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1. Menu for today

▪ What is Johnson noise?

▪ Making a Johnson noise thermometer?

▪ Why use a JNT – what are the benefits?

▪ Progress towards the worlds first practical JNT for use 

in harsh industrial environments

▪ Next steps… do you want to join us?



1. What Is Johnson Noise?



2. Making a Johnson Noise Thermometer

▪ JNTs use the Johnson-Nyquist equation

𝑣𝑛 = 4𝑘𝑇𝑅Δ𝑓



2. Making a Johnson Noise Thermometer

▪ JNTs use the Johnson-Nyquist equation
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3. The benefits of a JNT

▪ Johnson Noise Thermometers do not drift (the electronics can!)

Places where replacement is a problem:

Space

Nuclear (power & waste storage)

Extended calibration intervals (lower cost):

Nuclear

Petrochemical

Metrology (standards)

Improved safety or process yield where drift is a problem

Power generation (nuclear, conventional thermal, aerospace/jet engines)

Aerospace – turbine blade manufacture

Ideal replacement for thermocouples in applications where their drift is a problem

▪ Traceable to electrical standards – faster (lower cost) calibration



4. Progress Towards a Practical JNT

▪ 2014: NPL proposed the joint development of a JNT to 

meet increasing demand for more stable thermometers 

in harsh industrial environments

▪ Best prior art was Brixy (1996):
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4. Project “JNT1”

▪ JNT1 project (Oct 2015 – Mar2017), 2 outputs:

New concept in JNT (patented)

Proof-of-principle prototype

▪ 35kg & 70L

▪ -20 to+120°C 

   



4. The New Technique:

AMPLIFIER A

AMPLIFIER B

SENSE RESISTOR

CORRELATOR

OUTPUT

PRN Voltage

Reference Signal

C

AMPLIFIER A

AMPLIFIER B

SENSE RESISTOR

CORRELATOR

OUTPUT

PRN Current

Reference Signal

C

DSP

Separator
Signal

Prior Art

New Technique



4. Project “JNT2”

▪ JNT2 project (Oct 2017 – Dec 2020)

▪ Turn this new technology into a fully engineered 

technology capable to realising a practical JNT

Develop all the required technologies

Achieve EMC: make it work in a harsh environment

Reduce size (1L & 1kg)

Work over a range of interest (0-1000°C)



4. JNT2: Essential Circuits Designed



4. JNT2: Weight Loss Programme



4. JNT2: EMC Achieved (a key milestone)

10Vm-1

Heavy Industrial Limit



4. Project “JNT2”

▪ Standard Deviations:

0.36°C @ 20°C

1.1°C @ 1,000°C

▪ Rice’s Equation Limit:

0.12°C @ 20°C

0.53°C @ 1,000°C

(for 1MHz BW & 5.9s)



4. Project “JNT3”

▪ JNT3 project (Jan 2021 – Dec 2021)

▪ Characterise and optimise all parts of the measurement 

system to create a realistic specification & uncertainty 

budget

▪ ADC 

▪ DAC

▪ Calibration signal injection network 



5. Project “JNT4”

▪ Anticipated JNT4 project (Jan 2022+)

▪ By end of 2021 we will have all the technology to create 

a practical JNT for us in harsh industrial environments

▪ What sort of JNT do we design first? 

(Metrology/industrial, temperature range, features, 

interface: Ethernet, USB, RS232, HART, Fieldbus, 4-

20mA)

▪ If you are interested in engaging in order to influence 

the first JNT contact paul.bramley@metrosol.co.uk



www.johnson-noise-thermometer.com

https://www.facebook.com/johnsonnoisethermometer/

paul.bramley@metrosol.co.uk
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   v n =    4 k T R Δ f


  T =  1  4 k  {    v n 2  R ∆ f }

