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On the Light of the Night Sky.
By M. Koiwai.

Abstract: —In this note are synthesized many papers about the night sky which came to
my knowledge. The principal papers were noted on the marginal space.

§ 1. The most exact measurements of the brightness of the night sky, measured in compa-
rison with a star of known magnitude, were made by Dufay. These are as follows:

visnal magnitude: 4. 60 m (35 clear nights)
photographic magnitude: 4. 36m (55 clear nightas).

With respect.to the polarization of the light of the night sky also, the most precise deter-
minatjons have heen made by Dufay. They bave shown that the light of the night sky is
partially polarized and is always very small (between two and four percent).

From these and other reasons, we are led to think that there is an emission light in the
high atmosphere.

§ 2. The earliest observation of the auroral green line in the night sky was made by Slipher
in 1015 and then the wave length of the Tine was precisely determined by Babeock through a
Fably-Perot interferometer in 1923,

After that, Sliphere discovered (19291 a group of emission lines in the red and orange regions
of the spectrum, up until that time unexplored. These wave-lengths were as follow: 5892,
6815, 6580, 6870 and 7270 A.

The presence of certain nitrogen bands in the night sky (in the case of the aurora, the
bands 4278 and 3914 A of the negative system of nitrogen have generally an intensity compa-
rable to that of the green line) was not observed up until 1938. In short, up until that time
all the observed bands between 3900 and 5100 A are much weaker than the line 5577 A.

§ 3. Reccent reseaches on the spectrum of the night sky (1933-1885) has heen made by
Cabannes and Dufay. To simplify the exposition of the results, we devide the spectral in'ervals
studied (8000-2950 A) into three regions.

(a). Region 5000-8000 A.

The principal emission spectrum of the night sky between 5000 and 8000 A belong to the
three forbidden lines of neutral oxygen atom: 5577, 6300 & 6360 A respectively, and next to
the first positive system of the nitrogen bands. The vibrational bands of water vapour a, C,
e and D are also observed in the night sky.

(b). Region 3800-5000 A,

All the emission lines or bands in this region are quite weak. We find in the first place several
bands of the first negative bands and of the second positive bands of nitrogen, an1 32 Vegard-
Kaplan bands are included between 3400 and 5400 A. Other than these, certain intense lines
of the red spectrum of argon and the most typical lines of the spectrum of cometary nuclei
are all very near certain radiations of the sky.

(¢) Region 3000-3900 A.

In this region 40 lines or bands of the emission spectrum was observed, most of them belong
very probably to the negative and second positive systems of the nitrogen bands.

Several other radiations are very near the cometary nucleus lines. But at the present time,
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it seems difficult ta decide definitely about these attributions.

§ 4. In this section the variations of the light of the night sky is described. Since 1923,
Lord Rayleigh made a Jong series of measurements on the brightness of the sky through
coloured filters. According to Rayleigh and his collaborators, important variations occur from
one night to another in certain spectral regions.

From 1928 to 1927, Rayleigh's measurements with a green filter indicated a seasonal varia-
tion with a minimum of brightness in December, and two maximum less pronounced in
March and in October. In addition, Lord Rayleigh found an increase of the average light from
1928 to 1927. Dauring the winter 1931-32. Dufay found a simultaneous weakening of the green
line and also of the blue and violet regions. This slow variation shows a correlation between
the intensity of the night sky and the activity of the sun.

The variations which occur during a single night have heen studied by Lord Rayleigh and
McLennan, These variotions seem systematie, the brightness passing in general through a
maximum around midright. In contrast, the results of Karandikar and Ramanathan obtained
in India are absolutely different. They indicate, for all spectral regions, the following tendency:
n progressive weakening during the first part of the night, a minimum between midnight and
two A. M. followed by an increase of intensity during the end of thé night.

§ 5. Theories of the origin of the night sky light.

The night sky light is a very complex phenomena whose origin still remains to a great
extent mysterious.

The author indicates briefly the hypothesis which seem acceptable for explaining.

In 1932, Dauvillier suggested an extremely attractive theory which tries to interpret simul-
taneously all the phenomena of the high atmosphere, by attributing them to the electronic
emission of the sun.

The solar electrons come into the neighborhood of the earth, their paths curve into the earth's
magnetic field. The earth is then surrounded at a distance of {he order of its radius by a
quasi-spherical enclosure of paths. Gas molecnles (oxygen, nitrogen) which Dauvillier assumes
to exist even at this distance from the earth, will then be ionized by primary electrons which
thus produce much less rapid secondary e'ectrons.

The primary polar paths (such as P, in Fig. 8) produce the polar surora, and the primary
equatorial path (such as E,) which liberate secondary electrons produce-the permanent aurora.

8. Chapman (1987) also attempted to illustrate the permanent auvora which is originally
derived from sun light. The energy represented by the light of the night sky is stored up
during the day mainly in the form of dissociation (including ionization as & special cage).

The two atoms into which oxygen molecules are dissociated by day may both be in the
lowest state (°P) or one may be in this state and the other in the LD excited state. But very
soon after sunset all the 'D atoms then existing will have reverted lowest state. This is the
energy of the main source of excitation of the night sky light, though processes yielding higehr
amounts of energy will also go on to a minor degree.

The nitrogen molecules will mostly be in their lowest state and the dissociation energy of
the P oxygen atom can raise the nitrogen molecules to the 'S state.

Thus most of the spectrum «f the permanent anron can be illustrated by this theory.

§ 6. Attempts at reproducing in the laboratory the spectra of the aurora and of the perma-
nent aurora have been made by Vegard, Eaplan and McLennan ete., but the author does not
touch them here. At the end he alludes to the presence of the three forbidden lines of neutral
oxygen atom in novae and in the planetary nebulae.

FHrhoffic Auroral Green Line OISBFE#L# BT 2 cBEL C, e+ 288Y, Bwx %
Wokh, MEORLERNZOT, KOBBRNTRD 2588 L TH D VETRTRAVWE
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B, HRBICHA~THIZE bHHTREPDXKETH 5.

§l. B RNOBE—%

AR TR LTY, MBROAFRIWLEAXRHEL L T2 { DL KA bhwn. Ol
AR AR SETRT 18° cBoTi2 L 3N THS. BA (N 2EE, HLAE ek
RN ST, KoKE2{OMTRAW. Bl T2 )] 287 2m{ b oBERIREE
BUMAR S ke, HMSOXEFRPIBHEIMLOMNS 2 T, REOMOR L & B2 BERIcT 5.
MDD S 2 id 300m FHD 25 Bk FMBHEL SNTHS.

BEDFHESI A TS 55 L HIE LEsD 720 RHEIEHRD ¢ & T, Neweomb® s 1901 4
CBELeRSCHES &, HAORARREL PLE (BRCAYS bR2 ML) OXcFET 2 &
WARTH B2, BEOFEHNED: bHEE L BORED SR LK HOWES 3 REHD 1/5 ic b3k
FNDOTH 5.

FOEDIR 2 ¥ RIS 558 Dufay ([RiRE), Fabry (BJT#Y) $HEEL TH %43, Dufay®
1% 1923-26 4EEILBHEEOREDORA S & Y IHATCHROB %Y b oTEHILT,

TiNasH =4.60m (35 W)
FOIIe5# =4.36m (55 m§#)
RBHERERDTDHS.

ZE&DFER L Neweomb, Burns, Bourget SEisEicfllZ LB —&HLTREY, 1" FHo
TEH EE ) ELRER, HOMBCEEINTHLEOXROHEMECIHELTHS.

3, REPEEOSLW_EROKXOMSE ¥ HET 2 &, SMcRY 26ERAmitoRkio =
HIcR L TH 255, BLELOREEZR L E0X BT 24 bIXEAN, AfEcEThidz bk
TH 5.

¥ LTEHOXBSREHE TEWD | TS VBRWT & Eamokss, BERTO/MMICRT
BNOFRICRAT S, RAEELEHC|HELTHE T L SEBIE, TOLORSIECHE
T2 LE~ZOBBERTH LS.

Fabry® i3 1918 4E IS A KO MHEL TH I E I L WAFEERE L TREE VX

(1) Astrophys. J. 14, 297 (1901).

(2) Reviews of Modern Physics Vol. 8, No. 1.

* O BERLAREHEREL oMMz i, AROXMHECB LB L TCHoT, BE Elvey AW
Roach (Ap. J. 85, 3, 1937) & IcRWTHRZ LT/&EY. X Rudnick (Ap. J. 87,5, 1938) pHAwHieicit
WTHRZETT2TH3.

(8) L’'Astronomie, 32, 15, 1918,
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7%, [A4E Rayleigh® RRASEEAOTHHT I L LK L. RLicH b AR %
NTHZEARC L TEHLTHITD ST Lmbi, BWTZESE Dufay®®  WHILTH
Rt 2RO Wot—w b RINT L ERD, HEXOREL DL LT L ¥ Aok 1
Déjardin® AN OMSn 5T L H D, KHD 16% ¥ AKOMRLIE L B2 2515 OIGE A
HeBL, BREAROBECHLTHS.

DM LT, BHOMERESTHid T, AROKELO» TRRAMAR T & 255 2.
1, THlcHss, REEEOKRAR S CONTREZEHT 20 TH S5, HOFAOHEBRER
X b JRBAOFHBELWOTHOT, 21 BXOHEL TRRBIERDNTS 5.

—FICRTIE, ZX b3k 1915 42 Slipher® s Lowell K CHRMOSIERBRE S, WA
Auroral green line A 5577 ¥R LD THoR".

§2. 1988 £ Bl BT @ Bf R

BHEEH TEBORD, DR AR RBENOTSKE 55 L AT 5 U304
$%. #oT Auroral green line PRI L A A EEEAMET, RLCRINT HEZH
BRHEEL%.

Slipher® DFEFIEA L7201 F/LY OFREC 7Y X2a—HEH LA S OT) SiiBEED
T/INE B RETEIRO%BIc, Green line ORI L LT 5571A LAADTH %23, ok
Fic 7Y X2=Z[OSHRREMED, 100 RLl Lo B2 6487% 3 Ko FiRicH Y 557805A 7«
HIEERDTHS.

0%k Babeock™ |3 Fabry-Perot o F ity F8 OBFRBHLT, KEREFF 4Lk
BL, Green line OPE L LT 5577.350£0.005A L3RHTED, oOfErHe—FciERINT
HBLDTH 5. 1if Babeoek |k Green line DIFL LT 0.035A A AHERDHTEY, WHOBE
HIRT 5 Green line L& —HLTHZT LBANAEDOTD .

BHric Green line DIAFOIFER (i) MTEEL TH D5 L OB, &M b—ficHirh
TR TH 2%k, BiiMi L BE LT7H % Green line TF i BMETS 27 BRFICR TR,
BE CBOBIROTFELTER LB A0k,

Rayleigh® (& 1922-23 4Eic 7" ) X a—{fiic F0.9 LW AEHTHIWEREXHLTENES

(4) Ap. J. Vol. 50, 227, 1919. *  Greenline 2 EW K RPBDED
(5) J. de phys. et rad. 10, 219 (1929). 1t E. Wiechert (Phys. Zs., vol. 8, 1801/02)
(6) Rev. Modern Phys. Vol. 8, 1. “CHo kit Slipher KEOTHPHTHEILE
(7) Ap. J. 49,286 (1919). DTHES.

(8) Ap. J. 57, 209 (1923).
(9) Proc. Roy. Soc. A 108, 45 (1928).
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EEME VA ERHYRS 2. kO R~Z Ak Green line 3577 vk~ 7,—§0 K T8
fiic 2mm KL ACET RO THORE, 77 vk~7>~0 H, K REFLAFP A2 o
Dlobic, 4200A Z Uk 4450 A fHECEHRE AL TH 5.

Dufay® YRR F/35 OXKMARBEFEALT, XV rOEEESES LA L, A+HER
sSMORMIcH# ) WX <7 P LOWRICESHRERD 5 T LasHHR. Wi L T&ic Green line
DUt oEHB YT AT LRI L 2D THOR. 5577 4278 3914

4200 Z U 4450 A FfisE OIS RIERTIR DM { #) Rayleigh %5
WAL, $ivwT Slipher RELBD THBS, RAERRE
ff2 o L BROHFR2ARAH I ORDOTHS. Rayleigh
RECSRT L HM L L THi CREDORE LRI DT 555, —_
KEOHS TRRMICHL, Apsx@HOMAT 5 Seotland T c‘u- ge
Orkneys KR THREICARII L%, Dufay dsEORMBTILE#
FRICHTTRE L TEE» S 3014A OBWEROHHERO~E .
DT B4, BRINEBSORMRICBLTHS. PCERTO g0 ss;amwexoz-\ e
B ICHAS B T L1y BRAAREMTHoROT Rayloighoo 2 ggﬁﬁﬂésy%é“ﬁ'ﬁ“éﬁ?

B. 1938411 A 7 H Lyons T
B L O hoSEFE oT L, KomlFlRLTHS. ‘,ﬁ“ : @l r.%’m' cTHE (8

#* ¥* =, *&
1. Green line o> TEEFRTVHARIIEHT Green line Z¥* negative bands (553K) »#HE
BBTH3.
3 o b AB—BcirhTEY, g BoTHidh, M4k SEREEIC
ﬂgmﬁﬂmﬁﬁmrm<ﬂnua §T8C&ﬁ§3
8. ZE2Wrc—ErIErhTss. B Aot RmT. 7~ 78, -7 M.
4. SBFAMIFBALLBEEZED>N. }gtémm Y U TFosarkfbic R ¥, BIELD

T, Sommer™ |3 1928 4Eic Gottingen kAT, Rayleigh Z X Slipher #3867 & b &dsic
W RIESRE S L, 5130-3578A thic 40 &Ko MR A UHEF ¥ i~ EFTH 2%, o 30
ARBAPCRARHEZNZPDOLAL D LEALN, HoF0 22 KRERHFLAZILE. &R
LikoBili 48 @ (EE 8-9 MoRH) dRo—Bici@ ¥ ¥, oM Dufay EXORICIE
B HOPYHCE T 5 b0 LHE~R.

(10) Proc. Roy. Soc. A 106, 117 (1924).
(11) Zeits. f. Physik 57, 582 (1929).
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#0%, Dufay® |3 ic Lyon kBRI (+45° 42') CHU T ) X2 LM L2F/19 (f=
90 mm) o FEEHISMIEER A AR D MBI E BikE L.  BEOMBIEHD D K B3 T 10
mm €y BRSO THORD, 22-80 RMoMHIcHE )T, RoWMAHLEERERD2T Lo
W7, HIXE B OANEE (DHARII/NEDS FIL25 OHthEET) kb, REOIRGHHR
B R 22 r A BEAOARDOTH Y, BEERELADC LEMOR.

B LT, BRICRD Z2EHBOGTARHRINAED TS 528 RERERCRTRTERS
Fidshdh oD TH 5. LOBMHO—2L LTH, ERERCRTRAXBOMIBEIV/IE B 72D
EHHRSESREL B K2 DD LHEA~LND.

DT &1k, Rayleigh ¥ Dufay $sf70%Bigiic B O THERMAR B THOT, BEAL 744
y—OMATEERALTREY Bt BT 5L, &
K HIX X ) ROBICEATRES T Lisdah, 2
bR EIR IR ORET 5 ¢ LsiERIIER 2D TH
3.

ZRWEF 20, Slipher® FHEOKRTHE soss—
OBACIEROBFBRL, KEOREY KHRD 6143 — -
mPELTH . “z— 3

A 5892, 6315, 6530, 6870, 7270 A

Hicitow, Dufay® b kol ktaitic i |
BRL, X —FSommer"® {1932 4Eic Mt. Wilson T ﬂﬁ 2 ] *mqaﬂ_ﬁ;ﬁm:f-m#m
ST BERE OBYUE L 7B TH B VWA 1050 4 R Cabanuos 3.
Y, 5265-7280 A OfEffic 20 AL EOEHMRE RB L THS. Wific 5000A Dl EoREHESR
AT PRI HE 5 SIROMHE L 7GR ERD 2R3 KA D, KBICEIEORSRII B & ic i
ENTHRKEZDTH 5.

T, POt LB L OEMBOMERBIDESL WO TH 343, FEOMEEICRE L WERHST
BOEND. GINEBEROPHFTFIcMs 3 ROMR A 5577, 6300, 6363 o, #%o 2 ARFEHIc
BTEFH “Red line” @ 1 RELTEDBNBICKL, KHicR T Sommer, Slipher Z T
Cabannes $SBHTE DM, Whic 2 RicHELTRL 2 (B 2 2).

RBHP I RT3 & AR ZAOBREFESFELTHLC LicFEornwLi LTS,

45 43

uoIu

(12) Pub. Astronom. Soc. of the Pacific 41, 262 (1929).
(18) Zeits. f. Physik. 77, 874 (1932).
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BHOWABWHED negative bands A 4278, 3914 A AR CRK D 5577 A L MEEEORE L
FATRELT, BRECRTRRSSEROFEFRIRA LD bNNDOTD 5.

¥+ 2 Dufay oOFJlicfEs s, 1933 EEDOH TR A\ 3900-5100 A O TR+ OKD
BAESHRIL 2D positive and negative bands IKEL TELRC LICWHfT2T.LIcik ), Eic
Rayleigh #3706 & ik & OEHIIC R THIRE L BB, KA BEE 2 TREEEMRRT 2 00TH 5.

§8. MEICRT DEKEDOHR

M OWERBHOWFZ L & LT Cabannes ZUF Dufay ik hifidh b TH R L B~BNS.
ZBREOMREBATHICE Y, EELE 2950-8000A % &, &, BO=ZHRICHT TRNTR X
3.

(1). A B000-8000 A i

HOBROPFEE, Wi b ik~ , 2HEO/N L 57 OEEERHETS 5. MOFE T Caban-
nes | F/0.7 OFRECFEAARRS 7 ) X2 ¥ LAEDTHES {, XHBNEMIEEDORE N (f=
80mm) SPHBEEFEWEL 2. JEOIBRICH S & 5265-T280 A [ 4.6mm & k& b, BAPLEN
72+ v AOfEEA THENESTRTS 5.

ZEHE, HFOBNR~A2ixa~T2v v~y ~REHR~4 27k~ 2~2 ~&FA
THZ LY TRTH D, FeRhirsFROR~27 VG HELEWMR LA 2REBFLER
pas XY (R

Cabannes |ZIEDfbicHe ) 1933-34 4E|c Montpellier Ktk Pie du Midi iR Tifde LR
HOET (XY b O 0.2 mm, |l 6-17 Fi) 25 RERROWRL O THD. ZHHIR
MRS CIMZE L e ffici s &, HBIR~2 e BiEiLD b ORBMRRONF, PIWOHER, Al
WREBD SNRDHTHORD, Fic<4 7 vk~ b 2~ ¥ —Ofeskd b 5016-8330 A O ikl
it 70 Ao CHER, HUFZCURNICR OB 5 DRSS OFELTER LA (OF 1 E2RD.
ZEFEEMO% B LT, JEic Sommer sHlZLFERLBBLTRL L, PHROMIZRITH
ERWTK, BOTHB—HLTEZTLEBHENS.

AL EH L EERRCRTRFLVWERSES 3R LT, KORERRCRTRIRE
DAY + LOBECBPEESES . O T & BEEAEDE L FERERAROBIRGH ks &
D—DO0fE PB~bNES.

fif Cabannes k&S # o FiIRY EAHFELER, BRFETFO 3 &0 forbidden lines A=
5577(2p'Ds—2p'So), A=6300(2p"P:—2p'Ds), N=6363(2p°P1—2p'D:) LIS 4R E KD fn { 3B
~<TH 5.
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(a). 5000-8000A
HxR2 rrOHE
SR R o first
positive bands ¢ /§
LThs (E2E2
J&).

BV 5 M D RESR O PR

H#Ea, A BEO)
levelic i & 780 T

B R SRAT T 5.
(b). FHrb T LKA
@ prineipal vibra-

tion bands (telluric

bands) a,C, ez, ZUS
DHIFETS. B 3

45 1E Cabannes i Li=72
FPro<wd Zuk-t2~2ckaiiék

[k HaO bands &3O RE CREESEY TiEL —

H,0 H,0

1

3 ELTtharze

16.5 Volts
VWWW 151-

20¢ |
19.6 Volts
5 N3 ] g
| -G
D N°
12.8,Volts
C 83 T
11.0 Volts
10 L
§s(8
B E. "31 I
L L)
6.1 Volls melastable
Th
§
&8
%
N
X Iz
normal state

HUEMCERN B2 EH SRo=rry-HR
% B. KICKHEF, #6 BAOBEXHELT

K
7278-7200

6966-6877
6607-6468
5990-5861

L
7243

6608-6440
5976-5867

(¢). BEFE> telluric bands 4, B, o, o'y " (7)
P ICHAE LTHALTH S

R,
H,0
400f a 7330-7160
7020-6920
0 6600-6430
2001 D 6000-5850
D o [/C
0 i ‘.A | P e + o
5800 640 7000

8L RWATHER V.

d 78:00 Ll E® Cabannes OGO EER EED

i 8 B FEomiR: H.O bands okl THREIRIALZ b DTH 598, ZBT2K



EE KR o T 4 H B ™

Fl~F Vegard ZYE Tonsberg®: Sommer % (X Cabannes FHEHTH B A 6577 Dl EoES
MEBUT 5 T LIckB L2k Cabannes QR IE = <r & » OAFANECE { BIR TR AW
ML OFEMEROT LD ZRTD 5.

1§, fE Lyon XElo> René Bernard®™ RilifAdics + v v 2 OFEEE (GFHEE 6893 A)
PEHMEET ST L ¥ RRALE. 21 1937 £0 FK Tromsd REXBFETHRIAULAZ SO T, 16 B
47 5—16 Wy 52 SHCIG ZIMEER HBIIA THO%es, HoWH 16 Fr 53 5—16 B 58 Sicii
B LatERicdBA LR MNEFECRLS LT LEOTHS. otk Saint-Auban (Basses
Alpes, France), &T§ lk® Na © D EOBAcZTh LTREDY, FEic Na FoEsd ZHEL 728,
{3 L 60km L3REDTH .

4, Bernard Z3EHhic b Na FET 5 bo & E~, Fahry-Pérot oTgitc 11 Biiiio
RETWE L2, MROHR LB —HLTHFETHT LERY, Do D OEPELS 21 R 2T
s re®.

(2) 38800-5000 A i

MOPRER Y LTk Cabannes XU Dufay® Rafido Z(HOSHRE (F/LE Z e F[0.7) ik

DBIREWEDTHB. F[0.7 OLHERIE 3900-5000 A RiAsFHR ET 5.7 mm oA S kic, B
RASRIF 7 OT 4400 A HHETRRE 24 DAY S OTRENENTIBTS 5.

BSOS HERICHLD, Pie du Midi, Montpellier Forcalquier %{¢ Lyons ‘G 1935 4£% T
C#g 100 BOEHEMY L, KEFRY = v v~y ~RU~4 7 nk— 2~ F ~cf ) Biflic
BIELTH 5. WOBFRICR T 3800-5000A officiy 125 OEREBAL, Ko EOR
BAPEO A2 + AR GRE&ED 3 b % b Ok hHEERFT© 4163, 4110, 4101 A HicFE LB
AWHEMENRD 2) THRVWTHRXOME[NLRD LB ~BNTH 3.

(a). 285> first negative system (4708, 4278, 4236, 4199, 3914 A) KX second positive
system it 3 b ©. ZESHEEEALIC DO TRED TR TH 45 BXICKRTIZ 3910A
TEA BTTA i 2RROBELH T 5-

(b). 4700, 4632, 4502, 4345, 4337, 4301, 4250, 4193, 4181, 4160A &HEDUHEHRIETL =
O L —FKLTH 5.

(c). BB IcALN DR 4724, 4669, 4329, 4314, 4301, 4292, 4068, 4052, 4040,

(14) Zeits. f. Physik 94, 418, (1935).

(15) Nature Vol. 141, 8574 (April 30, 1938).

*  Tatho Na v Tol#EiEE Ap. J. 882 (Sept. 1988). ic Cabannes, Dufsy, Gaozit 3%
BLTHS. DROEREL LTHEEEH~TH3Z L RHKEE(,
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4020, 4014, 3988 A i THEVEHMRSH LTS 3.

(@). Bl EO=BEIXEEENKTD S &, KIS L NAOTREL, Z2EUHcHID Ray-
leigh Z 1< Slipher ik h R, L7z 4200, 4450 A. fEEOHMZRICE Z 2 M WS I LT
b5 ZEAMORY L LTIROBAEXERATORA CGoldstein bands ¥HFTH
%%s Cabannes %7 Dufay DIF22EE Tk 4200 R Ut 44504 oFICHHE¥EFLTED,
Goldstein bands :ixE~bNLAEWnWE Vegard |Eift<ThH 5.

—7 Kaplan (IR ICEME L OREEOH S L\n system o 2 REKRGEH—-HTHT E

Yote. 2&0HRRNIC Vegard 37 v = v & AR OB ERCIEBIRE & TR
WL LB LTHBz L PARICR D,

OBl Vegard-Kaplan bands % &6 ICfF § % g

TAHT Lasmitie.

fij, Cabannes ZU* Dufay |, LliTic &%

LRSI & 29488 THBR L 72 f5 %, 3500~ ! bl :
5000 A cha>eETHIAIE, ook #BaH Vogard- Bands  h—x T18 SHABIUSH 15
Kaplan bands i) TIEW b Ok 5 Z & ¥4 i 4 @ Veeard-Kaplan bands.

b, HOFEEAHFL LTRD 32 REFIRLTH 3.

5324 4768 4603 4382 4262 4073 3936 3669
5062 4719 4536 4363 4220 4046 3889 3582
4962 4650 4493 4321 4171 3979 3866 3501
4838 4616 4426 4270 4144 3950 3769 3426

fij, Cabannes Z7F Dufay | Vegard oRETOIELZ2H LTHEETO R~ + L ¥z
L, 44244218 A thit 18 A& Vegard-Kaplan bands ¥ 588 T H 255 BRI RTIEZFED Second
positive and negative bands 3 TH W72 Hic, Vegard-Kaplan bands @ 3 2 § 03 4HER M
BBZE LMok $i LTHXL Tt L oRBRIEORIECHKS b DTHOT, Tokd 0k
B bW T Vegard-Kaplan bands (6.1 volts) 5fkiR T first & second positive system (7.4
& 11.0 volts) Aseric ¥, fkfkic negative bands (19.6 volts) 2B A ML FELTHS. &
KT B RGHFWREOCHIZ WTH 5.

(8) 8800 A TR

HoBER TR, Dufay® s 192641 F/3.5 ORI IIRICH b Y LAEE ) 5, 3900

L]
'
L]
'
.
i
]
|
!

(18) Nature 134, 8386 (Dec. 1 1934).
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~3000 A cHEE R 27 b (JLORD 7 T v~ 7~k al) CEEOREEROFELX D,
Koy 40 ROFHMOEES 7 7 vk~ 7>~ RICHBE LT REEINL. Z%05 RERD
negative and second positive bands icBL TED, HHOFHBHMAR 2 L KHIROMHE D TH
5.

Wit WAOFSHRIE Morehouse £ (1903 C) DR Ic RO NAHHLED THWE L b4
s ThAB.

fil, 3500A LITFOMHA 2 b EREROED { % % CHE0 , RIFICHER L B2 THFIRKLT
SRR BOTH B,

Dufay KW TEIMEEPRE LDk, Gauzit® T3, ik F/20 oxBStRckD,
1933-34 4E{z. Montpellier T 10 HOBREH{OTHB. Fiictks L 29634175 A $ic#y 100
AOFHBY AT T L4513, 281323 0 negative bands, second positive banis, #it: 7
Tv, BEOR, ~Vo~ 2GS TRPALTHZ. RLZERRE MR INALbOTREL, §8D
KB DHREROELDOTH 5.

i1y Gauzit | Hartley bands & LTSN ThHBARFT DAV + BB IciFIHsfEE LT
DHLBNTHZH, ZPS4BROMETHS.

U EREER I EOTEETME, WERCR7 7 v&~ 7>~ ik U X ~2 L5558
L, $OBERRERRCRTHENBB TS 5. HOABI A2 b FTRL LTROTESHD
EHRAEAE L, T b PR F o forbidden lines 5577, 6300, 6363 A D THWMEEATD
3. WO OEHBREARS BRI BT S b DT, Vegard-Kaplan bands (4-X), first &
second positive & tF nagative bands A5tk b OTH 3. XEEEROWIRRNSIc XBRR
o telluric bands Z U/KIRBORMEAFICET 5 055 5 Ln. fif, BLEO/EEPICR S
NBHFRHOHR, T =4, Na o D RELFET 20 ahn. HLEEREA~Y ¥ 405
F OGS ROFEERIEZERME 2N TH S,

§% BExoBEBRLL

PHAFIC Green line FHEDIMBESMEICHE TIX, JEoRIE L AT 1 8% 1 RcWH L L
T, BT DR & FE- BT 3.

TR TCRIBEE D2 O, HOMPEMEE LB WET ST LXEETSS.

(17) Proc. Roy. Soc. A 109, 438 (1925).
(18) v A119, 11 (1928),
(19) v A 124, 395 (1929).
(20) Nature, Sept. 8, 1928.
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Rayleigh®unasin) - 1921 4ERIRFEHER O Green line HHEICENT, 744 ¥ — O
AEEAOTHRT 2 5E e BER U TRNL NG L, RASRRERETEA & RS-+ ENTER
L THARNETOoORDTD S, WD 7407 —DOMAE L \WaHDE Wratten No. 21 (e
EENBEO 7 1P ~ L HAERYOT, ZHSERTLEGT 2R 5470-6670 A i 200 A
KB i, Green line 5577 A ¥l & LTH 3.

Rayleigh D 7 4 0 ) — il L 7e 7876 & S BT Potassium-Uranyl Sulphate ol
EHARC THET % ¢ Lo b PR, R FEBLE NE L TH %, Rayleigh &0 JlEfiRid 1923
-27 SR CRERINTED, EMhs LTk 12 Arciihsd b, 8 AR 10 AcEX»s@RD &
NTH 3. OFERE Dufay 3% 1924-25 FiciGHEER ICBO 2Bk K —H L TH 5.

3, Rayleigh RERMID BFh b FFHBPEHNELEATEAPCHMLTHZTLERDHTHS
L, Dufay® § 1931-32 4gic Green line K blue & violet region #SREEICHREE ¥ L L THT
T 2B, 1931 4 12 f—324 2 B CRIBIA< 27 103 LhRMT T Lasiiznho
7o &R~THS. Rayleigh K¢ Dufay oF&HdEfiRs b LT, B ARSEEEN L —BLT
M ERT C LHHER RSO TH B,

WO FDBMEERLICE\WTIEIEIc Cabannes % 1* Dufay #3Hfeyifisd, 3900-5000 A it
ARy P ALEBICHEENIAS Vegard-Kaplan bands thep 4425 Byt 4171 A OBk 8K
PRI IT L 288, HECREA 2 BECAHAMLL RE LT AHEREREOK R 2818 %
BllpssroB sz L ¥ RBLTH 5.

6 Eo I, III |45 N 4425, 4171 A OFFFICWTO LR Z ER L § ©T, Bhics
BMLERLTDHS. i, AE®I|x Dufay 23 1024-256 45
BRI T OIS 53R b O, IV 1k Now it ML ABORD
York TAAFMc RSN BXOMBHREERL, Vik
1022~28 4Edriz Rayleigh ofij5E L7 Green line s
BUERLALOTH . kolT I, II, III, V ki
AR ERLTHSH T L1, R =2  AsIREE—E
THISTIRAF U A BB E RT L BT LICKIR
MRS L, R II, IIL, V Oo—Fhbika%ED Vegard-
Kaplan bands & EESEFIF @ Green line & sf—[Hic ik
DBIANZ VD LB~B T LHKS. RK, IV Lo
HAROBUL D b IR B & B & AEEEA R d BT L b

B R

55

=

6 H BbosFEk
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fidscicns.

Rayleigh® %< 7 4 v 7 —FE Fl o284 ¥ AL A HICE S TR % fT 27 R v T, Spen-
cer Jones Ll dETR | TR L CTHA. {IL Terling (FEE, 1923-34 4F), Cape (1925-33 4E),
Canberra (+—2 } 5 Y, 1925-34 %) DUFCRIGTIMIMASE L DA BRI LTH 5. IO
FHiEE R 5577 A ¥ th &4 3 2790 A i (Auroral region) M X LI BEEE L #4255 red region)
BUF (blue region) ORSOALBBAT2MEZFMO 7407 —TKY, K 7404 ~EBAT S
KDL RO THELE L DTH 5.

. ERR={lRrosERkic#pb & Rayle:gh Ak AL L 72 488840 & UK 4R8B4 Db /Sl B O
B MY 0 5 T LasisRB. BT wTIk Terling 2sfkK T, Cape KA TiR/hEADT
0%, OGN S B HREE I ERD I < T, UREHHE TR A 5 R
BEr/hhbz tpfiEans.

W, M8 A BAOCIRIGE BRI BitRs S 55 L, 2008 T Laliks. 2%
FERUEBLRERA TR ARHE EAOTRELDOTE2T, Fic Auroral region R T
OAHRABMERF L BOTH S, i, EOFHABMLAAISRBOFBCHED b L LB~
TLRBEHK A SREEIRIEO R L 2 5 EM2H 5 5L,

BHEDHRBE & HBESTERN & ORRICHW TRRAELAFIL SN TRES KD, Cape RT3
Auroral region OIIFEIRICHKS &, M L IHCHBEIRART 2HAERLTHS.

— BBMOBBER{IE, &F) Rayleigh A< 1920 £ ) » 7~ » OBAGF & K H GICRED R v
LEF.— 2 EFLERHOTNELTO, KPR TBEERKLE RS T L ¥R, ZLEIHEL
T2 Mrie, MeLennan®® %4 7 40 2 —Ofl-44 (Rayleigh 2 548/M) 4 h Rayleigh & [F]
BAERYRHTHSD. XY ¥ =, o Dohrotin, Frank, Cerenkov® % ¥ Chvostikov, Lebedev®
&1 Green line $3 I A-DTHI—FMOMIc Zic BB K L, WPE—-FEMEEIOICHE KD Y,
T B ICHROKBICR AT 52 & ¥ BHTH 5. Eropkin, Kozirev® 3 e & 7 CHML,
B4 Green line OFRBE X RIARTO _fEC DELTE D, MEPLOFIER L YV RACKATH S
T & EBD. Lo RO FARMAN b RPCBERKSFT T L —FHLTH DD, —F
FpEEo> Karandikar % 7° Ramanathan®) |t 1934 SEic 7 ;L ¥ — L8R Y O Tl L 72F7ic
oL, LR ABOBBRERTHS. BIH4 X2 P AEICHEMNW T, RMORTP LB KTE T

121) Proc. Roy. foe. A 151, 22 (1935).

(22) Proc. Roy. Soc. A 120, 785 (1928).
183) Poulkovo Obs. Circular 13, 21 (1935).
(24) Nature 129, 3251 (Feb, 20, 1932).
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WP LT, o —REMALOMEE i/ s Y , o RIME I MO TXECHELRT S5 L
HDTDH S,

Slipher® ¥ Flagstaff 1R CEEEEEEEY Green line KW THD TH 345, HKRB2WOK
BERC R ZOTRAWE L ER~<THZ. $4—BENOBMEREIRER E X OMORE Ic
YWD ZERBELOTHE .

¥iic Lyon X8o Grandmontage®ik— HMOBEIAL BAIL LT, *va— 2BRGHDOE
BIF L ¥ A¥, 2R A0, Hx OB CES THERER E fEo7.

1935 4¢ 7 BB T BAkE Lss, ZhICHRD L BEHE SRS BERASFET LT L
Td 5. ET3c—BBERXHEPEHCERCERT 20T 245, RO BXORE L 1B~
ENAWEXROREIERBABODZZ L E5BALNES.

fil, KD Green line & Red lines & OXMoMBEMLICEL W T, Hikoin { FRAOLR
FERTREIRACNTHARITS 58, fJt Me Donald KMo Struve, van Biesbrook Xt
Elvey™ $ENRERD X2 » LFROBIEUEL 2HBEA R (29 2~ 2 ~DfR D iT, 46m 38
FEBBE LT £ =2~ 2B@OFHEET O E 2V » Vb b S E2HE; EEXRTY X
2 ZHIcHE L fn { HE 02 KRR 1o b Y LA BBA ~ 2 b shickéG o i il & ik
FTEZLEBDTHS.

BT 3 © (a), (b) ICKATH: Rad line i Green line } Y. M { BRNLBICKL, (0), @), (e) Ic
BTH Green line OFHWMPRTH 5. B 4 © () ik Me Donald XX TH#Hiok § O T, (b)
i Yerkes K3 3Ek® Greenstein Z 1< Henyey ﬁ{ﬁak“hﬁjﬁx&# DR TH DH(a)
BRI 7 BT (b) R ARMTH 25 5TBIR~22 A1k (a) OFBB Wi bDF, HERE (b)
CRTHEM BN TH S, Yerkes Z 1k Me Donald fTiiciAT b MR IZ I ICIRBEORMLT 20 %
Bk ZRFHRLICES DOL BRI, RABUOMPEDIER (Yerkes: +42°34'; Me
Donald: +30°40) ic bBED b & Bk 3.

§6. Bt o HB

ERBHDOTIIRA W ICHE S, EARBROBBICH N TORI b —B LW L THRAD TS 555,
TR RBRT D 57T CRAELSRNA S e L BB~ LW,

BHRKRI L TAIGBIOMFE A = 7 b v L EHARTEA ~ 7 + VO ZFCHTTH~BNS.

PR =27 P RS~ A o A~ SEBLTREDRWVWLE~LNIDOTRS 505,

(25) Mon. Not. Roy. Astro. Soc. 98, 657 (1933).
(28) Ap. J. Vol. 87 No. 5 (June -1988).
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HoBHY Bhic LTRL LTSS 3.

BHRF O A~ 2 L OKBAE BROHR, KH BT 2T Lu8HRIOTH 53, RoE
ENDHRIAWPR 22 + M RFRP L VAL E S TRAV. EEIWAVED TR Wik
BRWHTFET 20T 5. /AL Seares Itfk? & £E5HUT I\ TOFHEFRIIL AR, DM = ~ >

FARBOLTEWOTHXCHES bOLOEJIREMETS 5. B @R~ t v OEFO—1
ZCBLABSTES 5.

], JSERETAEE A~~~ L& Green line & DOIHFELLICHIL T Dufay® gL ThH 2O TH
RLTH#<. 4 BAOIURAR2 tro=3 ¥~ il KO ZH (6000°k) L& LwnEBE~
A&, iR ~<2Z + vk Green line @ 2.6-4 fEoffiffiTdH b, IO = ;v F ~ li4fiHs Rayleigh
DA e THXEMBLT 2 bDLBE~BL 2537 ffcfiETscickhs. fiiicLT
LI X =2 } v (4960-6000 A) D= F ¥~k G.een line OY=(E L E~TRWE L.

REACBRET 28222 b (K—<Fvbed—-r3) REELTELLBOLTHSZ L
RREEOE Y €, FFOERBZEDEECHES bDOTD 5.

DA~ b« F—n 7 ORHBROE 2 T 21k Cabannes KX Dufay® pssioin
FHEHCEDVTOTHS. BLAHBORY » + ORfIC KA & HTFH & 25 FRFIC A 2m < U
BL, MR TR LAZORRS D bRLGEIHROMEE L B L. Ritictks L MNOEN
MeH LTy, XL VHWFROFHECEERT, HoHR#H 15 LxoThHS.

B ORIICH DR ES b B~ % B RO TRRIC RT3, KOFHETRO/eFRICHS
A==y e F—n ORI END 200-300km & AOTH 5.

) BERESA~ <3 b o & —n 5 OFABHPIRD LIRRAO LFOMK & L THRER U
KEHOFERAITH Y, XKER Tr=y, F P VL L PR ET S EE~REE LR
EOTH .

BAHBRCOKERKOFET 52 LRy H ~7 v AR FHBOBEO M L AMIC, Hekh
EREREE L s — 7 255F A LAEBICRONZ T 256 bk HEK s DTH T, £H5ERHIR
PIClE SRR A I VICKBRNBEE LA O LEALNRLE D . HOMNHKAR (Stormer 1T4k2 &
80km Lfit) OTHEXBAD L, ETRFD LBHSERE, SREERALLTT AT Y, KBRS
SHLET B LE~TRVWETH 5.

ROEA—=R v b o = n 7 OBHRS AR 2 8BICHK DB

Dauvillier® | 1932 £ic ARO_ERICIE S MLoBRIC 3 IFHAABRBR LIRE L. KoM
VAR I AR T F8RBHE D 13D SIEMEBE & ViR b /N TAWINE (10" electron volts iz =
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FAF—CHET 3) KEETRURI>BFHEBELTHZOTH2T, A= »r GEEXR
2w FOERETH 5 LEATHS) RUOBTFHOMBE RT LBNTHS. Zicfs LIGHKXR
HE, L2FZ B/ R ), EKOSBCRTEBRL 25T LORMK § /2% Dauvillier B,
BHRUHBE, WO MR ORGSO, M d koRT-Hic ik hYRVAIES LR~<TH 2.
& OBRTFHAHIRICER U TRBEMICA 2 &, Bioh TRAVEROSE L AT, FlFET
RHo —tEfrOPLBOBEER ¥ 1552 G 6 B2MR). OB b HERPED —fE0PEE
AT 2R CBPLARTFBEBRLTHS. ZHOBRTF MR EFCHET 2RE, BRGSOS
FYRELTEC IR TFEAFIYMT. 28 IMBT AR VEMEET 548, HOMEEKE
L, #oTRBOEMICT o s KEOTRCEAT 3. Wi LTREOHEITRICRAL %
BFRE, REERRT 4T BELOORPIC= 21X — ¥ HFE
LTRE—EORFAKEOMETTHET 2L, HoR=Fr¥~%
ROTTHEVADTH S. EORFOFEMR TRCHELICHEST
HHERA LR IGIO Cadfisiime ME 2T 26T
kRRTHOTHOT, otk LRondRARFic#kIES
Nl X vOFTHOBBIANE L WADTH 5. BIBZHEBET
S OTRN DTS SRIFHIKS.
A, EELSD LRERORBEICEN O —XTREF (6 P
348 2 FRIED ERCR Y B THEL, 24808 Uil S:
EIGREE L %2 5 LMR~<THS. OB OBMBERLITMITKE D

BOoE ABXusHME
BEHET = v FOSHIE c B2 BUESD D, WREOBRTFHOTF NIRRT o N

¥z FA¥—% 10° electron volts L{EELAAMBLEL BT S50ThH 5.

REIFZ—~3v -3 MAL WL, H6EHD By o FEHEEC—RNBTF etk
BLEA~LND. HOBTFHUT L A ZXWBT 2/EY, RESTCEIMCH S THhREEcH
By BRTA—v&> b s 4—n 3 PBRTZ0THOT, B TH < MEE L ICHEEAORA
T2 L TRAMED L VWaOTHS. 4, Green line, 4425, 4171 bands DFRHEDFEE LA
REHH BT 2BAOBEL —KLThBz L (B5ESR) bHoRTRLMEI z Lick
3.

BTHORP I\ To Danvillier BT BT 2 L, () —KMBTFMIcHK I BRLS LB
BIGHEEFFERZ L, (2) 100kn Bl ko ERCRG 2 —XHBETOBBCHKY A~<F v Fed—nr
FHMBT B EVRT LK S.
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i, HORICHESLE, EBAFEFOF Y vBEIXMBFcHd 100km DD EFCRE 2,
Z&HA YR BRACTEELTREMBNTAH S {8 LY 20kn BKAHT 5 LE~DDTH 5.
B4 Y v BEORIMBRCEB L THKOMBRTHS. BSEIMHRICED REINA Y o5
FRESCEROBBEH 2 DD, Bk 2000A PUFOERIRITIRE BT 2 RREBED LR &
RLAMLTLELRLVWADTD S,

Dauyillier i3 ZAMBFIRED B A~ F ¥ b« =~ u 7 OWHER T L TIRAT L it
RTHEW.

Cabannes®3 Dauvillier B0 —KMBF RO EE AN TFRUBEOMWMEEFT S L2
LBELTROMEBBEEA~THS. § Na(A) R* O('S) (fai sz RiB) ofias N: Br
O (fidLd IEHAME) ol kT2 & LT, Green line Z iyt Vegard-Kaplan bands o3¢#fo 1y
HOREOHATHET 5L, N: R0 oij3fELE~bs. XMED 283 R XABTF KD
REINTHTFRBCD 5L Xk bW,

RKEDOLRICRG 2AFHEERBHAOT N(A) OB/GEEEXRWOTD 525, ARESRE
BT 5T L ATRETD D, WwOBSEEW A->X (Vegard-Kaplan bands) Jsifffahs b oL
HEAbND. BECHRNTORZ LA LRE~ABNZDTHOT, il Green line |LfF
FEARABICD 5 'So R* 'Dy OMOIEEICH D, R_A& D Red lines |%{85255HRNE 'D: 128 *Pe K
U °Py AWK ) £ BROBRIERBSHEINIOTHS. KEMTROASRCKRTE, BF0
R b = 2 ¥ ~ DRERRHSTEBTHANE 00S) & Nu(A), ik 00S) & HO BNEkc=
FAXE R E [T OTELFKD second positive bands FITKEEDOEY A2 v A2 B2 L%
~biLs. ], AEHROF Y v REEFEIHREET 2 L EEA~L T, RFF o+ Y rofRofEsil
omwh v bedx—u F0RMUL—FEENEC LERTY, ic Sommer piF~in, BEOM
WA Y v BT oBRATCRET ARBEINILTHTLREL AL S5 HER R 5.

Bl Dauvillier ofg#dks LT Cabannes 2Sfif Liz-S— v b » F— v 5 0T
® %%, fi Chapman |3 Dauvillier & k2 RRORBESTEOBABELE~TH 2.

Chepman®™ RoR—=wiv b e d—v 0= A ¥~ HUHARCHLTEY, BRAKKHED
R (BREIRDT) SNABRRATHHOBRIBETS S LHE~THS. HERORIMHREB—1c
=3 ¥ — il +5 2 L cokhves, kOB TEBENL =3 ¥~ D TERMcH
BLTL2AEE~REALE V. MW X RUBTFOROME= A L¥ ~ 12, 9F (B
K- 5 BHTF MRS NARO = % L ¥ —DZERE =TS 5. AL TEHTCREs L aBR

(27) Philosophical Magazine Vol. 28. No. 156, 657.
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NFOHYEA A DY VIBEHLENWLEEZEADNIOT, LA~y e d—nIFD=hL¥
~HRYBROBE= I X~ LB LAFHERVWOTH S.

T, HE (BRI 1t ) BRI 2 WARRA T o Tk, REZE I b RE °P
€3 3HRE—ER °P CHO—MAEERE 'D cd 3BRO_2kFE~B T LaHHES. AL
BEERE 'D OBRRM > EDMLE~DNDZOT, HELIBALFERECETO D FFR P
RBIBIBLTLE S #OT 'D FFLLBRAT LR T 2B T3 =R 4¥ & 517" &
RBDTHLH. ZBA =2V e —n 70XRIFEH A VF ~THOT, HOSiCd A
Y BFOBKEOBECLEF S 127 FRKU O ¥~ kBT 2HREILHTRNTH LS.

FUREFTES L TATFL RS edR, =Fi¥ ~RUIRRoRERGELHTADK,
B=OWT M ¥ 2FELT5. BWLHEFOBEAICHED &5 2ME= ¥~ 2o BRBRES
FERUC M BFOEBO=FALF -2 D), fio—8R M ETFo@HECRINS LE~LILS.
B M BT L LTRERSDTFRIRERT LRT 5 LR DL, ERARP RN TRERER
LY BRSEDPCBWTH D LE~LNDOT, BRLTH M HTFoREAT O LBRNS.

[RATFRIORBARIRAEMALIC D B LBADNDD, ZHHEINZ 2dicik 627 DLk
BUETH 2. RBICRIBHMEL °P 1o d 2 AORKETH bikF b =3 0¥ ~2, ERGTEH
BTA2CET 2= AF~ L) PAVOTH 25 b, BRASTOMERKEO=HTF O biIkE
D85 LB~ EL M HTFLLTHE=0RKFTF CP £d3) ¥ B3R, HOBE
EFHME=F X~ (5.1 REANLH—EOHTFE 'S i @27") cEige L Hk EcKic
BiRo = ;4 ¥ — RRESTOIlR) GREISREEN) ¥ WikkoLHz. 'S Hificd 3BRFF
5 'D B~ BEERID A~ < 2 v b« —u F O Green line (5577 A) ¥ G4 T 20 TCdoOT,
KOS OKRICK D T LRRASTIRD EE~DOTH 5.

D FFREC A~ v bod—n 77T % Red lines (6300, 6363 A) ¥ ig4d L THR&H
B=fo¥— (L96™%) ¥R bDLTZOTH 5%, Eic 'D FFo—BabumEFET P &
WRLTRESFEBRLT 514196=71"1" px A ¥~ ¥ EF2bDLE~3. HH{LTH
ENT M BBRSTFTEIHEY, KoATERET2cESh= 2 A X —BHEETIZ L
hD. HOERERATFIE 4°2g (627%) RIBCEHES L, =T HROEROER) = > 1 ¥
~% 0.3 ¥ ORI FIHIE = 3 ¥ —ci$ 5k 51 B (74") oiE/RIBCIIE IS
DOTH % ko B 5pFik Lirst positive bands ¥{§4f LT 4> 9 BT 20TH LS.

Yitkic LT 'D RO P IRIBIC » 2ERRFETA—EsskaT 5 Lk ) g3l ToaR
AFRERZE AT g RBeEBFziichs. o A% g RPELERE T 25 M0 LR
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RIGEES /2 O TR = Fn ¥ — L2 LIk 2 2 CRRELEMSHNH A 2 TH 5. HoRo
@IS —=R vt o F—w SHCRTEEARE L LTHS Vogard-Kaplan bands TH 5. #
L = ¥~ L g4 T 2 BT icflige 3 20618, OB FosfEi 0MRAT 74 5
BRARMRICHK b KK ZBUIE DR LB~ NDH, #HLAOHTHNERMRBC DS 2RBFRTFx
HH|AICE, HOBMKHTFIX 'S (427) RBcihie 2, JoFRIL Green line 5577A ¥ g
LT'D BRFETFr&EFociickhs. o 'DBEFTRX P BRFET LEHES LT, X0
BREFD=ILF ~BERLSTFE A" g RBCEHET 3 T & XiROHE Y TS 5.
Ll kofn{ Chapman | Vegard-Kaplan bands, first positve bands ({fiLd BEHST) BE
EERIFF D Green line, Red lines (ZHBIOMED b ) SOMFHBM L HCRBLTE Y, K&
SRS HRORA b MBI RS ER~<TE .

§6, #& B

HRCRTR<EA—~=R2 2 b« F— v SPEABRUIC D, BHNCBRABBIRALA==S
OEifyADH b, e A K. Das® gepEERAT Ok R TFRH 5B T R HIETDH
2h bipoBEcfs 5T Lici 5.

i, BHCRONDIEH X <7 v L BB CR THIRE L ® 2 KA b McLennan, Ve-
gard, Kaplan Jtoflbictk b EREBACTIEN, BCBEAR <2 'V OBLICERATH -

i, RBCEARCERC RSN BRROLEERIMLORE HERTRERER) cBASN
TRY, BRETOWR L MROTECHEFAEN2\ D50 T—FHER~THE<.

Grotrian {X 1931 SRicH A I PERREOSAROIIEMSTEET 5T & LM L5, 1934 4
DANZ v ABOFEICRTRRE=AOIFEIHRZEDL TH <, TSARAURBBEREE R T L
2 THL ROk HWOFHERCHEWW TR Lyon XHEET 1934 4¢ 12 A 30 HH WML TH 3. Xk
DD & PERRKO-AD Red lines Z=H IKHEPE LA L Ze#s Green line [ EEICIRBEILEE %
DTLED%. 3 A 11 Hicld 6300A | Hg KE#T 2RIk Y, KoFESIK Ha kb RS
BREE L KO,

BWHE VAR TIE Green line (5577A) i: Red lines (6300, 6360 A) k h&ENICIBWOTH
555, BEMERPICIXFFx Red line o425f8% bl Green line RAWZ LBFNWOTH 5.
ROTHERMRO LBAR L REREE L oPMORBR S 20 TR AW EEADLNS.

ERBHT Red lines $5W\nZ & RIFFOMRAEFTS D% £, PHFTF ORAZUST ~0D BIF 13258

(28! Gerlands Beitriige zur Geophysik, Band 49, Heft 3 (1087).
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BBZLERTOOTC, ZhoFEAROEB)ZHRAFOZNL Y LEhIC/IEST & EHERE
HKrs. ML LOFHEDOHEA Red lines (D-P) 3 Green line (S—D) I b Hil & KBk
LT i, FEAROBHHNKBICMD LAz L ERTLOT, HOMRFHEELOTEE L 1L
(—FLThzbDLBRNLS.

B b 7z BB ORKBOAFRIES RO LRAKICHRT 2 LBUORBD 2 LE~BNLDDD
M.

UEgEx Ll ) ohWRRRE B S LA, EXciwTB8s Tt ol eds:T
HE B RILERTD 2.

QoS8 £ 7 4 & +)




