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Measuring the Molecular 
Polarizability of Air

An update of the standard “Refractive Index of Air” experiment
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The polarizability of a material 
characterizes how much the 
electric charges in the material 
respond to an external electric 
�eld.  The bulk polarizability is 
characterized by the dielectric 
susceptibility and, to �rst order, 
is linearly proportional to the 
applied electric �eld.

0 eP Eε χ=
 

dielectric susceptibility

In a heterogeneous sample such as air, the polarizability can be 
viewed as the ensemble average of all of the microscopic polariza-
tions in response to an e�ective electric �eld.  The average re-
sponse can be characterized by the mean molecular polarizability.

mean molecular polarizability

The macroscopic polarization is proportional to the 
number density times the mean microscopic polarization.

Volume

The dielectric susceptibility can 
then be written in terms of the 
number density and the molecu-
lar polarizability.  This relation-
ship is equivalent to the 
Lorentz-Lorenz equation.

We re-write this, solving for the 
number density.  Note that for dilute 
(atmospheric pressure) gasses, the 
susceptibility is typically much less 
than one (as shown in the �gure to 
the right).  We use this to approxi-
mate the number density as being 
proportional to the susceptibility.

We model our gas as ideal 
where the molecules do 
not interact with each 
other.  This approximation 
is valid for most room tem-
perature gasses at and 
below atmospheric pres-
sure.

Pressure

Boltzmann’s Constant

Temperature

For gasses at (or below) atmospheric pressure, we �nd that the pres-
sure is proportional to the dielectric susceptibility.  The �gure above 
is based on an empirical model for the refractive index of air based 
on the Edlen equation.

http://emtoolbox.nist.gov/Wavelength/Edlen.asp

At optical frequencies, 
the dielectric suscepti-
bility is directly related 
to the refractive index 
of the medium.

Finally, we can relate the refrac-
tive index directly to the pressure 
of the gas.  Since the dielectric 
susceptibility is much less than 
one, we only keep the �rst order 
term in the expansion. 
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In the setup diagram to the left, we com-
pare the optical path length inside the 
vacuum cell to a similar length along the 
reference arm.  We know how the refrac-
tive index in the cell varies as a function of 
pressure and that the other terms in the 
parenthesis remain constant.

Arm 1
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Optical path length di�erence
The di�erence in optical path length (OPL) between the two arms of a Mi-
chelson interferometer is the physical length of the arm times the refrac-
tive index of the medium of that arm.  We will look at the same length 
section of both arms, as shown in the main �gure diagram below.
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The phase di�erence between the two beams, recombining on the 
beamsplitter and imaged on the detector, is the ratio of the optical 
path length di�erence to the optical wavelength (632 nm).

The intensity at the detector can 
be written, using the phase dif-
ference between the two arms, 
as a function of pressure.  There 
is an o�set phase that depends 
on the initial alignment of the 
interferometer and the detector, 
but remains constant through 
the experiment. The period of the oscillations is:
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Data and Results

We measured the intensity at the 
photodetector  as we slowly in-
creased the pressure from 
vacuum to atmosphere.  Our data 
is shown to the right.  We �t the 
data to a 4-parameter cosine-
squared and got a period of:

Π = 9.430 ± 0.015 kPa
(95% CI)

Period result

Using the model above, we calculate 
the mean molecular polarizability 
which includes measurements of the 
vacuum cell length, the laser wave-
length, and the temperature of the 
room.  Our result, compared to data 
from NIST, is below.

γmol,fit= 2.133 ± 0.032 × 10-29 m3 (95% CI)

γmol,NIST= 2.1865 ± 0.0022 × 10-29 m3 (95% CI)

Finally, we use our molecular polariz-
ability to calculate the refractive 
index of air at any temperature and 
pressure (within our approximation).  
At room temperature and atmo-
spheric pressure, we �nd a refractive 
index in agreement with the value 
from NIST.

n = 1.000 265 1 (66)
nNIST = 1.000 271 375 (6) 

Dan Brown hard at work on this experiment. 

Constant o�set phase
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