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Ionosphere Perturbed by Gravity Wave,

Numerical Experiment.

-
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The ionosphere is disturbed by a gravity wave which
arrives from below and travels upwards. It is found that
the disturbed ionization density always follows closely the
gravity wave disturbance of neutral gas immediately upon
its arrival. The amplitude of the disturbed ionization
increases with that of the gravity wave. The disturbed
ionization ( mass ) motion, however, depends on the ratio
of the intensity of the gravity wave disturbance to the
gravity wave phase velocity relative to the ambient ioniza-
tion which is driven upwards by d.c. electric field. If
this ratio is larger than unity, the ionization tends to move
with the phase velocity of the gravity wave. If not, the
ionization continues to be driven by the d.c. electric field
with a modulation by the gravity wave. 1Inany case, we
have transient phenomena upon the gravity wave arrival,
not in densitx, but in movement of ionization. The present
model is valid on the equator side of the Sq—current vortex

in the ionosphere.
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Motion of Ion Cloud

Susumu Kato,
Ionosphere Research Laboratory,

Kyoto University, Kyoto, Japan.

We examine theoretically how the ions which initially form a
field-aligned cylindrical cloud with excess density move in applied
uniform electrostatic ana magnetostatic fields. Due to polarization
field in the presence of the cloud, these ions move very peculiarly,
resulting in elongation of the cloud transverse to the magnetic field.
The elongation becomes very spectacular at high altitudes as above
200 km, a result which can explain the barium cloud experiment.

Besides elongation, the width of the cloud becomes very narrow above
200 km, another result which is consistent with the experiment. It

is shown that the elongated ion cloud tends to lose the original

excess density. However, the different ion species between the cloud
and the ambient plasma always produces different ion mobilities between
them causing an ingtability on the cloud boundary. Such instability

can explain the observed striation of intense barium cloud.
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Sample Dredging Rock Name (4 Ar)rad 40y ryair K Age

Depth (m) (moles/gm) '((R%_%';t—o; é%g (m.y.)
ﬁrthwestern Pacific alo the Japan Trench
’ = ,708 Trachy 3.409x10~10 16,7 2,86 +0.,06 66.0+1.3

(36° o4y andesite(?) =
143 321E)

5 2,200-2,630 Trachy 3.519x10™ 10 33.8 2.51 +0.03  69.5+1.5
(37 O7'N andesite(?) -
145°18'E)

JT 8-12 3,050-3,100 Trachy 2.845x10~10 20.8 3.21 +0.01  49.2+1.0

(39°37'N andesite(?)
143°431E)
ﬁo}g;gg 3,950-4,200 Trachy 2.969x10™10 31.6 2.03 +0.02 80.7+1.7

d ?

144.°54 1%) AR

Philippine Sea 12
5,049 Olivine- 3.382x10~ ~ 100  0.444+0,008 £4.3

(17°49.1'N titanaugite

}'gg 46.5'E) basalt 12
6 y = 3 0.016 ¢13.0

(7033 .10 ,813 Variolite <(3.098x10 ~100 0,134+ (13
144 °53 .4 1%)
46D 5,985 Olivine- 6.818x10™1+2 96.5 0.653+0.001 5,%+2.8
{17°49,1'y titanaugite
144°46,518) basalt
Japan Seg 11

~2 347-385  Olivine-— 5.552x10™ 51.2 1.45 +0,01  21,6+0.5

(39°32,0'N augite Ei
135° 20, 8'E) basalt 11
Y5 7-1 320 Augite 3,225%x10™ 51.2 0.940+0.002 19.3+0.5

(39 12.0'N basalt B
134 53.0'R)

325  Hypersthene 9.488x10™12 90.2 0.684+0.006  7.70+0.81

(33 30.7 andesite -
137°03, 5-1;) i
MAS=A2 975  Augite- 1.298x10 73.5 1.76 +0.01  4.16+0,16

(39°31.6'n hypersthene
L}B 11.0'R) andesite
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Chemical and Mineralogical compositions of Apollo 12 lunar materials are appreciably different

from those of Apollo 11 ones, as indicated in the following table of metallic oxide compositions,

Correspondingly,

Sample Si0O, Al504 TiO2 FeO MgO CaO NajyO K0 MnO Crp0O3 ZrO2 NiO
11 40.6 10.6 10.3 18.8 8.0 9.9 .54 147,39 .60 ails .023

ROCK
12 40 11.2 3.7 213 117 107 .45 .07 .26 .55 .02 .24
11 43 13 7.0 19.6 7.6 11.6 .50 .14 .34 .41 .07 .015

FINE
12 42 14 3.1 17 12 10 .40 .18 +25 .4 .09 .025

In wt %,

and fines from those of Apollo 11 materials. For example, the antiferromagnetic Néel point peak of

magnetic properties also are somewhat different in Apollo 12 lunar crystalline rocks

ilmenite (FeTi 0O3) was clearly observed in the magnetization-temperature curve in Apollo 11 materials,

but it is almost buried under the paramagnetic curve for Apollo 12 materials, In the following table,

main magnetic properties of Apollo 12 crystalline rock (12053-47) and fine (12070-102) observed as

precisely as possible are compared with those of Apollo 11 samples, which were observed previously

by the authors.

Magnetic parameters Crystalline rocks Fines
10024-22 12053-47 10084-89 12070-102
iti ihili -4 -4 -3 -3 /
Initial Susceptibility (X, ) 2.6 x10 2.6 x 10 8.8 x 1077 | 7.2 x 10 emu/gm
= - - -5 v
Paramagnetic Susceptibility (X, ) 3.4x107° 3.2x107° 3.5x107 | 2.5x 10 '
Saturation Magnetization (Is) 0.155 0.20 1617 1.28 "
2 - - - -2
Saturation Remanent Magnetization (IR ) 1510 3 8 x10 4 8.4x10 e 6.2x 10 "
Coercive force (Hc) = 8 36 22 Oe
Remanence Coercive force (Hgrc) - 80 460 450 "
NRM (1n) 7.5x 1078 2.3 x10°° - = emu/gm
Effective AC-demag. field (H,) 25 10 = = Oe

Only a noticeable difference between Apollo 11 and 12 materials may be that the magnitude of

(IR/IS) is a little smaller in Apollo 12 samples than Apollo 11 samples, Although In of sample
12053-47 is smaller than that of Sample 10024-22, it may not be significant, Because NRM measure-

ments of two other Apollo 12 crystalline rocks (12038-29 and 12038-32) show that (In=8.7x10~0

emu/gm , §0=508 Oe) and (In=‘5.1x10_6emu/gm, T1°=5 Oe ).




2-35 TXROBSE» E A

KE B\
RRKE . HEIp

FTRONBERERE (LS THRESHIIARNKBR G BHAKEBO 55 ¢ ;WEBKES 1
RIS o BBRALLGFAL TOABRE. BIBIONKES24. BL. o BBEHL
pEEBRBL-VTE A<CEen, (JLWEKTCHS. ABDEER L EE KB
—> 0 FTREE L L T. BRBRIPOVTITHEOTRY 22y 722 1T5% LI 5EHRBHRG
3. EEEBRIBBrE LN n. COMTLNTE. EMBNEILS » EXFHL
BEETHROREAKKB - VIERIINGRIBET 2.

(> RAEBEITHY
B BRATRE = 2.3 x 10~%emu/gm, 7AINACHBEG = 10%.

BaA A COHRRF=- 700 | AR = 0.20 emu/gm .
BT, - 8 x 10™*emu /gm , mwehn = §® .

BT = S0, TTERBRF = 2.6 X 10™%emu/gm.
BHME GBI = 32x 0™ emw/gm IRM B30 B = 2.4x 108 emu /gm - (.

) —EEWET |(HT2EEEHI , IR (HPPH)~Ho ER
P=255Kk/cm2® (LA T
JR” CHPPH) = 9.0x1077-H emu/gm.

(i) = RHIBNIIT » EEBHE, , TR” (HPPHI~P o B1R
JR”(HPPH)= B (3HHc— H2) for H < !/2Hc }@L H=9370e.
JR”(HPPH)= B (H®+HHc+%HE) for H > 2 He

Bt . He(P)=54x102poe (f8L. Po Bf= k§/cm2 D

v EXEHAER L o L
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Mo, S 0RGILINIT. P-—Fogs IrR7(HPPH) t H e 0 BRI,
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F R KB~ Carleton ZHRBRBT —HERLTL T VA,
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bR T BTIEH w4 (I NRMFTHEL 55 0 T L TL.
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ﬁ El { E é;'f S
Magnetic parameters a ﬁ)\H % % Unit
No. 10021-32 | No. 10048-55 | No. 10085-16
Initial Magnetic Susceptibility X o 8.6){10"3 9.6)(10-3 4.3x 1()_3 emu/gm
=d =
Paramagnetic Susceptibility xa 2.7x10 4,4x10 3 emu/gm
Saturation Magnetization Is 0.74 0.44 emu/gm
o =)
Saturation Remanence Ir 5.0x10 E 6.,7x10 © emu/gm
Coercive Force Hg 19 125 Oersted
Remanence Coercive Force Hic = 670 Oersted
(i) < mFH3 B NRIFER. KR Ths,
NRM Parameter No. 10021-32| No. 10048-55| No. 10085-16 Unit
3 =5 =5 -4
Intensity I; 1.50x10 5.6x10 1.53x10 emu/gm
~
Effective AC-demag. field Hj 35 ~ 400 ~ 1400 Oersted
Critical AC-demag. field Hy 40 ~ 100 > 500 Oersted
(VRM) (NRM ), 8.4 7.4 0.23

S UL (NRM,E. NRMo TR E R C. R(VKN) (SBIKEGF T K G018 1<
VRM 2 &£ T % .
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- Characteristics of Whistler Propagations Associated
with Magnetic Storms on Mar. '70 -

) . -
B RPEE LGB FBHE FRAELT)

From the theoretical grounds, it has long been accepted ( Smith et al., 1960, Smith,
1961 ) that whistlers can be ducted along the field-aligned columns of enhanced ioniza-
tion. The great possibility has also been pointed out by several experimenters that a
considerable number of such ducts may be produced more often in the periods of high mag-
netic activity. However, any conclusive theory of the du;t formation has not yet satisfac-
torily been established even from morphological basis.

In order to have a possible guide to a theory of the duct formation, four points at
least should be clarified from morphological ground. These are : (1) With what time scale
are the ducts formed and destructed ? (2) Mainly by which the dispersion can be determined,
the magnetospheric electron density or the ionospheric density ? (3) Does the temporal
behavior of foFZ respond to that of whistler dispersion ? (4) How thick are the ducts ?
Using the whistler data at Sugadaira Space Radio Wave Observatory, Univ. Electro-Communi-
cations, ( geomag. lat., 26.0°N ), as well as hourly values of £ F2 at Kokubunji, during
Mar. '70 storms and normal days preceding the storm and following the storm, some answers
to these questions are presented by éhowing several examples in which the growing and the
decaying times of the whistler duct are occasionally as short as 30 minutes or less, and
an hour oT less, respectively. Poor correlation is found between the dispersion and fopz

ing the moderate and severe storms, indicating that the dispersion is mainly determined
durin

by th - ) )
£ und between the temporal variations ( with time scale of an hour ) of AD,
& .

magnetospheric electron density in the storm periods. A good similarity is also
e

the increment

of e dispersion D from averaged diurnal values of D, and that of A( foFZ Yo similarly

gefined 4
ation at £ F2 height, with time scale of the order of an hour,
i

uantity of £ F2. This seems to provide an evidence that ionospheric density var-

does respond to the for-

d destruction of the whistler ducts.

mation afi The effective width of the ducts for 5 KHz

estimated, using the diffuseness of individual whistler traces on sonagrams,

to be
areé

27 km in normal quiet days and to range from 7 to 71 km in storm periods, provided
6 to

duration time of return stroke of lightning discharge,

as the source of whistle
that the L

js taken 500 usec.
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