 

R, thermocouple type, 190 
annealing, 145 
applications, 48 
calibration uncertainties, 149t 
emf-temperature reference tables, 

202t-203t 
polynomial coefficients, 210t 
as reference thermometer, 144, 

148 
Seebeck coefficients, 46t 

Range, 252 
Real junction, 14, 252 
Recovery factor, fluids, 172-173 
Reduced diameter junction, 121-122 
Reference, 252 
Reference junction, 14, 132-139, 252 

automatic ice point, 135 
calibration, 164-165 
compensation, 130 
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constant temperature ovens, 135-
136 

electrical compensation, 136-138 
error, 252 

contaminated mercury, 139 
galvanic, 139 
immersion, 138 
sources, 138-139 
wire matching, 139 

extended uniform temperature zone, 
138 

fixed reference temperature, 133-
136 

ice point, 133-135 
mechanical reference compensation, 

138 
triple point of water, 133 
zone box, 137 

Reference tables 
equations used to derive, 212 
KP or EP versus gold-0.07 atomic 

percent iron thermocouple, 
thermoelectric voltage, and 
Seebeck coefficient, 229t-232t 

polynomial approximations, 208t-
211t, 212 

Type B thermocouples, emf-
temperature, 192t-193t 

Type E thermocouple 
emf-temperature, 194t-195t 
thermoelectric voltage and 

Seebeck coefficient, 217t-220t 
Type J thermocouples, emf-

temperature, 196t-197t 
Type K thermocouple 

emf-temperature, 198t-199t 
thermoelectric voltage and 

Seebeck coefficient, 225t-228t 
Type N thermocouple, emf-

temperature, 200t-201t 
Type R thermocouple, emf-

temperature, 202t-203t 
Type S thermocouple, emf-

temperature, 204t-205t 

Type T thermocouple 
emf-temperature, 206t-207t 
thermoelectric voltage and 

Seebeck coefficient, 221t-224t 
Reference thermoelement, calibration, 

164 
Reference thermometers, 142, 144 
Refractory insulating materials, 

thermal expansion coefficient, 
l i l t 

Refractory oxides, properties, 96t 
Refractory thermocouple, 252 
Regression analyses, 244-245 
Regression line, 237 
Relative Seebeck coefficient, 16, 252 

calculation, 17 
Relative Seebeck emf, 16, 252 
Repeatability, 252 
Replicate, 252 
Reproducibility, 252 
Resistance, thermoelements, 57t 

temperature and, 56t 
Resistance thermometers, 142, 144 
Resistor, temperature sensitive, 136 
Round-robin test, 252 
RX extension, 25 

S, thermocouple type, 145, 190 
applications, 48 
calibration uncertainties, 149t 
emf-temperature reference tables, 

204t-205t 
polynomial coefficients, 21 It 
as reference thermometer, 144, 

148 
Seebeck coefficients, 46t 

Screw terminals, 122-123 
Secondary reference standard, 253 
Secondary standard thermocouple, 

253 
Seebeck cell, 10 

pair of, 12-13 
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Seebeck characteristics 
absolute, 5-10 
relative, 11-18 

Seebeck coefficient, 6, 253 
absolute, 17, 246 
KP or EP thermocouple, 229t-232t 
relative, 16-17, 252 
in terms of Peltier or Thomson 

coefficient, 37 
thermocouple types, 46t 
thermoelements, 53t 
Type E thermocouples, 215, 217t-

220t 
Type K thermocouple, 215, 225t-

228t 
Type KP, 215 
Type T thermocouples, 215, 2211-

224t 
Seebeck effect, 34-35, 253 

discovery, 29-30 
Seebeck emf, 5, 253 

absolute, 5, 8-9, 246 
disparity in extension wires, 54-55 
indium-rhodium and iridium 

thermocouples, 70 
net, 15,251 
nickel-chromium alloy 

thermocouples, 74 
nickel-molybdenum and nickel 

thermocouples, 79 
platinel thermocouples, 72 
platinum-iridium and palladium 

thermocouples, 66 
platinum-molybdenum 

thermocouples, 68 
relative, 16, 252 
thermoelements, 58 
tungsten-rhenium thermocouples, 

81-82 
Seebeck inhomogeneity, 253 
Seebeck instability, 253 
Sensing element, 253 
Sensing element assembly, 87-89 

Separated junction, surface 
temperature measurement, 177-
178 

Sheathed, compacted, ceramic-
insulated thermocouples, 108-
124 

applications, 122, 124 
combinations of sheath, insulation, 

and wire, 112, 116t, 117 
compatibility of wire and sheath 

material, 116t 
construction, 108-110 
dimensions and wire sizes, 117 
installation, 123-124 
insulation, 110-112 
materials, 112-113, 114t-115t 
measuring junction, 117, 121-122 
outside diameter versus internal 

dimensions, 109 
parts, 108-109 
sheath, 112, 114-115 
terminations, 122-123 
testing, 113, 117, 118t-120t 
wires, 112 

Sheathed thermocouple, 253 
accuracy, 240t 
junction types, 178-179 
material, 253 

Sheathed thermoelement, 253 
Silver, freezing point 

platinum resistance thermometer, 

270-272 
range above, 272 

Similar materials, 253 
Specific heat of electricity, 32 
Standard, 254 
Standard deviation, 235-236 
Standard error of estimate, 244-245 
Standard platinum resistance 

thermometer (SPRT), 254 
Step response, 254 

time, 254 
Stirred liquid baths, calibration, 156 
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Superconductivity, 9 
Superconductor, 254 
Surface temperature measurement, 

175-185 
aerodynamic heating, 182-183 
attachment methods, 177 
commercial thermocouples, 183-

185 
current carrying surfaces, 180 
error 

determination, 181-183 
measurement, 175-176 
minimization, 183 
sources, 180-181 

installation types, 176 
measuring junctions, 176-178 
moving surfaces, 180 
permanent installations, 176 
probes, 178-180 
steady-state conditions, 181-182 
surface heated by radiation, 182 
transient conditions, 182-183 

Surface thermocouples, 183-185 

T, thermocouple type, 190 
applications, 45-46 
emf-temperature reference tables, 

206t-207t 
polynomial coefficients, 21 It 
as reference thermometer, 144 
Seebeck coefficient, 46t, 215, 22It-

224t 
thermoelectric voltage, 221t-224t 

Temperature {see also International 
Temperature Scale of 1990) 

difference, 254 
emf relationships, computation, 212 
gradient, 254 
high, compatibility problems, 84, 85t 
improper distribution, precious-

metal thermocouple, 25-28 

measurement uncertainty, 234-245 
average, 235 
bias, 236 
degrees of freedom, 236-237 
Gaussian distribution, 235 
general considerations, 237 
least-square line, 237 
mean, 235 
means and profiles, 240-241 
normal distribution, 235 
precision, 236 
precision of the mean, 237, 241 
probability paper, 242-243 
regression analyses, 244-245 
regression line, 237 
standard deviation, 235-236 
variance, 235-236 
wire calibration, 238-240 

multiordered response, 170 
ramp change, 169-171 
scale, 254 
sensor, response, 169-172 
step change, 170-171 
thermoelement resistance to change 

with, 56t 
transmitters, 130-131 
units, 261 
upper hmits for protected 

thermocouples, 44t, 45, 52t 
voltage determination form, 21-

22 
zone, 23-24 

boundaries, 13 
emf increments, 24 
extended uniform, reference 

junctions, 138 
Temperature sensitive resistor, 136 
Terminal blocks, 100 
Terminations, 87-88 

flexible connecting wires, 122 
sheathed, compacted, ceramic-

insulated thermocouples, 122-
123 
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Testing, sheathed, compacted, ceramic-
insulated thermocouples, 113, 
117-120 

Test temperature medium, calibration, 
165 

Thermal emf(i^e Seebeck emf) 
Thermal emf test, circuit diagram, 

163-164 
Thermal expansion coefficient, 

refractory insulating materials, 
l i l t 

Thermocouple, 4, 13, 254 
with different temperature 

distributions, 13-14 
extension wires, 60t-61t 
reference, 19 

Thermocouple assembly, 254 
Thermocouple cable, 254 
Thermocouple circuit, 254 

basic, 132-133 
thermometry, 18-19 

Thermocouple connector, 254 
Thermocouple gland, 255 
Thermocouple head, 255 
Thermocouple junction, 13 
Thermocouple material 

compatibility problems at high 

temperatures, 84, 85t 
primary, 26 

Thermocouple probe, 255 
Thermocouple style, 255 
Thermocouple types, {see also B, E, 

EP, J, K, KP, N, R, S, T), 189-
190, 255 

nonstandardized, 62-83 
Chromel 3-G-345-Alumel 3-G-

196 
thermocouple, 77-78 

geminol thermocouple, 75 
gold thermocouples, 81-83 
iridium-rhodium thermocouples, 

68-70, 7It 
iridium thermocouples, 68-70, 

71t 

nickel chromium alloy 
thermocouples, 74-75, 76t, 77-
78 

nickel-molybdenum 
thermocouples, 78-79, 80t 

palladium thermocouples, 65-67 
pallador I, 73-74 
pallador II, 74 
platinel thermocouples, 71-73 
platinum-cobalt thermocouple, 

67-68 
platinum-iridium thermocouples, 

65-66, 67t 
platinum-molybdenum 

thermocouple, 67-68, 69t 
platinum-rhodium thermocouples, 

63-64, 65t, 69-70 
Thermo-Kanthal special 

thermocouple, 75 
Tophel-Nial thermocouple, 75, 77 
tungsten-rhenium thermocouples, 

78-82, 83t 
standards, 43-45 

Thermodynamics, 36-39 
Thermoelectrically homogeneous 

material, 8 
Thermoelectric circuit, 255 

analysis, 18-28 
elementary, 11-12 
traditional "laws", 33-34 

Thermoelectricity 
historic background, 28-32 
mechanisms, 34-36 

Thermoelectric power {see also 
Seebeck coefficient) 

in energy generation, 255 
Thermoelectric pyrometer, 255 
Thermoelectric thermometry, 255 

elementary theory, 32-39 
Kelvin relations, 36-38 
"laws" of circuits, 33-34 
mechanisms, 34-36 
Onsager relations, 38-39 

fundamental law, 8-10 
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Thermoelectric voltage 
Type E thermocouples, 217t-220t 
Type K thermocouple, 225t-228t 
type KP or EP thermocouple, 229t-

232t 
Type T thermocouples, 22 It-

224t 
Thermoelectric voltage source, 5 
Thermoelement, 13, 255 

endpoints, 14-15 
inhomogeneous, 11 
pairings, 13 

Thermoelement materials 
calibration, 161, 163-167 

emf indicator, 165-166 
measuring j unction, 164-165 
procedure, 166-167 
reference junction, 164 
reference thermoelement, 164 
test specimen, 163-164 
test temperature medium, 165 

properties, 48-58 
chemical composition, 49t 
designations, 48-49 
environmental limits, 50t-51t 
physical, 54t-55t 
resistance, 57 

resistance and temperature, 56t 
Seebeck coefficients, 53t 
thermal emf, 58 
upper temperature limits, 52t 

Thermojunction, 13 
Thermo-Kanthal special thermocouple, 

75 
Thermometry 

naming convention, 16-17 
thermocouple circuits, 18-19 

Thermopile, 255 
Thermopower (see Seebeck coefficient; 

Thermoelectric power) 
Thermowell, 87, 98-99, 255 

fluid measurement, 173 
Thomson coefficient, 31-32, 

255 

Thomson eifect, (see also Seebeck 
emf), 255 

discovery, 31-32 
Thomson heat, 256 
Time constant, 256 
Tin, freezing point, 271 
Tip solution, 174-175 
Tophel-Nial thermocouple, 75, 77 
Total temperature, 256 
TP/RN pairing, improper, 26 
Traceability, 20 
Transducing element, 256 
Triple point, 256 

argon, to triple point of water, 270 
equilibrium hydrogen, 266-272 

above freezing point of silver, 

272 
from 0° to freezing point of silver, 

270-271 
triple point of water, 269-270 

mercury, to melting point of 
gallium, 272 

neon,264-266 
to triple point of water, 270 

oxygen, to triple point of water, 
270 

water, 269-270 
reference junctions, 133 

Tungsten 
application problems, 80 
doping, 81 

Tungsten-rhenium thermocouples, 78-
82, 83t 

calibration uncertainties, 150t 

U 

Uncertainty, 256 
bias, 256 
calibration, 148-151 
definition, 236 
envelope, determination, 158, 161 
measurement, 24 
precision, 256 
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temperature measurement {see 
Temperature measurement 
uncertainty) 

Uncertainty envelope method, 160, 
162-163 

Ungrounded junction, 121 
Unsheathed thermocouples, accuracy, 

238t 

Validate, 256 
Variance, 235-236 
Verify, 256 
Virtual junction, 15, 256 
Voltage, 256 

references, 129-180 

W 

Water, triple point, 133, 256, 269-
270 

Wire {see also Extension wires) 
annealing, 144-145 
cryogenics, 238-240 
homogeneity, calibration, 146-147 
matching error, reference junctions, 

139 
sheathed, compacted, ceramic-

insulated thermocouples, 112 

Zinc, freezing point, 271 
Zone box, reference junctions, 137 
Zone plate, 257 




