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Optical Conditions for Measurements of (k, ) Spectra
and Spatial Distributions of Plasma-Waves by the
Fraunhofer-Diffraction Method

Yoshito SONODA, Shinji OCHI*,
Katsunori MURAOKA and Masanori AKAZAKI

The optical conditions for measurements of (l;, ®) spectra and spatial distributions of
plasma-waves by the Fraunhofer-diffraction method are analyzed using the general theory
for the method, which takes such parameters as the spatial position, wave-width and
propagating angle of a plasma-wave into account. The results have made it possible to
design optical systems for measurements of plasma-waves in low to high temperature
plasmas using radiations from microwave to far-infrared and infrared regions. In ad-
dition, a new technique is proposed for measurements of various parameters of plasma-
waves at a single shot using a multi-beam method.

Further, applications of the method for measurements of drift waves in large toka-
mak plasmas are discussed, taking the two-waves effect into account, which occurs by
a drift wave crossing an incident beam at two places. Finally, possibilities for new de-
velopments of the method and problems to be solved are briefly described.
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of plasma-wave parameters.
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Fig. 2 Domains of applicability of the
Fraunhofer-diffraction method for
low frequency density-fluctuations
observed in large-takamak plasmas,
by using cw CO, and cw HCN
lasers.
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ments of (k,7,) (HCN laser)

R

PIE, EEBRHETRICT 3 720D AREEEE X

Ky b A XOBRAEERLIH, RICTHIERE

BELZEB2 OO UNRERELHOPICT S.
(i) B EARET 2 D OIERME L RERE

DOkE
KEHELERICER T2 HAEERL, $1EE

Un
-
T T
s
"
[NV,
Yize
-
T T
or
i

Fig. 5 (a) u,—0 curve. (b) #,,—0 curve.

ZPEBITT 2720, IROE)~C)D=BBICH T TER
DD

(a) A§A 6, frE (o) OEENASLBNE
& (bbb, 0;~0, o~0 ELFHBEL CHAUNITZS
5a)

CDEEDRMPEE 7 A -2, BEROLIEID
ZOTHD. HENS A — L Uy, Uy EIRE)IT A —
% 0,q DEAFRAER®D B & Fig. 5 (a), (b) &3,
u,—0 HiR (F—2 SR 3 9ick - TEILT
50, aNHEABRTHINE, . 2WETHIELICED
ORED. IHRAMBDOEER, Un tye ZRIEL,
Fig. 5 (a), (b) ZFIALT 0,9 2RETZ T 0T
5. 72720, COLEERMREERTEDKC
2, Gl 020.5 BUETHSE. Ei, @25 QL
39tk s un—0 MIROE/ITWETE, us DED
Bhb 0 ERDBT ENTE S, WESRIE 40 3%
NETOREBEIAEE U, KEX->TEARASNS



— 24— 759 vh—7 yANIKEE LI ARBDOR, @R FovEERESHEO R RS

P, Aus(=dx;/w)==%0.05 & L7z & & DEHNE
Hex Fig. 6 jomd. /b, Fig. 3, 4, KZDnkd

LTk fe WEONMEREE BB TEHEALTHS. —

%, aONREEEBL T BRI, & <2 BLET,
TmEE +4q9/9<0.5 &wp (Fig. 7). 8, *X
FROFCY - T, EEHMER 0=0.8 BETR
KiEEED, =i b 0 BN B I > THREKBIEKE
KD 3 3 LICHET 2MENRD 3.

(b) KB/ *5 * —Z p BEBAEICKZTEED
tEt (Fi3, ASE 0,=0 LB E L CEHAITE 38
A)

ZDEEORMBEF <7 *—2120,9,0 D=ZDTH
5. (a) TEELI uy—0 gk uy—0 fhiglx
pICk»TEDLSL (Fig. 8) DT, 0,9 ODRIEHEL
PRK>THELEZ TS, UL, &Mt 0<50.6 535
BEhTonild, u,—0 RERICNT 2 o OFEBRTRE
WHTEZRELRLY, BRAEBEOETE 40,/
0(=4ko/B)<0.1 IcF B EHTE 2 (Fig. 9. —
%, fIE o DREICIL T, BHB/ 1 XEEETS
L, ¥Ee5 x —2 R OREEZER AR/R=1—-R)/
(R-SNR)(SNR: SN H) t5Zoh3. SNR=10
LLIcEED o DRIESEAS Fig. 10 jTRd. £/
g4=3 Tld R—p fiiRicdd 2 ¢ DBBRI/NSL, £

= ek/k }

a8/8 (
o
in
(AL LA B R S I B

o

Fig. 6 Accuracies of wave-number meas-
urements.

a/q
)
n
LI I RO B B I B B S

L 1 L L
0 1 2 3 u 5

Fig. 7 Accuracies of wave-width measure-
ments.

BOMREDETE 40/0<0.1 KH/Z BT EHTE
3.

(¢) fE&/ 5 » =2 0, PEEAEC RETEE
OWE (7213, 6IE o~0 LHRELTEHITE 515
A

ZDEEORMBEE 7 » —213, 0,4,0, D=2
TH5. U0 ffRI3 0:/0, ik DT 5 (Fig. 11)
DT, (a) HTRLIK 0, g OFEHEDOED 0:/0,
WKk -»TEDE. ¢23~5 THHE, u.—0 HRo
qICEBEALRERTEDD, 0:/00 K BEEER
CLTHEOBRBOVERTS iR, ) KXpro@sk
3T (0:/000<L@—1)/2 OEBEDPHELILE. 0:/0,
KL BREREOHERER KT, TOEICGLR g
OENF LN TRIEIT ST,

R, BEHRED 0./0, ick3EERB&, b

Un
-
LI O I R B B B
-
“
oo
oin

TN S R SN NS T T T
0 1 2
8

Fig. 8 Effects of o for u,—0 curves.

8,/ 8
o
o
LN I B B B )

Fig. 9 Changes of accuracies of wave-
number measurements by p-values.

0.5

0.4 (@1:8=1)

0.3
£o
=02 (>3;8<1.5)
0.1 (a>1:6=1)
il 1 (@350
0 0.5 1.0

P

Fig. 10 Changes of accuracies of wave-
position measurements by g-val-
ues.



A 594 REBIEHAREE

g6k F1E — 25 —

INENEXIZE 0:/00 DS DVEDPSBBITET T 3
(Fig. 12), g72b b, ¢ BAREN EEFRERINEL
2H, 75 X< HEBBAME — Tt L s D ED
THTHREREDLLKRD. —F, 4§ WhEnE xR
BEERAEVD, DLOES I OBEIEBICET
35, IZE, 0=1.5 LLT, BHEBDOLEDOHRE
D110 EEEERD B &, 9=5 DF4E 0,~200, I
L, 9=1 DBFA 0,50, L1353,

wic, @ 0; OREICKIETZ H—0:/0, HigD
—F% Fig. 13 18T, HEOBREER LI ELT2E
A, FENHENRCEDLDNE LT, ¢<1~2 K
W (0:/00/9~1DEHETTHNETZOMHEZ L.

(d) ##H

PDERFELEDDE, BEERRET ZIDIEIRD
BREVBELILS.

&M@ SN s t-aARENT &

L@ 020.5 (k 0% EIF3).

&M@ p<0.6 (0 ICLBWERBEDETZE o

2

£1

T T T T T

8/85=1
0.1

10
20

o T
[ 1 2
3

Fig. 11 Effects of (8;/8,) for u,—80 curves.

8= 15,0 107 (0.}
=0

Fig. 12 Relations between maximum sig-
nal-intensity and propagating
angles.

0.5
o4

0.3 a=1
= 3
0.2 :
01
e

o 1 2
GI/GD

Fig. 13 H-(6:/6,) curves.

KM@ 9=23~5 (G ICXBAEBEDETZEL).
RAE® 04/00<5Ca—1) (0:/00 1€ & B WERIED
ETZBL).
2-2. ZESHERNET H-HO%ME
(i) i@ r ZWET 272 DOKM
2-1. DERMPL, MNEs EEERBLNET S
Wid, ROMBEREBLETHB.
(a) BEHres A —% 0 BEABDE X
&HO SN is+aRE .
£H® 0.2<0<1 (0 DRIERER T 3).
RHG® 925 (9 iTX BMEBEETEH ).
RHD 6:/00<5(a—1 (0,/0) 135 MEHEIE
TEBE).
(b) BHSs5 4 —% 0 BRABO L &
LiE (a) oO~@oEicinz, 2-1
b ORBEMSLEL LS.
(i) 18 9 2NET 2 DO
(a) 0,/00~0 LEBETE2EAEE (b) oM
BB DB, 9 DREMAREL 3. HTFNROE
&b, MORBPHELILD.
SO 9<51~2 (9 ONFREE LT 3).
FMH@ p=0.1 (0 L AREBEETE).
(ii) & 6:/00 ZWET 2 IcDDEM:
EEo (i) o (b) LRAUCKBBHBETH 3.
2-3. EHEItERML 2 B—-LHIEEK
Pk, BB A —22AET B IDDNEEYE
RO, EBOREICY >TLERORLGEFR
THLIARBHBEOBRRTAR » M4 ZOHRE
BAOIBENRDD. LT AP, EEEOREE 5 4 —
2 Z—EOHETRDLS LT 3L, KEZLTOD
R AE—DDE—- AR E>TERTZ LIRERC
EMEZND. COEHRBAIIE, BERE—-LIEBH
ENERNES. LT, 28— a%2EHT3RHEHE
LU, Tk 2 v — AREE LS 2RBEAMNICE
B35, PR, GRAEESHOED 105,550 mm
T, E—4Y =R PO MBEBEBONEND 2510
mm PN TREFEE LIZES, 0 R 9 ORIEHT
IR (wo DEM) % Fig. 14 57T, AR
vy b4 X% 100 pm < wy < 450 pm ZFETHIT
q ORENATRE & 72 3. REFTREL EEER 185
70 mm 7383, 105,518 mm T, 26510
mm BERTENEMETEE LS 20 OREMRE
FIHEERIR & 185, —0F, 0 13 woX800 #m HSAIE

Tz



— 26— 739 VE—T yAFRLE ST X RHOR, )RS b L EMSHOH AR EESE

BRI T, 350<Swo<C800 pm 218 9 OLRMARIE
AR E 8 5. 2L, LEORESRGOBKITIE
SN Hi3ZEshTHENDE, SN oK &Y
T OMEND 5. Fig. 14 T 0,9 DFhEThOUE
FRAHESE L S8 E — 4 (wo) 2 ->T 6,9 DF
BAEETOCR2E - ANEESSLELE 3.

3. MAVTLTSZXTTCOREEHINCET %5

ARETE, PI<s 753 X<HOF Y 7 b EFHIN
DEAEERTHIcD, $T2RHHREEELICE
WREEHLT, 2EBHESAE 27 > 1 rvick
ETEBEENG. 1, COXSRELETTORE
FEEEZRTE &L SICHEEEH ST 3.

3-1. 2 MER RS

(A) 2 EEEHRN L 2 BBERET COMNERE

10 18 50 r,, (mm)
0 1k (mm

E[Momﬁ:asaw]
Mﬂmﬁﬁﬁéwﬂ
Bt

(i B0 D HIE T HERANEY

[?%ﬁm%ﬁﬁ%ﬂi

AR

oo vvvvd v vnnl v

0.01 0.1 1 10 100
W (. mm )
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method for measurements of wave-
number and width at a single shot.
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Fig. 18 Measured profiles (a~c) and the-
oretical profiles (A~C) at various
phase difference ¢,
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