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HAZOWTCHADFEEERAT LI ENTEDLDT, ML) —fFADLDTHS. HL
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STeHEEAVRT L, BELZEHRT I L3 TER.

T I XRDEEIRT P LEOH 25 T Doppler $IROAXTHEHTELLES T

f Y OREREYEERAREREE

This document is provided by JAXA.




154 HEAY¥MEHEAER 15 F2%

WHALEDTE [Blxid 2] L5 Tho, hIAELEENTH- T, ZORET
EMOKELRF TEDL S HEX IED TRABLEUTHDILERT THAHS.
AKEOBEDOMEEIIDOWTIEIDELSIIELLRNDTETHS-

§2. FSXTOREER

TS X2 ) SIS B E A IR T ANBEOR L EE L —DODH & LT Geisler ED
R 2= T RE R T o7. F1, HAAZRE LTELEER (kW HEE VILEL
W) HRTHbbESR, T LT—Hle LTx4 ¥ v, TOEAIA%L 5mm Hg

_W \_Olc\ﬁ T »1-. Geisler Ei3 pyrex 77 XA T

5-10°2 9, TOEMEOHTOAEIH 3mm TH
51z ZR—7 REDHBZXL Fig. 1 O
DT, BOTHY ENITHLDTHS.

ZR— 7R LT 2Dk ¥ Az,
Ggy*ww" CRREHCEETHD LAV WE |
ZITEE L R 2 DREREAEHL T2
bt b, LT, TDOFE
BRTHET 2RFIFENRLDOTHD. £
7z, ZA—7 RETIIREERY BRI E
T ant, e L-mEL, RErowKy
Fig. 1. Arrangement for the condensed weight & LT L STEBETHHLHE
discharge in Geisler tube containing neon. s, BEELVWEX ThsEBbNS.
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§3. 2 ¥EMEE

2T P LEOT R RS ERCHET 2 Fabry-Pérot ©x 5 oy AwiclFnidig
Birus. YEEBE T 20 £L EICHhIc - TART FLKED hyperfine structure (% L T
his L £<) #FELTWHDT, flatness Dvs) BT Fu Y #FALTVS. Zh#
KOSEHIIDET DI ENTES.

a. B7Y Y I HFFANIYOY. THIZEERET Ag ¥8Y, A>4200 A DO FEX I
TIEMT 5.

b. 759 v4520Tsuy. il dielectric multi-layer coating & Z L, 3500
>A>4200 OFERXIKTHMAS 5.

c. YEALDIIOY. ZhIC Ag-Al v ETEETHEY, 3600>4>3000 Dk
X TEMT 5.

¥ ooz, A. Hilger 810A SR/ 7 2D Lummer-Gehrcke & A4 L TW
LH, EEOEVEKEL LHN5EE LT, B EAOHEAI L

T 5 oy spacer & LT, @EATICEREEMIC L 28O TEABREIDOEMSHER
E=PEREDHDT, invar ¥FACTEELTHD. FTHOEEDELLDL Table 1 O
HYTHD
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Sl BH 2L Zeiss @ f=560cm Table 1. List of spacers that are most frequently

DLYZTEDLRTZY 4 b 200 & used in this laboratory.

izx ¥ oy B Zeiss @ achromat (f Thickness (mm) | dymax(em™) logio Avmax
!‘. =40em) il TH 7 AXIKERDOT  gg79 5.106 0.70806
f FBEDRY o, D EICTHE O B % & 1.580 3.1636 0.50018
g 3. H T ADGHERIYFERE THLAAT 1.998398 2.5013 0.39816
§ I DT, T A—F —1f f=lm O 2.370 2.1090 0.32409
e . : 3.171285 1.5762 0.19761
LY R, TURARET U v b T A= 3.9991 1.2499 0.09688
‘ 3550 ¥ @Y H. LTICL 5T 2 4.9996 0.99979 1.99990
5 D7) ok AT 22 bdH 50, 5.9990 0.83324 1.92077
FEDETHEHEZIE LA 7 8.050 0.62093 1.79304
| Y Z AR NAL F=LEm DA S 9.9835 0.50068 1.69956
X T ey bITSE A g b T 10.942 0.45681 1.65974
_ \ 12.9975 0.38456 1.58497
AT =DV Y RAENAT LY XL 15.0001 033324 1.52275
SN FRALF LD EAVD Z & 19.9859 0.25010 1.39812
NEFEL->T50, hfs Dz vy o> 30.00114 0.16661 1.22170
CEABOSREEARE LT BT, 50.010 0.09996 2.99983
Bm 7 A5 Ly XML E < L 69.9886 0.07144 3.85396

; : DTHD. ZDEHDIINDESEHLEL T B LT BRDTHD.

COEBRTIIEMNFZVEL VDT, ez sary bR , b2 HVHRI LS
B L7-. FDOmDTHENART P LEOTHEBIIT/ T X 24 C72h3, TG
EEXGTHZENTE 5.

AR—=T7WEL B 2000 Stark FRAFHTTATWBHE S 7k LENDHIL,
FRHZT7 — 7 RED AT P ALIRE Lic. TOH\RSEHFFEILIATNC Ross L EHD— A [3]
o Te Il D27 F LoD isotope shift # L 5Nt E L FETH-T, T Oy,
: A, VY RFLRLRFESNACTERISTEELT, AR~ HEDRT P LD
% ? THRBET - MEOENE 2OV THE L. BLIDE DRI E DA S

YT

[N

YIVH Lo b D& FRRCERE L hudzs Higue.
0 Ne I 15852 o profile # L H7eif e i, Zhe@ARZT Y o> Dl
WG D step filter 2@ L7 D AT FIL LIRS Lic. step filter (28RO T EIKE
Z EHELEDEFBON) T L —2 3 Y EITRIDDT, TEHEEN 0.15 ¥FO022F D15
WTEETW B0/ L.
o FROFETHERE L-EEDO—F% Fig. 2 1277, 203550 15852 4 microphoto-
meter (Z/F CE L/ EFHEE Fig. 3 I1ZRd. THIZ—EE LRI EDTE HEL
o RO EEFE LD DT, i Fig. 3 1ITRTUDL VLD - EHL DT L
D ’ FIWEEMNI I 5 7o 7 — P WA Lig T& g, Fig. 4 Ry Fig. 5 ik Fig. 3 S 9

bLI3DLELDETERE LI-LDTH 5.
INHDILEFN DHEFHA LG HITERO L 52T 5. £ filter O 2 EED —F70
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Fig. 2. Enlargement of the spectrogram of neon in the red region.
a. Interference patterns (obtained by an 11 mm etalon) of the
spectrum emitting from a condensed discharge.
b. Interference patterns (obtained by an 11 mm etalon) of the !
spectrum emitting from an arc discharge.
c. Intensity mark.
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Ndarkness mark

Ne | A5852; spark discharge '

el 258523 ac dctory|

Fig. 3. Portions of microphotometer trace of the interference patterns
(somewhat reduced from the original).

FCAH T BNDmEE L, #ZHHHTIT-> T microphotometer DO (5 DHE
WY —ER4 L) ICALEDES T L3, @
D = logio (Io/I)

P EHEEE LS55, step filter OFTEDKEDIYDEE L microphotometer (Z 5
| 7T Fig. 6 DL >7idiks BT 5 (BRIMBOKFRIMLE > TignH oD~ —
7, logw (H/h), logy, (H/h2), -+ #FnT Dy, Dy OFEE LT 0y T 5.
Fig. 7T 12 7 0OELAAMEXHR LICLD ThD. RICTHED AR F LD profile #
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067
darkness mark 0.51 A 5652
P o4
log,,(H/W)
b H 03-

: o . 01+
Fig. 6. Schematic diagram illustrating
the microphotometer trace of the

0 T T T T T T T T T
10

picture obtained by placing a step 0 05 )
filter before the slit. logo(L,/1)—

Fig. 7. Plot of logi (H/k) wversus
D :logm(Io/I)-

Nel 15852
spark discharge

4y—

intensity in arbitrary unit—=

it Py,

‘.

—ao’ " " Zao%

Q
=)
2
]
A

dy—
Fig. 9. Line profile of Ne I 15852 emitting from an arc discharge (11 mm etalon).
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sk 51213, Fig. 4 0k > /g0 Lo d o darkness mark 7 SDFEHE b 2 H1Y,
log,, (H/h) %#&%E L, Fig. 7 DN S, ZAUIHIET 2 logwn Iy #kHsn. T
i log (/L) Hibmb, €23, T I/ hibhs. T ieh b ANEREN KO L 5.
= OVEY Fig. 4 OB D% DEIZDWTTRZE L.

20— BN BT 5 Ne I 15852 o line profile 13 Fig. 8 Ok 51279, 7-
s EDF L Fig. 9 Ok 5i07es. BL &4 VIZHED A 10:1 020 EIEIKES
Ne®, Ne® 750, Ne I 15852 Tix Ne® i3 Ne* L9 b 0.012em™" 7207 v DKE
WHZ TR TS A D EEFIALTHITLTHS. DL Ne* DOEEKT 28577150
LB A ENTELND, ST Ne® OBSLETEE2HZLIZT D,

§4. FSATOBRELAF BEOHER

§ 523 7 BT D Geisler EOHD A 4 VIZL ZBHORE S ERDLH T &b
%mé.mgzmﬁfgﬁwﬁ@fv—rzra&u77-747mf~7~fm0,ﬁg
8, Fig. 9 DM & ZMICANT, 23— 7 &N Ne® I 15852 DUIOHILT ~7
W%Q%hwkﬁbfGﬁﬂmm“ﬁﬁ¢évy®ﬁﬂfﬂfvéavﬁltﬁb#ot
ChEA A Y OBBICE B EFE 2T UTTIR IRV

Ne I 25852 1+ Paschen [5] ® Ne I (2[4 25D 5 Tik 1.5s: =2, LENNT
v %. initial level 1t [2p3ple TH Y, final level i [2p3s], T& 5. final level i jj
AT, FORBERS 2p38°P; RO 2p3s'Py b\~ 9 LS fEE ORBE D linear
combination T5 % Hh 5. Racah [6] 2k 2p3s & 2p3d L OHFEALIEML

amwmfﬁwﬂﬂn=-[%R%Mmmlt%RWWJﬁﬂ“z

Ch5 % A, At 3s & 3d L Of#EkE, FDEBE, 26000cm* DAEEDLD THD
ﬁ&m2ﬁ8k2wd&@i§0@%ﬁ?&:tﬁfgé.%%aﬁ%&a)MWIM%%
IZE 5Ty 7 b Ligu.
2wp®%%m;é%§mmerW]@%§Ltsmm:ﬁ%@ﬁﬁﬁu;ofba&
B L TED. BHBORTIE 2p3p & 2p3d LXESVEIMD, HOFHFEIEZE
FEOHIIETEInHD level DIBELHIET S (n OFLV) KRETFO level 75
B o708 E s & T T
|z—H, —3«E |
—3«F z—H; |
Lo ThE2 bhs. ALES F 3 volt/em THIY, « (3HHT 6.46X1077 ([Z5F L
¥7- Hy, Ho & F=0 123175 2p3p R(* 2p3d 75% level O n=3 10 HKFERETD
level DO THS. F pitmishaidiud 2p3p 3 2p3d DELEF 2L 5T
92K
Ay = m
TE 2 RS, TRk Ne I 15852 AiE&HOF THEWw v OFTTND £ ) BLE
EORTHAL—RTHLDTHY, EWEC Hi=9503, H:~114 #ANT, ®DHT Ne I

=0
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15852 |Zx44 % Stark hFROL %
Ay = —7rF?
LEF
y =4.00 x 10~
) ThHHI LMD,

ORI ERD dv=—0.027Tecm™ ' ¥ And L, F=82x10"volt/em »iGEbHhDH. T
iz Holtsmark 0 [8] (iR T2 FEFHA 4 v BRI HHOERDOKE WEZD
EITAEYS T 2 & 23 Bbild. F0OF %2z Holtmark ¢ normal field intensity (Normal-
feldstarke) F', i

F,=F/1.25
THzZz 60505, F,=6.6x10*volt/em *7c5.

ftst5, B=F/F. & %s}i¥ Holtsmark [8] K1 Breene [9] D&z L hiE, &S F
DHEREHUL

B HuhEWEEIZ

4
3

W )dF = F*dB[1 —0. 46253% + 0.12278* — 0.023253° + - - -1,

B HAREVEEIZ

W“deﬁu:lﬂél"ﬁm[l*'%jif‘*lzfg‘*vgy*‘“'l

ZE 5 THE2 N5, ZOEKOREHEWiEE LRORT (8] [9] BllIh T\ 5.
O > T, Doppler DAY L EELIcL ED, dv=—TF* THZHbhDHARY
MLELD profile #3334 Fig. 10 O L 312785,

Fig. 10 5, ET0O%

HEFOKE X p—F Tl ' .
B4 ThadILilk Ay
FALERDREIE LT 40X
’ TF,> T52 605 ZEhb .
D fEH-T, FaDEs

® Ne I 45852 (RX—7 Kk

"D L XxD) Ti, Doppler ) \ | .

»

1
w
intensity in arbitrary unit—>

Ny

-

| 1 1

(5]

5 ) 9§ 7 6 5 % -3 -2 A 0
; R ESA LT, 0.069cm™! Ly
p) P A A Y DB A EE T 7fa
RS Bt LT\Wa 2 &infend. #  Fig. 10. Line profile of Ne I 15852 calculated by means of
2z 45852 @ Ne® Doy Holtsmark’s method and neglecting the Doppler effect.
DON-fEMiE Fig. 8 705 0.206ecm ™' tBHXH, =7 ornbEirMEHHIEL TEROM
i ; (% 0.195em™" 272%# %, Doppler ZHRiZ L 2 EMIELFE 0.126em™" Ligs.
I -t Doppler &0
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| av=1.2x10 7w [T (7 wasra, M oaETE, v em TH)

| AT IS T=2.2x10°K 752 (AL »=17083em-1). % LB X A E M 24
Doppler #RIZL 2D LRET N iE, T=5.3x10°K r700, LROED 2 (L Fizre
: 5. :
t INHDOEEHTOIZEY, ROFENLETHD. A~ 7 RETITEREE RO ’
' B Thsd. T 77X=0 BELSEMIIN LT —FTldsw. 7ok 2if Fig. 8
| line profile |2 &BEMHEZ351F 2 line profile # 215852 DREFRI DAL+ weight & L TF
| BLIODThD. HA->TIITHEALLEED 2D L 5 eEkiZRT 2 FHNRETH
! . FLEBBODLENLRDPMEMELHET 2L XL, ZOLIEENLLKRLITHEES
‘ BhHdELRIENEREZZ BND.
wiZ Holtsmark OFRTIE, 14 Y 3EFATEBRNACLDOLET (BFe 2 k-7
; bDIEIg) ERES fuE, KA L.
F,=261N%e,
BLNEZAAYOEE, e 3ETOEMTHD. e=4.8X10""e.s. u. KU 1volt=1/300
e.s.u. THDZ LIWZFEHTHE, EdBD F, OfFEHLD
N =7 x 10" (ecm® iz2\7)
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bbb DI RITTRINRTER, ZOWE TG FEREE & 5 S RICERENK
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Abstract

Kiyoshi Murakawa and Shizuyo Mizuno, Measurement of Plasma Temperature and
Ion Density. The object of this investigation is to measure the temperature of the plasma
obtained by passing a condensed discharge through a Geisler tube (the inner diameter of the
capillary being about 3mm) containing neon of approximately 5mm Hg pressure. The
wave-length of the line Ne I 15852 emitted from this light source was compared with that
of the same line emitted from an arc discharge passing through the same Geisler tube. The
comparison was made by means of a silvered Fabry-Pérot etaon, and the line profile was
studied by means of a microphotometer. It was found that the line Ne I 4 5852 emitted from
the condensed discharge was displaced to the smaller frequency side as compared with the
same line emitted from an arc discharge. This is interpreted to be due to the quadratic Stark
effect caused by the ionized neon atoms and electrons in the plasma, the line emitted from the
arc discharge being assumed to suffer negligible Stark effect. The amount of displacement
gives directly the value of the most probable electric field intensity that is given by Holts-
mark’s theory of line broadening. The contribution from the fluctuation of the electric
field to the line breadth (neglecting the Doppler effect) can then be calculated. When this
is subtracted from the observed line breadth, the remaining breadth is interpreted to be due
to the Doppler effect, and the plasma temperature can be calculated by the usual formula of
Doppler effect. From the most probable value of the electric field intensity Holtsmark’s so-
called normal field strength (Normalfeldstirke) Fn can be calculated. If we assume that
there are only singly ionized atoms (in addition to the neutral atoms) present, the ion density
can be approximately calculated from the value of Fy, although this assumption is not altogether
correct. In the condensed discharge the discharge current is not constant but varies with
time. The line profile of Ne I 15852 (obtained in the present study) is therefore a mean
profile, in which the mean is taken over the time, the intensity of 45852 at each instant
being the weight. The obtained plasma temperature is the mean temperature deduced from
this ““ mean >’ profile. Even if we assume a strict validity of Holtsmark theory, the con-
tribution of the fluctuation of the electric field intensity to the line breadth that was
calculated in the present study does not have an altogether strict physical meaning.

In our present example the mean plasma temperature was 7=2.2x10° K, and the ion
density N=7x10'® per cm®.
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