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Hygrometry 

• Objective: Determine the amount of water vapor 

present in the atmosphere. 

 

• Pure water vapor in equilibrium (saturated 

conditions) with a plane surface of pure water 

exerts a pressure. 

– Function of temperature 

– Found by integrating the Clausius-Clapeyron 

equation. 

– We did this earlier, but we did not take the 

temperature dependence of L into account.  Let’s do 

this….. 



Definitions 

• Absolute humidity 

 

• Dew point temperature 

 

• Relative humidity 

 

• Specific humidity 

 



Example 

• Given T=35˚C and e = 24.85 hPa, find the 

relative humidity and the dew point 

temperature. 



Methods for Measuring Humidity 

• Instruments that respond directly to relative 

humidity and those that indicate dew point are 

prevalent. 

 

• Methods: 

1. Removal of water vapor from moist air. 

2. Addition of water vapor to air (psychrometry). 

3. Sorption of water vapor  

1. Measurement of physical properties of materials. 

4. Measurement of physical properties of moist air. 

5. Artificial attainment of equilibrium (saturation) 



1. Removal of water vapor from moist air 

• Can be accomplished via a desiccant 

(substance absorbing water) or by freezing 

out water vapor. 

 

• After removal, the mass of the vapor and 

the remaining air are determined. 

– Humidity can be calculated. 

 

• Laboratory techniques 

 



2. Addition of water vapor to air (psychrometry) 

• Humidity can be determined by measuring 

the amount of water vapor that must be 

added to a sample of moist air to achieve 

saturation. 

 

• Psychrometry: method of adding water 

vapor to moist air where saturation is not 

achieved. 



Psychrometer 
• Made up of two temperature sensors exposed to 

ambient air flow. 

 

• Dry bulb: measures ambient air temperature. 

 

• Wet bulb: covered with a wick moistened with 

water (lower temperature due to wet-bulb 

process) 

 

• Forced ventilation is required for optimum 

performance. 

 



Psychrometer cont. 
• A psychrometer formula is used to convert the wet (Tw) 

and dry (T) bulb temperatures to ambient vapor pressure 

 

– e = esat_wet – A patm (T – Tw) 

– (T – Tw) = wet-bulb depression 

– A = psychrometer coefficient = 0.00062 ˚C-1 

– esat_wet is the saturation vapor pressure at Tw. 

– Comes from our inverted for of the Clausius-Clapeyon equation. 

 

 

• The principle: When the air is saturated, T = Tw, 

and e = esat_wet. 



Example 

• A psychrometer is used to obtain T = 

35.00 ˚C and Tw = 24.70 ˚C.  If the 

pressure is 1000 hPa, find RH. 



Psychrometer cont. 

• Because a psychrometer uses temperature 

sensors, the same exposure problems as for 

temperature measurements apply 

 

• Minimum ventilation rate should be maintained 

to maximize the heat transfer by evaporation. 

 

• Psychrometers are sensitive to wick 

contamination by salts. 



3. Sorption of Water Vapor 
• Water vapor interacts with almost every substance 

through the process of sorption (adsorption or 

absorption) and sometimes by chemical reaction. 

 

• This causes the material to expand or contract, or alters 

the electrical resistance or capacitance as a thin film of 

liquid water covers the pores. 

 

• When a material exhibits a change that is sufficiently 

reversible, reproducible, and detectable, it can be 

used as a humidity sensor. 

 

• First hygrometer:  A piece of wood.  Mass of wood was a 

function of humidity (Nicholas de Cusa, 1401-1464). 



Sorption of water vapor cont. 

• Sensor must be, at least slightly, hygroscopic 

(attracting water vapor) if it is going to continue 

to function at low RH’s. 

 

• When water films cover the pores of a material, 

they cause a decrease in the electrical 

resistance. 

 

• The water film thickness is related almost 

linearly to RH over most of the range. 

– Becomes quite non-linear as RH exceeds 90% 

 



Sorption of water vapor cont. 
• Electrical-resistance sensors can change resistance by 

five orders of magnitude between 0 and 100%!! 

 

• As resistance increases for low values of RH, it becomes 

hard to measure. 

– Sensor may be less accurate at RH less than 20% or so. 

 

• Human or horse hair can be used as an hygrometer. 

– Elongates in moist air 

– Several defects: drift, large hysteresis, large lag times 



4. Measurement of physical properties of moist air 

• Physical properties of air vary with the 

amount of water vapor present 

– Refractive index 

– Radiative absorption 

– Thermal conductivity 

– Viscosity 

– Density 

– Sonic velocity 


