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Studies on Development of Medical Flash X-ray System
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In examining closely the minute structures of the interior of human body by radiography, the fine
focus X-ray tube of 50 pm diameter has been used. Now we aim at the improvement of the diagnostic
effects of radiography, with hope that the final goal of macroradiographic diagnosis should be set at the
elucidation of such delicate things are arteriola, glomus body and alveoli of lung. So I have tried to
develop flash X-ray system in order to raise the magnifying power and reduce the exposure time.

Flash X-ray system is composed of D.C. high tention generator, high tention condencer, flash X-ray
tube and trigger pulse generator.

The duration of X-ray irradiation was measured by Toluen scintillator and obtained approximately
3 @ second.

Flash X-ray system was appleid a semiselective coronary angiography of dog. The coronary is well
spacified without blurring. Contrast study was undergone six times on the same dog, but I could not
fined any blurring in all of these angiograms. This fact shows the superiority of the supershort exposure
time by flash X-ray system.

The radiography of extremely short time has become possible, while I have not yet found a satisfactory

result on the improvement of the magnifying power.
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TERROBEIMC I T i E S, KR oRe
R 2 XKELDBETH Y, = hiHERMEofE
PeBERT DR 6E, BECHBTXHE CI
iRk A HBRIEL R WTHH Y. i
B THBEIC D SEEEICEERE 2+ B flash
XBREML OPAFR AT » TR P -DD-DO~18)

ﬂash X%gﬁfg:i‘illmﬂs}ﬁ}*zl)’ %%75‘6 %ﬁzﬂ:
FEROXHIRE LCFIA S hTRicht, el
LAEXBEEGBY 1§ 2250 Raidic <, Bk
Bboabhs. oo flash XEBEROK XK
BUXTERTAL0* ATRE O KRBT T, X0 M
[ pHEEOIEFE R Th L & L,
X OFREIRN~10'R/S & @k E\vz
EThHBH. o flash XFSEFELFHTHZ Lic
LY, kO XFRE TR B\ bkl
L@ L ik - DB ROBPIT R T,
T DFEATHIEEIE SR 290948 EOETY L
TV B OB I EHOR D LR T 5 o &
Thb.

2. HiEHm

TSR & Lo, Io kP Ehhes
WO EE G LB flash X{EIEE ODF9E
FreHMET5.

3. flash X jg&®

1), 3EEORHE O FE

AR BN ESEERAEE, BMBIE conde-
nser, flash XHRAFJL O trigger pulse Fgi: 887 B
5. COREE%Y Fig. 1 1R, EEE conde-

Flash X-ray tube
HY :;;:: _--Anode
Condenser _|
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ne Hyv, ¥ i Trigger puise
IFE0P - sﬁtmm
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Trigger E_
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) ° Trigger Sig.
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Fig. 1 Schematic diagram of flash X-ray system.

AARE S S Mst 535k W7 &

nser \LREERAEKBICL b 100kV ¥ CHE W
BECH D, TOEML flash X§EE D anode iz,
FAfRi% cathode iifff Xh T\ 5. anode (34}
FE20mOPDOFET, O TFHHO X OREST 21
TR tungsten AT Bh, o B,
XA Bk D . 7 anode 1L XFEPZ O
RZERRBIcd B, cathode ¥ OFEHER WZRC T
D LD DR L7 - T 5. cathode (34}
& 105mmo> stainless steel o [Pk, iz
L0mn D FEF I 2 Fi b, FS RO T trigger
fans cathode FEME & 4 0. 1mm DY EIPR % 5455 L
TROKRKEES TS, h & BEEAR
Lie flash XAREPIERIBEG 2SR & D 107" Torr
ECHRTTRETH 5.

10kV, 4 @ sec. @ pulse EFEH trigger pulse
REEBHLBELh, o trigger §8 10 X T
cathode [ trigger TIHHE]CHEM LY, - D
FeA: L2230 & anode o JpiihiAr fijle4-
5. ZOMERC X b anode SHRCINFTIT B Rt
tungsten TEHKAS HERFHAHRER © XE 4 T
B. < U THRAELLXHE X, cathode J O
trigger W ORI D B Hht 02 S XEEH 1@
gtz ha.

¥, Fig.2ic flash Xt oM7Y .
FPRICEE I XARENR D D, XS THE S
NAH. XEEO Iy condenser 7 E x
hTwb. Z @ condenser [30.01~ 0.5 F T
DEBRDODDLEARHAF L Lick h&RE
BRZ D EHHERD . XEETHCI 6incho
oil i purap BEEfFE X T35,

2) flash Xig#

anode, cathode JRUN trigger o = o fliz g
WEBL DY, KxBEEABTCZEIhTL
5. XHRESESERER T GE BT Sh,
anode (L XIREOHLEME D, FOEMmIHT S
1z cathode 734 % . cathode Jhu¥ trigger TH D
TICEE 0.2mmAl o filter 2HifHT, FPoD
HZek Ry, thick by, XEEMcistsh
% . anode 4t L cathode [Hj 7B Hewbs T OV E
REBOBBI D, 30mBOWRBEIBITHS.
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Fig. 3 The flash X-ray tube showing the electro-
des arrangement.
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PESG & ~E < BE& 0 R UF trigger T fEIC trigger
pulse %3  ffE AR (- terminal, F{Ze2 %3
HAENFEHN - OEDOEHHCEH L TRBE I T
W5 . flash X ORESY Fig. 3 1RT.

3) cathode JUF trigger TEH:

flash XiGE OBEBIEHREL, J28rh T trigger
Tki— cathode [IfCTEIZ X b Fe4k UI=TE T % by
LC anode |[Zfffge &4 A4 T 5. trigger JiE
IZ X gl Tig s cathode-anode [H]dEHEiL
trigger DB ZIT, trigger JEALE L
TiEY, FRESEHECTHEBELIBbh3
EMHLE L\, Z Oz trigger TSN cathode
DREE T ORI & D X8 CIR B/ E 4 448
LT\ % . cathode DFfE L stainless steel, trig-
ger ML titanum THeT\ % (Fig.4). ¥ 7
cathode 7% ({3 % fzeb D cathodedf/& |1 stainless
steel D10mmg DT R % 3 b, anode-
cathode []-C A U BBICH AT B 440
M PR Sha X 5 i LTths (Fig.
5).

4) anode THi

fili # © tungusten Hif§i % anode Jpiic (i L7z
(Fig. 6 ). Jit®i% anode Ui TRZ H, XFRDOFE
4> source LRIFEIRIECHD. Lo Lk
DGk & FEEOKRE 2 & OBIRIL—FNTILE &
g,
5) trigger pulse Jg/: %5
thyratron (T66G-GT) 1= X b FIFEIER T/,

H
H -
! L™~ anoe

/CAI HODE

MRIGGER ELECTRODE

Tig. 4 Cross-sectional view of cathode and trigger
electrode,
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Fig. 6 Tungsten electrodes.

HF5RIROM, HEHERBIRLTETHY, 24
sec., 60V @ pulse WIc 2 S, T HDE
FEA 3408 U, BT pulse %3 F60P %
fEfH L, 10kV, 4 g sec. & pulse FEEXE T
5. Zhi flash XiFE D trigger L LT
5.

4. flash X R OEFHEOAEHER U
2

1) ERNEM:.

HAE S SRl B35t 75

flash XA O ERIEEB O R (Q), indu-
ctance L (H) XE 2ok & X2 ikET 5H
FThDHiced, HEMCXEH NS L O X
REfEl DK & 2EIET BRFLIE. ZOBEZN
EBCRWET Dk, HEMHih 2 XGEER
DA BIE LigeF g b oy, flash XEREO
BB OME- I3, anode % Fih 5 BHH D
{ A% BT % Rogowski coil Z{iiff 17z,
coil RS BHiHeT 1% oscilloscope (g,
SS-112, HiE 100M Hz) <@l L, *oWF
% A (Y, UP-21, F 1.0, 60mm) % {#
Ffl U poraroid film (A § A3000) —Ciffe, g
5. ZOBRIERER > DA THERINS
BEZET 708, HEROBSEE B bR
L. chEgiTac it y, RO Rk
HaskEn, Zhinb inductance LAVEM X h
%. Wiz condenser MR L o B[EIFE DIKHIR %
KevH o kS, By, FEN 1 RBRERD
WiLich, EEHEY R, L, C L L, kA THE
hEhH.

- sin(,\/ _I%—EFZ_Q t+¢ )

Zhic X DiEB) o RS £ 13, YLCSRY4L 0

Bt
T Sy
© 2r LC

Lilen . TRE LI IREIE M, Cuk
condenser DFHETH D, ZhickhH LaERDAB
T EHHKD . Wi BEHREBIY © BEHEE exp
(=R/2L) mBRERDDZ EHHES.

TR BYE Uie flash X§g45E @  inductance |}
WpHTHY, XBIEDEPNE h ot i, £ 0
%, 1E%, HScduRy e Beo EEe B -
fo. B3R o inductance (3 0.7 pH, HEHL 1T
0.2QT, XfEOHINIKE i, Hoghshid
Bl ot

Fig. T/wiRd 2 &<, BERRMOMN BTk %%
&, EREOHDIL spike JROW T2 BR, B
W5 & D LIcHEHRBIR~ L BT T5. &
DU e R & LTIk 2Rk, anode-
cathode [Hji% plasma JRfE k7 b, OB TOE
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I Sweep Time
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/ 0.5us /cm

Fig. 7 Differential curve of X-ray tube current
by Rogowski coil.

o Duration of X-ray irradiation
/

/x ray Tube Current

e WA
Wl

1. 2}55(’1:

Fig. 8 Relation between observation curve and
the duration of X-ray irradiation.

FERETAE LRV, Lichi T 2o B toXx
MORERE DIOL E 2 Bh, ZhUHio
spike RIS DR e DR XA FE TH b DL
Bhbhs., cofX»Fig.8 Tha. Lizdis
T cathode-trigger T[] T trigger pulse FFEIZ

Lo THENRAEL, chk tigger & LTIHE
EBITT 5 ECOMT, LrbEREDRMDY,

JAIERE Dflic X OB BT b D L& %
Bhs.

2)  XHRNGHRR

X AR B O JIE D D—21, FdWEE D4y
o> TG E R T o itk - TEBR
5 film FOBEREHEAY T LCRD B B
50,

TenfEogh &8 (Fngh3%, KX0.51mm)
L w A7 chart R 15MOFEE CBE) X9
THET 5 2 LT X T XGRS o2 17
i, Fig 9 offfE R ©H 5. LB chart

Fig. 9 The radiograms of test chart in three
ways. The top one is radiographed in the still
condition. The middle one is by 3m sec. test
chart speed: 15 m/s.

The lower one is by flash X-ray system. test
chart speed: 15 m/s

TS TRELELDOTH D, PR OTR
(315m/s T BE) v chart 2 R L.
FBAEMALT-% ZEAXHEE » 1 vwT3
msec. THE Lo 0THD, FEIL flash X§
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EECHRE LD THD, 3msec. TOHYT
13 chart O EHRERET45m & 7o B DT, MR7AH
i ORI L TCE - T3, L L TR
flash XERFEHE Co BIXFHILER L F 57 L KT
5z Lok EEFIEEI G DR TNS. 1
& sec. T chart OBEEHHTIS £ THD Z b
B, flash XD XERHSHFRNE 1 sec. FRE
LIF o pulse R XERAFEA: LT 5 2 L HHEEH
JesH. Lo LishbZofkicks\ »UlEmiic
XEOFEIRFE A PET 5 & k. Th
XSRS B E g d Fu oo, film |
DT D=0 G R 15 X5 e Ml
chart ZB{ET 2 2 LR THENDLTHS.
U dsE X% scintillator TR L, £ o4t
Kok B TGS (A7 v e, R-268) THEA
SR L, F ol l% oscilloscope Tl il
BAER A Ut XE ORI & sec. §
FEDIEFIIE W THh B, FHTS scin-
tillator ¢ decay time % IEFIC/NE LV DO Tlglt
Ui bigw., T ot soft 8 fiH & LT—Hk
fdifl L T\v+% Toluen-scintillator % . fz. ¥
T EREOBE, BB~ IEFICkE D, 2
Rl ERSZFcb L, LbIEEick el
e bt 51, WER, Fo BT
#, oscilloscope |2 noise AiFFHL X b, JHIEIZK
i LB, Zheilltld 57, Toluen-scin-
tillator CXEAHH L, £OAHAE10mo light
guide CHIEH ¥ Cill¥, rCTHRES X
#ft, oscilloscope "CEIMI L7z, ¥ 7= XEEOREHE
HFERE T, W—BRTH D7, oscillos-
cope TOFMNCT LI trigger BN THB. &
DR trigger & TEAIBIEE T R 35 = LG
WAt Aico sy, X§ switch L[ERI LT
light pulse %3¢ % [Blgg & BifE, = o light
pulse # [ii]ffic light guide il %, FLEE 1T
P UT{ER Lz, oscilloscope JEHE-FIHA5E
IS ACOED B OGFEA T 5 o invertor
W {HF L, 12V-100Ah > battery 235 A.C. i
SR L Lie (Fig.10). [ XERSEE» B
10miLie f 2 JUTE R~ D ZE[E] s B O FFE A BET B

HAREF o Mo ns Weshk BT %

i
1 AFLASH X=rey R =~ Shield case (Fe &mm)
(P s

E |
ST —u
ide

=== /— —{ PM.I. S
H.V. G,

\. N'----./ —
Liquid Battery Invertor
Scintillator Light Guicle 12V 100Ah || 100V 258

Fig. 10 Measurement methed for X-ray output.

Fig. 11 Measurement system in shield case.
7o E B A A 8k A o shield case PICH
SHTHHIE Lz (Fig.11). shield case o FEHTIT
oscilloscope M LGE F R Tl Bh, F
Bz battery, inverter, JEHEFISREE HEEH
Bl Sh, (ARG £3h, T
shield JRBic &5 . EFEOREED shutter [34}45
POIEET B Lok S . L LTHIES RS
KRN DREBTLC ALY T 5 BRIES & Rogo-
wski coil - X o TR S h B HHIR DMWY &
% oscilloscope NCHIDIECHIET S, ZhiT X
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Fig. 12 Oscillogram showing X-ray output and
differential curve of X-ray tube current. sweep
time: Susfcm.

Differential Curve
N/ of X-ray Tube Current

[ | NN A
]1\/\/\\‘ I V V V Vi

——_
S5M Sec.

X-ray
Out Put

Fig. 13 Schematrc illustration of Fig. 12,

h ERE & XIS ORI BIfRERD B = &
RS, Z OREREFED 1 f% Fig.121c5RkT.
ThIC L% & XA OWEL trigger [BH %
O EKRECBTTSECoM, Hb, trigger fik
BT X o TH: U cBEFH anode-cathode f"CH Iz
BEEEhERBCES L BETRCRET 5 D
FIEE X4 L, EHBEOHECIEE
Vs pulse (IR X#RAE R4 35, Fig13ix Fig.120
oscillogran OFHECTHB. XHT L AEE
L LTHEE R TS, pulse IRXEDOIREHIT
Rogowski coil = J - "CHAIE 7o IR EEEBhIE T H 8
Mk, oI XBoRREr4<tw., o
FULHNCR ~7z & < anode-cathode [ifji% plasma
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5% Ilj" Tarr

0.5 us/cm

5 :(I(j6 Torr
0.5 us/cm

Fig. 14 Typical oscillograms of X-ray output.
KL eh, RELERVPHNLTOCLBERT
2 U WS XBoRER Wb D EEL LR
5.

XM DB 02 ELEFDE LTEBILE b0
HFig RT3 0Th 5. COBEBIXEHRD
B ORERTR 2 2D type T, LBHIT—O0|L
o R T, TRERZ20WUASS. Th
b XERBAHRENE 93 o sec. THbH, HZEE,
HEECL -THEOEL L.

3) XA

flash XfRFEl s &Rk 3 5 XIROMREE 13 B8
[E (&M condenser ©FE 4 [F) , anode-cathode
HIBERES, XMEAEEEYD 3 SoEFE -
THT 5.

X AR OREEL 2 DO kY A, &
lic film 3, 2wl chs. 10 film
BB GEIE F S )% (EA UcE#HE X4 film
ZERL, B LME~LET 5 I EELE
B X E 2 FV-1C, [Al— film |-z time scale
TEE Lic MEAREHE LT ok, £
2 ORGEBERENC R~ &L <, X% Toluen-
scintillator T U, #0354 ¢ oscillo-
scope "G, polaroid flm 1ZZ4 L, F Oyl
PHORDLFETHS.

table 1%, anode-cathod [H|FEHE % 5 ~40mn,
HREL50~80kV, EPHZEY 5 X107°~107*
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Table 1 X-ray output between anode-cathode gap
length and pressure in the X-ray tube, at each
X-ray tube voltage,

50 KV 70 KV
TORR] . = O
At | 5116° 5418° 545" ad\ | 510° 516° 5.16°
tmmiN men)N
40 | 05 03 03 40 | 2.8 1.4 1.9
25 | 0.9 1.0 0.6 25 | 29 3.3 3.0
10 | 1.0 08 — 10| 3.0 3.4 25
5 | 0s o8 — 5| 29 24 -—
60 KV 80 KV
NORR[ | . = Rl B
,é\ 516° 516° 510° & 516° 513° 55"
med™N 111 ke R
40 | 11 1.4 1.5 40 | 31 3.8 1.7
25 | 1.8 2.2 1.9 25 | 41 4.5 57
10| 20 1.6 1.2 10| 42 4.3 30
5| 1.6 1.2 — s | 42 24 —

Torr W b3 wiciey, kT 5 XHo kgD
HxHEY film Bk > TRDIEDDOTHB. &
DOFEF, HZe - anode-cathode [HIfEHEHZ X 5 X
MR O ) MR R L, 0k
BRAILZEE, XPEBEC L T T5. ©
O ENLXEEE Y —E & LIcEa, 5X107°
Torr )% 528 T} anode-cathode [S]EHEA 10
iR OFNCEEE A H D, 1074 Torr FREE 12
% E20mnE KE < Ich, Fig 58 BE70kV—
FEWC I % anode-cathode [HIFEHEIC % X #pik
EofE 5 X107, x107%, x107% Torr =2\~
TR Lz, EHEZEC R\ TY, anode-catnode [
FERE O ZMc 3+ % XA 02 id i K b T
BHAEH, ERETREOEIZELL, £ofk
FULEE peak RERT X 5B,
BEER—EE LTREEORERSATRTE
Ze[Ei%, 50kV T1x107 Torr it b, HBENE
e 2o TEREZE B L, 80kV Tix10™
Torr Tig K Eich.

¥ 7o Fig 1603806 H: © ke 7o X H g o —
#ic, &THES5kV, anode-cathode [IREHESm T
@ oscillogram Tz % . sweep time |} 2 g s/cm—T
BB, XKEPAEFHIIE 3 posec. THH, 5X
107% Torr TO XML KR LD Z L3 5,
X L EREDORFRY filmikic k> TR

HAEZRHREEME H35% H75

TOKY 0.2 uF

—— SXIO.‘TO\rr
—%—  5X10 Torr

™~
/ \ - 5x10“To\rr

_7ﬁ7CEQ\x\

x

el
2ok [
\

relative intensity
&~
o
I

=
=]

| | I | |
10 20 30 40 50

A=C length (mm)

Fig. 15 X-ray output as a function of anode-ca-
thode gap length for a given Torr. X-ray tube
voltage: 70 kV.

=4,
5x10 Torr

5%165 Torr

I!‘ 5!1(561’0rr

Fig. 16 Oscillograms of X-ray output. X-ray tube
voltage: 55 kV Anode-cathode gap length: 15mrm

5115? Torr

TR A Fig 17w d . R X OMmEIEE
[EQ AT LTHMTS L 2R LT 5
(X ozEE 1.5mmAl Th %),
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Fig. 17 Log X-ray output as a function of log
kV. tube window: 1.5mm Al.

Table 2 H.V.L. of flash X-ray. window:
2.0 mm Al

i KV H.V.L. (mmAl))

| 50 . Y

!....______ Y
!_._____.__7_0_ B EEe—
B _

i 80 4.5
4) X OWE
XEENTOEF OMBRIATER O XHE &

RoicD, REXHOREDS R LEELD

5. ZD»EBEES, 60, 70, 80kV wki; b

X oKA{fifE% Alm hic X -5 Tk, o

&0 flash XEPEOEE L Al T2mE L. =

DFERIL table2 O b T, FERKOHAFLBEEK

EiE (A Al 2mml4h) OFVE L FARETH

%,

5) XEHhoZEE)
flash XIS X 2 XFROFEAITIL, XEROFE

A BE L, Tol et Hs LT

H%. b, HHEE, HHNIHEZEE, anode-cathode

[HIFEEE D ] —Th - T b —[al4E o XFH e Zs

BovEL, MECE VWD B L THH. Fig

18T IHEIC X » TR 7-60kV, 5 x107¢ Torr,

anode-cathode [SPERELSmCO XEH T © j#wC
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B e
B
I!!I I

=
]
ES [

Fig. 18 Oscillograms of X-ray output. 60 kV,
5 10-% Torr

BAH. XFMTEROE L, KRE SO DR
bhs.
5. GHAI

IGHOE 11, XBOHEOWANHE DOEY
% e K AT ORI R 1T - T,
Fig. 19tk st AB3F  (Ma/E20cm) @ g5 H T H
5. LB EETEkY, condenser D 0.2
pF, BZeRE 1 x107° Torr, HEHUEIEF S, %
ML 1 mTH L. EROXBIEETELRS
X#EHG L AEOHEIH O TS, LA
AORIERIEBISER TH B0, RV X 51
DFEL HEEOK E X OMECEEY £/ 0L LT
Wb,

S OIGABIE, FEE10keD RO KBRS 5
HT#5(Fig.20, 21). Fig.20, 213t G REIIR
DA 2 2 e S h T3, Fig.2l
W3 W CEREIRS O B DR EM: O XERE1H B
. Linb iSRRI KEIIRA TR ST R
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Fig. 19 Chest radiogram by flash X-ray system. .
76kV, 1x10-* Torr, 0.2 uF Fig. 21 Angiogram of dog.

Sl

e . Fig. 22 Semifelective coronary angiogram of
Fig. 20 Angiogram of dog. dog.
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LAY

B=oflik, FiESke, IR 14085 O KD
semi-selective TRMIIREM TH S . LML
G HEH80kV, codenser DZE: 0.2 F, AL
Urografin 76% % {#ifl Liz. X#E UL Fig.22ic
R EL, EERIRyEESR TN, F—
DRA T 6 BIDHREEZIT - fehd, WihdbiE
e X papdiic <, EEEIEEI E BRI,

6. BEMRUEE
FEEXROBETIM A2 WET 5 Lk e
e o BRI A e e X AR A el & B FeA: XD
HE & RED RN T LMD, iy
Thid bhie, flash XRIEE X b F4T 5 Xt
OMEIFEAEL DEZL R HHE X DRV
HLHBON, SEIRIFE LB S TS
Bh i,

Toluen-scintillator % T XA, XiE
THSE © BGES w B, o )& e
oscilloscope | THITE Lic. Zhick - THbh
T XER BN 3 psec. TH D, EfhOBE
R FE DT, WD TECESRHEEZ S5 2 &
e Sl

film 7 1 X o TXHH o WiE Y- T,
posec. BEO XM EHNT 2 0CHALISENH
D, WECHEA LGS LD THBHLE 5k flash
X TR Ui, 2 of5E, oM e E
MOWALT 5 2 LD bh, ML T5f5% T
Tt LEHBGRA T BT v, flash X§pakH
PAXERH T OB g HEVE T XHRE & 0 Licht
e D X I & DyEE L,  anode-cathode [H]EH g
EHNEZBE L B XGH BT C L ThH
B X OEMEAFRENEL e bR, &
NEZMEHBMETT 5. Lrb{ERZETH
AHFE, Jgi§7c anode-cathode [HfERENEAEL, =
I hRE<TH, A THREXBIZABI
Wt as., Lo THEBE, EHEZECHEHTS
YA c iz anode-cathode [HIBE k- e/ 1754
RTie bio . F Rl XIS EEE O 4 3
WCIEBIT 5 & 22 fieh, TRk o XiikE
L hREflich b, flash XFRFHNCOXRABLE
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Bk (R o kg oyeiiic b Bvk s 5 K55
Th%.

flash XERUEHE 3, MIEHIKE TH B ke, —@
{EOREIT X o THRAT 5 XER O w458 % 4:
% (Fig.18). Z 0 LW ORERIEL 3.5% TH
D, JFERERETEL. Lo TL O
e X 5 XD O RZEGFERMCIME L b
fewnwEEZ T,

X 0> 3 e sec. (L RO FEIR BRI
BT, TORNLRSFERL, TLicHkilEgr
BHhTwb. 4%, BHEROPR, BEHY
Wl & DA X o TEfRE D oMY b 7T
feLicaThshd L, = flash XEEFOHEEY
MU 235 & EAERE, IERHREE, Fic
IERAGHSACISRTRETH b, AR O
R REE LB THAS .

o

1) MAEFEH: HE~vF 7 » 2 (1958), 117.

2) F. Tamaki and C. Kim: J. Phys. Soc. Jap.
14 (1959), 664,

3) Fumihiko Hoshino, Hiroshi Isobe, Shogo
Suzuki, Yutaka Ota, Tatsuya Kurashina,
Chosei Watanabe and Hitoshi Mishina: XII
I.C.R. Book of Abstracts (1969), 48.

4) H. Isobe, F. Hoshino, T. Kurashina, C.
Watanabe, S. Suzuki and Y. Ota: XIII
I.C.R. Abstracts (1973), 423.

5) B W, BKREH : BFEXBCRHPIEE
o4 (1969), 7.

6) B %, SFHT, BAREE, K& B, K
PSR B FERBRMTFEE®R 5 (1970),7.

7) mE ¥, BT XE, HKEE:§28@EAE &
EEHU g St ag (1963), 160.

8) BB ve, EWFIE, SHAREE, kB OR:
#20E B A BEFHHBE SRS E4E (1970),
530.

9) B %, HAKREE, kB R, FE& H, K
P L B FERHBITIRERE (1971),5.

10) K.H. Herrmann: Z. Angew. Phys. 10
(1958), 349.

11) R.F. Thumwood: Brit. J. Appl. Phys. 10
(1959), 147.

12) S. Fliigge: Handbuch der physik Ba 30
(1957), 62.

13) S.K. Héndel: Brit. J. Appl. Phys. 14 (1963),
181.

14) S.K. Hindel: Ark. Fysik. 26 (1964), 258.



526—(12)

15) S.K. Handel and J. Bergfeldt: Ark. Fysik.
30-4 (1965), 33.

16) HAREE, A B, EEXE, B % 4
B OB, APk : H30E AAES HuEE
Eiadaig (1971), 386.

17) AREE, KE B, REFXE, #E W, 4
B El, KASEK: #31E BAES HHE

HEREFRMRESYERE H35% WH7H

g (1972), 26,

18) %jQE'E', AH ﬁ;, EE‘)’C&, T %:; i
£ OEl, KPR : 5326 B A& EE MRS
SeRen i (1973), 55,

19) # Bk BARpESEE10 (1955), 404.

20) ¥ Bk IGAWEEEE 20 (1960), 592.

21) 1 B¥:&BEWE 8 (1960), 175.




