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Introduction

Temperature measurement is a cornerstone of modern engineering, from automotive control systems to industrial 

process monitoring. Among the most versatile sensors for this purpose are thermistors—tiny resistive elements 

whose resistance changes predictably with temperature. Yet, the accuracy of any thermistor-based system hinges 

on meticulous calibration. In many academic and professional settings, a hands �on laboratory exercise is designed 

to teach this essential skill. One such exercise is often referred to as core practical 12: calibrate a thermistor in a 

potential. This article delves into the theory, procedure, and practical nuances of this core practical, providing a

comprehensive guide for students, hobbyists, and engineers alike.

Understanding Thermistors

Types of Thermistors

Thermistors come in two primary families, each with distinct characteristics:

•  Narrow �band thermistors (NTC) – Their resistance decreases as temperature rises. They are ideal for 

high �accuracy temperature sensing in the range of -40 /°C to 125 /°C.

•  Wide �band thermistors (PTC) – Their resistance increases with temperature. These are commonly used for 

overcurrent protection and self �regulating heating elements.

How Thermistors Work

At the microscopic level, thermistors are made from semiconductor materials (such as metal oxides) whose charge

carrier concentration is temperature dependent. As temperature changes, the lattice vibrations alter the ease with

which electrons move, thereby changing the resistance. The relationship between resistance (R) and temperature

(T) can be expressed through empirical equations like the Steinhart �Hart or the simpler ;"��� ameter method.

The Importance of Calibration

Why Calibration Matters

Even a high �quality thermistor will exhibit variations due to manufacturing tolerances, aging, and environmental

factors. Calibration aligns the sensor’s measured resistance values with known temperature points, ensuring that

the output of a temperature measurement system reflects true ambient conditions. Without calibration,

measurements may drift, leading to costly errors in critical applications such as chemical processing, medical

devices, or aerospace controls.

Consequences of Poor Calibration

Inaccurate temperature readings can trigger:

•  Overheating or underheating of equipment.

•  Safety hazards in processes involving hazardous materials.

•  Reduced lifespan of electronic components due to thermal stress.

•  Non �compliance with industry standards and regulations.



Core Practical 12: Calibrate a Thermistor in a Potential

Overview of the Lab

The core practical 12 exercise is structured to provide a step �by �step experience in setting up a thermistor

measurement circuit, applying a known potential across the sensor, recording resistance values, and deriving a

temperature �resistance calibration curve. The goal is to teach students how to translate raw electrical

measurements into accurate temperature data.

Materials and Equipment

•  NTC thermistor (typical 10 /k:’��B�#R�û�2•

•  Precision voltage source (0–5 /V)

•  Precision resistor (1 /k:’’�`or voltage division

•  Digital multimeter (DMM) with 0.01 /% accuracy

•  Temperature �controlled bath or oven (±0.5 /°C accuracy)

•  Data logging software or spreadsheet

•  Thermocouple or calibrated thermometer for reference

•  Alligator clips and wiring

•  Computer with data acquisition interface (optional)

Step �by �Step Procedure

1.  Set Up the Voltage Divider

Connect the thermistor in series with a precision resistor between the voltage source and ground.

2.  Calculate the expected voltage drop across the thermistor using Ohm’s law.

3.  Verify that the voltage range stays within the multimeter’s input limits.

•  Immerse the sensor fully in the bath to avoid air gaps.

•  Allow the temperature to stabilize before taking any readings.

•  Record the bath temperature using a calibrated thermometer.

•  Set the voltage source to a predetermined value (e.g., 2.5 /V).

•  Measure the voltage across the thermistor with the DMM.

•  Compute the resistance: R = V / I, where I = V_total / (R_thermistor + R_precise).

•  Increment the bath temperature in 5 /°C steps from 0 /°C to 100 /°C.

•  At each step, record the thermistor resistance and the reference temperature.

•  Use spreadsheet software to plot resistance versus temperature.

•  Fit the data to the Steinhart �Hart equation or a polynomial approximation.

•  Apply an intermediate temperature (e.g., 37 /°C) not used in the calibration.

•  Predict the temperature from the resistance using the derived equation.

•  Compare with the reference thermometer to assess accuracy.

Mathematical Foundations

Steinhart �Hart Equation

The Steinhart �Hart equation provides a highly accurate relationship between resistance and temperature for NTC

thermistors:

1/T = A + B ln(R) + C [ln(R)]³



where T is absolute temperature in Kelvin, R is resistance in ohms, and A, B, Care coefficients determined from

calibration data. Solving for T yields the temperature corresponding to any measured resistance.

Beta Parameter Method

For many practical purposes, a simplified two �point equation suffices:

T = 1 / (1/T € + (1/;"’�Æâ…"�ò�"��’•

Here, T € is a reference temperature (commonly 25 /°C), R € is the resistance at that temperature, and ; is the

thermistor’s beta coefficient. This method is easier to implement but slightly less accurate than the full

Steinhart �Hart fit.

Troubleshooting Common Issues

•  Non �linear Response – Check for incorrect wiring or a damaged thermistor.

•  Temperature Lag – Ensure the sensor is fully submerged and has had time to reach thermal equilibrium.

•  Voltage Drift – Verify the stability of the voltage source; use a regulated supply if possible.

•  Measurement Noise – Use shielded cables and proper grounding to reduce electromagnetic interference.

Best Practices for Accurate Calibration

•  Use High �Precision Instruments – A multimeter with 0.01 /% accuracy minimizes measurement error.

•  Maintain Stable Reference Conditions – The bath or oven should have a temperature tolerance of ±0.5 /°C.

•  Record Multiple Readings – Averaging several measurements at each temperature reduces random error.

•  Document All Parameters – Note the exact voltage applied, resistor values, and environmental conditions.

•  Validate with Independent Sensors – Cross �check with a calibrated thermocouple or RTD.

Applications of Calibrated Thermistors

Once calibrated, thermistors find use in:

•  Industrial temperature monitoring and control loops.

•  Medical devices such as incubators and patient monitors.

•  Consumer electronics for thermal management.

•  Environmental sensing stations.

•  Automotive engine temperature sensors.

Conclusion

Calibrating a thermistor in a potential is more than a laboratory exercise; it is a foundational skill that ensures the

reliability and safety of countless temperature �sensitive systems. By mastering core practical 12—setting up a

precise voltage divider, applying a known potential, recording resistance across a controlled temperature range,

and fitting the data to robust mathematical models—engineers and students alike gain the confidence to deploy

thermistors in real �world applications. Remember that the fidelity of your temperature measurements depends on

meticulous calibration, accurate instrumentation, and rigorous validation. Armed with these principles, you can

confidently translate electrical signals into trustworthy temperature data, driving innovation and safety across

industries.



Baca Juga (Artikel Terkait)

•  connected math comparing and scaling
   URL: http://basicgravity.com/connected-math-comparing-and-scaling.pdf

•  connected home market mckinsey
   URL: http://basicgravity.com/connected-home-market-mckinsey.pdf

•  connected factory and digital manufacturing a
   URL: http://basicgravity.com/connected-factory-and-digital-manufacturing-a.pdf

•  connected components workbench developer edition
   URL: http://basicgravity.com/connected-components-workbench-developer-edition.pdf

Tags: #core  #practical  #calibrate  #thermistor  #potential

http://basicgravity.com/connected-math-comparing-and-scaling.pdf
http://basicgravity.com/connected-home-market-mckinsey.pdf
http://basicgravity.com/connected-factory-and-digital-manufacturing-a.pdf
http://basicgravity.com/connected-components-workbench-developer-edition.pdf


Page 1 of 4



Page 2 of 4



Page 3 of 4



Page 4 of 4


