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Water vapour 

affecting a VLBI 

system
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Source: Westwater, E.R., Crewell, S. and Matzler, C., 2005. Surface-based microwave and millimeter wave radiometric remote sensing of the 

troposphere: A tutorial. IEEE Geoscience and Remote Sensing Society Newsletter, 134, pp.16-33.

Water emission line at 22.235, 183.31, 380.197, 464,925, 547.676 

and 556.936 GHz
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In the case of a total power radiometer, DC output 

voltage is proportional to input noise temperature

Noise 

temperature

DC Output 

voltage
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𝑉1 = 𝐴 𝐺 𝑇1 + 𝑇𝑠𝑦𝑠 + 𝐵

𝐵: DC offset of the power detector

𝐴: responsivity of the power detector

𝐺: Gain of the receiver

𝑇𝑠𝑦𝑠: Noise temperature of the receiver
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Temperature and device 

tolerance dependent

𝑉1 = 𝐴 𝐺 𝑇1 + 𝑇𝑠𝑦𝑠 + 𝐵

𝐵

𝐴

𝐺

𝑇𝑠𝑦𝑠



CEFIM 
IMSS Research Group Water vapour radiometry

Processing WVR3+ Tipping Curves

8

𝑇1 =
𝑉1 − 𝑉𝑐

𝑉ℎ − 𝑉𝑐
𝑇ℎ − 𝑇𝑐 + 𝑇𝑐

𝑇𝑐 and 𝑇ℎ are known

𝑉𝑐, 𝑉ℎ and 𝑉1 are measured
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Viewing black-body noise source of know noise temperature

𝑇𝑐 is the physical temperature of the 

noise source ~ 310 K

𝑇ℎ is not known exactly but ~ 700 k
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WVR3 is a tipping curve radiometer

Cosmic background 𝑇𝑐 = 2,7 𝐾

Airmass = 
1

sin(𝜃)
where 𝜃 is the elevation angle 
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Uncalibrated
𝑇ℎ = 700 𝐾

Calibrated
𝑇ℎ = 372 𝐾
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Divide by 10 to prevent 

over correction and 

possibly an infinite loop

Tipping curve calibration algorithm
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The data is stored in a csv file called “T240312.csv”, which is 

data taken on 12 March 2024 at the H.E.S.S in Namibia

Each tipping curve consists of 8 different elevation angles
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Note that there are two 

channels, 23 GHz and 31 

GHz. Both can be processed 

independently using tipping 

curves.

𝑉𝑐
𝑉ℎ

𝑉1

𝑇𝑐

𝜃
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Using the supplied data files, 

T240312.csv, process the data 

to produce the 23 GHz sky 

brightness temperature at 

Zenith, 90 degrees elevation 

angle 



Reuben Neate
reuben.neate@tuks.co.za

Tinus Stander
tinus.stander@up.ac.za

The financial assistance of the South African Radio 

Astronomy Observatory (SARAO) towards this 

research is hereby acknowledged (www.sarao.ac.za)


	Slide 1
	Slide 2: Why water vapour radiometry?
	Slide 3: WVR3+
	Slide 4: Water vapour radiometry
	Slide 5: Water vapour radiometry
	Slide 6: Water vapour radiometry
	Slide 7: Water vapour radiometry
	Slide 8: Water vapour radiometry
	Slide 9: Calibration
	Slide 10: Calibration
	Slide 11: Calibration
	Slide 12: Calibration
	Slide 13: Data format
	Slide 14: Data format
	Slide 15: Activity
	Slide 16

