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Measurements within 10% accuracy of the dynamic dipole polarizabilities ���� for five nonrefractory metal
atoms �Mg, Ag, Al, Cu, and Au� at laser wavelengths of �=532 and 1064 nm are presented using electrical
explosion of thin wires in vacuum and a novel laser probing integrated-phase technique. The technique is based
on single-wavelength interferometry and does not require axial symmetry of the tested object. Theoretical
prediction of ���� for wavelengths �=355, 532, and 1064 nm, as well as the static dipole polarizabilities �st,
are also presented. An agreement within 20% was obtained between calculated data, recommended static
polarizabilities �st, and the measured dynamic polarizabilities ��532 nm� and ��1064 nm�.
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I. INTRODUCTION

Static and dynamic dipole polarizabilities of atoms and
ions are required to obtain many atomic characteristics such
as induced dipole moments, oscillator strengths, energy-level
shifts �Stark effect�, Van der Waals constants, and other char-
acteristics related to the interaction of atomic systems with
external electric fields �see Refs. �1,2��. Experimental data
even for static polarizabilities are very limited, especially for
metal atoms, while dynamic polarizabilities are mainly taken
from theoretical calculations �see Refs. �3–5��.

There are two main experimental techniques to measure
atomic polarizability: a bulk diagnostic �dielectric constant,
refractive index, Rayleigh scattering, Kerr effect�, and a
beam diagnostic �electric deflection, E-H balance, beam-
resonance, light force, atomic interferometry� �3�. The main
problem in application of laser interferometry to measure the
dynamic atomic polarizability of metallic vapor/gas is deter-
mination of the atomic density along the probing path length.
To solve this problem it was proposed in Ref. �6� to use laser
interferometry and x-ray shadowgraphy simultaneously. In-
terferometry gives information about the refraction coeffi-
cient of a gaseous wire column, while x-ray shadowgraphy
provides information about spatial distribution of metal at-
oms. The main problems with this technique are related to
pre-ionization of the gas column by the x-ray probing radia-
tion, a need for axial symmetry to allow reconstruction of the
local atomic density, and the high cost of an experiment �be-
cause a high-current accelerator �0.5 MA–100 ns should be
used�. Interferograms of exploding uncoated and coated
25 �m Ag wires demonstrated in Ref. �6�. show a compa-
rable influence of free and bound electron refractivity. In this

case, it is necessary to use two-wavelength interferometry to
eliminate the influence of free electrons �7�.

In the present work, an application of a novel integrated-
phase technique �IPh-technique� for measurement of dy-
namic atomic polarizability at 532 and 1064 nm for five non-
refractory metals �Al, Mg, Cu, Ag, and Au� is demonstrated
using electrical explosion of thin wires in vacuum. The IPh
technique is based on the equality of the radial integral of the
interference phase shift with the initial linear atomic density
of a metal wire. This technique can be applied only for to-
tally vaporized metal wires in vacuum and does not require
axial symmetry of the tested object. Theoretical predictions
of the static �st and dynamic dipole polarizabilities ���� of
Mg, Ag, Al, Cu, and Au atoms at �=355, 532, and 1064 nm
are also presented. Our predictions agree within 20% with
recommended static polarizabilities �st and experimental dy-
namic polarizabilities ��532 nm� and ��1064 nm�.

II. EXPERIMENTAL SETUP

The experimental setup is presented in Fig. 1. A 100-kV
Maxwell 40151-B �positive output� pulse generator with a
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7-nF capacitor bank with a charging voltage of 60 kV and
stored energy of 12.6 J provided the electrical pulse to drive
the wire explosions. A 50-kV Maxwell 40168 trigger ampli-
fier triggered the gas switch of the pulse generator. A digital
delay generator �Stanford DG-535� was used to synchronize
the trigger amplifier with the diagnostics. Pulse generator
jitter was �2 ns. A 9-m 50-� coaxial cable �RG 220/U�
delivered the electrical pulse from the generator to the wire.
Thin 10–40 �m diameter and 20 mm length wires �Mg, Ag,
Al, Cu, and Au� were placed across the cathode-anode gap
forming the center conductor of the coaxial target unit. The
assembly was evacuated to a pressure of �10−4–10−5 torr to
prevent gas breakdown.

The experiment could operate in either a fast or slow
mode. In the fast mode, the current rate was �150 A/ns into
a short circuit ��3 kA maximum� and the voltage rate was
�12 kV/ns into an open circuit ��120 kV maximum�. The
slow-mode current rate was �22 A/ns into a short circuit
��2 kA maximum� and voltage rate was �1 kV/ns into an
open circuit ��80 kV maximum�. The �100-ns oscillation
period of the current was related to the impedance mismatch
presented by the coaxial target unit. However, the mismatch
was not relevant since energy deposition and wire explosion
occurred during the first 50 ns.

The downstream current through the wire was measured
with a 2-GHz bandwidth, 0.1-� coaxial shunt resistor.
The anode-ground voltage was measured with a capacitive
divider with an inductive coil measuring total upstream cur-
rent. These electrical diagnostics provided upstream and
downstream current, voltage, load resistance, and energy
deposition into the wire core throughout the wire explosion.
A silicon p-i-n diode with 1-ns rise time �Thorlabs DET210�
monitored light emission power from the exploding wire. A
short pulse laser �Ekspla SL-312 with 120 mJ at 532 nm
with 150 ps pulse duration� produced shadowgraphy and
interferometric images of the exploding wire. All electrical
waveforms were captured by a 4-channel, 1 GHz digital
oscilloscope �Tektronix TDS 684C, 1 GHz, 5 GS/s�. Images
were recorded with a high-resolution CCD camera �1500
�1000, 12 bit�.

Figure 2 shows the optical setup based on a shearing air-
wedge interferometer first proposed in �8�. The shearing in-
terferogram and shadowgram images resulted from �4% in-
ternal reflections from two slightly tilted glass air wedges
pressed together. The direction and period of the interference
lines, as well as the beam overlap, was adjusted by changing
the air-wedge angle and position of the interferometer with
respect to the focus of the imaging lens �8�.

III. MEASUREMENT TECHNIQUE

A. Basic method

During fast nanosecond electrical explosion of thin metal
wires in vacuum, the wire material can be totally vaporized
and expanded in a radial direction. Wire explosion is accom-
panied by generation of a low-density, high-temperature
plasma shell, voltage breakdown, and switching of the cur-
rent from the core to a fast expanding ��100 km/s� corona
�9�. After breakdown, the wire core expands radially with a
velocity close to the speed of sound and adiabatically cools
�9�. Because vaporized material expands in the radial direc-
tion, the linear density of the expanding gas equals the linear
density of the atoms of the initial wire. If the deposited en-
ergy is not enough for total vaporization �because breakdown
happens during the liquid state�, the wire expands mainly in
the form of liquid microdrops of submicrometer size �10�.
More detail of exploding wire physics can be found in the
reviews �11,12�. The latest results of nanosecond explosions
of thin Al wires in vacuum combined with careful magneto-
hydrodynamic �MHD� simulation are presented in �9�.

B. Interferometric sensitivity to the detection
of the expanding wire mass

To clarify the sensitivity of the interferometric method for
detecting the expanding wire mass, we calculated the inter-
ference phase shift of laser light of 532 nm wavelength after
propagation through a gas cylinder �see Fig. 3� using a
Gaussian-like radial distribution of atoms �which is typical
for exploding wire experiments in vacuum�,

NA�r� = N0�1 − �r/r0�2�3, �1�

where N0 is the peak atomic number density and r0 is the
boundary radius of the distribution.

As a sensitivity threshold of the interferometry, we
consider a phase shift of 2� /20 �0.05 lines�. Initial
distributions of the gas density, corresponding to the
different moments of expansion for 20 �m diameter Al
wires, are presented in Fig. 4�a�. For all atomic density dis-
tributions, the linear density was constant, that is,
1.9�1017 cm−1, and equal to the linear density of 20 �m
diameter Al wire. Simulation results using the dynamic po-
larizability ��532 nm�=10.8�10−24 cm3 �10.8 Å3� are pre-
sented in Fig. 4�b�. For 20-�m Al wire that has expanded to
a diameter less than 3 mm, at least 98% of the wire mass is
inside the sensitivity region of interferometry.

FIG. 2. Optical setup.

FIG. 3. Probing diagram.
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C. Reconstruction of dynamic polarizability
using the integrated-phase technique

The integrated-phase technique �IPh-technique� is based
on the assumption of equality of the initial linear density of
the wire and the radially integrated atomic density inferred
from the interferogram. For the gas state of an expanding
metal wire core, the interference phase shift can be written as

�A�y� =
2�

�
�����

L

NAdx , �2�

where �A is the phase shift, NA is the atomic density, ���� is
the dynamic polarizability, � is the probe laser wavelength, L
is the path length, and x and y are the coordinates along and
perpendicular to the laser direction.

Because the initial wire diameter is known, one can cal-
culate the linear density of atoms Nlin. Assuming that all of
the totally vaporized exploded wire material stays inside the
sensitive threshold of the interferometer �see Sec. III B�, one
can write Nlin as

Nlin =� � NAdxdy =
�

2������Y

�A�y�dy , �3�

where Y is the length of the disturbance of the phase shift in
the radial direction.

Because the wires expand radially, the direction of the
phase integration y is perpendicular to the wire axis �see Fig.
3�. Therefore, the average dynamic dipole polarizability can
be extracted from the linear density of the wire and the inte-
gral of the phase shift,

���� =
�/2�

Nlin
�

Y

�A�y�dy . �4�

Note that the main assumptions for application of the IPh-
technique for measurement of dynamic polarizability are �i�
the wire is totally vaporized, �ii� free-electron refractivity is
negligible, and �iii� the exploded wire material stays within
the sensitive region of the interferometer. In this approach,
axial symmetry of the tested object is not required. If condi-
tions �i�–�iii� are not exactly satisfied, the IPh-technique
gives a low estimate of the dynamic dipole polarizability at
the probing frequency.

For totally ionized plasma, the contribution of the bound
electrons is negligible, and the interferometric phase shift �e
depends only on the free-electron density ne,

�e�y� = − 4.49 � 10−14��
L

nedx , �5�

where ne has units cm−3.
Thus, for a totally ionized plasma, the IPh-technique gives

the linear density of the free electrons in cm−1 as

nlin = − 2.23 � 1013�−1� �e�y�dy . �6�

To get the absolute number of atoms �Eq. �3�� or electrons
�Eq. �6��, it is necessary to do two-dimensional integration of
the phase shift ��y ,z�. No axial symmetry is required. But if
electronic and atomic refractivity are comparable, it is nec-
essary to use two-wavelength interferometry for splitting
electronic and atomic contributions to the total phase shift
�7�.

D. Estimation of experimental accuracy

According to Eq. �4�, there are two sources of error for
reconstruction of the average dynamic polarizability: �i� re-
construction of the initial linear density of the wire, and �ii�
reconstruction of the interference phase-shift integral. The
resulting relative error in the reconstructed dynamic polariz-
ability is a sum of the relative errors in the determination of
the wire mass and phase-shift integral.

In our experiments, we use wires from the California Fine
Wire Company�13� �CFW�. CFW declares the wire diameter
tolerances to be within 0.00015 in. ��0.6 �m�. It means that
the 20.3 �m wires we used in our experiments have a stan-
dard deviation of ±0.3 �m. This diameter uncertainty gives a
relative error for the wire mass of ±3%. Furthermore, an
increase in the diameter of the tested wire results in a de-
crease of the mass error.

Relative error in reconstruction of the radial integral of
the interference phase shift depends on the experimental con-
ditions, namely on the maximum phase shift and the number
of resolvable points in the radial direction of the phase dis-
turbance. Accurate treatment of the interferogram taking into
account the initial nondisturbing distribution of interference
lines gives a phase-shift reconstruction accuracy of �2� /20
�see Fig. �5c��. For a Gaussian distribution of the radial phase
shift with maximum two to three lines, an estimate of the
accuracy of phase-shift integration is �5–7%. So, the total
accuracy of the reconstruction of the dynamic polarizability
using the IPh-technique can be estimated as ±10%.

FIG. 4. �a� Radial distributions of atomic den-
sity for a 20 �m diameter Al wire at 4 times. �b�
Reconstruction of the axial phase shift and de-
tectable wire mass vs detectable wire diameter.
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IV. EXPERIMENTAL RESULTS

Figure 5 demonstrates the data reconstruction procedure
for a fast-exploding Ag wire. Figure 5�a� shows the current,
voltage, light emission, and energy deposition waveforms for
a fast exploding 20.3 �m diameter, 2 cm long Ag wire in
vacuum. The voltage rises to �62 kV in �16 ns and col-
lapses to almost zero during the next 5 ns. The deposited
energy into the wire core, which is the time integral of the
electrical power up to the time when the cathode-anode re-
sistance drops two times from its maximum value, was
�7.6 eV/at. This value is 2.6 times the atomization enthalpy
for Ag, which is enough for total vaporization. The voltage
collapse is related to breakdown of the metal vapor surround-
ing the wire and rapid switching of the current from the wire
core to the fast-expanding plasma shell �9�. After breakdown,
the wire expands with a velocity of �3.3 km/s.

Figure 5�b� shows a complementary interferogram and
shadowgram of the exploded Ag wire at �300 ns after
breakdown. Note also that the extended wire core has axial
stratifications. Reconstruction of the interference phase shift
along the cross-section A-A is presented in Fig. 5�c�. The
plot shows all the digitized maximum and minimum posi-
tions of the interference lines along the A-A line. There are

25 digitized experimental points along the radial direction of
the phase disturbance. The experimental points are well ap-
proximated by the Gauss function. The reconstruction of the
dynamic polarizability with the IPh-technique using these
data gives a value of 12.4 Å3±10%.

To get statistically averaged data, we complete five recon-
structions along adjacent cross sections of the same interfero-
gram. Figure 6 shows reconstructions of dynamic polariz-
ability at 532 nm for 35 �m diameter Mg wire and 20.3 �m
diameter Au and Al. The dynamic polarizability for Mg has
an average value of 13.9 Å3 with a ±5% uncertainty. The
dynamic polarizability of Au and Al has average values of
8.3 and 10.7 Å3, respectively, with ±3% uncertainty. These
uncertainties are primarily related to error in the phase inte-
gration and axial redistribution of the linear density due to
stratification.

Figure 7 shows reconstructed dynamic atomic polarizabil-
ity at 532 nm for Ag �a�, Al �b�, Cu �c�, and Au �d�, 20.3 �m
diameter wires versus deposited energy for different probing
times. Each point is a statistical average of five shots. In all
cases if the deposited energy is less is than 1.5 times the
atomization enthalpy, the reconstruction gives a smaller
value for dynamic polarization than with a higher deposited
energy. This happens because there is not a total vaporization
of the metal. In this case, part of the wire masses in the form

FIG. 5. �a� Current, voltage, light emission, and energy deposition waveforms for exploding 20.3 �m Ag wire; �b� interferogram and
shadowgram of the same wire at 300 ns after breakdown; �c� reconstruction of the interference phase shift along the radial cross section A-A.

FIG. 6. Reconstruction of dynamic atomic polarizability for the wavelength 532 nm for five different cross sections along the wire length
for �a� Mg, �b� Au, and �c� Al.
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of liquid microdrops �10,12� and gives a significantly smaller
contribution to the polarizability than the gas components. If
the deposited energy is too high and probing time is too
early, the expanded metal cylinder can be partially ionized
and free electrons may lower the reconstructed value of the
polarizability. We can see this effect in Figs. 7�b� and 7�d�. In
this case, it is reasonable to attribute the maximum value of
the reconstructed polarizability in Fig. 7 to the dynamic
atomic polarizability of the tested metal; that is, for Ag it
is 13.4 Å3±10%, for Al it is 10.8 Å3±10%, for Cu it is
11.3 Å3±10%, and for Au it is 8.3 Å3±10% �see Table I�.

Measurements of the dynamic polarizability at a wave-
length of 1064 nm were done for exploding Mg and Al
wires. For a 35 �m diameter Mg wire, the deposited energy
was 3.4 eV/at, which is 2.3 times the atomization enthalpy.
Probing time was 400 ns after voltage collapse. The recon-
struction of the dynamic polarizability for Mg at 1064 nm
gives a value of 12.4 Å3±10%. For 25 mm Al wire, the de-
posited energy was 5.8 eV/at, which is 1.8 times the atomi-
zation enthalpy. Probing time was 170 ns after voltage col-
lapse. The reconstruction of the dynamic polarizability for Al
at 1064 nm gives a value of 1.8 Å3±10%.

TABLE I. Experimentally determined dynamic dipole polarizabilities for Mg, Al, Cu, Ag, and Au atoms
at 532 nm �2.33 eV� and 1064 nm �1.16 eV�.

Atom

Transition from the ground
state to the first dipole allowed

state
Transition

energy �eV�

Experimental polarizability �Å3�

��532 nm�
±10%

��1064 nm�
±10%

Mg 2p63s2-2p63s3p 4.35 13.9 12.4

Al 3s23p-3s24s 3.14 10.8 8.7

Cu 3d104s-3d104p 3.81 11.3

Ag 4d105s-4d105p 3.74 13.4

Au 5d106s-5d106p 4.95 8.3

FIG. 7. Dependence of the reconstructed dynamic atomic polarizability at 532 nm vs deposited energy for �a� Ag, �b� Al, �c� Cu, and �d�
Au. Each experimental point is statistically averaged and was taken at different times.
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V. THEORETICAL PREDICTIONS AND
COMPARISON WITH EXPERIMENT

In order to interpret the experimental data obtained in the
present paper, theoretical predictions of dynamic polarizabil-
ities ���� were made using the well-known quantum-
mechanical formula �14�,

�0��� = a0
34Ry2�

�
��

k�o

fok
���

�	Eok
����2 − �
��2

+ �
I�

� df ���/dE

E2 − �
��2dE	, � =
2�c

�
, �7�


��� = �a0
24�e2


c

df ���

dE/Ry
, �8�

where a0 denotes the Bohr radius, 
 is the Planck constant, c
is the speed of light, e is the electron charge, and � is the
wavelength. Here f and df /dE denote the oscillator strength
and oscillator strength density for transitions in discrete
spectrum and continuum, respectively, 	E and I� denote
transition and binding energies, and 
��� denotes the photo-
ionization cross section. Summation over � includes transi-
tions of atomic inner-shell electrons. The static polarizability
�st is defined by Eqs. �7� and �8� with �=0.

A. Dynamic polarizability of Mg„2p63s2
…

In this case, the main contribution to the sum �7� is given
by the bound-bound 3s1/2-np1/2 transitions. Contributions
from transitions involving 3p6 shell and photoionization pro-
cesses are very small. In calculations, the data for the oscil-
lator strengths f�3s1/2−np1/2� with n�6 and the correspond-
ing transition energies were taken from the astrophysical
database by Morton �15�. Calculated dipole polarizabilities
for Mg at four different frequencies are given in Table II in
comparison with recent calculations made in �16� using the
analytical form of the Green function. A contribution of
photoionization of 2p and 3s electrons was estimated using
the data of Verner et al. �17�. As it is seen, the present cal-
culated data and data from �16� agree to within 10%. Our
result for the static polarizability is also in good agreement
with calculations �18� ��st=10.7 Å3�.

B. Dynamic polarizability of Al„3s23p…

This case is the most interesting for calculation among
other metal atoms considered here because the ground state
consists of two close levels with the total angular moment
j=1/2 and 3/2 separated by a small energy interval of about
0.02 eV. The strongest are the 3p-nd transitions with n�6
and the transitions 3s23p-3s3p2 from the inner 3s shell.
Photoionization of the 3p electron gives a 30–50% contribu-
tion to the total value of ���� depending on the frequency �.
Contribution of 3s-electron photoionization is negligible.

The data for oscillator strengths and transition energies of
3p-nd transitions with n�6 were taken form Morton �15�,
and for photoionization cross section of the 3p electron from
the tables �17�. Since the data for 3s23p-3s3p2 transitions are
absent in the literature, the corresponding f and 	E values
were calculated in the present work using the FAC code
�flexible atomic calculations� described in �19�. Within FAC,
the bound-state wave functions are calculated using a fully
relativistic configuration-interaction method and the
j j-coupling scheme. For the strongest 3s23p-3s3p2 in Al
transitions, we obtained f�3s23p2p1/2-3s3p2 2D3/2�=0.685
with 	E=7.95 eV, f�2P3/2-2D3/2�=0.858 with 	E=7.94 eV,
and f�2P3/2-2D5/2�=0.356 with 	E=5.50 eV.

Calculated ���� values for Al are given in Table III for
three wavelengths in comparison with the static polarizabil-
ity. Contributions of bound-bound transitions from the
ground 3p1/2 and 3p3/2 states and the averaged polarizabil-
ities are given in the second, third, and fourth columns, a
contribution from 3p photoionization and the total ���� val-
ues in the fifth and sixth columns, respectively. The contri-
bution of 3s-electron photoionization is small. The calcula-
tions with configuration interaction �20� and experiment �21�
give for j-averaged �st the values of 8.6 and 6.8 Å3, respec-
tively. An agreement between present calculations and mea-
surements, and recommended data for �st, are within 15%.

TABLE II. Dipole polarizabilities ���� of Mg.

Polarizability �Å3� Theory �16� Theory �present�

��355 nm� 11.3 11.8

��532 nm� 14.6 15.2

��1064 nm� 11.3 11.8

�st 10.6 10.9

TABLE III. Dipole polarizability ���� of Al.

Polarizability

Calculated values �Å3�

Transitions
from 3p1/2

Transitions
from 3p3/2 j-averaged 3p photoionization

Total,
j-averaged

��355 nm� 2.2 5.8 4.6 2.5 7.1

��532 nm� 6.9 9.5 8.6 2.1 10.8

��1064 nm� 4.8 7.1 6.3 2.0 8.3

�st 4.4 6.6 5.9 1.9 7.8
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C. Dynamic polarizability of Cu„3d104s…

Similar to Mg, for Cu atoms the main contribution to the
sum �7� is mainly due to the bound-bound 4s1/2-np1/2 transi-
tions with n�7, and photoionization of 3d electrons. The
data for the oscillator strengths and the corresponding tran-
sition energies were taken from the database by Morton �15�,
and a photoionization cross section of 3d electrons from Ver-
ner et al. �17�. The results of calculations of dynamic polar-
izability for Cu are given in Table IV. The main uncertainity
of the calculation is that part of the Cu atoms may be in the
3d94s2 state. The polarizability of this state requires specific
consideration.

D. Dynamic polarizabilities of Ag„4d105s… and Au„5d106s…

Gold and silver atoms have an atomic structure similar
to Cu, i.e., one s electron outside the closed d10 shell. Again,
the main contribution of bound-bound transitions is given by
s-p transitions with n�7. Contribution to photoionization
by d-electrons is very large. The values of f and 	E for Ag
atoms were taken from Morton �15�. In the case of Au,
the values for the resonance 6s1/2-6p1/2 and 6s1/2-6p1/2 tran-
sitions were taken from Morton �15�, and for the other
6s1/2-np transitions with n�7 from calculations �22�. In Ref.
�22�, the f-values were obtained with a one-electron approxi-
mation using core polarization effects. The photoionization
cross sections of d-electrons were calculated using the ATOM

code described in �23�. The ATOM code calculates the radial
wave functions of the optical electrons by solving the radial
Schrödinger equation with the effective potential of the
atomic core. The results of calculations of dynamic polariz-
abilities for Ag and Au are presented in Tables V and VI.
Similar to Cu, there is an uncertainity in the calculation

related to the Ag�4d95s2� and Au�5d96s2� atoms. The polar-
izability of this state requires specific consideration.

E. Comparison with experiment

Table VII finalizes our experimental and computational
data. According to the analysis given in Sec. III D, the ex-
perimental accuracy should be ±10%. The source of the cal-
culation error is related mainly to the accuracy of the avail-
able values for the oscillator strengths and the
photoionization cross sections. In the case of light atoms
�Mg, Al�, these values are known quite well and the accuracy
of the calculated polarizabilities is about 10–20 %, while in
the case of heavy atoms �Cu, Ag, and Au� this accuracy is
about 30–50 % because of the large uncertainty in the photo-
ionization cross sections. According to Table VII, the agree-
ment between the experimental polarizabilities, the static po-
larizabilities recommended by the CRC Handbook �5�, and
the calculated polarizabilities obtained in the present work is
within 25%.

VI. CONCLUSIONS

Accurate measurements of the dynamic dipole polariz-
abilities ���� within �10% accuracy �except for Cu� for five
nonrefractory metal atoms, Mg, Ag, Al, Cu, and Au, at laser
wavelengths �=532 and 1064 nm, were made using electri-
cal explosion of thin wires in vacuum and a novel laser prob-
ing integrated-phase technique. The new IPh-technique is
based on single-wavelength interferometry and does not re-
quire axial symmetry of the tested object. The IPh-technique
is based on the assumption of the equality of the initial wire
linear density with the density determined from the integral
of the radial phase shift taken from the exploded-wire inter-
ferogram. The main assumptions of the IP-technique are �i�
the wire is totally vaporized; �ii� the expanding metal is in a
gaseous state; and �iii� the region of sensitivity of the inter-
ferogram includes all of the wire mass. If these assumptions
are not true, the IPh-technique gives a low estimate for the
dynamic polarizability. This technique can be applied to any
metal in the form of thin, 20–30 �m diameter wire. More
difficult is vaporization of refractory metals such as tungsten.
To insure that the metal is totally vaporized, the deposited
energy must be 1.5 to 2 times the atomization enthalpy �10�.

Theoretical prediction of dynamic polarizability ���� for
wavelengths �=355, 532, and 1064 nm, as well as static
dipole polarizabilities �st, are also presented. An agreement
to within 25% was obtained between calculated data, static

TABLE IV. Dipole polarizability of Cu�3d104s�.

Polarizability

Calculated values �Å3�

4s-np
transitions 3d photoionization Total

��355 nm� 33.4 0.7 34.1

��532 nm� 8.6 0.7 9.3

��1064 nm� 5.9 0.7 6.6

�st 5.4 0.7 6.1

TABLE V. Dipole polarizabilities ���� of Ag.

Polarizability

Calculated values �Å3�

5s-np
transitions 4d photoionization Total

��355 nm� 45.4 2.7 48.1

��532 nm� 9.2 2.7 11.9

��1064 nm� 6.3 2.6 8.9

�st 5.7 2.6 8.3

TABLE VI. Dipole polarizabilities ���� of Au.

Polarizability

Calculated values �Å3�

6s-np
transitions 5d photoionization Total

��355 nm� 6.3 4.3 10.6

��532 nm� 4.0 4.1 8.1

��1064 nm� 3.3 4.0 7.3

�st 3.1 4.0 7.1
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polarizabilities �st, and experimental dynamic polarizabilities
��532 nm� and ��1064 nm�, as presented here.
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TABLE VII. Comparison of calculated theoretical values of dynamic and static dipole polarizabilities
with experimental data for five metals �in Å3�. CRC table presents calculation data except for Al.

Atom

CRC static
polarizability

�st

Calculation �±25% � Experiment �±10% �

�st ��1064 nm� ��532 nm� ��355 nm� ��1064 nm� ��532 nm�

Mg 10.6±5% 10.9 11.8 15.2 11.8 12.4 13.9

Al 6.8±5% 7.8 8.3 10.8 7.1 8.7 10.8

Ag 7.2±25% 8.3 8.9 11.9 48.1 13.4

Cu 6.1±25% 6.1 6.6 9.3 34.1 11.3

Au 5.8±25% 7.1 7.3 8.1 10.6 8.3

SARKISOV et al. PHYSICAL REVIEW A 73, 042501 �2006�

042501-8


