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Question 1: How does pyranometer tilt correlate with spirit bubble position?

Answer 1: For a CMP11 or SR20, a bubble positioned halfway outside the 

edge of the reference circle corresponds to a tilt of approximately 0.07°.
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Analysis method

From bolt turn records compute 

sensor tilt (θ)

θ = arctan
N ∗thread_pitch

16" ∗ 25.4 ∗ Cos(30)

θ = arctan
N ∗1.954 mm

352 mm

From photographs measure values D, d, L

Compute c 

𝑐 = 𝑅 − 𝐿 − 𝑟

Normalize distances

𝑐′ =
𝑐

𝑅 −𝑟

Allows for 

comparison of 

different photographs

c is in cm

c’ = 0

θ = 0°

c’ = 1

θ ≈ 0.13°θ ≈ 0.07°

c’ = 0.53
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Question 2: How much does a 0.07° pyranometer tilt (bubble halfway to the

circle edge) affect responsivity during component summation calibration?

Answer 2: Very little. Bubble-in-circle tilts produce only ~0.1% bias, smaller

than normal day-to-day variability. Standard leveling practice is sufficient.
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1. Responsivity definition Calibrate tilted sensor from horizontal reference

𝑹𝒉𝒐𝒓𝒊𝒛 =
μV𝒉𝒐𝒓𝒊𝒛

𝑫𝑵𝑰𝒓𝒆𝒇 𝑪𝒐𝒔 𝒁 +𝑫𝑯𝑰𝒓𝒆𝒇
𝑹𝒕𝒊𝒍𝒕 =

μV𝒕𝒊𝒍𝒕
𝑫𝑵𝑰𝒓𝒆𝒇 𝑪𝒐𝒔 𝒁 +𝑫𝑯𝑰𝒓𝒆𝒇

2. The irradiance incident on the sensor is dependent on the sun location and the tilt of the sensor

𝑮𝑯𝑰𝒓𝒆𝒇 = 𝑫𝑵𝑰𝒓𝒆𝒇 𝑪𝒐𝒔 𝒁 + 𝑫𝑯𝑰𝒓𝒆𝒇 𝑷𝑶𝑨 = 𝑫𝑵𝑰𝒓𝒆𝒇 𝑪𝒐𝒔 𝑨𝑶𝑰 + 𝑫𝑯𝑰𝒓𝒆𝒇

3. We assume that the horizontal responsivity is the true responsivity

𝑹𝒉𝒐𝒓𝒊𝒛 = 𝑹𝒕𝒓𝒖𝒕𝒉

4. The sensor generates μV proportional to the incident irradiance. The true responsivity of the sensor is a 

conversion factor between irradiance and μV. 

μV𝒉𝒐𝒓𝒊𝒛 = 𝑹𝒉𝒐𝒓𝒊𝒛 ∗ 𝑮𝑯𝑰𝒓𝒆𝒇 μV𝒕𝒊𝒍𝒕𝒆𝒅 = 𝑹𝒉𝒐𝒓𝒊𝒛 ∗ 𝑷𝑶𝑨

5. Compute percent difference between two responsivity values 

𝑹𝐭𝐢𝐥𝐭_%𝒅𝒊𝒇 =
R𝒕𝒊𝒍𝒕−𝑹𝒉𝒐𝒓𝒊𝒛

R𝒉𝒐𝒓𝒊𝒛
∗ 𝟏𝟎𝟎

𝑹𝐭𝐢𝐥𝐭_%𝒅𝒊𝒇 =
𝑫𝑵𝑰 ∗(𝑪𝒐𝒔 𝑨𝑶𝑰 −𝑪𝒐𝒔 𝒁 )

𝑮𝑯𝑰𝒓𝒆𝒇
∗ 𝟏𝟎𝟎

𝑪𝒐𝒔 𝑨𝑶𝑰 = 𝑪𝒐𝒔 𝒁 𝑪𝒐𝒔 𝜽 + 𝑺𝒊𝒏 𝒁 𝑺𝒊𝒏 𝜽 𝑪𝒐𝒔(𝑨 − 𝜱𝒔𝒖𝒓𝒇𝒂𝒄𝒆)

Percent 

difference 

due to tilt 

issues is 

smaller 

than the 

day-to-day 

variation

Tilt (θ) vs c’

2. 𝑹𝐭𝐢𝐥𝐭_%𝒅𝒊𝒇 =

μV𝒕𝒊𝒍𝒕
𝑫𝑵𝑰 𝑪𝒐𝒔 𝒁 +𝑫𝑯𝑰

−
μV𝒉𝒐𝒓𝒊𝒛

𝑫𝑵𝑰 𝑪𝒐𝒔 𝒁 +𝑫𝑯𝑰

μV𝒉𝒐𝒓𝒊𝒛
𝑫𝑵𝑰 𝑪𝒐𝒔 𝒁 +𝑫𝑯𝑰

∗ 𝟏𝟎𝟎

3. 𝑹𝐭𝐢𝐥𝐭_%𝒅𝒊𝒇 =
μV𝒕𝒊𝒍𝒕 −μV𝒉𝒐𝒓𝒊𝒛
μV𝒉𝒐𝒓𝒊𝒛

∗ 𝟏𝟎𝟎

4. 𝑹𝐭𝐢𝐥𝐭_%𝒅𝒊𝒇 =
𝑷𝑶𝑨 − 𝑮𝑯𝑰𝑹𝒆𝒇

𝑮𝑯𝑰𝑹𝒆𝒇
∗ 𝟏𝟎𝟎

5. 𝑹𝐭𝐢𝐥𝐭_%𝒅𝒊𝒇 =
𝑫𝑵𝑰𝒓𝒆𝒇 𝑪𝒐𝒔 𝑨𝑶𝑰 +𝑫𝑯𝑰𝒓𝒆𝒇 − 𝑫𝑵𝑰𝒓𝒆𝒇 𝑪𝒐𝒔 𝒁 +𝑫𝑯𝑰𝒓𝒆𝒇

𝑮𝑯𝑰𝑹𝒆𝒇
∗ 𝟏𝟎𝟎

c’ = 0.4
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