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A Multi-Reflection Type Visible-Laser I nterferometer
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In order to measure a high density plasma more th&Pri®® in the vicinity of a magneto-plasma-dynamic
arcjet (MPDA), a visible-laser interfengeter is fabricated using a He-Ne lasg@r£ 6328 nm). As t doesn't
have enough phase shift when the light passes ttrdiug MPDA plasma once, we adopt a multi-reflection
optical system irthis interferometer to improve the phase sensitivity. We measured a plasma density by the
interferometer and estimated the maximum value of line-integrated density @0% m=2. Theseexperimental
results are consistent with that of electrostatic probe measurement in the downstream region.
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1. Inroduction Mirror
A magneto-plasma-dynamic arcjet (MPDA) is utilized Plasma
as a high-enthalpy plasma source not only for a plasmain-  one [aser BS Convex lens

jection source foopen magnetic confinements but for an
electric propulsion and several applications. Detailed mea-
surement of plasma density in the vicinity of an MPDA is
important to evaluate its performance.

The interferometry method using electromagnetic
waves is useful andonvenient to obtain a line-integrated
plasma density [1] and can be used in the high density
plasma more than #®m=3, whereit is difficult to measure
the plasma density by an electrostatic probe. The MPDA
plasma density had been measured by an interferometry
method using a C@laser [2]or a dual-beam laser [3].
However, the interferometer was not always used as an
electron density measurement method and detail measure-
ment has not been achieved yet.

The purpose of this research is to develop a laser inter-
ferometer for measurement of a high density plasma in the
vicinity of an MPDA. The feature of this interferometer is
to use a He-Ne lasen (= 6328 nm) and a multi-reflection
optical system. A He-Ne laser is easily obtained and easy
to handle as visible light. As it doesn’t have enough phase
shift when he light passes through the MPDA plasma
once, we adopt a multi-reflectimptical system in this in-
terferometer to improve the phase sensitivity.
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Fig. 1 Schematic view of the multi-reflection type laser interfer-
ometer.

The probe beam is reflected between a corner cube mir-
ror and a flat mirror with a convex lens and passes through
a plasma manyimes. The multi-reflection optical system
was developd by D. Leeet al. for the purpose of a high
accuracy displacement measurement [4]. One of the addi-
tional advantages in this system is that the number of re-
flection can be easily changed. We used the concept of the
optical system to utilize the plasma measurement method.
However, the spatial resolution is rather poor because the
avemge values of the integrated line density along with an
optical path is obtained.

A mockup eperiment was attempted in order to con-
firm the performance of the system. We measured a phase

2. Interferometer System
A Schematic of the Michelson-type interferometer

system is shown in Fig. 1, where a He-Ne laser (10 mW)
is used as adgjht source. The laser beam is divided into a
reference beam and a probe beam by a beam splitter (BS).
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shift when he light passes through air gas, since the refrac-
tive index is changed according to gas pressure. A pres-
surized vessel (0.11m in diameter, 0.215m in length with
quartz window (0.095 m in diameter) on both sides), was
set instead of the plasma. The phase shifj(and air gas
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Fig. 2 Dependence of the phase shift on the air pressure for sev-
eral numbers of reflection. The solid circle denotes mea-
sured value using the interferometer. The solid line de-
notes calculated value from Eqg. (1).

pressurefp) are related to each other as

L x2.765% 104(Ap - 1)
- - ,

A (1)

whereL is optical path length inhe pressured vesseld
is wavelength of the incideright [5]. The experimental

results are shown in Fig. 2. The phase shift increases with

the increas of thenumber of reflection. The experimental
results are in good agreement with that of the calculated
from Eq. (1).

From various experimental researches in the MPDA
plasma [2, 3], we can estimated the electron density is
around Ix 10°* m~3, which corresponds to phase shift of

27 degrees even when the laser light passes 10 times

through theplasma.

3. Experimental Setup and Results

The interferometer is attached to a HITOP device [6]
as shown in Fig. 3. The HITOP consists of a large cylindri-
cal vacuum chamber (0.8 m in diameter, 3.3 m in length)
with eleven main and six auxiliary magnetic coils, which
generate a uniform magnetic field up to 0.1 T. A high
power quasi-steady MPDA is installed at one end-port of
the HITOP. An MPDA has coaal electrodes with a cen-
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Fig. 3 Sclematic views of (a) the HITOP device and (b) the
multi-reflection type interferometer.

of electron temperaturg; and densityn, are measured by

a movableelectrostatic probe and a fast-voltage-scanning
electrostatic probe at the downstream regiyandn, are
derived from a current-voltage characteristic line detected
by the electrostatic probes [7]. lon temperature and plasma
flow velocity are measure by a spectrometer with an ICCD
detector at the viaity of the MPDA. Typical ion temper-
ature is 10-20 eV, higher than electron temperalu¢5-
10eV), and axial flow velocity is & 10* my/s.

The vacuum windows, are made of fused-quartz with
0.11 mx 0.31 m, and located at ¢hvicinity of the MPDA.

The distance between the vacuum windows is 0.5m. The
center of the laser beam of the installed interferometer is
setatZ = 0.135m.

A mechanical vibration is one of the most serious
problems for the interferonter. Many interferometers
used on existing plasma experiments are two-color inter-
ferometers [8] that decouple the phase shift caused by me-
chanical vibrations. Mecharal vibrations are not so im-
portant because of the short duration (1 msec) of the HI-

tral cathode rod and an annular anode. The discharge cur- TOP disclarge, since the mechanical vibration frequency

rentlq up to 10KkA is supplied with a quasi-steady dura-
tion of 1 ms. Ahigh density plasma (more than??@n3)

in the g/stem is several hundred Hertz.
Figure 4 shows time evolutions of an ion saturation

is produced with helium as working gas and accelerated current measured by an electrostatic probe sef at

axially by an electromagnetic force generated by a radial 1.76 m, and the phase shift obtained by the interferome-
discharge current and an azimuthal self-induced magnetic ter, where thdight passes 6 times thugh the plasma at
field. The MPDA plasma characteristics are measured by a Z = 0.135 m. Although the diameter of a single laser beam
several diagnostics installed on the HITOP. Spatial profiles at the plasma center was around 0.1 cm, the density mea-
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Fig. 4 Time evolution of (a) lon saturation current measured
by the electrostatic probe at downstreath#£ 1.76 m).
and (b) Phase shift measured by the interferometer at up-
stream Z = 0.135m).

surement region was broadened to 3 cm in width due to the
multi-reflection. As the spatial variation along the axial di-
rection was weak, we set the multi-beam path shifting in
axial direction to minimizing the error due to the change
of ng during the multi-reflection. As the number of beam
reflection increased, the intsity of refleced laser light
decreased. Due toghdimination of light intensity and in-
creasing diiculty of beam path alignment, we adopted the

beam reflection in three times, where the laser beam passed

through the plasma in six times.

Temporal beaviors of these twoighals are similar to
each other, although the measurement positions by the in-
terferometer and an eleostatic probe were fierent. We
estimated a maximum value of line-integrated density of
4 x 10 m=? from the phase shift of the interferometer.

The axial profiles of the plasma density measured by
the electrostatic probe iqiewn in Fig.5. Plasma density
decreases in the downstream region in the experiment.

The plasma density measured by the interferometer is
the integrated density alorsychord through the plasma.

It is necessary to #éinate a local density using the Abel
inversion method. Bt, this system cannot be scanning to
the radial direction of the plasma yet. We assumed the axis-
symmetry cylindrical plasma with Gaussian density profile
(3cm in e-folding length). The estimated plasma density
on axis atZ = 0.1350m is also [otted in Fig. 5. Plasma
density measured with the interferometer is in agreement
with the plasma density measured by electrostatic probe.

Line-integrated density is measured as a function of
a disclarge currently and plotted in Fig.6 for dferent
values ofoperating gas pressure in MPDA discharge. The
line-integrated density increases almost linearly with
This tendency agrees with that of the electrostatic probe
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Fig. 5 Axial profile of the plasma density measured by the inter-
ferometer and the electrostatic probes. (Discharge current

I = 5.2 kA, Uniform magnetic field strengtla 0.087 T).
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Fig. 6 Dependence of the line integrated density with the dis-
charge currenty.

measurement in the downstream region.

4. Summary

We havedeveloped the Michelson-type interferome-
ter with a multi-reflection optical system. A He-Ne laser
(1 = 6328nm) is usedas a light source .As the wave-
length of the laser is short, the phase shift is magnified by a
multi-reflection optical system. A mockup experiment was
performed using a pressurized air where the refraction in-
dex of air is varied according to the atmospheric pressure.
The experimental results are in good agreement with that
of the predicted one.

The interferometer system is adopted to measure the
MPDA plasma. The maximum value of line-integrated
densityin the vicinity of the MPDA is estimated to be
4% 10°m2 atly = 6.5kA. These gperimental results
are consistent with that of electrostatic probe measurement
in the downstream region.
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