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Temperature Measurement



Temperature Measurement Sensors 

Thermocouple Temperature Measurement Sensors

Thermocouples consist essentially of two strips or wires made of 

different metals and joined at one end. Changes in the temperature at 

that juncture induce a change in electromotive force (emf) between the 

other ends. As temperature goes up, this output emf of the thermocouple 

rises, though not necessarily linearly. 

Resistance Temperature Devices(RTD)

Resistive temperature devices capitalize on the fact that the electrical 

resistance of a material changes as its temperature changes. Two key 

types are the metallic devices (commonly referred to as RTDs), and 

thermistors. As their name indicates, RTDs rely on resistance change in 

a metal, with the resistance rising more or less linearly with temperature. 

Thermistors are based on resistance change in a ceramic 

semiconductor; the resistance drops nonlinearly with temperature rise. 

Infrared Temperature Measurement Devices

Infrared sensors are noncontacting devices. They infer temperature by 

measuring the thermal radiation emitted by a material. 

Bare SH Thermocouple Temperature Measurement Sensor

F Series Resistance Temperature Device (RTD) Elements Thin Film Platinum

OS532 Infrared Temperature Measurement Device

http://www.omega.com/pptst/BARE_SH_DH_OV_ELEMENTS.html
http://www.omega.com/pptst/F1500_F2000_F4000.html
http://www.omega.com/pptst/OS532_533_534.html
http://www.omega.com/pptst/BARE_SH_DH_OV_ELEMENTS.html
http://www.omega.com/pptst/F1500_F2000_F4000.html
http://www.omega.com/pptst/OS532_533_534.html


Bimetallic Temperature Measurement Devices

Bimetallic devices take advantage of the difference in rate of thermal expansion 

between different metals. Strips of two metals are bonded together. When heated, 

one side will expand more than the other, and the resulting bending is translated 

into a temperature reading by mechanical linkage to a pointer. These devices are 

portable and they do not require a power supply, but they are usually not as 

accurate as thermocouples or RTDs and they do not readily lend themselves to 

temperature recording. 

Fluid-Expansion Temperature Measurement Devices

Fluid-expansion devices, typified by the household thermometer, generally come in 

two main classifications: the mercury type and the organic-liquid type. Versions 

employing gas instead of liquid are also available. Mercury is considered an 

environmental hazard, so there are regulations governing the shipment of devices 

that contain it. Fluid-expansion sensors do not require electric power, do not pose 

explosion hazards, and are stable even after repeated cycling. On the other hand, 

they do not generate data that is easily recorded or transmitted, and they cannot 

make spot or point measurements. 

Change-of-State Temperature Measurement Devices

Change-of-state temperature sensors consist of labels, pellets, crayons, lacquers 

or liquid crystals whose appearance changes once a certain temperature is 

reached. They are used, for instance, with steam traps - when a trap exceeds a 

certain temperature, a white dot on a sensor label attached to the trap will turn 

black. Response time typically takes minutes, so these devices often do not 

respond to transient temperature changes. And accuracy is lower than with other 

types of sensors. Furthermore, the change in state is irreversible, except in the 

case of liquid-crystal displays. Even so, change-of-state sensors can be handy 

when one needs confirmation that the temperature of a piece of equipment or a 

material has not exceeded a certain level, for instance for technical or legal 

reasons during product shipment. 

AR DIALTEMP BiMetallic Temperature Measurement Device

GT 736000 Sereis Glass-Bulb Thermometers

TL-10 Change-of-state Temperature Measurement device

http://www.omega.com/pptst/A_R_DIALTEMP.html
http://www.omega.com/pptst/GT-736000_THERMOMETERS.html
http://www.omega.com/pptst/TL-10.html
http://www.omega.com/pptst/A_R_DIALTEMP.html
http://www.omega.com/pptst/GT-736000_THERMOMETERS.html
http://www.omega.com/pptst/TL-10.html


Thermocouple Probe

A thermocouple probe consists of thermocouple wire housed inside a metallic tube. The wall of the tube is 

referred to as the sheath of the probe. Common sheath materials include stainless steel and Inconel. Inconel 

supports higher temperature ranges than stainless steel, however, stainless steel is often preferred because of 

its broad chemical compatibility. For very high temperatures, other exotic sheath materials are also available. 

View our line of high temperature exotic thermocouple probes.

The tip of the thermocouple probe is available in three different styles. Grounded, ungrounded and exposed. 

With a grounded tip the thermocouple is in contact with the sheath wall. A grounded junction provides a fast 

response time but it is most susceptible to electrical ground loops. In ungrounded junctions, the thermocouple is 

separated from the sheath wall by a layer of insulation. The tip of the thermocouple protrudes outside the sheath 

wall with an exposed junction. Exposed junction thermocouples are best suited for air measurement. 

Thermocouple 

Beaded Wire Thermocouple

A beaded wire thermocouple is the simplest form of thermocouple. It consists of two pieces of thermocouple 

wire joined together with a welded bead. Because the bead of the thermocouple is exposed, there are several 

application limitations. The beaded wire thermocouple should not be used with liquids that could corrode or 

oxidize the thermocouple alloy. Metal surfaces can also be problematic. Often metal surfaces, especially pipes 

are used to ground electrical systems The indirect connection to an electrical system could impact the 

thermocouple measurement. In general, beaded wire thermocouples are a good choice for the measurement 

of gas temperature. Since they can be made very small, they also provide very fast response time.

Thermocouple Tip Styles

Grounded 

Thermocouple

Ungrounded 

Thermocouple

Exposed 

Thermocouple

http://www.omega.com/toc_asp/subsectionSC.asp?subsection=A06&book=Temperature


TJ36 Series:Rugged Transition Joint Thermocouple Probes

(*)TSS-HH Series:General Purpose Miniature Thermocouple Probes with Miniature Connector

TJ36-XCIB Series:Rugged Thermocouple Transition Joint Probe with Inconel® 600 Braid over Nextel Ceramic-Insulated Lead Wire

DRTB Series Thermocouple Terminal Blocks:DIN Rail Mount Thermocouple Terminal Blocks with Audit Capable Female Connector

GG-J, HH-J,  TG-J, TT-J FF-J, PR-J, XC-J, XT-J,XL-J, XS-J Series : Thermocouple Wire - J Type, Duplex Insulated

GG-T, TG-T, TT-T FF-T, PR-T Series:Thermocouple Wire - T Type, Duplex Insulated

TT-(*)-TWSH, FF-(*)-TWSH, EXPP-(*)-TWSH and EXFF-(*)-TWSH:Twisted/Shielded Thermocouple Wire and Extension Wire

Thermocouple แบบ Probe และ แบบสาย ต่างๆ

TT, KK, TG, GG Fine Wires:Fine Wire Duplex Insulated Thermocouple Wire

http://www.omega.com/ppt/pptsc_lg.asp?ref=TJ36-ICIN&Nav=
http://www.omega.com/ppt/pptsc_lg.asp?ref=JTSS-HH&Nav=
http://www.omega.com/ppt/pptsc_lg.asp?ref=TJ36-XCiB_chb&Nav=
http://www.omega.com/ppt/pptsc_lg.asp?ref=DRTB&Nav=
http://www.omega.com/ppt/pptsc.asp?ref=XC_J_TC_WIRE&nav=
http://www.omega.com/ppt/pptsc_lg.asp?ref=GG_T_TC_WIRE&Nav=
http://www.omega.com/ppt/pptsc_lg.asp?ref=TT-J-TWSH&Nav=
http://www.omega.com/ppt/pptsc_lg.asp?ref=FineWire_DupInsul&Nav=




Thermocouple



Thermocouple



Thermocouple



Thermocouple



Thermocouple



Thermocouple



Thermocouple

Law of intermediate metal 



Thermocouple

External reference junction no ice-bath 
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PT100 Platinum Resistance Thermometers

Platinum resistance thermometers (PRTs) 

Offer excellent accuracy over a wide temperature range (from -200 to +850 °C). Standard Sensors are are 

available from many manufacturers with various accuracy specifications and numerous packaging options to suit 

most applications. Unlike thermocouples, it is not necessary to use special cables to connect to the sensor.

The principle of operation is to measure the resistance of a platinum element. The most common type (PT100)

has a resistance of 100 ohms at 0 °C and 138.4 ohms at 100 °C. There are also PT1000 sensors that have a

resistance of 1000 ohms at 0 °C.

The relationship between temperature and resistance is approximately linear over a small temperature range:

for example, if you assume that it is linear over the 0 to 100 °C range, the error at 50 °C is 0.4 °C. For precision

measurement, it is necessary to linearise the resistance to give an accurate temperature. The most recent

definition of the relationship between resistance and temperature is International Temperature Standard 90

(ITS-90).

The linearisation equation is:

Rt = R0 * (1 + A* t + B*t2 + C*(t-100)* t3)

Where:

Rt is the resistance at temperature t, R0 is the resistance at 0 °C, and

A= 3.9083 E-3

B = -5.775 E-7

C = -4.183 E -12 (below 0 °C), or

C = 0 (above 0 °C)



CF-000-RTD, BT-000-RTD, CF-090-RTD and BT-090-RTD:Extruder RTD Probes, Compression Fitting and Bayonet Styles

5 Pack RTD Elements:OMEGA® Thin Film DIN Class  B Elements

RTD แบบ Probe และ Element ต่างๆ

1PT100FR, 1PT500FR,1PT1000FR, 2PT100FR 2PT500FR and 2PT1000FR:Platinum Resistance Temperature Detector

Ro = 100, 500, or 1000 Ω 

TFD : Thin Film Detector - Flat RTD Element

F3105, W2100, W2200, F3100, WS81:Thin Film RTD Elements

Image of Extruder RTD Probes

PRTF-12, PRTF-14, PRTF-18, PRTF-19  Series:Platinum RTD Sensors With Industrial Protection Heads

http://www.omega.com/ppt/pptsc_lg.asp?ref=CF-000_090_BT-000_090_RTD&Nav=
http://www.omega.com/ppt/pptsc_lg.asp?ref=5RTD-F3100&Nav=
http://www.omega.com/ppt/pptsc_lg.asp?ref=1PT100FR_RTD_ELEMENTS&Nav=
http://www.omega.com/ppt/pptsc.asp?ref=TFD_RTD&nav=
http://www.omega.com/ppt/pptsc_lg.asp?ref=F3105_3100_W2100_2200&Nav=
http://www.omega.com/toc_asp/subsectionSC.asp?subsection=C09&book=Temperature
http://www.omega.com/ppt/pptsc_lg.asp?ref=PRTF-12-14-18-19&Nav=


Resistance/Temperature Characteristics of Pt100

PT100 Platinum Resistance Thermometers



PT100 Platinum Resistance Thermometers

RTD measurement circuit:



Practical 2 Wire Bridge Circuits for RTD

The measuring current should be as small as possible to minimise sensor self-

heating; a maximum of around 1mA is regarded as acceptable for practical 

purposes. This would procedure a 0.1V drop in a Pt100 sensing resistor at 0C. 

The bridge circuit is applied for resistive sensor (especially small R) due to it can 

compensate error of extension wires (when apply 3-wire or 4-wire bridge).



Practical 3 Wire Bridge Circuits for RTD



RTD 4 Wire Circuit

Constant current source
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PT100 Platinum Resistance Thermometers

Voltage Divider circuit
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R R

V V
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R1= 100.0000 100.0000 100.0000 100.0000 100.0000

R2= RT = 100.0000 101.0000 102.0000 103.0000 104.0000

R3= 100.0000 100.0000 100.0000 100.0000 100.0000

R4= 100.0000 100.0000 100.0000 100.0000 100.0000

RL= 5.0000 5.0000 5.0000 5.0000 5.0000

Vi Volt = 10.0000 10.0000 10.0000 10.0000 10.0000

Vo Volt = 5.2381 5.2607 5.2830 5.3052 5.3271

RT 

measure = 110.0000 111.0000 112.0000 113.0000 114.0000

err = 10.0000 10.0000 10.0000 10.0000 10.0000

%err 10 9.90099 9.803922 9.708738 9.615385



PT100 Platinum Resistance Thermometers
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R1= 100.0000 100.0000 100.0000 100.0000 100.0000

R2= RT = 100.0000 101.0000 102.0000 103.0000 104.0000

R3= 100.0000 100.0000 100.0000 100.0000 100.0000

R4= 100.0000 100.0000 100.0000 100.0000 100.0000

RL= 5.0000 5.0000 5.0000 5.0000 5.0000

Vi Volt = 10.0000 10.0000 10.0000 10.0000 10.0000

Vo Volt = 0.2381 0.2607 0.2830 0.3052 0.3271

RL mea 110.0000 111.0000 112.0000 113.0000 114.0000

err = 10.0000 10.0000 10.0000 10.0000 10.0000

%err 10 9.90099 9.803922 9.708738 9.615385

R1= 100.0000 100.0000 100.0000 100.0000 100.0000

R2= RT = 100.0000 101.0000 102.0000 103.0000 104.0000

R3= 100.0000 100.0000 100.0000 100.0000 100.0000

R4= 100.0000 100.0000 100.0000 100.0000 100.0000

RL= 5.0000 5.0000 5.0000 5.0000 5.0000

Vi Volt = 10.0000 10.0000 10.0000 10.0000 10.0000

Vo Volt = 0.0000 0.0237 0.0472 0.0704 0.0935

RL mea 100.0000 100.9524 101.9048 102.8571 103.8095

err = 0.0000 0.0476 0.0952 0.1429 0.1905

%err 0 0.047148 0.093371 0.138696 0.18315

In case of apply 2 wire bridge circuit to archive RT : In case of apply 3 wire bridge circuit to archive RT :

PT100 Platinum Resistance Thermometers



PT100 Platinum Resistance Thermometers



PT100 Platinum Resistance Thermometers



PT100 Platinum Resistance Thermometers
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PT100 Platinum Resistance Thermometers



What is a thermistor?

 

A thermistor is a temperature-sensing element composed of sintered 

semiconductor material which exhibits a large change in resistance 

proportional to a small change in temperature. Thermistors usually have 

negative temperature coefficients which means the resistance of the 

thermistor decreases as the temperature increases. 

Accuracy

Thermistors are one of the most accurate types of temperature sensors. 

OMEGA thermistors have an accuracy of ±0.1°C or ±0.2°C depending 

on the particular thermistor model. However thermistors are fairly 

limited in their temperature range, working only over a nominal range of 

0°C to 100°C .

Thermistors

Low cost, Easy use

Type NTC or PTC 1k,3k, 5k, 10k, 20k, etc. (@25 oC)

220px-NTC_bead

150px-Thermistor

http://en.wikipedia.org/wiki/File:NTC_bead.jpg
http://en.wikipedia.org/wiki/File:Thermistor.svg


Types of Thermistors 

Thermistor Elements

The thermistor element is the simplest form of thermistor. Because of their compact size, 

thermistor elements are commonly used when space is very limited. OMEGA offers a wide 

variety of thermistor elements which vary not only in form factor but also in their resistance 

versus temperature characteristics. Since thermistors are non-linear, the instrument used to read 

the temperature must linearize the reading.

Linear Response Thermistor Elements

For applications requiring thermistors with linear response to temperature change, OMEGA 

offers linear components. These unique devices consist of a thermistor composite for 

temperature sensing and an external resistor composite for linearizing. 

Thermistor Probes

The standalone thermistor element is relatively fragile and can not be placed in a rugged 

environment. OMEGA offers thermistor probes which are thermistor elements embedded in 

metal tubes. Thermistor probes are much more suitable for industrial environments than 

thermistor elements.

44000 Series Thermistor Element

Linear Response Thermistor

TJ36 Thermistor Probe

http://www.omega.com/ppt/pptsc.asp?ref=44000_THERMIS_ELEMENTS
http://www.omega.com/ppt/pptsc.asp?ref=44200_44300_THERMIS_KITS
http://www.omega.com/pptst/TJ36-44004.html
http://www.omega.com/ppt/pptsc.asp?ref=44000_THERMIS_ELEMENTS
http://www.omega.com/ppt/pptsc.asp?ref=44200_44300_THERMIS_KITS
http://www.omega.com/pptst/TJ36-44004.html


Thermistors typically achieve a higher precision within a limited temperature 

range [usually −90 °C to 130 °C]. 

Thermistors

(Note : T- R function, normally adopt from manufacturer)

Thermistors can be classified into two types, depending on the sign of k. If k is 

positive, the resistance increases with increasing temperature, and the device is 

called a positive temperature coefficient (PTC) thermistor, or posistor. If k is 

negative, the resistance decreases with increasing temperature, and the device 

is called a negative temperature coefficient (NTC) thermistor. Resistors that are 

not thermistors are designed to have a k as close to zero as possible(smallest 

possible k), so that their resistance remains nearly constant over a wide 

temperature range. 

B parameter equation

NTC thermistors can also be characterised with the B (thermistor material constant ) 

parameter equation, which is essentially the Steinhart Hart equation as follows,

where the temperatures are in kelvins and R0 is the resistance at temperature T0 (usually 25 °C =

298.15 K). Solving for R yields:

or where

http://en.wikipedia.org/wiki/Positive_number
http://en.wikipedia.org/wiki/Temperature_coefficient#Positive_temperature_coefficient_of_resistance
http://en.wikipedia.org/wiki/Temperature_coefficient#Negative_temperature_coefficient


Thermistors
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R2 = R
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err = 10.00 10.00 10.00 10.00 10.00

%err 0.10 0.11 0.12 0.14 0.17



Thermistors

Thermistor 10K, B = 3548

Temperature, C
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Thermistors

Thermistor 10k Table Beta = 3890 

Thermistor 10K, B = 3890

Temperature, C
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Bimetallic Temperature Measurement Devices

Bimetallic Temperature Control



Bimetallic Temperature Measurement Devices

A  and R Series : DialTempTM, Bi-Metal Stem Thermometers, 3

AA, BB, JJ and LL Sanitary Bimetal Thermometers:Sanitary Bimetal Thermometers

Dial Gauge

http://www.omega.com/ppt/pptsc.asp?ref=A_R_DIALTEMP&nav=
http://www.omega.com/ppt/pptsc_lg.asp?ref=Sanitary_DialTemps&Nav=


Ex: How much will a 4 m-long copper rod expand when the

temperature is changed from 0 to 100°C?

Bimetallic Temperature Measurement Devices

Thermal expansion of metal



Bimetallic Temperature Measurement Devices



Bimetallic Temperature Measurement Devices (Dial Gauge)



Bimetallic Temperature Measurement Devices (Dial Gauge)



Fluid Expansion (Bourdon tube thermometer)

VA and GA Series : Vapor and Gas Actuated Thermometers, Panel  Surface Mount

Dial Gauge (Bourdon tube thermometer) 

http://www.omega.com/ppt/pptsc.asp?ref=VA_GA_GAS_THERMOM&nav=


Fluid Expansion



Flow Measurement

No Applied principle Measurement Devices Category

1 Fluid velocity Pitot tube

Ultrasonic, Laser Doppler

Hot wire

Insertion

Non-Invasive

Insertion

2 Pressure different Orifice plate

Flow nozzle

Obstruction

Obstruction

3 Fluid momentum

(force)  

Turbine

Paddle wheel,

Rotametor

Positive Displacement

Vortex

Insertion

Insertion

Insertion

Insertion

Insertion

4

Example often use flow measurement 



Flow Measurement

Pitot tube

<< Apply to measure air-craft velocity

Industrial Standard Pitot tube



Flow Measurement

Pitot tube



Flow Measurement

Pitot tube

(P1)



Flow Measurement

Pitot tube



Flow Measurement

Pitot tube



Flow Measurement

Pitot tube



Flow Measurement

Pitot tube



Flow Measurement

Ultrasonic



Flow Measurement

Ultrasonic



Flow Measurement

Ultrasonic



Flow Measurement

Pressure Differential Meter



Flow Measurement

Pressure Differential Meter



Flow Measurement

(10.8)

Pressure Differential Meter

Fig. 10.4



Flow Measurement

Pressure Differential Meter



Flow Measurement

Pressure Differential Meter



Flow Measurement

Pressure Differential Meter



Flow Measurement

Pressure Differential Meter



Flow Measurement

Square-edged orifice Meter



Flow Measurement

Pressure Differential MeterSquare-edged orifice Meter



Flow Measurement

Square-edged orifice Meter

Re
VD


=



Flow Measurement

Square-edged orifice Meter



Flow Measurement

Square-edged orifice Meter



Flow Measurement

Square-edged orifice Meter



Flow Measurement

Rotameter



Flow Measurement

Rotameter



Flow Measurement

Rotameter



Flow Measurement

Rotameter



Flow Measurement

Rotameter



Flow Measurement

Rotameter



Flow Measurement

Rotameter



Strain Measurement

220px-Strain_gauge

When external forces are applied to a stationary object, 

stress and strain are the result. Stress is defined as the 

object's internal resisting forces, and strain is defined as 

the displacement and deformation that occur. For a 

uniform distribution of internal resisting forces, stress 

can be calculated (Figure 2-1) by dividing the force (F) 

applied by the unit area (A):

Strain is defined as the amount of deformation per unit length of an object 

when a load is applied. Strain is calculated by dividing the total deformation 

of the original length by the original length (L):

http://en.wikipedia.org/wiki/File:Strain_gauge.svg


Strain Measurement

Definitions of Stress & Strain



Strain Measurement

StrainGaugeVisualization

Foil strain gauges are used in many 

situations. Different applications place 

different requirements on the gauge. In 

most cases the orientation of the strain 

gauge is significant.

Strain gauge based technology is utilized 

commonly in the manufacture of pressure 

sensors. The gauges used in pressure 

sensors themselves are commonly made 

from silicon, polysilicon, metal film, thick 

film, and bonded foil.

Digital Load Cell 

http://en.wikipedia.org/wiki/File:StrainGaugeVisualization.png
http://en.wikipedia.org/wiki/Pressure_sensor
http://en.wikipedia.org/wiki/Pressure_sensor


Strain  Measurement

Strain gauge is a resistive elastic unit whose change in resistance is a 

function of applied strain. 

GF
R

dR
.=

where R is the resistance, 

 is the strain,

and GF is the strain sensitivity factor of the gage material 

(GF, gage factor value normally is suppied by manufacturer)

A wire strain gage is made by a resistor, usually in metal foil form, bonded 

on an elastic backing. Its principle is based on fact that the resistance of a 

wire increases with increasing strain and decreases with decreasing strain, 

as first reported by Lord Kelvin in 1856.

4.1



Strain Measurement

Consider a wire strain gage, as illustrated above. The wire is composed of a 

uniform conductor of electric resistivity  with length l and cross-section area 

A. Its resistance R is a function of the geometry given by

A

l
R =




d
A

l
dA

A

l
dl

A
dR +−=

2

The resistance change rate is a combination effect of changes in length, 

cross-section area, and resistivity.



d

A

dA

l

dl

R

dR
+−=

4.2

4.3

4.4



Strain Measurement

Ex4.1 Determine the total resistance of a copper wire having a diameter of 

1 mm and a length of 5 cm. The resistivity of copper is 1.7x10
-8

 -m.



Strain Measurement

Ex4.2 A very common material for the construction of strain gauges is the alloy

Constantan (55% copper with 45% nickle), having resistivity of  49 x10
-8

 -m.

A typical strain gauge might have a resistance of 120 . What length of con-

Stantan wire of diameter 0.025 mm would yield a resistance of 120 .



Strain Measurement

When the strain gage is attached and bonded well to the surface of an object, 

the two are considered to deform together. The strain of the strain gage wire 

along the longitudinal direction is the same as the strain on the surface in the 

same direction.

4.5

However, its cross-sectional area will also change due to the Poisson's ratio. 

Suppose that the wire is cylindrical with initial radius r. The normal strain 

along the radial direction is,

4.6



Strain Measurement

Poisson Strain



Strain Measurement

The change rate of cross-section area is twice as the radial strain, when the 

strain is small.

4.7

The resistance change rate becomes

4.8



Strain Measurement

For a given material, the sensitivity of resistance versus strain can be 

calibrated by the following equation.

4.9

When the sensitivity factor S or Gauge Factor GF is given, (usually provided 

by strain gage vendors)  the average strain at the point of attachment of the 

strain gage can be obtained by measuring the change in electric resistance 

of the strain gage.

4.10



Strain Measurement

Measuring Circuits

In order to measure strain with a bonded resistance strain gage, it must be 

connected to an electric circuit that is capable of measuring the minute 

changes in resistance corresponding to strain. Strain gage transducers 

usually employ four strain gage elements electrically connected to form a 

Wheatstone bridge circuit (Figure 4.1). A Wheatstone bridge is a divided 

bridge circuit used for the measurement of static or dynamic electrical 

resistance. The output voltage of the Wheatstone bridge is expressed in 

millivolts output per volt input. The Wheatstone circuit is also well suited for 

temperature compensation.

In Figure 4.1, if R1, R2, R3, and R4 are equal, and a voltage, VIN, is applied 

between points A and C, then the output between points B and D will show no 

potential difference. However, if R4 is changed to some value which does not 

equal R1, R2, and R3, the bridge will become unbalanced and a voltage will 

exist at the output terminals. In a so-called G-bridge configuration, the variable 

strain sensor has resistance Rg, while the other arms are fixed value resistors.

The sensor, however, can occupy one, two, or four arms of the bridge, 

depending on the application. The total strain, or output voltage of the circuit 

(VOUT) is equivalent to the difference between the voltage drop across R1 

and R4, or Rg. This can also be written as:



Strain Measurement

Figure 4.1: Wheatstone Bridge Circuit Schematic



Strain Measurement

A strain gauge, having a gauge factor of 2, is mounted on a rectangular steel 

bar (Em = 200 x 106 kN/m2), as show on Fig 1. The bar is 3 cm. wide and 1 

cm high, and is subjected to a tensile force of 30 kN. Determine the resistance 

change of the strain gauge, if the resistance of the gauge was 120  in the

absence of the axial load.    



Strain Measurement

Apparent Strain

Apparent strain is any change in gage resistance that is not caused by the 

strain on the force element. Apparent strain is the result of the interaction of 

the thermal coefficient of the strain gage and the difference in expansion 

between the gage and the test specimen. The variation in the apparent strain 

of various strain-gage materials as a function of operating temperature is 

shown in Figure 4.2. 

In addition to the temperature effects, apparent strain also can change 

because of aging and instability of the metal and the bonding agent. 

Compensation for apparent strain is necessary if the temperature varies 

while the strain is being measured. In most applications, the amount of error 

depends on the alloy used, the accuracy required, and the amount of the 

temperature variation. If the operating temperature of the gage and the 

apparent strain characteristics are known, compensation is possible.



Strain Measurement

Figure 4.2: Apparent Strain Variation with Temperature



Strain Measurement

Fig 4.3 Bridge arrangements for temperature compensation



Strain Measurement
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Basic Op-Amp circuit

Operating Amplifier - Symbol

VS+

VS-

VS+

VS-

DV = 0

i = 0

i = 0

Ideal Op-Amp



Basic Op-Amp circuit

Comparator



Basic Op-Amp circuit
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Analog to Digital Converter 

(ADC , Ex Successive-Approximation method)

/(2 1)
i

O n

ref

V
Digital Out D INT

V

 
= =  

−  

(Unipolar)



Analog to Digital Converter (ADC)



Analog to Digital Converter (ADC)

DAC : Digital to Analog Converter 
(Applied for Successive-Approximation ADC)



Passive Filter (1st order) Low Pass and High Pass

a – RC High-Pass filter 

b – RC Low-Pass filter 



Passive Filter (1st order) Low Pass and High Pass
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Signal Conditioning 

(Use Op-Amp circuits to rearrange the input signal)

100 

10 V

100 

100  P
T-1

00

40 C

10 k

100 k

100 k

10 k

ADC 

16 bits
Digital out

Vref = 10 V

Ex SC1



Signal Conditioning

Ex SC2

120 

10 V

120 

120 
S
tra

in
 

ga
ug

e

120 
Gauge Factor = 2

1 k

1000 k

1000 k

1000 k

1000 k 1000 k

1000 k

10 k

10 k

100 k

1 V

10 k

10 k

ADC 

16 bits
Digital out

Vref = 5 V

Tensile force = 1000 N, 

rod bar dia. 2 cm

E = 70 x 10
6
 kN/m

2

+

-



Signal Conditioning (Op-Amp basic circuit)

Ex SC3 From Ex SC2, if the load is varied on the range 1kN – 100kN. Find 

signal conditioning circuit to obtain output range within 1-5 V.
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