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=2 Some leasured Power Spectra of the Interplanetary iagnetic
Variations Observed Simultaneously by Two Satellites
415 K = [ 3% )
The power spectral method of analysing interplanetary magnetic field variations

is not a new thing, many such works have been reported already. ilowever, "“he rcz.ibhs

of Lhe

i2asurad spectra obtained simultaneously by two satellites at two separated
positions are seldom seen in the literature. Thus, it is our purposeto report in
some detail the measured svectra in each of the magnetic ficld components. The data
employed in this report were obtained by Explorer 33 and 35 magnebometers with the
sampling rate of 81.1 sec.. The time scale used here is within 3 hours. Certainly,

a spectrum measured in this short-term time scale may not be representative of the
interplanetary magnetic variations. The reason why we do not consider long-term
period data analysis is that we are merely concerned here with the type of variation
having quasi-sinusoidal form. Such variations are not long-lived, they last only few

cycles. Fortunately, our computed results are well consistent with the previous
typical results.

By a comparison of the two satellites' spectra, we find that the spectra have

power law exponent

‘l<onx<2.00
1 .88
<ay<18

1<az<2.’lo

" — = : -a
at 4.5¢ X 1072 _ 1072 Hz, and where power density Pd(f) o £ 7., But sometimes the

spectra observed by SZxplorer 33 and those observed by Oxplorer 35 are different for

the same time interval. There are various significant peaks present. In general, the
observed power lsvels have the range from 0.32 X 1072 to 5.65 Ya/Hz at 102 to 1074
Hz. The power levels measured in the vicilit, of bow shock are more enhanced than
those of far from the bow shock. However, it dose not always happen. Furthermore,
the two satellites' data indicate that P(BZ)3>P(By)3>P(Bx)J>P(BO), i.e. the vari-
ations are prominently transverse rather than compressional, and th: largest vari-

ations are p rpendicular to the solar equatorial plane.

clearly, thes observed rssults ziven above not only show that the variatisas are
transverse

Sut also show that the spectra and power levels have spatial effect. This

help us t»o distinguish which variations are produced at the source of the

and which variati ns are produced at the source associated with ti - bow
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1—4 Interplanetary lagnetic Variations
Upstream of the Magnetosphere
2 T
%&. “g 7N A
\.?\;Zu\ 75 i X4 4 7

Observations of the interplanetary variations within three hours time interval

Q

have been investigated. The present work reported here is based on Explorer 33 and
35 81.8 sec. interval data obtained simultaneously at two separated points in the
interplanetary space. Therefore, this report is different from most previous anal-
yses which only utilize one satellite's data. By using the prevalent techniques of
coherence, power spectrum, variance tensor analyses and polarization diagram, the
source and the time and spatial properties of variations could be determined.

We first examine the two satellites' time series of magnetic field data for
correlations between the corresponding components pairs (B33i-B553 for i=j=x%,Y,%)
of three field components. The procedure used is thz usual one of obtaining esti-
mates of the cross spectr of each pair of three components. The result of performing
& coberence analysis shows that the coherence is strong and has frequency dependence

h
when the presence of variations at both satellites data has apparent form. In the

other
words, the coherence become poor and not clear when the observed variations

ha i o
ve differnt forps. Clearly, this can inform us about variations' spatial extent.

As the secona step, we analyze our data by the standardtechnique of spectral

analysi 5 : "
7S1s %o describe the magnetic variations. We find that the field variations

ha ;
Ve some basic results: (1) Bz-comp0nent power levels are higher than By— and B, -
x

component
power levels; (2) the power spectra of By By. and 3 for within 3-hour

time sc i =
ale interval haye the frequency dependency form it wiph 1.0 < & < 2.11;
<E L X
(3) (L) >> P(ID; that is that the variations are prominently transverse rather

than compressi 2 :
7 Pressional, and the largzst variations are perpendicular to the solar equa-—

torial & S : s .
i plane and the averagc ambient magnetic field direction.

Since . . ; -
POWer spactral analysis does not imply the directions of variations, thus,

we use anoth- hni o 3 > e
I tschnique, the principal axes technique, of variations analysis to

test our dah : s = ¢ 3
a further, By solving an eigenvector problem on the variance teasor of

the variations ; ) ;o : .
+0nS, we find that the minimum variation's direction makos small anele

-~ - -]
(6 ~30°) with the , A . ' ) . x
59%) © BhS averay. ambient magnetic field direction. his t.st reveals taat
{ LA

&, ing G
propagating vector kk of the variation is nearly along the of Bove

From ti I o : :
rom the above flndlng, we th=n measure the sense of polarization by examining

the hodogram of the wave in the plane which is perpendicular to the direction of

B,y in the principal axis system. We find that the presence of the observed vapji—

atioag wak ¢ £Uo as : 3 . 2 2 .
i 5 t CWo satellites d4ai= uas sane .wlarization sense. Iz all casas, ¢

_4.—



variations are highly elliptically polarized with significant irregularity. The
latter phenomenon is particularly distinct when the satellite's position is'adjacent
to the bow shock.

According to the previous analyses, we finally summize our overall observed
results as follows:

(1) The observed variations are prominently transvers.

(2) The variations have no position dependence, i.e. the presence of the varis
ations can be seen in the dawn-, day- and dusk-side.

(3) The variations are ooserved when the projection of the magnetic field line
at the satellites does or does not intersect the bow shock.

(4) There is evident that the variation form of the type seen at both Explorer
3% and 35 is present in the data but with appreciately increased amplitude at one
satellite which is nearer the earth bow shock.

(5) The propagating vector k of variations are approximately parallel to the
average ambient field's direction, and the variations are highly elliptically polar-

ized with somewhat random.
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=9 Effects of Field Line Curvature on the Hydromagnetic Oscillation
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1=13 Reconnection of magnetic field lines - in

incompressible MHD fluids
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Reconnection of magnetic field lines :

evolution in incompressible MHD fluids

2w 3 £ - AR 9

Time-dependent incompressible MHD solutions in two
dimensions are obtained numerically to study the evolutionary
process involving magnetic field-line re-connexion. Given an
initial antiparallel magnetic field, or a current sheet, to which
there is an injection of fluid in a transverse direction, we want
to see how the process of re-connexion builds up. In this
numerical experiment, special considerations are given to the
confirmation of re-connexion, the speed of growth, conditions
that control the evolution, acceleration of particles, the structure
of the diffusion region, and so forth. The findings are : Field
lines can re-connect and grow to the X-type configuration in fluids
of any finitely large hydromagnetic and hydrodynamic Reynolds
numbers ; the conditions local to the neutral point are less
important than the boundary conditions that set up global flow
patterns ; electric field at the neutral point due to the rapidly
changing magnetic field is less efficient to accelerate charged
particles ; the diffusion region whose nature the numerical
experiment suggests may be similar to the one known from

Presently available steady-state solutions.
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1-16 Nonlinear Wave -Particle Interaction in the neighborhood

of a Neutra| Point
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The sharp westward edge of the plasmapause bulge frequently detected by the

whistler method is examined by using the geomagnetic data in the dusk sector as a

measure of the magnetospheric convection activity in the bulge region. It is

found that the detection of the above feature is invariably associated with the

increase in the northward geomagnetic disturbance field on the duskside. This sug-
gests that the sharp westward edge develops as the tip of the bulge is twisted sun-

ward as the magnetospheric convection directed toward the Sun is intensified.

1=20

Tail Plasma Sheet Motions Induced by the Interplanetary
Magnetic Field

Tsutomu Toichi

Geophysical Institute, Faculty of Science
Tokyo University

Abstract. The sharp crossing and the oscillatory motions o

the plasma sheet have been observed -by Explore 35 in the

distant geomagnetic tail at 60 Ru' In some cases the plasma
sheet traverses the satellite within 164 sec and its velocity
relative to the satellite is about 80 km/s, if the plasma

sheet thickness is assumed to be 2 RE' In other casSes the
plasma sheet oscillates azround the satellite with the period

of 5-20 minutes. The ¢2useé of these plasma sheet motions is
investigated by comparing Explorer 35 tail observations with

the interplanetary conditions monitored simultaneously by
Sxplorer 33. Jeveral typical examples are showm and it is
statistically indicated that the tail plasma sheet at the

lunar distance is induced to be woved by the interplanetary
magnetic field,when the magnitude\/B + B: of the interplanetary
field is comparable to the tail field strength and the variations
of B and B2 components are considerably large. Interrelation
between the plasma sheet motions and the substorm break-up
effect are also discussed. The simplified model of the plasma

sheet motions is also proposed.
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The sharp westward edge of the plasmapause bulge frequently detected by the

whistler method is examined by using the geomagnetic data in the dusk sector as a
measure of the magnetospheric convection activity in the bulge region. It is

found that the detection of the above feature is invariably associated with the

increase in the northward geomagnetic disturbance field on the duskside. This sug-
gests that the sharp westward edge develops as the tip of the bulge is twisted sun-

ward as the magnetospheric convection directed toward the Sun is intensified.
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Tail Plasma Sheet Motions Induced by the Interplanetary
Magnetic Field

Tsutomu Toichi

Geophysical Institute, Faculty of Science
Tokyo University

Abstracte. The sharp crossing and the oscillatory motions of

the plasma sheet have been observed -by Explore 35 in the

distant geomagnetic tail at 60 R . In some cases the plasma
sheet traverses the satellite within 164 sec and its velocity
relative to the satellite is about 80 km/s, if the plasma

sheet thickness is assumed to be 2 RE' In other casSes the
plasma sheet oscillates around the satellite with the period

of 5-20 minutes. The Causé of these plasma sheet motions is
investigated by comparing Explorer 35 tail observations with

the interplanetary conditions monitored simultaneously by
Sxplorer 33. 3Jeveral typical examples are shown and it is
statistically indicated that the tail plasma sheet at the

lunar distance is induced to be moved by the interplanetary
magnetic field,when the magnitude\/B + B; of the interplanetary
field is comparable to the tail field strength and the variations
of B and Bz components are considerably large. Interrelaetion
between the plasma sheet motions and the substorm break-up
effect are also discussed. The simplified model of the plasma

sheet motions is also proposed.
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=27 NONLINEAR PLASMA WAVES IN THE MAGNETOSPHERIC NEUTRAL

SHEET PLASMA ( Part II )

Hiroshi OYA ( x % i )

(IRL,Kyoto University, #4F A% L 5p )

Three cases of the nonlinear interactions between the plasma particles and the
electron cyclotron harmonic waves have been discovered on the 0GO-5 VLF electric field

data observed in the neutral sheet plasma of the earth magnetospheric tail region.

Conditions for the wave-particle nonlinear interactions pertaining to the electro-

static electron cyclotron harmonic waves are satisfied as

Wy = by m= K () -K(wy) Y, 0

where m=1 or 2 and the particle velocity Ql parallel to the magnetic field is in a
®Nergy range of the thermal level. The results are also indicating that the turbulent
phenomena include the three wave resonant interaction simultaneously with the wave-

particle nonlinear interactions; this may be characteristic points of the nonlinear

effects in the Magnetoactive plas
Processes are Checked by comparis

ion massg Spectrometer op board of
the plasma wave dig

ma (see Figure 1). These nonlinear interaction
on with the plasma density results obtained by the
the 0GO-5 satellite and the density deduced from

Persion curves pertaining to the wave-particle nonlinear interaction
conditj A :
tions; the both results reveal reasonable agreements (see Figure 2).
y PG e LR L=73, xa=-35", 23:39LT SEPT 5, 1968
5 - 2 Figure 1
— = <>

OGO-5 VLF elec-
I N e tric field datgy
normalized by

Q=2wa.
* ~ ar—a ecmm oo

030550 gopry ey 1 . . : :
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i
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540 Vec (b,
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N N g Measured plasma
é density; H: by
- the mass spectro.
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the nonlinear
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1 —28 JOVIAN MAGNETOSPHERE AND RADIO EMISSIONS, PART I-~- Conversion of the
plasma waves into the Jovian decametric emissions

Hiroshi OYA (X B %
(IRL, Ryoto University, Z&JAFE LFEp )

The origin of the Jovian decametric emission is still an unsolved problem.
From the standpoint of the plasma wave conversion into the electromagnetic
wave through the Jovian ionosphere and magnetosphere, the origin of the
decameter wave emission has been investigated. A new approach for this
conversion hypothesis has been carried out for the magnetoactive plasma
being based on the numerical calculation of the dispersion relation for all
the wave length pertaining to the longitudinal (electrostatic) and transverse
(electromagnetic) waves (see Figure). The X-mode wave can be obtained by the
mechanism to make straight variation of the wave characteristics from the
longitudinal plasma waves to the transverse electromagnetic waves through the
inhomogeneous media while the mode conversion from X to O modes is required
for the escape of the generated electromagnetic waves from the Jovian ionosphere.
This mode conversion has been investigated by a ray-theory for the wave propa-
gation. The results indicate that the plasma instabilities in the Jovian
ionosphere and magnetosphere are the sources of the decametric emissions
, producing the plasma waves with electric field intensity in a range of
1 to 100 mVolts/m in the Jovian plasma. Thus, a new question is raised how the
free energy for the plasma instability can be injected into the Jovian
ionosphere and magnetosphere. To investigate answer for this question
the structure of the Jovian magnetosphere relating to the solar wind interaction
and the satellite IO modulation should be understood completely.

60

50
2 A
(&)
=z
s 3n
o1 i
@ - Eq : Figure

=——>Cd =< A,
u _/ Dd
(Electromagnetic) kR (Electrostatic)

NORMALIZED WAVE NUMBER

pispersion curves of the electron cyclotron harmonic waves for the all

wave length (kR=10—4 at the left hand side end of the diagram and kR=10

at the right hand side end, the abscissa is scaled by a logarithmic function)
The plasma wave generated by the instability mechanisms at Ad can be escaped
through a process: Ad-Bd'—Cd-Dd and Egq in the slightly inhomogeneous plasma
(After Oya, Radio Science, 1131-1141 (1971)).



=29

NONLINEAR PLASMA WAVES IN THE MAGNETOSPHERIC
NEUTRAL SHEET PLASMA (PART III)

Hiroshi OYA and Fumiko MORITA
(xa%k £ . ABHRF)
Tonosphere Research Laboratory, Kyoto University
CREVAFE LES )
Data of the 0GO-5 VLF electric field observations during two passes
in the magnetospheric neutral sheet plasma have been analyzed using SOPP
(Solar Telestrial Data Handling System—-SOLTERTRON- Pilot Plant) system.

Continuous record of the rayspan data for approximately 7500 seconds

indicates the following evidences.
1) Two or three groups of the transverse electron cyclotron harmonic waves

are subjected to the nonlinear wave-wave and wave-particle interactions

(see Part II and Figure).
2) The transverse electron cyclotron harmonic waves reveal the nonlinear

wave-wave and wave particle interactions with the whsitler mode electro-
magnetic waves.
3) The transverse electron cyclotron harmonic wave frequency due to the

pPlasma instability indicates the systematic frequency shift from the

value that is the most faverable for the wave generation in the rest plasma;
the result at night side neutral sheet indicate positive shift while the
shift at down side is directed to the lower side. There is a possibility
that these shifts are caused by the convection motion of the neutral sheet
Plasma. The determination of the source area of the emitted waves is

+ however, required to obtain the unique solution for the plasma motion.

L=48, An=-l.5 06:49LT, JUNE 3,1968

w

Y e B

‘-—d
C Qe — e - nll =

NORMALIZED FREQUENCY {/fu
n

G > R <z Laize g
| e s 3 T —
1254:40 50 1255:00 10 20 30

uT

Figure An example of the 0GO-5 VLF electric field observations,
emissions A and B make a wave-particle nonlinear interaction

and A, C and D make a wav-particle nonlinear interaction.
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1—-30 Negative Pressure Effect on the Low Frequency Waves
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1—-32 A NEW METHOD FOR IN-SITU ELECTRON TEMPERATURE
DETERMINATION FROM PLASMA WAVE PHENOMENA

*
Hiroshi OYA and Robert F. BENSON
(IRL, Kyoto University, HMRFELHF &p )

A new method for measurements of the electron temperature in the space plasma
has been established. Large amplitude pulses transmitted from the Alouette 2 satellite
propagate through the media producing the nonlinear scattering waves from the turbulent
area caused by the transmitted pulses. Returning fDl waves from the turbulent
area due to the nonlinear scattering are subjected to the Doppler shift due to
relative motion between the moving satellite and the plasma medium where the fDl.

plasma waves propagate. The wave number k of the £ wave can be determined from the

Doppler shift; the determined k value gives the peg;endicular temperature T, since

a J(KTL/m 92))(1 value is the uniquely defined function of the fD1 wave frequency,
where k,m and @ are the Boltzmann constant, electron mass and the electron cyclotron
frequency. )

The obtained electron temperature values are compared with the Brace's electro-
static probe results that are obtained simultaneously on the Alouette 2 satellite.
For the data obtained at Ottawa telemetry station, Tprobe/TfDl =1.32 while the
value Tprobe/TfDl =1.02 for the Winkfield data. These values are quite similar
with the results of the "Rader-Probe discrepancy" and give a. confirmation to the
argument that the rader-probe discrepancy is caused by electron distribution

functions deviated from the Maxwellian distribution function.

4000 — EXAMPLES OF RESULTS
= OTTAWA %  WINKFIELD
—% % < o
3000 { { { «— probe
L Z - ;
£ v b od
2 SEREEE

2000~

L \
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(a)
- D1
B DAY NUMBER OF 1966

1000 1 1 1 1 1 1 L 1 1 1 1 1 1 1 1 ! 1 1
114 116 116 117 120 "120 121 113 113 113 113 117 117 118 118 119 119 121

(b)

* NASA, Goddard Space Flight Center
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Although the full-wave calculations have been currently made since the work

of Pitteway and Jespersen, 1ittle attention has been paid to the variation of

the jonospheric propagation characteristics of VLF and ELF radio waves with azimuth,
HoweveY,there arise such problems as the dependences of the propagation loss and
of the coupling efficiency into the whistler mode upon the propagation direction.
So the object of this paper is to study the azimuthal dependence of the propagation
characteristics of VLF and ELF radio waves in the lower ionosphere,as a function

of latitude.
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Transmission and reflection of magnetospheric whistlers in the icnosphere and

magnetosphere ; P b 2
/?’ “] ‘\1 x [7\\, ~ %}%%W ’T\THU

The propagation characteristics of the downgoimg magnetospheric whistlers

through the model Tower exospheres are theoretically treted taking into account
the earth-ionosphere cavity. The situation is that the whistler mode Propagates
downward in the presence of the homogeneous magnetic field of vertical direction,ang
the Tower exosphere is tentatively divided into several characteristic regions,
The analytical expressions of the reflection and transmission coefficients fop these
models are derived and their numerical results are shown for nighttime and daytipe
conditions. It is found that the most striking effects of the introduction of the
earth-ionosphere cavity are summarized as follows, 1) the reflection coefficientg of
the magnetospheric whistlers become nearly unity for the usually encountered Collisign
frequency in the Tower ionosphere, and 2) there appear several characteristic
minimums in the transmission coefficients at certain frequencies,which are close]

A

related with the spacing of the earth-ionosphere cavity. These results Will be usefy) in

the study of the loss mechanism of VLF emissions as well as the whistler penetration

problem. —36—
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Characteristics of low-latitude sunset whistlers

R -

Guided propagation of Tow-latitude whistlers along the field-aligned
irregularities is studied. The diurnal variation of occurrence number of Tow-
latitude whistlers is composed of a sharp sunset peak and a broad nighttime
one ( Outsu et al.),but this study is restricted to the sunset whistlers. The
data are obtained from the simultaneous observations at Kagoshima(KA),Sakushima
(SA), and Moshiri(MO) observatories. The essential points for sunset whistlers
are summarized using Tesllts Of 4LVQfaQ &aya%ighest activity in Feb. 1970.
1) For sunset whistlers the concurrence of the peaks in occurrence histogram
of dispersion value at SA and MO takes place, and no whistlers are observed
at KA.
2) The occurrence number is more enhanced at SA than at MO for & fixed dispersion value.
3) There exist coincident arriva]gof whistlers at SA and MO in a high percentage.
These studies suggest that the sunset whistlers obseved simultaneously at both
stations SA and MO have propagated along a single discrete path in the magnetosphere,
then emerged into free space at the latitude between SA and KA,and propagated toward
higher latitudes in the earth-ionosphere waveguide. Ray path calculations éhow that these

results can only be interpreted by trapped propagation along duct.
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" Some characteristics of low-Tatitude whistlers during geomagnetic disturbances "
ro.. s Moy .
The stg@-t1me variations were statistically studied of the occurrence rate,

dispersion and diffuseness of whistlers observed from Jan. 1967 to Dec. 1970
at Moshiri( geomag. lat. 34° ) and Sakushima( geomag. lat. 24.1° ).  The maximum
enhancements of the normalized occurrence rate and the diffuseness, and the
maximum depletion of the normalized dispersion are observed for one or two days
after the disturbed day( XK 230 ) at Moshiri.
The diffused whistlers in the disturbed periods are, perhaps , caused moré due
to the additional multiple ducts, that is , the increment of the ducts area than
due to the differences of the travel times of snakelike propagating waves in a duct
At Sakushima, the similar increase of the occurrence rate is found. However,
the general tendency such as depletion or enhancement on the change of the dispersion

is not confirmed.

Kb 17 - GALBL A v £ I e
s RAE s K
N~

@ ’
T & ARSI At

v Storm-time electron density variations deduced from the whistler dispersion

data at low latitude

Using the whistler dispersion data a& Moshiri & Sakushima and the ionospheric
data( h'F, foFZ ) at Wakkanai & Kokubunji , the storm-time electron density
variations are tentatively estimated along the field lines anchoring to Moshiri
and Sakushima.  The parabolic N-h profile and the exponentially decreasing
profile are used below and above the height of F maximum, respectively.

The whistler path latitude is assumed * to be unaffected by the magnetic activity.

The electron densities depleted in both the bottom- and top-side ionospheres are
recovered over the period of possibly 4 days after the disturbed day(fZ_K;Z 30 )

The depletion are, however , considerably smaller at Sakushima.
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Theory of the time variations of the ionosphere

T.Tanaka and K.Hirao
Institute of Space and Aeronautical Science University of Tokyo

Simultaneous time dependent solutions of the continuity equations for the ions O+,H+,
C2+,NO+ and the heat conduction equations for the electrons,ions and neutral particles
are obtained assuming the neutral wind velocity observed at St.Santin. Calculated dai-
1y variations of the electron density are compared with observed values at Kokubunji
station for summer and winter case respectively. It is shown that differences of the
daily variation of the electron density between in summer and in winter can be succe-

ssfully explained by assuming a decrease in atomic oxygen concentration in summer at
the turbopause level.
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Cross-field instability for the formation of sporadic E

Susumue Kato

Tonasphere Rescarch Laboratory, Kyoto University, Kyoto, Japan

(Received October 28, 1971.)

The cross-ficld instability is an important process in the expl ion of I-scale sporad
E. Differences in the theorics presented by different authors are apparent. It is true that there
is no onec-to-one correspondence of cach Fourier component of perturbation between the
clectric ficld and the electron density about the direction of the ambicnt densily gradient. The
question arises as to how to choose properly the perturbation in the ambient charge gradient;
but the diflicult dees not seem scrious. Computer experiments using realistic perturbations are
desirable for the final answer on this question. The short-circuiting cffect along the geomagnetic
field does not damp the clectrical polariziation with small transverse size, i.c., small cast-west
wavelength. The upper limit of this size is a few hundred meters.
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Electron temperature obtained by S-210-7 rocket

Vs -~ . . .
\Effect of contamination on Langmuir Probe)

FoA R E, b w2 - B
£% x4 THMm% TR

In situ measurement of electron temperature with a Langmuir Probe on a rocket is seriously

o

ffected by a contaemination of a probe surface.

To verify the effect, two Langmuir probes which had been sealed in evacuated glass tubes

after long duration of baking, and one exposured probe were installed onboard the S-210-7 rocket.

All these probes were made of stainless steel cylindrical rods. The rocket went into the

cr

ionospheric E-region, where the effect of contamination was serious. An electron temperature

o

robe were also simultaneously installed in the same rocket. The discrepancy of cbtained

electron temperature between cleaned and uncleaned probes was noticeable.

It is experimentally clarified that the Langmuir probe without any cleaning process is

senerally unreliable in the measurement in the lower ionosphere. However, it is expected that

b3

y 28

described in another paper which will be published later.

7

2578 7V P e v & 3%3 BEQ AR
BH % gD )
WM N F - Fﬂ :;:’QE 7P ZE
S R T R A

Abstract

™

lectron temperature deduced from contaminated Langmuir probe is discussed, Laboratory and

rocket experiments shoy that electron temperature is evaluated higher than the true value when

the probe has a contaminated surface. It is concluded that high temperature observed with

electrostatic prove in the ionospheric E region is also due to the use of such a contaminated

Langmuir probe, Hysteresis phenomenon is well explained with the sfgple equivalent circuit

Ior th

e contamination layer of the probe surface.
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