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On generation of equatorial VLF hiss and its propagation
gvizx  Kit=se
R o st
( Hvhri ‘v;’{'zm,m‘ b
In the sateliite observations of Injun, Gurnett found a new type of VLF emissions,and
named equatorial VLF hiss. The most interesting characteristic of equatorial VLF hiss is that
the occurrence is located at equatorial latitude and at low altitude. In association with
this emission,recentlv Heikkila made the measurement of 1-10 kev electron beam flux,and found
that on some occasions there appear intense fluxes of such soft electron beams at equatorial

latitudes. So we propose a possible explanation of equatorial VLF hiss. This mechanism is the

Cerenkov instability caused by such soft electron beams. And also the propagation characteristics

of generated electromagnetic waves are considered by means of ray tracing techniques.
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DR-FIELD ASYMMETRY AND SATELLITE INFORMATION

EMN (RKE)

R

BEE | ring current field O asymmetry %34~ DR-indices &
IBRL . EROF-F 129w T DR-indices © 42 DIV
X -9 OHECY Dy, AE ¥ O AZ Iz > w TRk L Fe

DRS - the magnetic perturbation (unit: gammas) at the equator on the earth’s surface

produced by a circular ring current of intensity 1,.

Drp

T
W

= the local time of the centre of the partial ring current system.

~the longitudinal width angle of the partial ring current loop.

DRS » 1,1, (unit: gammas), where i, is the intensity of the westward partial ring

current with longitudinal width W,

ABRXTRIUEEOATEHEZHRAU (BT 5 L W)
® available 13 magnetic storm 1T >\ T DR-indices £ 3t B L . E7T L O RHMLRFATH .
(1) Magnetic storm of 8- 3 Sep., 1966
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noon 1= B1F BAE S U BAZE K 3 v T v 2§ L = o Frank (99¢7) 13 LML IE . [ecal evening @
AL Ty TR . %252 30 Dt (~DRS®) =-357

L -dependence ™1 L symmetric 1374
BR G 5= 1.3x 1072 erg mEAEI4LE ¥ v > . 0 sterm 13> W T DR-indices %318 L T
BoarnMmicn $59.07 4 - 71

tAhY . ALBTE RN evenng 5 side I3

¢ @ lecai evening 9 preton intensity % local
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(2) Magnetic storm _of 13-=15 March, 1966
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FIELD-ALIGNED CURRENT |z

DP-2, Sq) CURRENT-SYSTEM

B auroral elecurojet ® 3R it field-aligned
current DRV E XS 3 1. Field-aligned
current o 137 13 satellite 13 & 2 T3 detect
SHT VAN IRETALS T W% field
aligned current ® = 7 IV I ZER o B3 2
& o T I& electrojet « auroral arc ¥ §GIXH T
VA o — % . Fukushima (1969) & <& L\"\/asyliums
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ST .ERR o conductivity o BFFEY
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Rt BRI T ) 1B L L'
BY 127 .Y iiLo & D WETL
> wTiF W . B E aT:» Field-aligned current
1T Line current ¥ L THR - T2

parametérs in the present paper

K $% 0 FEERN dipole R=R,sin®6 (Re)
. R (equatoriai crossing vaiue) 4 ~ 14 (Re)
= =0~/
e =i = e gp = = 11
(Inv+tIs=2T0)
. o ¢separation angle ) 90°~ 225°
partial ring current 4517 No& Yes { = B )
. @ ospatial non-uniformity U

% VORTEX-MODE (SqP, sP, ppc
® ’

» £ X
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SEeGy L REE oMBp e EIRART
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“Ae=0) 2 BEB EEp o Sb AMme /sy 13|
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(3) vortex centre o $¥72 1. kN K3
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SEQUENCE OF DIFFUSE PLASMA RESONANCES OBSERVED ON

ALOUETTE 2 IONOGRAMS
: i ¥
x % %
(% 8xF L5328 )
An investigation of more than 1400 Alouette 2 ionograms indicates that a

sequence of diffuse plasma resonaces exists and that these resonances are grouped

(1) fDl is observed between 1.3 and

is observed between 2.4 and 3fH when 3.8<fN/fH<4.8
(4) fD4
is the frequency of the diffuse

according to the following plasma conditions:

2fH when 2.2«iN/fH<3.6, (2) sz
. (3) fD3 is observed between 3.5 and 4fH when 4.5<fN/fH<S.8,
between 4.5 and 5fH when 5.5<fN/fH<6.8, where fDn

is observed

is the electron cyclotron frequency, and fN is the plasma

plasma resonance, fH
the corresponding fDn

frequency. When these condition s are satisfied,
are observed nearly 100% of the time. Diffuse resonances could not be identified

resonances

the upper limit may be due to insufficient frequency

when fN
reported earlier by others as occuring at

1.8fH or when fN 6.8fH,

resolution. The diffuse resonance fD,

A nearly linear increase of

or near l.SfH, corresponds to fDl of this sequence.
£ with increasing fN/fH

Dn is observed for n=1 and n=2 with dip near fN/fH=3 for
n=1; the correlation for higher n than 3 is not as apparent. The present observations

cannot be explained in terms of pure Bernstein mode electrostatic waves.

DIFFUSE PLASMA RESONANCES

| QUITO STATION

-
8

Los 8

EXAMPLE FIGURE

NUMBER OF
SCALED
IONOGRAMS

Scaling results of the fDn resonances

NORMALIZED DIFFUSE RESONANCE FREQUENCY fon/fu

.1{

l / f"'-'.' fos

o

5 - fpa

for the
crosses

sidiary

points) .

Quito data. Open circles and
indicate resonances sub-

to the main resonance ( solid

The histogram at the top

of the figure indicates the number of

ionograms scaled versus fN/fH

The

normalized local z cutoff frequency

= £,5/f, is also indicated.
i
&
2.“’—:‘
|
_J ¥ NAS-NRC Resident Research
b1 Associate and

PLASMA PARAMETER fy/fy

NASA Goddard Space Flight Center
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CONVERSION OF ELECTROSTATIC PLASMA WAVE
INTO ELECTROMAGNETIC WAVE
j’\/ :S‘h Ei’
LR 5 A% 2% 3D

The dispersion curves have been computed.for a wide range of the wave

*

length from the electromagnetic waves to the electrostatic waves in the
case of the magnetoactive warm plasma with a Maxwellian velocity distribution
function. The computation was carried out mainly for the perpendicular propagation
mode. The upper hybrid resonance is the connection point of the electrostatic
waves and the electromagnetic waves. The electrostatic waves not associated
with the upper hybrid resonance are subjected to electron cyclotron damping
when the wavelength becomes long.

Oblique propagation is allowed for the electrostatic waves in a
frequency range from the plasma frequency to the upperhybrid resonance frequency
in the long wavelength region where Landau damping can be neglected and
where the electrostatic mode smoothly connects to the electromagnetic X-mode.
In a slightly inhomogeneous plasma the Bernstein mode electrostatic wave
can escape by being converted into the o-mode electromagnetic wave; two
reflections take place during thisescape process. The frequency range
of the escape coincides with the Cerenkov radiation of the electromagnetic waves,
but these two mechanisms indicate clear contrast in its origin. The electromagnet ¢

Cerenkov radiation is produced interacting with the high energetic plasma beam

( for the nonrelativistic plasma ),

with velocity range 100 v vaflOOO v

£ th

where Vinh is the electron thermal velocity, while the origin of the

electostatic waves is in the interaction with the low energetic plasma beam.

* NAS-NRC Resident Research Associate and NASA Goddard Space Flight Center.
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1-30
EXPERIMENTAL VERIFICATION OF THE THEORY ON WEAK

TURBULENCE IN THE MAGNETOACTIVE PLASMA
5 . X
( #AFLF 3f)
An interpretation of the sequence of diffuse plasma resonances observed by
space probes ( Alouette 2 and ISIS A satellites) is developed in terms of wave-
particle nonlinear interaction in a weakly turbulent plasma including the electro-

static electron cyclotron harmonic wave instability. Observations and theory

indicate that the center frequency fDn of the diffuse plasma resonance (an<fDn
<(n+l)fy and fDﬂ<fT) and the center frequency of the electrostatic wave res-

onance (an<an<(n+l)fH and fT<an)_satisfy the condition of the wave par-
ticle nonlinear interaction with the 2fH resonance according to the condition 21T
- - TS -
{ZfH—(an+2 = fDn)} ={k(an+2) = k(fDnﬂ- v where nf,, f, and V are the cyclo
tron harmonic frequency , the upper hybrid frequency and the thermal velocity of
Y
the plasma, respectively; and k(f) is a wave vector as a function of a frequency
f. The weaker diffuse plasma resonace branch observed at fDnl ( where fDnl‘
. . v T = ” =-A - ’_\
fDn) satisfies the condition 2 {fH (an+l fDnl)} {k(an+1) E(fnnﬁ v.

The longest time durations of the fDn resonance coincides with the most favorable
condition for the electrostatic electron cyclotron harmonic wave instability which
is obtained by solving the dispersion equation obtained for a linear approximation
of the kinetic wave equation for the warm magnetoactive plasma. The electro-
static field due to the transmission of the intense RF pulse produces plasma

turbulence involving nonlinear wave-wave interaction and temperature anisot-

ropy which leads to the instability; this instability supplies energy to the turbu-

lence. The fH and 2fH wave produced in the nonlinear wave-wave interactions in

the turbulence heat the plasma to maintain the temperature anisotropy which
lengthens the time over which the cyclotron harmonic wave instability conditions
prevail; this process can be thought of as a feed-back system. The results also

indicate that the fH’ 2fH and an waves are dependent on the fDn resonance

generation.

* NAS-NRC Resident Research Associate and NASA Goddard Space Flight Center
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PLASMA WAVE TURBULENCE AT PLASMA TROUGH
S
CFERE IFEP)

A established mechanism of electrostatic electron cyclotron harmonic wave
turbulence which is verified relating to the interpretation of the sequence diffuse
plasma resonance, can be applied for investigation of VLF emissions at plasma
trough observed by 0GO-5 electrostatic plasma wave probe that is developed by
Scarf and his coleague. The VLF emission has been observed near 3/2fH’ 5/2fH and
7/2fH’ where fH is the electron cyclotron frequency. These band range of the emission
coincide with the most favourable point for long duration diffuse plasma resonances
which are enhanced being associated with electrostatic electron cyclotron harmonic
wave instability in the turbulence.

The phenomena in this plasma trough is assumed to be caused by the same
mechanism of the plasma wave turbulence that is produced by Alouette 2 and ISIS A.
Only difference between the 0GO-5 observation and Alouette-2 type observations
is that the wave in the plasma trough detected by 0GO-5 is due to natural origines
while the ionospheric topside sounder makes the plasma wave turbulence artificially
by submitting strong stimulation pulses.

Applying this mechanism a range of electron temperature anisotropy and
electron desity profile in the plasma trough has been obtained; the value reveals

a good coincidence with the observed values detected by high sensitive mass spectro-

meter developed by Sharp and Harris, giving values of 1X10—1~4 5x10-l cm_3.
kHz 5x107"/cc
ELECTRON DENSITY N
| 40 lF-—-—,_GYROFREQUENCY fy |
A
» \
1.30 =
1.20 l ! I L1y

10 S——
TEMPERATURE ANISOTROPY

T /Ty

0 l | | |
0727:30 40 50 0728:00 :10

The result obtained at L=7.5 7\m=1.8o and Local Time = 00:53 and near around;

time scale is UT.
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A time-dependent solution to the reconnection of magnetic
field lines is presented. Starting from an initially anti-
parallel magnetic field, the reconnection proceeds, given a
sub-Alfvenic disturbance. The growth is found accompanied by
an O-type "core" magnetic field. The computer identified each
moving field line by its label potential value. It is suggested
that one may not need any anomalously high resistivity for the

reconnection problem.
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"Magnetospheric response to interplanetary electromagnetic signals"
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Duct formation for low-latitude whistler mode propagation
v =t , R7R 4=
( Asfar™d “";’{.Jnf\'"-m»])

According to the simultaneous observations at Moshiri and Sakushima Stations (34°N aid 240N,

respectively) during February,1970, the following facts are found,
1) occurrence rate shows a sharp peak at around sunset,and a broad one at night.(this was alread7
noted by Iwai and Outsu.)
2) the occurrence rate is higher at Sakushima than at Moshiri during high whistler activity
around sunset,but at night the tendency seems to be vice versa.
3) most of whistlers around sunset show multi-flash type,and the whistlers observed at Moshiri
are considered to have propagated from lower latitudes such as Sakushima,according to the
study of dispersion and their comparison between data at both stations.

These features suggest that the exit of Tow-latitude whistler propagation is sure to be located
at lower latitudes than Sakushima,and also the propagation is attributed to field-aligned ducts.
This fact is valid for the whistlers around sunset. However,the conclusive results are not reached
for nighttime whistlers. These observational results are explained in terms of ray tracing methods .
The model magnetospheres are latitudinally independent ,and also latitudinally dependent,i.e.,with
taken into account the effect of equatorial anomaly. Such ray tracings support the existence of

ducts.
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2-10

Solar cycle variation of exospheric electron density at low latitudes

Q‘, M EE, LR =g ,‘%ﬂ
AL R AN

Electron density variations in the lower magnetosphere at a geocentric distance of~1.48
earth radii are deduced from whistler dispersion data during one solar cycle from the year 1958
to 1968. The observation was made at Wakkanai Station till Nov.15, 1962 and then at Moshiri
Station according to the IGY,IGC and IQSY program. The geomagnetic latitudes of Wakkanai and
Moshiri are 35.3°N (L= 1.50) and 34.0°N (L=1.48),respectively. The data used here are selected
as follows, 1) whistlers of extreme dispersions are excluded,those values larger than 100 JEEE
and smaller than 20 é;;E. 2) we excluded whistlers with lower frequency cutoff known as tweek
cutoff. From the solar cycle variation of whistler dispersion,it is found that the diminution

in electron density in the mean exosphere is about 35% during low solar activity(1965) compared

. . o B Nm
with the density during high solar activity. On the other hand, the thz shows the 75% reduction

in density during low solar activity. So the less sensitivity to the long-term solar variation

of the lower magnetosphere than the ionosphere is found. Also the annual variation of dispersion

at low latitudes shows a semi-annual change,quite different from the results at high latitudes.
Moreover,we study the solar cycle variation of occurrence rate, which leads to the conclusion
that the collisional absorption is the dominant factor in whistler propagation,and the duct

formation is only necessary condition for whistler reception on the ground.



Dikrmination o} Eledion 'Dens'l{)’

ly/ 'HQ CaLPaci'l?ance PY‘OLJL.
iz B A %\', % 4 3 =
£ TR ST BIERE

EEEE 7077 C 0  BRIBARLAIEY S hH. RAL. B RRGEEEKA 7 0 - TN
M d2itk. teot. BIBEEAXRNAT), K ARB ) & ) Ky I Gro-
f'&SlﬂA Probe (& . l@“&ﬁéil ,%")/#1;/;’% 1= L%,l/ 2w de NN 35 P U &Padtzmcn_ ‘ﬁ'ok.al&,
Ao B3EA (Ne) »~ Rz, BRMaRLA c c2RETSF oy KT IRE(
a0 end) EE LB PO~ TiEe L7, BREE 'F:’. Bw#mAB 77 2 @12 =
Bz ws, BEE; 778¢ =ArhE =Ka £AEFRE Gnk @%jﬁlfﬁv:nﬁf
v H«rﬂa/ @%#X}@%Xﬁ_ﬁx, M@[ﬁ#i .f'i"R g u collisien frﬁ, ¢ Y B KERES S
Fek) . 2ERREBETEETRT, FIREWe) B T4 2FnwEl L . BIRA
BENEN 3. T BBRARK RHT <f & L&KL Loaf =t Me + Gt
aBfF A . of CEEITF L) N &Ko IENLES.

I BIEE S RGARK o RLEB-1 7T . of u He s KRR B 0O
203N, 53 Ne &Y A Btk ¥ 203, NIt -f(-ﬁ, =24 f’qsm‘\m"iucludl'v‘i
=% ) . probe o conducfamee HK T < X 3. %%%1*21‘5&_L k<o srHhs, BS,
hh B AN ESERLR k) 1), alnfT oS a5 T3 . A
Bk 3Rt REBEEEEY 2 ML RE 7LD,

I. bcd bias T =& 3 %ﬁfﬂl'&&"ﬁ &'fﬁ*&. @ b CPFREQUENCY VS Ne
—2eq . vk, Slath 2 R EED L= v . CHRE
3., EZdézrefautc BEIRAG. :
tovi- sheath B & 2fo-sheath $8 K-, ARPE T,
203, umy, BRI e  BEREIRAE

F-20L=2 0 Hu,

P. FREQUENCY [MHz]

N TR

t ; /&2‘ g Ay K ¥ < — 9.88 + 10* [ca”') = :
f>2L3 8.0 - 2

L U o 1 °°
&qnf ) a ; v | | cogaowl ol i
L}as E, 'fZ k2 % | 7,39+ 10° les') 10° 10* 10* 10 107

&A= L ¥ 3, O e (0 [y oty
L. &%= . Gp
tamce Brohe (5 2" A &
ERIBAE . #
A a Lak7muirl'£ o

el -3 g

FREQUENCY  [Mtz)

7. Solidfime hv. ¥
RiGdMRdH 3w )
d ‘#; 1= %3228 9 3 Ll _..." ﬁ/
h Tt <4t 0d ) ) /

2} (k & 5‘&% 9 '%} o | | I | 2 UJL‘: l‘w‘ ./’

Bab3., Hm W X
ERE o ESS o LB~2Yyipe ¥3 i Fa Bl ke MR



2—-12
WETE 9 5 L o= IRE L T
men g MW ERIE CILD
X F Y4 (BiLFatiihn)

I3l lamd BT LEEE CILBERE STAITN PV TEBI Lkl L= =02k
c T TN s A B BRI N ) A RIFR BT O SR
T5. p/ B IREAEK 79 T 21k Y SO - 7“?»‘«’1-*1’?.(’7/147)/’"%12 s A 7 >'§-77"Usﬁ;’7'11
NL LIRS A5Es AN LA A ERIERL. TR EW 17O - TORIE
T Teo m!&%mﬁu?f&i}%—rmmq~o;myH@M‘T‘LJ—h7U kL. 2Z0% ¢t RF 7’0
BRI Gy W EREL ok e XBT 2 0 Thr. P23 8% 0 Leo
AT RN TO—- TERLAIE LT mI Nz, THBEK. 0%% 22> co¥ho s,
SN NT /mng,,,_@_,ﬂml,\’ay@. ) > ¢ 4%)%%7 Zvwde S 23t ro-
O $1E Ry REER L, 7 IR IEH) $F82 k2 LA 120 173118 Leo 0 T dik
o= (R/ o) . Np: Debye k) m3f L 2B LTV FeREDTHS: L, —i%
B oghd Lo a I ) IMI v, PB=VARGT I9—F4 = 7"N7 =5« g
RIS e s = {ai‘e\/‘rﬂ)‘/écf/z F (4 im) J%C B = 2 (M S ) Seerp (- ps)
Tooi5s fh. —F Commauin 0 BHRBEL S 70T 4> PRT =22 1d M=
xhn (MiTe/meTi) . B3 wids—A0ZEEBHLEL D €213 Tys =41, r baMrj2i0me )]
ThEx Sy, P iy 2B XY L2 -7 - aRBAI LA T TOY RS
e Wfe=amn 10— TIHENR E 9B o h by 20 —F4 » 7

t s %mfmgu K7 rzxLnBEIE e Z 2B S LRI Lo,

» X | e EEaih.a. F52 3 13K 3 o ANFRBER ¢« kb (-2

* LTk SNy a, _,4('7017(!7)\“b 1T 0 T AR

? VB TENETER) T A SRR N G NI ) e NS
it c AL O Teo 0 KB 5T RRBE L WIR NG S
§e SN RVEI NS DO EFEROBRTLIHT b2z 2 9 p

» v FERYED sk 1868

G 14 Hg Diftusion Plasma  20°C )= ‘«:lb]'fh{ 1248 %

i 2% 5 5. il b o S . T BBt Teo

i E e - o i LHFLwrd sz

al ,I \T"F"‘” A ml:. va:T;- A z CRTA B, 17 e
T R e E : < " " Zo0 2 R o

¥ 738 tegseragf O- T 0 K

o T o 1320 - 7"

;- I ) SOl ) T N . n1BiL 0 42

=, B e T LT L T

b e ool ) 2 T
£ o ';5 ey e ' ' 2w T 133
R e LRINN £ L AEN AT T
1 ol AT 2 ’ T 5.

=0k 0 10 20 ) 4“0 50 €0

.|| L e LETE i #41 .

1 3 123 o RMRELATAE 1aN§ (1769) @2 F : afm

2@ pave 0 BARIE 27 pE70779) D LT - FLFBITIRYE &, 837 (1970)



Ta-742€C-9v Aoy ALBrr2v T

AEN P

 FARKY ok BRI

ﬁ_ s

Sy Au T3 Tu-FU0d 2§ 2T 0717582 F1&s hidk
Lyt - (Fa-F)o a7 72 REBET L LTI N-NE 7Yy FREAY
27, 7AF T K< 2h FAK CARARS, Ay A sheath) R BEART
AR LT booSghdlshbe 2hbad sifi=fd TOREL <RI M (fan
Dbayashi , 1747 5 Opa , /765) 2 @ 2l e L B3I EAHEAL S e bt v
s Lxs ik, KERIaRIWeEry o T AECBAIRIAT > -2
phrE-7 > R A A IS 3 o W mL% e hy o, bz T
K7 Mo e ptF) (R i Oya, 1945 kostelnicek, 1968 5 Despain,
1965} Ballwain /949 ) 1 0 XAESYK To 2 G h o= 7 bt B F GBI 4
b AT G, 22 CtBalmaln 1= 8 ) Fohs ke, § V00 Fa Gy ~ZEF AL &
M 7w -7 8T R TS D

L -z Fu-7eidle 73 <0 FOBL L RSk Vo1 b o
o Tv-TH B CITEAAME 5D, fRTv ] B AE AN (54 ] > o 13
T b | (B ARLHBELBFES T bV o 2 T Neg - YTe )
|1fﬂ|ﬂﬂ4€},§&) lif't‘7 N 7:7 ‘/‘/'",Xl iK‘&V-}"—ﬁ!f( e 25 |ﬂ|g]z)°u, 7“?)
thof'7s it B IRASH L RN D, Th -
L 2270 HANEES -REFalnTE Tk R TI LR a B oKy T
b (T -2 hadsfiflesathn, +-2f Bt n RO SN T 7 > LS
734 a Latl7 75> fodL G kR g e K u 2 BRE F U e LT
AT 3, (/%r/a,/?ﬂ) 22 T 2R 2 sF N4k oStk L, - 1477 2 < 482X
3L 2 Babaln o N3 e 1 22 ;s\,g”q;m{sw._ M )E_%WMLU#Z'-ZJ tj}
Y5 a3 BA R B ) RN, 2 a3 EE Fadn, fira BAEe
“t}/&g\n—g"ifﬂfﬁiﬁf\f}a L epshp b %:’L‘.;‘ -7 PE f‘./u el 13-2 b }
hnF52c oW B3 BA - hreslond s RABARB S f X, TaTla g0 o
St e oy —zothgmr b At AT SAYL, AHTo- 7 a4 WP
ZnEEEA R FASHe 0N T - gm0 T St LIS SR
HAHYE [~ FyzeHAu, AR athy adlAL £ I0f 50 17] P AR
rékl:bﬂ, K4 oA ¢ - 7-- 5 7. m\él’éﬁ,g v b, B 9116+« "‘551“}5‘\'1% 3 i; &./?Ll:/ﬁrb'ff.
migneds—iomie THERS A pBGe (T LY, RoBRw-ThTi At ot
N e e A L L vt
W 12 2l o Bk IS o Bl ST Fox s BRI AT B L 0 7, T e GELEH
EREEB.Q BT euthehbhde 2o Jufid il AT ¢ Ltwl o
1o Bt - A3 WA MAIIE [ 2 - SR v 6) BT Y S
b, B= o7 aaang =g 135 L (/?;I“ WA - T 222Xy biniatby
8.« ﬂé"‘/ '&}@' Ao twds = ARE lﬂ;‘)ﬁ\t‘f\i 'E;’Q‘l{;g e ¥ ¢ =L TEHEDE Z L
m“iiﬂ\'if hd3, L0z ?‘/lxifﬂu T, {f_q mqg)_}};4 ) ’5‘]55*(%\'15'1’({3} a4 £
EAd T A AR A s BIBAEN X - 9 -k [ THEL




TIE2 02T 25 79 - Fa g

ARENE BRER K& 3,
TARY =30 E A AL

TR B TN T TR, PR @ ho (e kiR o P -
AUERS 200 b A B R A S R e SR AT ) A S P
THAE s IS M e v 4 < ToFTRES -4 o AEFELL 0] b o)z
FEAREEESS { &8 O IR TS 1Py (K¥ ik, 748)
) 7‘D - 7‘.-}7\ )/’A X, —~ jm 7°n - ’}“L/~/0MH,_0\]ﬂ;ﬁ\ﬁ&\ﬂﬁ'i@ﬁ_ffﬁl&bl ;i'
ATILRACECRSERF ) ~fa Pu-T e ) §4>¢ -7 > 27 ¢ 197]
Lir aEax b aithida Tha, ;;}’\%‘\%;qn 2N = 2hesN— 1o Kk VEIR
R T vpslla 2o p, “
DOEHT 1 Ebrx ws - 28BS, 34079427 T e g Bl b
€A ) h>€-F 2T aF G5 1 hiabhhl,
WEF i v Lehekh o bnd, > wisen 944 ZAE 1 To-7 a2
by AT R ATy -7 0 26~ Ty 18 )BT vk 4 at 3,
)72 ~ 7T IR FAE LS| LIy w3 20z Bilars py b B
(DARTF V1§l h v A K v 7‘5(’4\‘{@@}[\;}0}5@\ foun

CELY RIREE T 7 22F 0 kUL 3 AKA ] o e W
FuUEH IRV )NS W, f, ot

AR #re260 AR T S her N— B F 1T
v, Avakavagog . .;;/ﬁibj @ 1< BARFED S {740 | ¢ ‘ .
A o W11 ta AN T AN b v &y fu gz -
IR AT O A SO B A ARRS
/4-3 < A 'g);‘ ,&/M Zﬁ‘f’//ﬂ\?}ﬁt%i ijbi,{{ )"Lb) A F&ﬁ‘ frequency \Mhz)

L LvuAly, 1y i,\(‘,,”.\jﬁucﬁ\,t\ﬂﬂ;ﬂnéﬁ;g&%L RN A LR B
#or th i sx A0 Esbe L bain fam i A T3 b g bpen. I A il
l%BHh AL 7o fat funr wiZBE v a7 ) 11"2\)}:» @}ﬁf/{ﬁﬂf'/ '

Bekd e by b, —xpgda s vy o
Wik 21t sx4 0 17774< 797 o fsur (2 (217 {50
WAL e p vk, Lirzda 7 7R Faogd '
ThE » o BUAFAE 5 4 L 4 N ps, v Ao st e o A
AN b s KT s B R« b ki, TRl v B 1
I\°?"‘/§f£ﬁ§}?ﬁ\“)")ﬂ\’> - ‘ [ SEU, S NN

Z EREE v 9K ¢ AT kvt y 14
TARNChYEARL, Tu— 7 27 L ST
vivg- v s v s 20 s - 2 aftRE
51 ﬁl E4xTphke L . ﬁ.t /'/\"7 )(/7|:K5
2GR, e AV Esh, ATl ey azg
Bt 0\l Rv 77 2 <o g ¥ g
N\
i

4 5
T

3
T
»
1

frequency (MHz)

2
T
1

1
=51

/, 7 1, 7 ’.}ffv‘ﬁ_]g»,}, G f-/n / %\%ﬁz

ooy bl e,

S SR R s
S S
~N

output level (d4B)

v

vy fumr 10

frequency (MHz)



Bhehibl2d B 72 8 A BR AR
ket 2% 3 (Rr%%47 )
FEt8080917 BhtRhaBk B
BE kol T-9- 9286 B 427

;’ 12 E’\ 7‘& L%—&i’r ‘E ‘}l—) %‘ % s Zh 3 5 Oscillator —>1 Non-linear

g (TS otk K a7 -9 otk el

23 Eicpo T RBeIcBF s e [0 ﬁ Sensitive |

PO ’ ! S % Detector

1o W3, B Jloatog dowble proten s ‘ Tl i Oupu
(3w )

15080 I=f(V)ev = |3 U RIABE
Vaiwt & B9 L2 70 2 250 180 T5TE
Lopadrde I= f(TT Tenwt)F) F -

e ad .
1 e Y+ 5 UE )MM

I (mA) B
e ) $BHpa s ' 7°8-7" 0 F5 43 0s] gl
14 . 0.61
I=1 M(Z 'Z—T.e ) Lo 17 RE B b 0.41
0.21

1o enfo ' KTe 1Bv 0:B308(7 B a0 =10 10 20 30
0 2 M N 2’228k /o2 V (Volt)

A+ 2°a-7 @, [ {04
M- 1'1/@% J"O-G
LT B3 B A L iy

&,\Mae.:ﬂZ%VIO‘Q/ﬁ%I-iI:V=V*= *e B @
/3o ‘-‘-"—%—ﬁa) Ptz KB #EIE o 12 FB ov B34 3. l _(Relative)
ol BRI RE TN NI, 32T a Pl
i1t f(7N)=0.601 £ 17> RERR
;?/...Io oh3, G wa Flilt%za ?Ciﬁ’vk‘élu"ul’—é
e swikGaB\io (LA % 184 Lo (L8 1
0100 E i3 T B BB BB0PY = 320 Vi 2 3
Bl i 10050 BIBEL w7 ¢4, \'\'\/ { \/'/-/lmm
% Bibo 12233, >0 BE 2T Takofama ™ :
ol (1963) =R U= Bao&—o(a#‘me/pe
» 77922 B F bt M B fom BIIBA ¥ =8 (b) .
3eT 079220 v bt . 7R -71F emn BT 0 F@2°0-7"% A<, 1-E =17 E3&a
B[ooﬁ-p«'mf’wfn*‘e Folzo 12 (@) @ Dowdle ,onV-I!%We T 2212043 2 REFBIR
7 wygnak ’e_#:{@ P o, A = EiBIR 17 2. Sk Ha totBi2 /[ § Fame 2dn 3. 2 REBRIRIT.
V=7 b tdo 00 (Y {EHI0 aRAT3. L a7 Y = Brut (TFIF) 1= ARoo9 - B A [E213 ZHR
17z, 1=T>1-Ca TBE35w (L1A frﬁbmmﬁ’«nz-é'ldr §3 >k Dodle protde
=] 3BE eV 0 B Eid ot dI=,

5




B o b5 TRRTIT IT 0 e - Tl

TRt @FHE
FEATTE M RMEM

HEoFHEaEE BB Tro- TR AGREL: F BRI 0B, RE KA
["uh‘(#ﬁ%'&%k?‘& RAARL TS

C=pwvn '=DPyntnVe
2 +Dv*n=0 2+ dwr=o

rEhncE. ERTa 77w 2R T TaHERTo 7Ty 2R THE . div V=0
5% 2 BRI LS ERXXEEL
(Va-¥) £ D V2N =0

3t &% ,
= egT’vdS=e(ﬂ-oIS ’—‘QDS- vrnds *ZneDg (?Y A,c‘mGO{O
r_r‘,
= » = REEHREIT0 ., Bk tfyfﬁku T Peae rp n= e £ A,
Yz@}.(r’ ) _a’ae("”"e )‘*‘ (Vr Voo ?99 = b 3%-.—_0

2N
= I, £ & (2GRl amnodo)
E ik B‘:‘iﬁw\ A FHELTOHELLETS S e vkl E, tHERTTT

Vi = V‘P
din Vn = 0 (Ve=0 r=17)
L¢ =0
ThiEm YR RS LT LT,
Ve = — 006 (1- ) Vo = am6 (1t zgz
33BN ER T
o, [N a =-Layan. ! ikt <.
25t hoe t(FtAws(i- 1) 5E Hgmm A T (1t 7)) 36 = 0
\4
L “’ 2 (Va=Ve Yoaew) =0  ple)=|

ShERC oK Ke l axationmethodtAunwhIPiu,
Bl= DR**2 /PT**2 /R¥*x2
C= w98
S = anb
PR =(20/ R tA¥Cx(Lo-Lo/R¥#3)) %(p(1t1,7) —D(-1,T)) /2.0 / DR
PT=(C/S/R*¥2—A%S/R %(lo+o.5/R*%3)) (D (z, 7+ ~D(T, J'—*H)/Z\D/PT
Q= (D(I+1,7) +D(I4,3)- 20 ¥D(Z, T ) +B1 % (D(T, T+1)+D(1,3-1)~20%> (1, 7))
+DR *¥2 * (PRtPT)

D(T,7)=D(5,T)+o+2) *Q/ (2.0 +2,0 #B1)

SimZiFover Relaxatio nconstantosdo

E“'E—ﬂ HE R0 * S Nt . s 2‘0{_
I= L (F5 4080 )

Lo

o I 2 3 4 A



2-17
9 3
T 5 AT 8 20 28 T 4 i a5 %]
ok A
rti s
(R DFNE S W‘P’f‘é'ff%fﬁﬁ % e S
A 1t§&ﬂ”\ﬁ]l% ” "5]| fo® 2 L2y = 7 1t e 1 l:(ﬁ,(\,,a, e € > R [

Yy, @k e x4 o1 h U H SR NORTE P S PR N T X TR TR T T
benic FREH L e R MRBET e VT 75 A vt e FE L, 70 - g
N A A QIR (/T I S ?"’”“’ DT b (Wi, ]2 56 ) 2 a8
BE @ hy w571 K AT oo 28k 6 vo JEAL b2
c{)//m/m'c Y 4 3h( Chen, /944 Waul s8¢4a,b; rxy'er, 130¢ ; Befpain , f246 % € ) A v 3G s
¥ A7 Kinelie Reory 1= 5 1 ( Ku.e}\‘~ 1966, 19¢7 5 Schft, 1970 ; Buckly , 1965 G+ ) ﬁ%’ﬁ[l’\
Thhtvwd, ' lel‘ffhﬂ?ﬁéu,,nju,ﬂl oA AL AN ii)’\ T BN 0 2
£:6€- 53 2 a0 Q- valuct2:2.8 L, Fepen AU Balmin o 435125 »
TR I mﬂu i\’\élr, BRE e oRBELOX Y L yy L
P67 ) a R RES AL LA b

T 1E ?T £t (r

e ( ///1«4‘ % /_-/7.’.5//

j{j’ - o2 714,3,12,,,;{)"1;-7"/»%’5%-"(.f—'Lr'y’*/’{‘flgnn1?1‘;"15[!. g
Mvﬂ FE AT S AR M I kB LA L, e A, 25ke ML/
-y iR i 2 LET R l““ =wp( tp:7 7 X2 WHE) Ca (6 -7 Lebs
,.,,Hat\xuf,\m R SEEEREI LIRSS TR S WA V¥

¥ F R {,g-f}.j’ 12 {7 /7\,( /&E/Lp\?{,\(\’. B A ﬁﬂ?—y mf‘lfl_,f |4‘-‘g‘/§\ 2 //7/#3#/(’ Lig 2 e e

WEF S by, £ r’—\/‘m_fﬁlﬂ"/c gy A e jhi

rfﬁm&,z:ﬂv Tfagki elaxsedllos)
5, % X A=Y § = o f=l2C, ;JzL,lim

A~

ﬂgfm 20 T Qo AT b b nFEkT ey KL < HFd = L
STFEAE) a kb BK v F ), A S AN EG(T s g7
Bowgnp % .G T W b Nhpd, T .20
Pl T e - Je T3 2 LEE o 7w V)N 5
1/4\ w Iﬁ?&%—,\’)?iﬂ?ﬂ‘z'm ;’.lr’f"u{y 5-40—'
i 8 7‘ U, 1BLIIAP) adihlad v 1R RN ki & |
i, /,,ni,r.,(cw%,-l,(;- K )EL T BeINec@l) ¢ 3 207 )} -60
CL-Ex;p81h, Kal-xo!, B=07CU-X)/y2 )
P N R EEN T W s up b h(L.y,{/\f/T,,\.(—dJl N (A g AR -

v L‘?;'Uir S Lu-ch TR PoLI R Ay € - 52 215 | 2wp)fz, (@ )l 14 AE~6 1
wa/z.,l,,,w, J1-F Lt FP e PR L) {laF =) e AD* } X (S/Ap)* (L/ao >7 1)

R R IR R RN 2 < L) N NSRS L ik

tpN hypnd, 132 ek J]\,.,'i\p bW1g 70 - 7 :15')4';"; }4‘7\:%‘ /

WEY LY e Ff b, LAHE Qliﬂi;{l:id'l.f - g ,"4/'"

n ZF 48 N 1L | . /

Q=lizu-E)y M (22 )rfﬂﬂ%-')-—l} o< () (1)

v Y3, & 1| Eef e cwp V@ L ("Eiﬁﬁ77

zqt,iﬁ,/,'/. o) efite b T () pts) R

b sl .Lk.i#] o { }\Fﬁ\é..{k}(_ﬁ,\z L U




2-18

L@nt fhni- AHSE &9
ZLFTRMEFAT E o R

¢

9

o

TLABARAGL By L YR GEFGMHBL T2 R,
7@):13:& QERBLE L. BRERLESR LA TR L. 2N 7 |
U LHEFTAIER BB TRy Xt H vh #ieo ¥ T3 3 X P T EWVE > 2.

A @3 Dawsen'd o 7 34 ( Rev. Sci. Tk, 48 Jags (“IL‘))) o n' /\/)Q_"i’i‘ﬁ' > =
g iR e v AT EY s M TBlo B -E @ RENGES - L H T F
Lo ATy ens PTrej LaTks, TEMEcEREECTRT S man Y s
Yy ARRet a3 e T2 3. (A EREANCAE - EvI RN R 3 AR
PR > M3 el 5 Fo La L Cap v 7 s V3 i eFim ¢ WY e v 3 S/ o
Bn AV b s a B W3 A eTHEHRINEHEAT wal HEE AT ~ #1171 9
3 Wit rntar A Bt AL 205,

ARoa-Ho27 v 12222 ErakBiad F3dinanmice
Lt E-¥E) > 7ERLBLA T FIFTETRI . HWRFoHE- wERE
M rBREZCRITILETWEE T BGmt Xz 203,

AR rERe R:1L2em HAMER 5 650 kH; S VI G I ZVH}
ﬂ%%&@‘?‘f 'ﬁ«}li%z;,(r .E%E13|Xlo7l9r\ (Nz Prch) 2" ;}E]'ﬁl:;/f?f /‘r-/
9 1 X-"IOD,Tﬂ’#%]&tﬁ'Jr'c

TeHEIOm a7 772y 21t EAGaBH guwp’n 2k~ s3I @AMES R

Wia \F 2
VAL

qo




BHABAGERR AR 7 L EHZS

B 2K OK: ‘
(&= #& ) (f)ﬁ

’K@ =R 3 'EAA I?ﬁ‘%j’/ 2 e 2. EReE g0 Z‘&Mﬂaﬁ#%”"’h@@
Kot BFRARS AR a R nT o o i CHED S H TR 2, BALY 0 E 2=
7Y rRTCHrLANC TAaG. 4T SEE TR o w2 FBIFERET A=
BEEZLm oz, FadEied EL 2N ( 7‘@’3‘&#’&#&{%; Lohg ZErpz T
Nae, ~a®BaEEeo v TEL 2B T8
o FHERA)BEL. ARRATRTG. b9 iRy =P~ 2>z~ 24 oozt
AGLE-C20A QPR BN T A TR EHI. {F~BENERE7a 22 forf72a
AWt (AER AL, 22— S-3TI70 3278 ANz LB 58 &
#\‘%;“lﬂé%-ha. ’1?7“}47;'{7 75 (7 /1 B)
aty) ORrXY, R TT2ReF &) e . e
=/ @2pa ME 4oz~ Fi=o 7\ 2 "‘f_‘“”"@‘{_’"’*‘“”' -" e (—474—%1321";}‘;1

Rs . @A ilE e S (T 47 PEty vl
% & Jav q, e blic g =NE = & _ 712) [BI[s4[7]&
[ 49,128 9~ Fa PCM ©h T = ek el el

27 — bé&a ﬂ‘?&ﬁ?&%. | 7~ &= =
AB2Tat ~ —LepfRLTHET 3. 2 P T
. L— % E e pE 0SC. |
afkyz g3 @eFi. WRE Re( 2o 44— REFY ,H&, y e l
3N —~F&I%, sl—d xR P2L—&Q o 2 AEIE R

Frm—, ) rg- =0T, EBg NN

Fo-p ko3 HEI-F /7L H.f[ R A

—Lh Y /6 IV whd. ATt
o =7 b ae A BT AT R

Desn, (29— YR F 2o 2
Co kT, bETFARREF L 2R
S X LN

.Y#’—
TH— 4y hitos INILZ 3 a8 s ko
bl iy £1Y5 = EM\‘M‘P@L&I

Roeky), 2=22PF g =2 — b4 45 "
ce3 Hh, papwe oAl Ters8 | RPT | PiC | R
ML A eT. A ’ g £ry B % 24 4
B % R 49 U R e e
AR 107~ 10l < i 4 }
o g tesyure TN vl - B, W) o« - (L)« -D(§:Ta)
cogbir B (Fam) .
y e k) i
| vk GHTNG, (X 3®) R
29 ffigeT— 7L O
i G L Y Lo~ ,ﬁ"
ﬁ 'f 2 == K 4} -ikt - rA,u’M‘A's \B L
[334sdregn 3 $ o LT ELREIER) 23p 5PV e TREE
o2z, R R L L R
g friiv & i




Mass- gpec*YDmehy o-F contaminodion Subskamce of Probe Suhfam

FA O du K- = BF %
F3x% FBHAIANEN

Ve g7z27 Te-T7aGH808, 7w - 743MaB L Foz . A
\;\—.sss’t}’zavr,?.:/an&%zzi}hﬁ»f~\~|1"?€37m‘ix°'iui%igz;ﬂ']-"£13:z«:z--évs
“:z'&ﬁﬁ]\,':n?ﬁ%’ijff“i‘)/%\i"@%ﬁi{mhT*?]-Mib‘lnfz“\?eia'z:?‘t-l.
w32 esBHIL vzo
Al e - THLaBFsatrrr2et LiNsenHr, T'u-T5WE4 7T
Hr L, MoRa2 ¥ 2945% tGon. B2z hebi2-RBuFA»r w200,
2, 1,2, 32,3, 4 CLarRRsErnd,

7
co 5% 2 (), whEwhasBhr ELoh, W(C0){ss
MedbizdrdacBohd>, 22006 o HL)uEFTMoiFB AN IL2F Y
e ~wi b vaifihei L ohd, W(M) i (0)dFFuewiizdoe
tarY , 7"7‘1"’2%1&751:(3/\/:_ ﬁ:'fﬁﬂ'ﬁ%'ﬂ:',———ﬂlluﬂz. ¥ O, hi‘[/ﬁ\wi}lfﬂl}’\-x
BAresz., azyoB(Hho)nTe-TaFZTealivazriishao
Mo WaRHE L3 0r 2B T Lrdbora o crixaapn AT &3z ¢
Eloht1F) 7w -7TE o5 E v vt Ghltanrd ot 5%,
takao W% =4 /@"3'&’&?!37'\7")'\"&3'%0'07\’Tv%,ziz%iziiﬂﬂ’é'bnl-.f(L’r?t.
%o

o



?§§ﬂ4ﬁlff~“z¥—’%+X'\"7 fox -9

AR e KMMEIz=  F LM
(R%AYT TREHEM)

TEEF VBRI IF LE —Ah® Lo FHlux a MBI EAEFIer § 99 -5
T BERE 4T AT AN S hIEEL I TEOMBER o F Lt — &0 Es
BE T A RRER L3, FELIT oLl TEBYIBRHETI . 209
Fork—qQM - 36 BHT. EABRREFIOTETHI, S, BRI K32~ 0 K
Ox—91—uTi 4. EitHe. prstotypel= § ZRE NG F =~ TRE T3,

PEZF LY K30 eVXTFERZ 1. ¢n Tk L —ARBAIFE 0.5V (&
BRETIX L - LAMRKREE TR, 4B T, FVERITEMN T T, Lty <HEd
SELARE ([ F)THRE, RN PO A -9 > T—RaBaEFig. 1 = FIE

'phericai Electrostatic

i - Channel Electron
collimator EnaLyasE T e

B oA T T v T hgh u-metad Cmot shown) THREFERE dcn 2, 0 2N 2+
DX =9 oHHE. MELF UL AHBT. TEIRY comstadt energy Aesoluion,
comaXowX  Tromamission (comstank geemetrical factor Y1z 13 3N AT R OTE 2

Ameap | $HE LTV AEVEH

L,
Yo Juggy) \/Aga /\> 3o = Hue ot B Rg 21
Il %”‘ﬁEQQHW%gi/C> F1.Th, awepTE Vim 5
_._-,_....__\.\-..

ik w VYo BE L apace polential |:
s T wid &5 V3, S, @
WEHENTREE-ET. S FL

collimator (3 VA L (= Aweap % 3, channed

5 1 == g\tc“rot-nk'h\ulﬂp\\'%ﬁ H"HH ‘tﬁ‘#{[ '5-

h TR EIRY., FLX - )T

= B3, WeaFHitint T, &Y

F:g.l 0 20 ¥ I3+ 1 energy fo.fnd'\'w-\ LT RS

R, BZYKZ, 2R
e LD X — 9 O FE -
TEBR R e &t R
2~3 eV IXETRIZYA & ~ ¥
TRohR, * kX FOT ALY

A aketch o} the senser
of the low ewnergy

electron sredromekr

Vinv Tamer Srherr
F:%. )] ) i
Time chavt

19.3v

Ouler Srlner'

o

g

<
=<




MS - T I 4E a0 ZTBRENKE

mEfm ik HB-oEZngk HEED
ALY LB -

WA ER T LA Be s T eRACAHBHE N FEHNES AN 0 MEAMTE K » 5> <
Sﬁﬂ.%mﬁbmemam-4szz%mAMS-ruﬁ%¢ku1;»@%ﬁzaw
2B -F AKX o Nk, R Y A LE L FPEE S AR R A NP
ELMS—-T1HEZERRZHEEE INVATRET 5.

2h UGB osha oV R (PAHDERE) ch RN o RO BEBTHL. KK
rLeizdtitonEenfliarvathhonBav. Lol AoEEe 500

Khx @ ptw gl ohks ™ e ETh. sl o 17 B 1n Sphevical Harmonic
Analyses 4F o . Gausan B FFic e FB LV E N = M= 10 ( Coum, dol 1965 ) & KA
L1 b, AVIRE s RSt LB k@M EeERKINETT ) 27 - FEA

A Rwkther Te 5, LEEme Rgignile o s TARBoHEW FHhe s T
ﬁf?ﬁf;ﬁfh\lx“mﬁn9’7n§:§.£;1'§_¢'ﬁhb$pt.®b.

FRa BBHG e BUIARErEE LETRE RS OBEBL v TREHT
b b T8 B

1) F-snBadEiorhkic

2y BAaer;me RrTBRABE TR

%) JIb Y T aRNE o KB

4) f%‘g‘ra&‘iﬁﬁ )

:n‘?g#ﬁfr—k&'ﬁ\fﬂfﬁgpIi)’d’b“s“lsﬁ_mfﬁ&r_\a%“L601‘.57‘)Q/‘%r‘mggf
9 h. coBocrRAEHY P ENEFRFEBAR G s N ERHLMAT A 0 K

zﬁwa.m—4s-z%&n;q1ﬂ;meMﬁms-f1m&n#%ﬂinﬂ;
iy -—ARaldzRcBB IWET - TR T -A LI -F-phsrE,18onk
VARKFBHMoME R OB s W E S 0t s ERGETE T RaBE D0 TH

\
-
S
.

() RRTrT GraoBfiu. BALK. HAABE.MEcr 2 BLET o5 gL
hE Wl FeBbuntaeRas. fEEmecv s BinMEMRBUT
tfhxn hD,

z) R EL LY 2R A R TR R AN AL WO NI A
) A 8222549 B,

3) 28 opFicaAhA A /s oo .



SQUI DEEN o £ E8 ()

. kit - - KABRG
L K25

Hpdmt (var 7y SHE)AMAT O BBRG (0Fr) t HE
FH: i ChHs T FEGA52C BE 4y AT RT R RE K,
L. HEPRERG oo - VR UL THDREAT. 2 WNALEE % T 3
ST IBREBERTH, Rk,

5@ . Wt GUABRERGL - v T D M
—HoRBUx TN AG L 0P o BT B E T8 200 712

Brx . L BEBA () -V FEHEOC. . AaP . TRAISY -
£y . TEa 70w TOHRLAOCRKREFG, L Lo MR o 1RET 2,

N
} 2 1 "
8 [
=
| ]
S L 42K
N A
1—’— :I_RSJE-:— 0742 b i05
1! o
@T ' ~ "l ))g "F % }a-49

o




HHBR TR =HT M F X - BF 2~y

Foav
A
(#H P K

B ¥
z )

L—3H-52#1=r % 600 km~ 200 0 kmnfv/i&@’(“d)ﬁfi#. w# -8B 37
(0.3~ 20 heV)BIA TR WS NEF -9 p s BEBETL 3 v itMlFots; 2413

B
)

(2)

€)

@

WRETHBEE YL LT R v EMoeBaNK 1
2l T %t Trapped  particles v LT HWERH 5 <
NBEIzZ B RrRMBFANNHONEF FHuErL21H 3.
BLZ VNG = x5 L% 0N athcam

ER G900 hkmkid s BFdalimL 1 %
AR BEB N2ty Bl 3,

Y. To LR F Atk BF AL

A BFIE2nrbRE@ 2108w Fo ZecrFurARYvEHE 50T

V%
BrRaoliu
goo hkm &~ 20 keV
< / kel
/000 km ~ 20 keV

/ ~ /8§ keV
0,3~ DS keV
oA - vH B,

ZH W E = AN o #or b FLE 1 B

W)

~ 0% /cm? sec str kel

~ 07/ v
~ 10¢/ v
o /07/ “”
—~ /03/ ”

Y power form |27 3 & ETAE 1218

wh, Ao 445 0 A v E 0
NRCRAE LA 50 LD E Flux
Ory toRBYRL Izl

panic‘o&a y 3% 2H. A Z T FIV

K- HBTRS TERNL AT HLEUY 2T T 0 wake 2ffed BB FHES M

s 0 "kt Bt BRBLL TELSIUZNADTHNE S H .

LEW > 1 BRE 0 R I=

FYz2NERAT 3BT B3 0 ERBERVERFIROBAMBLYB UMM TILETR 1
LRREB - WKELEH 22 32< Li2(3) affnRh2ME v7Z20TH 3 RN
MBrt A-9EFERL AR VERLTL 3.

ABB v MMUER F Y -8R ~7 FELH T LIz 0 18T 3,



fo B (Y AGLA 2 §B-A4L 0B AL F AR RL 9
PR R AL
L 8 oz
(RtA 38 B4L)
mb%&@afasm%w«héw“%wimbaﬁa@§ﬁ@awmq;»gqg
Brsys (o ks FHRM AR ) KBAH | TDTF R §ARA K w

(AT . A, mamrba&,;ua:— AR L9 TR R RIGRA RBL A4
koo TRR ?&%l 133.

YpiAh0 BRI b Ad APABL XKD ARHEA S BEHR (TN T AR
WFIR) B T rF Td) U

XX % 4o
%¢ B HE (PR 3B Fhm) N
Tin| #%>n (Hoat )N
gle| ARRED - (RARLH) oo R dxsrek - R
‘ BBEEh (v )
B R T LT TGN Repeyy
i

34 RRD ) 63//%1 WAs |, Bk EBe g (R 3avX il fhggos
ﬁﬁ’5:‘“7 k%»?%%—%ﬁ@mﬁVi>($A2hk%m~na4Jzéy
L3 h T K, (a0, Lito MR BRE A YR L AR s kMG GRS Y A K
Kﬂ&(kkﬂ%ﬁkwm%ﬁﬁﬂuﬁﬂlk#&%ﬁ%véétfzéﬂ
i, MERK B BERIELIPRAACINT I NG kES 170 93 | R BERIK
Mo dththe B4, RALANHAZE FHL DERIN LN TH I BRI,
W, Gk el THMIAGAL T L TRKGR, t INITH I,

BB A8 FRELE Ko MR BH G N3 o, b afihs AR
MAZ LD,



7TLE ) ERINE 9 T H I Bawc
Wit e T B B 5y ) T A7 A FE o
v L 200°C 20 B Ay |
med Bide  AF 9 P Yype o T AGEL Lo

2 Cnde Gz za w
Neks P-Type ) o

REBAC T 5 v (= F E B LA E M L
- BN L 19 29 RT 5. tz )
roaspsl o 7o Fh 3 7 13 BRACAR ¢ P-Type 2

-

lﬂi‘Ve'\onf}uL') mected 2 £ 5 (2 P9 N =+
H5 Wk .

T s MEZ . MR TN tyre 9
ol 2 BF - MW ELE AL 1= 7.7 .

Ty AN

Yro B3 5 1= F 0 CEHNAT R Ao v ERS
2 fhh EE A R qRilth LY
Y 3 e AL 2§ 3 B . (I
IR T B L SR | & $i 4% @
1% 7600 0e 3 T THELA L

(83

~

!’%'[ [

7 . #Y 49 BN 2

Bl - hosdl wpeecimere @ fea BF A 13 RO 1d Potyee BEORT .
(FOBEF - I4G T RETHP 2 i

ILE L T calion
A VR TR R

>

g Shett (1768)aER - T E A% 3 .
“ et e 5w R T B eI T

A 2 1=
2 0 7

R R Ao BRI 2 AL T3

w;‘ﬁ"’?‘—l: o
neduded © 5 > T[22 QI 5 vt 0 B A
W HRE T A . SAeSs o 59 ) 2 9 F g A F

-4 2B T

“h o g R e Y B AT (

B 1o . HARL Fik/i(= 3 7 5 1
T2« 7945k, (L) BRicr v & 1= f Kpficls
K3 At gAYy s s n Lo L . 350%
FAade s (3 L AGUF i e 5 T2 Te e 5 RRE

Q~eFloretd 2 v i3mnT BT Hr % i

wete

7w

FRAC e A T EAM Y b e - o By s
o d o 5 HAT R A MM T BEACIE Q £ W -
A1F > A B IHKE AX A ey
OB R K LALULTEN- e 7t BB R
tEAoNe 2 02, 7 . Er . BT 76000
IK & (3%) o I - H®WE
- 186°% v X FX Y peie 2 R En
S H B e s £ < TR R
N - Typee O B o (FH» 1 FpEp T T
;“$§£I‘N-Ej7w o Rz

T - IBE°C % s L
a5 $lgh Lo
W% -

" a
T- 1= L

2

AT e I 2,

= .
2z

Forf e

v 9 B AF o 5 AF s - 116%C kv 13 R L AN,

it .
& 1 K 2
C4.5.a.mu, c.z.: e.mu,
0,5 F 4 H=17600 O
> g
05 ¢ R
! 372 -7
\ * il Fa
l’ /
A },
| At
v/
] T s s A L.—’cm_ | PSS IRSNG, Voo A el
=200 -100 0 100 o 0 / 2 3 $ b 7 %03 0



L REDALUE TS TS - 0wy 0 Babe

BT AR L ELUONTCOIWUERE QN i ict Fusg AR ng 3 ATy
L THDINA L, Trl R FY) - EHA = ERl 7V3ILATIc-vT Ly R¥l=
IR R IL\.-TQI\_IT\[ TAAAFEAT)ITuL 'mxggé RFVIEE T A T b -r.\,,.',ﬁ.glk
12, BawA s 5 Lyt DL LTHEAE TR,

AN R bITHE, L, N AT RS R A (BT T Ada 2 s
AL, RYLURET A, F - FIRLEE DL LA DEE K- R R
Ll dBBRETCEFITONERN? $k, £l k' - R afy KL ¢ L& n B o B3 AN,
GTRFLMOTIC T3 23, BRITEE - ME RS B FH A tEN S 1 T
A,

GRS, =iz YL WMARBRAD Rt 0T AN B

PR, ERTA =& ATER 'L‘ILVQ-"T':, 7700 Terra Ressa DE/ERY 1245
Mh o, atie-wTa@iit e T3, 3

1



KASA I LIS ¥ 0 AN 41)

# ¢ - 2" g L2 oa"”
w £ A A F @ B A oA A 5
g KNG 03 EHIBARBAA  LENEA, KAL) 0ff5er b0 T
RLELALEFELRE 2L T L4 0)Be o3 0ERNT 6§ 420 FFh->T 1T
o3, k. KAAB oM it FArm it sAGAS A T, E. Ak, 4L
A 17 AOENFF OB ¢F At ML F, J LIS Y DEAIILEDN 47420 > F 7 2
LXAATHS 4 G oo -LAT9PR- T4 T ol 2A% TCALD S NT
3. FALAGH o d R oA ZALY PR LAL G s ML ARAABIEN K - 0T,
POHRAAN WA LAAZL A XiA j/TK $ o 7#HvYT 33, LMoo TS
s deh skt tsuliflE T 3.
A4 M OGA L IE, LXokLAL T oL LA
() frzrel o f2)-2f-HeiEqj it
G) sfeecd oFe) —BE-PErRT LD
(i) fe7°C Ay fae-co=Mnt o) —pitF. ) ¢n
o= - AH T 3. KKMH LA
oAk, Lobicditad L.
Wo A Ik Fhon befe decl FZ_
oA H I, Lbic + Fhembe oMb oz ad 5.
Abd t5ANoFHeh oo T HE N AKA I Lo edk, Lo XKRIT4 5 K
AEBFIHASHM I 323 k32
(i)li, 7; /’t‘—rr 9) f/anwm:jnc ?—( a/
i) )1, i vieh » b/w/eno--fémﬂéé .
i) )t 7 T 0 77A1nrm7;,e¥&/ + 7 y,v('/ v’?;!m,., ﬁm. L ?'af)a’lﬂL"'Lt AL
3.
A-0fd ifad s LAL s Hb LA ERABEN L, 55 - o R K, X
gt o s - 2R L I Hs 2fAsA LI FH L TAN T HEF LT LT 3,
FRLFA tAEENEEO KLASE - ¢t
(i)nfa 33k LWALERK, F7XX-FEst-7L--2H-477 BAZ - NIAT7TH
vt L. kLAY
Gl 53 XALAS 1L FF-x -t b7 eI B LA AL
MBI LI SA 2
Gikfat 3 LUWAB Ik, 44 b:7 (10— &6 HHBLLEAEAL TS S,
o gk hARAaoit, Ws 4n @l -BRefhtiniffs i, £AxE s ¢,
Wils DR 4o - o 7L— FPRAMNS, ¢ HrooTik#HEL Sy fjoFind )
R4S x~2, WU e hhd £l Ly 224 L, o240 - TAH 2 A &
o, LnAafdfiiflvivsor To Aot tFt il 3.



HA&L Lo K-ArF K, SR G, KRkt
reEF, AR, R B EIFY jEHm
(&#x) (g"x%5F 323%p) CkF3)

BAbkfolio ZHL. K- 284 GuTBoF UL Iiou T, K- Argd,
SyRfdiEbt, K/pbhte & 3 boh. B ARNEL R >w Tz, Rb-Srig iz 3 &4
LSRR B E D Ed . SrRAAK LA, R, SEBREESHITERA L. KS iz &
LA ERu T,

K- Arfr ik 4x18~20x10 %082 5213. cafAREARE u< >ho3pair
SUTEB I h rK-AFNeREE-liosy. 3RBoZRL rEue ubi o
Zriyry-%LTusd. Rb-Sy ifi:&2 BIHELHNKES o whede roch — Lovndlende G4
E227 myYeu), K-Aridrds wlhoe e FA, 220 my (§3E K- o 1965 ),
L L B

Hita K- G 1nE > tHELREERNSL B0 %o SRR GEMIRE . 0 704 ~
0.707 o%eB i H3, 19 EFEAFFELAIEL0.702 ~0.704 T H 39 2 AT
B . B3y BF0 9 EAERANFELYRELOSRBGRHIA U, coRB L L T 1R ZE
KL EBIFEP 2o ABRBHDPEENERIOEN . H3u k. DFEBTF 2% &
Fa Tk roR/srbod peokidhd ), BREEERNESL > SYR/LIGER
3Bt 0. 704 vy e  BEHNE o FEREARARBELB LR o5 3.

K/RWI1R300 ~400 2HY) . A3 FKoZghEhbrilbaidbo il %L
C. Ny 2abksrb83h3y L 74 FER B0 BT, 5 4B U,

ARBE] vsi-2 Ys7-1 | HSA | MAsA MEs A NCr S |
5| , .
Lo Kioth XFodE | GLFR | XA B 5% WBin iy |
BB s | EWE Fap | ML | BuE R 1ok
l ~ l s ’
L K(%) | 445 0. 340 : 0. 684 [ 755 S22
a 1
K—A:if»fv 206 tos ! 193205 1 770t03] \ Lyl oh 3.44 0.4 Rb-Sr 1Y
(x18°yr) l ! 227 my.
Rbgr; I/ 8 .7 a2y ! 5 ) by = Aan 9/ o
S Sl | ) €L t 7 DO, Y ER-1 /?‘ xS
(x10°"%, * & |
Sng 7 / | - A on I )
-7 molés +’77 o 78 I7L~ J/ ) /I-V { L2/ ! /& 'ST?"Q-
(0" fam [ ’ |
Rbi"l . . = o } , I Ly
/s, 0.3 o' 4 0.0z o-830 | A 1T o, e 2HE
S¥Y .| o.7047 | 0.7067 | 0.7073 | 0.7037 | 0.7038 0.7082
’Sr + 0.000 6 .%0.00/8 to0.0002 | p 0003 ' 10.0037 +0.00¢3
[~ i /
("”/se\ 0. 7046 0. 7687 | @.7a9% | 4. 7037 || o.708 0.70%3
Sr/, |
ly ~ ~ ! a5 > 7
RL(PFn,) G5 & 2 24 i 147 2 i Oy & RE4 —
y 7 i
T o 1} ) 2 -~ S e,
K/ KE, 3 l 7 -4:\— ./f J ? / i :’ S ::; S .II/ e =
| !




25 - B RE R L R BRI AR

KE N

BERF - BZ5P

NI X"V Lo msecBED ZWINILIE NNE. 737;,'9 B0 XGHRL. (T T %%,
B E~TL, HE RS EER, Bt 22 (HO RS EE(?'\\\H)tL\)3@"?‘ff)F

nBB 123 (SH+Hs) ; HeSH2) RS \HeHSIM B F L P 5,
(1) .Tra SHaHs), T BT ’m% FBIEHES £ A=0ZEH, L T B BRI F2 LIILIRMN,
T SHeho)T. S B2 2 nFEA IRN JRHtHo) F ) BEZ» TRILHA -« » 7%
A Ta(SHHs) /TR HtH:) 3 S/Ho &R b . TRBEEZ. ¢ 15 3. HHn 2E
478 S= [, Ptas (2 Bar-sec)E iy T F4T. S ArBRAE S/H)o £ ORI W
'/?75‘|l|c1

JR (SH4Hp) / JR (H Hg) & s/H , (S/H)Z (S/Hg) (1)

=71 ﬁ/\r\%b.
2) 7 CH-SH:) . i X% Hp # 5 BNE HiSL 02 WBBILI—T» 57

3 I A~BTL ‘(,
JR(HSHy) «» H, JR (H4SHo ) » JR (HyHe) (2)
T2 3y n, 2 2BD 5. 0nEEP Tr ¢ SLHBa0 IR £ FlL.IA.
Jgt (H,SHy) = 3/4 JR" (HuSH,) (€))
PR B NET . L Al -EiRoES, S esERES.H L IR iHS
A IEEPABTIL JR(HuSH) < S (4)
TRET L,

3) JxHeH.S). 1Bf%:E®.  IAM, Jr{H-H2) & n=0ZT8 I 1TERSEF LIRS, KE
¥ felie ok Trlay)J AT 3. 2B TRH+hoS). JrHrhs) (3 S/H mdfm t
—CS/H"”%’UI 9 L, AT ewane;t;ll:_/’[ﬂff\l\uv TR I-4 5. :V?P%a“'fg\hfn)
[SBIL. L8 —I*Jrno 232 T S ARLTHDRS ) 20~307 ARV L5
By L ACERTE A RABIEEI IR TN S F,

@) BRI BERLY 2 AR ST .03 TRCSH+Ho), JR{HeSHo) Jad (¥ IR(HrHe)

F Y INBEPIT L ABB7 TRPPH+H) , TR(H+PrPoHo) F2 & X JR(H+HoPy P2 ) 1<
qicT s, B\ o 2ENES I RO BT FILT — 0 SRS SHLS P S= P.at
L3203 A5 RN LA BRI T L. X HEHAPFD HEEWE e BrinEo K3
ST am S 35 = o ~sSdruset emen. BRRTL TR e RA, £ 3 Y
Bt n. LT . TRBREILEE R oA p0 5 L) (3 KE - Carleton n BEN
ErBRATTIEINIHT I S,

S ERrAA LR HEIRHEVR o RIVE S, BBRErT 31
b m%?'—.’h PEHRIELETH S t’— B -iERE LA JET L biid ). Ao
gray = lEGWEEHLIHLTAL t TP A, L PR t g 2,03 TR(H+S1Sz5H
SET 3 EIRA L. N=eo (1L 2 T 31,?71 mbé?\@aﬁum T. (H+SHo), m=1 (14 B

I'9=hIscH+SH3), (gs1L)YeTq % t’ 3

1(n) = Iy (H,SH) [1-(1-K)exp {- @ (n-1 ) ) (5)
L2 e A By it T “%,%Jmf%%m‘”tz'w’r —tToBREL. 2D ED
P& LRE R TN LA T, AR EIEHIN MPAI B KRB LIlHFS

'a-_\
N2




PonbortoBizhidlo BEx Hikw,
A

A ;ﬁjj
e EZ 2oy
GESKHT - (HaBohr, Guamk Apra E=drde rtET s #KB 49 -«
9 & Lo dg@iba B A K G1E o « KB EHE ¢ ¥FEG s bR S orHEL AT
e, Tl & Umatac Formalioni=@sf 3 R REFE crsns, Fa)—2was70C,
300°¢ W X kT IBHEE T T,

— . oM oo £ ML 328 b S < B ARk E DY,
Wi EBE #F vy 2 2 te,

SS9 B, sFL 9 M Mt ctASRIXR MY 2 Bl <
y 7 g a
BEREBRWY o
BFcBeET 3,

t a9z
42 v i S
HTagNpFE
H 4.

EXPLANATION

la
10,
N
Limestone plateau
1a, flat-lying plateau of North Guam and Orate

Peninsula
1b, dissected plateau underlain by argillaceous lime-
stone

s
Y57

.z'a‘,'

Voleanic uplands
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Experimental Investigation of Multiple Neutron Production
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