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Temperature measurements

Typical devices used, which are characterized by (among other features)
specific resolution, accuracy, measuring range, response time, etc:

o Thermometers

o Thermocouples

o Resistance-temperature detectors
o Thermistors and IC sensors

o Pyrometers and infrared thermometers
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Thermometers

Liquid-in-glass thermometers

Scale etched
on glass

Estimate of a correct reading:

T=T,.+kn(T,-T,)

= Corrected temperature

T =Corrected temperat
= Observed temperature

T, = Observed temperat

T1 = bath temperature at total immersion
= ambient temperature

T, bient temperat

Kk = differential expansion coefficient
between liquid and gas

N = number of scale degrees
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Response time of a system (e.g., thermometer)
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Response time of a system (e.g., thermometer)

Control volume

‘_E,b' HOOHESTERNXUSA

Bulb sensor
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Response time of a system (e.g., thermometer)

Conservation of energy:

dE
E—@f

Control volume

dE -
—— = Energy storage within bulb

dt

Bulb sensor

(ﬁ = Rate of energy transferred by
convection
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Response time of a system (e.g., thermometer)
Concept to remember: time -constant

Conservation of energy: % = (ﬁ
t

(first order system)  —— MC, C(jj—-'l[- =h Ag[To - T(t)]

(solved in class) me, dT =T, - T(t)
hA dt

t
Temperature distribution: ~ T(t) =T, + [T(O) - T, ] e’

with 7 =6 time -constant of
hA this system
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Response time of a system (e.g., thermometer)

Example. For a bulb thermometer subjected to a step change input,
calculate the 90% rise time.

Define, from _TM-T, _ ;
previous model: () = T(0)- T, =€

Percentage response of a system is: [1- G(t)]3 100

t .
Therefore:  G=0.1=e! or L 2.3 toachieve 90% of

t ' the applied step
Note that for: t=¢ (i.e., onetime Toutn
constant T
-1 ) 52 T .L-TSE'I'IEGII
G=0.368=¢ 2 T
=29 ¥ Nofe:

or [1- G2 100=63.2% l H l-6'=0.632
Truum L, Time constant

%‘é PO% rise timaem Tox >



Thermoelectricity (thermocouples)

Two different metals (A and B)

are brought into contact T, (Junction )

If T,, T,the following
thermoelectric effects
might be observed:

. Seebeck

. Peltier, and

. Thomson effects
T2
(junction )

T
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Application: thermoelectricity (thermocouples)

Seebeck effect (reversible):

IS the generation of a voltage in a circuit made with two different materials,
or semiconductors, by keeping the junctions between them at different

temperatures
(Jjunction) _T, Seebeckds electromot.i
" T (emf) i or voltage is:
T2
dE,=°sdT Y E,=°f§dT,
B T
S = Seebeclscoefficient, [=] eV g
gcH
E.. 0 ™~ T, (junction )

( voltmeter )

Y TEC
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Application: thermoelectricity (thermocouples)

Thermocouple voltage versus temperature for reference junctions at 0°C
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Measuring junction temperature, T, (°C)
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Thermoelectricity (TECSs)

Peltier effect (reversible):

IS the generation of temperature difference between the junctions of
different metals as a results of an electrical current flow

(junction) _T,
r- N

/ Peltierds heat rate

T =cpl [HlWats,
A
or p = Peltier scoefficien, [=][V]
B

T,
( junction )
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Application: thermoelectric coolers (TECS)

Cutaway of a solid-state
laser diode

Thermo-
Electric Laser Collimating
Cooler Diode Lens System

Laser
Housing

Housing  Heat Sink Anamorphic Shutter
Vents Prism System

Laser diode packages
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Thermoelectricity

Thomson effect (reversible):

IS the the heating or cooling of a current-carrying conductor with a
temperature gradient

( A temperature gradient is maintained )

. : Th 0 h t
T, (junction ) omsonos e a

dd—?r =°¢IDT [=][Watt],
!t = Thonmson'scoefficien.

Thomsonobds e mf:

E, =° ffdT,

LE
( junction)

JO\“T—"‘C‘
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Thermoelectricity

The Peltier and Seebeck coefficients are related by the
Thomson relation, given as: p =sT (T expresseth absolutedegree$

(junction) _T,

’~/

. Seebeck emf: caused by the
junction of different materials

A

. Peltier emf: caused by a
or current flow in the circuit, and
B . Thomson emf: results from a

temperature gradient

T,
( junction)
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Resistor temperature detectors (RTDs)

Principle of operation: changes
function of temperature

MEMS resonator with a Pt RTD
MEMS resonant frequency as a

55"“ function of temperature
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Figure 5: Resonant Frequency vs. Ambient Temperature. A

Ref. Hopcroft et al., MEMS 2006 single heating and cooling cycle is plotted. Each point on
the graph is actually a cluster of 50 measurements taken at
that temperature.
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Quartz thermometers

Principle of operation:
changes of nnat
frequencyo of
as a function of temperature

Accuracy as high
as° 0.040 C

Ref. Beckwith at al., 2007
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