
Humidity Sensing Physics
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Basic Psychrometry
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Relative Humidity: 𝐑𝐇 =  
𝑷𝑾

𝑷𝑾𝑺
×  𝟏𝟎𝟎%

• Saturation Vapor Pressure: PWS

• Vapor Pressure: PW

Absolute Humidity: 𝒗

𝒎𝑯𝟐𝑶

𝑽𝒏𝒆𝒕

𝝆𝒗 =
𝑷𝒘 × 𝑴𝑾

𝑹 × 𝑻𝑲

• Universal Gas Constant: R

• Molar mass of water: MW

• Temperature in Kelvin: TK

Dew Point: 𝒅

𝒄×𝒍𝒏
𝑷𝑾

𝒂

𝒃 𝒍𝒏
𝑷𝑾

𝒂

• Constants: a, b, c

Mixing Ratio: 
𝑴𝑯𝟐𝟎

𝑴𝒂𝒊𝒓

𝐏𝐖

𝐏𝐚𝐦𝐛 𝐏𝐖

• Molecular Weight of water: MH20

• Molecular Weight of air: Mair

• Total Ambient Pressure: Pamb

Enthalpy: 𝒉 = 𝑻 × 𝟏. 𝟎𝟏 + 𝟎. 𝟎𝟎𝟏𝟖𝟗𝚾 + 𝟐. 𝟓𝚾
• Temperature in Celsius: T

Dry Bulb Temperature
Wet Bulb Temperature
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Psychrometric Charts
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Psychrometers
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Cotton Wrap

Water

Dry-Bulb Wet-Bulb Ferrel Equation:

[1]

Psychrometric Formulas

Apjohn Equation:

B = 0.5 or 0.44 for frozen °C-1 [2]

Carrier Equation:

.  .
[2]

∆T

In General:

=0



Psychrometers
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Cotton Wrap

Water

Dry-Bulb Wet-Bulb

∆T

Advantages:
• No power required
• Wide Temperature and humidity 

range
• No drift
• Very low Hysteresis
Disadvantages:
• Complex and expensive
• Requires regular maintenance

=0
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Sensing Film

Substrate

Electrode

Top-Down 
View

Resistive Humidity Sensors
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Resistive Humidity Sensors
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Protective Cover

Sensing Film
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Advantages:
• Low Cost
• Easily interchangeable

Disadvantages:
• Limited RH Range (above 

15%)
• Strong temperature & 

Frequency dependence
• Sensitive to contamination
• Poor stability
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Capacitive humidity sensors
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Capacitive humidity sensors
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Capacitive humidity sensors
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Capacitive humidity sensors
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Advantages:
• Low Cost
• Good Humidity Range
• Small Hysteresis (typ. 1% or less)
• Fast Response Time
• Ease of manufacturing and 

integration
Disadvantages:
• Low accuracy below 5% RH
• Additional circuitry required to 

sample capacitance and convert to 
RH

• Exposed sensing polymer is 
sensitive to chemical contamination



T: 26(°C)
RH: 50(%)
T: 26(°C) 

RH: 50(%)

Application: Compensating for Case Temperature
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𝐶 =
𝑀 𝑚𝑜𝑙𝑎𝑟 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟

𝑅(𝑈𝑛𝑖𝑣𝑒𝑟𝑠𝑎𝑙 𝑔𝑎𝑠 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡)
=

18.01528
𝑔

𝑚𝑜𝑙

8.3145
𝐽

𝑚𝑜𝑙 ∗ 𝐾

×

× ×

𝐚𝐦𝐛
𝐖𝐒𝒄

𝐖𝐒𝒂𝒎𝒃

𝐚𝐦𝐛

𝐜
𝑪

TC = 26°C = 299.15K

Tamb = 25°C = 298.15K

Note: Temperature ratio should calculated in Kelvin, if used.



To find more humidity sensor resources 
and products, visit ti.com/humidity
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