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The experiment on the saturation
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A cylindrical capacitor containing rubidium vapour is made. The capacitance of it at different voltages is measured

under a certain Rb vapour pressure. The experimental C—V curve shows that the saturation polarization of Rb vapour

is easily observed. The experiment further supports the idea that the Rb atom has a large permanent electric dipole

moment.

Keywords: saturation polarization, Rb vapour, permanent electric dipole moment

PACC: 0365, 0390

1. Introduction

If the Hamiltonian of a system commutes with
the unitary space-inversion operator U;, the energy
eigenstate |¥g) of the system can be chosen to have
well-defined parities. For this state we obtain the zero
permanent electric dipole moment (PEDM).[) How-
ever, some physicists think that a state vector |¥g)
does not describe a single particle but an ensemble
consisting of particles having the same energy E.[2~6
(Ugler|¥g) = 0 does not mean that PEDM of a sin-
gle atom is zero. We guess that hydrogen-like atoms
may have large PEDM from the analysis of hydro-
gen atoms.[5~8] This guess is supported by experi-
ments on Rb and Cs atoms.[""®! Though the experi-
ment of Ref.[9] shows that the PEDM of Cs atoms
is zero, the result comes from the measurement in
strong noises. In the experiment of Refs.[7,8], Rb or
Cs vapour is filled in a cylindrical capacitor. The ca-
pacitance of the cylindrical capacitor is measured by
a digital capacitance meter. The resolution of the me-
ter is 0.1pF and the accuracy of it is 0.5%. The mea-
sured capacitance of the cylindrical capacitor contain-
ing Rb or Cs vapour is over several hundreds of pF.
It means that the measured effect is very strong. The
results of the two experiments show that Rb and Cs
vapours both have large dielectric constants. These

large dielecteic constants cannot come from the in-

duced electric dipole moments of atoms but come from
the PEDM of the atoms.["8] Certainly, if Rb and Cs
atoms had non-zero PEDM, Rb and Cs vapours would
show a behaviour of saturation polarization. The re-
ported experiment on the saturation polarization of
the Rb vapour strongly supports the idea that the Rb
atom has a large PEDM.

2.Experimental apparatus

The experimental apparatus is a closed glass con-
tainer. It resembles a Dewar bottle in shape. The
longitudinal section of the container is shown in Fig.1.
The internal and external surfaces of the container are
plated with silver separately, as shown by A and B in
Fig.1. These two silver layers build up a cylindrical
capacitor. When the container is empty, it is pumped
to a vacuum P = 1 x 107*Pa in a temperature range
20-250°C.The aim of the operation is to remove impu-
rities such as oxygen adsorbed on the inner walls of the
container. The measured capacitance Cy of the cylin-
drical capacitor is approximately constant, Cy ~66pF

in the mentioned temperature range.

The next step is to input some Rb vapour into the
cylindrical capacitor. In order to control the quan-
tity of Rb vapour that enters into it, the container
is connected by a glass tube from the top to an-

other small container that contains the Rb material.

*Project supported by the Natural Science Foundation of Guangdong Province, China (Grant No 021377).

http://www.iop.org/journals/cp



12 Huang Xiang-You et al

Vol. 13

These two containers are slowly heated to 210°C in a
temperature-controlled furnace and then the designed
experimental container is sealed. We use the experi-

mental apparatus shown in Fig.1.
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Fig.1. Schematic illustration of the longitudinal sec-
tion of a Dewar-like glass container. Silver layers A
and B build a cylindrical capacitor into which the Rb

vapour is filled.

3. Statistical distribution

Consider a gas consisting of molecules that have
a PEDM pu, and suppose that an electric field FE is
applied along the z-axis. The probability P(6)dé of
the PEDM g having an inclination of the dipole axis
to the direction of the z-axis between 6 and 6 + df
is(10]

p(0)do = AetE os0/kT gin gde, (1)

where A is a normalized constant

—1

A= [ / B eos0/kT ¢in gdg| . (2)
0

In the calculation of polarization of the gas, we need

the mean value of cos 8,
cosf = A/ cos et F <03 0/kT gin 9dg = L(a), (3)
0

E
where ¢ = £ L(a) is called the Langevin function

kT’

e +e 1
Lia)= ——— — —. (4)
e —e a
For the vapour formed by Rb atoms, the PEDM
of a Rb atom is still denoted by . We should use an
energy parameter wgy instead of kT in Egs.(1)—(4). For

the atom vapour, the rotation freedoms of the atoms

have no contribution to the specific heat of the vapour.
The collision between atoms is always through their
mass centres. When an atom collides with another
atom, its PEDM p cannot be changed. Parameter wy
describes the intensity of interactions between PEDM
and PEDM, as well as between PEDM and other elec-
tric noises.

The capacitance of the experimental cylindrical
capacitor is Cp =~66pF at a vacuum condition. Af-
ter it is filled with the Rb vapour, the polarization
of Rb vapour medium will increase the capacitance of
the cylindrical capacitor. The polarization of the Rb

vapour in the z-axis is
p = nucos § =nuL(a), (5)

where n is the number density of Rb atoms in the

vapour, a = Z}—E When the electric field is strong
enough so that Ld(a)zl7 the polarization of the vapour
medium becomes saturation polarization. In this case,
the directions of the PEDM of all atoms are in the z-
axis. We can expect that the parameter wy should
be very small from the above discussion. This means
that observation of the saturation polarization for Rb

vapour would not be difficult.
4. Experimental method and re-

sult

The experimental cylindrical capacitor can be
approximately regarded as a parallel-plane capaci-
tor. More details on the capacitor can be found in
Refs.[7,8]. Let S and H be the plate area and the
distance between the two plates of the parallel-plate
capacitor, respectively, then we have from the energy

relation that

(C = Co)VAV = SHnuL(a)dE, 6)
C—Cy= L’;L (@) (7)

When the electric field is weak so that ¢ <« 1 and
L(a) = a/3,1'% we obtain

Snu?
3de )

C=0Co+ (8)

When the electric field is strong so that a > 1, we
have from L(a) =1,

C=Cyp+ ——. (9)

The experimental method is shown in Fig.2. Two sig-

nals Vo (t) = Viggcoswt and Vg(t) = Vg coswt are
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two signals have the same circular frequency w =

measured by an oscilloscope having two lines.

27w x 5kHz and the same phase, which can be seen
in the oscilloscope. C' is the measured cylindrical ca-
pacitor, which is in a temperature-controlled furnace
and kept at temperature 100°C. C4=1137pF is a ref-
erence capacitor. If capacitor C is an ordinary one,

we have the relation from Fig.2,

Vs(t)=Vgocoswt

oscilloscope with
two lines

(‘5) IVc(t)=V(;ocoswt

Fig.2.
method, in which C is the measured capacitor and

The diagram showing the experimental

Cy is a standard one.

Vs — V, C
S0~ (10)
Ve Cy
Vso
C=|—-1]C4. 11
(72 -1)e ()
We can determine C' from the experiment using

Eq.(11).
In the experiment Vgo can be adjusted from zero

to 250V. The experimental result that the capacitance

of capacitor C at different voltages is shown in Fig.3.
When Vgg < 1V, C =236pF is approximately con-
stant, and the result is consistent with Eq.(8). When
Voo >100V, C ~70pF which approaches Cy ~66pF
and is consistent with Eq.(9).
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Fig.3. The sturation polarization of Rb vapour as a
function of applied voltage. The units of C' and Vg
are pF and V respectively.

Strictly speaking, Egs.(10) and (11) are only ap-
proximate relations, because C' is not an ordinary ca-
pacitor. The magnitude of C depends on the voltage
applied to it. We cannot use the experimental curve to
compare with Eq.(7) and to obtain values of u and wy.
In spite of this, the experimental curve tells us that
the saturation polarization effect of the Rb vapour

medium is obvious.
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