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Carilli & Holdaway (1999), Desai (1993),  Thompson, Moran, & Swenson (2001)

n1

n2(t) vc ~ 10 m/s
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• ΔWV                             ΔTsky ∝ Δφastro Empirical Correction Factor
• Liquid water                 Continuum
• Observe 22 GHz WV line
• Channels at line & away from line
• Distinguish liquid water & WV  

Water Vapor Radiometry 

• WV                               Continuum & Line Emission, Tsky



Objectives
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• Characterize CWVR prototype in lab
• Gain stability 
• Temperature stability
• Channel isolation 
• Dynamic range
• Pathfinder to evaluate WVR for EVLA and ngVLA
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CWVR 5 Channels



Butler	et	al
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Instrument Setup
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Dewar

CWVR

F318
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• Gain Stability Requirements (4 Channels)
• ΔT ∝ ΔPin = w2P2 + w3P3 + w4P4 + w5P5

• w2 = - 0.5, w3 = 1, w4 = - 0.5, w5 = 0.25
• ~ 35 μm of WV         220 μm of electrical path delay (λ/30 for λ = 7 mm)
• For ΔTrms ~ 25 mK, Ti,rms ~ 20 mK
• For Tsys = 50 – 100 K  and τ =	2.5 - 103 seconds
• Δg / g ~ 2.5 – 5 × 10-4               Δgi / gi ~ 2 – 4 × 10-4

Chandler et al (2005), Butler (1999)

Observable Individual Channel

• Channel Isolation Requirements (4 Channels)

• ~ - 20 dB 
• ~ 1% power leakage between any two channels



Dynamic Range
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Channel Isolation



11

IS12 (dB) IS13 (dB) IS14 (dB) IS15 (dB)

-25.09 -30.79 -29.25 -32.38

IS21 (dB) IS23 (dB) IS24 (dB) IS25 (dB)

-27.42 -22.90 -26.10 -27.72

IS31 (dB) IS32 (dB) IS34 (dB) IS35 (dB)

-31.99 -21.78 -20.25 -25.46

-31.15

IS41 (dB) IS42 (dB) IS43 (dB) IS45 (dB)

-31.15 -25.67 -20.95 -22.74

IS51 (dB) IS52 (dB) IS53 (dB) IS54 (dB)

-32.34 -25.35 -24.22 -20.81

• 𝐼𝑆#$ =
∫ '( ) '* ) +)
,-
,.

∫ '* ) +)
,-
,.

where ISxy is leakage of x into y

Channel Isolation Values
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Temperature Correction
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Stability with Temperature Correction

Single channel Observable



Summary
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• Phase fluctuations limit resolution and sensitivity
• CWVR prototype tested in lab
• Gain and temperature stability requirement met
• Channel isolation requirement met
• Correlation between temperature and gain
• Temperature correction improves stability
• EVLA Memo 203 

Future 
• Build and install four CWVRs for further on-sky testing
• Evaluate use of WVR for EVLA and ngVLA
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Thank you.
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Extra Slides
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Allan Standard Deviations
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Instrument Setup
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Dewar

CWVR

F318
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Ch1]^_,abcd = 		
802.1	×10X	cycles

sec ×50	ms×
1	sec
10X	ms~	40,000	cycles	or	counts

Ch1v^wxy = Ch1]^_ + Ch1abcd~	80,000	cycles	or	counts

Voltage – Frequency Converter

V^{w = 0	 − 10	V	 ν^{w = 0	 − 2	MHz	

10 Hz Calibration Signal V-F Board Frequency Output
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• Gain Stability Requirements (5 Channels)
• ΔT ∝ ΔPin = w1P1 + w2P2 + w3P3 + w4P4 + w5P5

• w1 = 0.25, w2 = - 0.5, w3 = 1, w4 = - 0.5, w5 = 0.25
• ~ 35 μm of WV         220 μm of electrical path delay (λ/30 for λ = 7 mm)
• For ΔTrms ~ 25 mK, Ti,rms ~ 19.612 mK
• For Tsys = 50 – 100 K, τ =	2.5 - 103 seconds
• Δg / g ~ 2.5 – 5 × 10-4               Δgi / gi ~ 1.96 – 3.92 × 10-4

Chandler et al (2005), Butler (1999)

Observable Individual Channel

• Channel Isolation Requirements (5 Channels)

• ~ - 20 dB 
• ~ 1% power leakage between any two channels
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ν (low) (GHz) ν (center) (GHz) ν (high) (GHz) Δν (GHz)
Ch1 18.5 19.25 20 1.5
Ch2 20.625 21 21.375 0.75
Ch3 21.75 22.25 22.75 1
Ch4 23.125 23.5 23.875 0.75
Ch5 24.5 25.25 26 1.5
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Chandler et al (2004)



Butler	et	al
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Carilli & Holdaway (1999)
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AD590, TCS620 (Cold Plate)

AD590 (Box Ambient)


