ISSN 0910=1543"

EREEERY SN

MEHEBHR oFr BEBBIS

Japanese Journal of

Medical Imaging and Information Sciences

Vol. 2 No. 1 January 1985

EREgBBRMDFS

Japan Society of Medical Imaging and Information Sciences






ERABERERESKET
FE2EF1S  1985%FE1H
= R
= =
81 AR LDEN — 82BN AL OEEFY — 23y 7+ ¥/ —HWEL - ZOff =&
% W B
BEATRIE dn e o T eeestesssssasaeseiisisiinisten et LA Bl eeeeenaeeesanes i
Rl E .
TEBERUREE F S/ A B 1] crreeesmmammmmrnenisaeicn i i FEfE ceeeeeeeeennan 2
il X
) ZWER RSN COEBERSLICHT 5 XA <7 bvillER:
--------------- WA e, B sk, & i, @k C£E e 12
D HEEASDT XBA Y b VllERE —— 7L — 3 HGe RINEGD
MABI LR BV R e A Boife, hER T, &@f% [CE e 18
O REHRZWTHIRIC 51 S BREEO ¥ H R DO BT
................................. S, PIH B oeeeemeeneneen 27
ESREGMIE S 2 7 4 —MF [ P —ORfELIEH
.............................. kA wE, M R e 34
XHR T V i GmeEEomEHEIC 20T :
............... FafE #Lhz, @A cA, T S weeresesionenes 41
£ 2t



A¥LFSE - BB OSBEREED, T
w1 1A38Ethics &3 L TXLEES
Einhg L, BickHTESITE0ES,

chizkkEl—ADBEFRE TR, bbb
N—FAKBETRLIATHDIED, TTIL
HALTEREERL LY, REOSR, HKAOD

CTiHEEBHOLTBDE G,

A&y & 8 — [






A e
I =}

£81 AFEEDCEN

we1ERIREA % Tild & 5 IChE LEdes
B EERI604E 2 168 (L) 10:00~17:00
A B R T 106&FBHE
Fs501—11 IEBHHFL—1
() 0582—30—1111 (FIkE4512 : HH)
som  10:00~11:00
FELT 7 A )2 v EEETFANOLH
EEAFTER LCH BZ G o
== o 11:00~12:30
i & k2 TR S LA
L, ﬁiﬁ-!ﬁ@&@%‘?ﬁﬁicmb\%nfh\é%ﬁlliﬁﬁtt@fﬂﬂﬁ%ﬁ%, BLU,
%®¥ﬁ.it?ﬁ@f%%mﬂofw%T%w772$§W®Wﬁﬁﬁ.
H$U%®%ﬁ®ME%E%%%%fmtﬁH5%Ef¢n%ofm§MT
T,
BHESOBHOHE
B OB FRTE~9F
w ;r RRIETV
& =1 L FM GEiafdeosi 3,50 0 e
FHOFH L, 5EENE30 ZREETITB LR TVREEET, FHDHE,
EMﬁ%%mif,2H10B£MAﬁ¢fﬁ$LﬂéFéwa
H1 L AH S FT501—11 ERTHHAL -1
Bk TYE |ERLFH HEP g2k mT
() 0582—30—1111 (NE4512)
%82 AFRSRARLD |
EOREL%E Tao L) CkHELET. A SHBHFE P&,
g 8 mfie0sE6 ABH ()
g B I #b
we ) MAFI 604 H 108 0K
oA 4 T 606 BB i A BT R I S PT B E T
ﬁ%limﬁﬁﬁliﬁﬂﬁﬁlﬁﬂm B E S T
T 075 (791) 3211 (AN580, 585)
(155, TETHMOLET. )

§u M@




N+ 2 X—BERU

%H,@%E%ﬁﬁéfmﬁﬁﬁmﬁjﬁﬁé,%mmﬁﬁﬁbtfﬂ%ﬁ&®ﬁﬁjL
o BOBRBKEHHVE Lice CORMICH, SERAORFEOFRRAERFLTELRS
@W,@ﬂ®ﬁi%%(ﬁm®vybfyﬁ%ﬁ.%)M%%ﬁé%%ﬁMf(ét?ﬁén
$40T, EDBATREEML OBHALSCEICLE LR, 25 L TR, TROLDOHA
Ebfwiiwﬁ,$%%«Hﬁbﬁwﬂd$f?oit,£%énf,Nyﬁfvﬁfﬁx
EmaokﬁﬁﬁéniLtecm%&ﬁ&iTémo@&%ﬁméi%if,1ﬁmo§T
SNSEE TN ETOTTHAOEREAVNLET.

D e AL 1% 4,000HM
RO BT ST 1418, 2%1—-4%8, 341, 3%
5#%1%, 7%1, 3% & 400H

—— LBWMALTASHFIOBM —

KEQHmﬁ%ﬁﬁlﬁl%mﬁ@ﬁEMﬁ%ﬂﬁbt S50EESDLBOMAZE B3V
Lfﬁ@iﬁo$M@ﬁuU%w<$<%wﬂé%HMwL§¢aEﬁ.SﬁDOQTﬁnﬁ
ﬁmﬁﬁmth,%ﬁm&&mﬁf,%A%@@ﬁ%&éb(ﬁ%wbiﬁo

08 A 1-32350 EAEERTR

— L2OWESEMI| | ERERE ——

%%&%@ﬁ%ﬁ%ﬁmmﬁLtgﬁmmﬁt,%%%Mll%%&Lgtkocnﬁ
RI1IICKBEHTE. BHIEMI [OBETRLATRSW,






(BIHF)

S e P CHT > T

B AL A G

%mwﬁsﬁmam.ﬁﬁkﬁ@#%%ﬁﬁﬁ@$umibLt%%%ﬁﬂA@A
bﬁ%ﬁf,éé@@mm%%éﬁ%énibtolﬁ,ﬂﬁ,Eﬁ,m%ﬁﬁmﬁ
Lo, FEBOEEEMDLEVE RSN SO AET L, ) LkaadiRLnic
Buobabha LS, BEOERICHRASED, 4 AT AYT x-StV
aVJ&iﬁ%wﬁﬁ&LTMEK%LﬁqkéﬁKﬁﬁﬁk,%%wﬁﬁﬁwﬁﬁ
%®$mkof%%®%ﬁb%ﬁﬁﬁﬁﬁ6ﬂ,%%&ﬂ%@%%ofﬁﬁﬁﬂﬁﬂ
DfEkERE LT L

ZoOHOHERZ
[ X SRR RORFNEER]

[y X%E A BIEERO—FFHhE]

[RAERERY
[rigz~<7 +vOBSE]

HETHNE L1, BEREHTRES > T, FOPLHEREFZOXRERICEPN
TWhOBEbhD T,

HLVEREGERFEMEEOE 15, B15THE
[ EEsIC B 1 B iR — FRRE R L 3 7 o RERHE]

[H & DR H I X 5 RF
[EENAEE L SPECTHOF LW T — 4 HiEd]
&mafwiiocﬁbfa%&,%@FE%J@@%W%&&F&WJéMt@@
ﬁﬁni?omwwﬁmﬁ%%ﬂ£§6%ﬁn1wéﬁef@@,%mwﬂﬁéﬁ%
%%?%,$%@I%ﬁ5£5&~%$794%ﬁmtﬁ®5ﬁwfﬁoLﬁb#ﬁ
§4®&éubm%%%¥iaﬁwfma<f,ﬁﬁi%fﬁénéiﬁmﬂbib
;5oﬁ%uéé@%ﬁ&m%®ﬁim%émﬁ,%1%%@@@Mé§@§ﬁm%
ZOEEOEFENELNT, SRNLVERELTHY =3
Fﬁ(bf%&%%mﬂ%@ﬁboﬁﬁ%fhiw$%%ﬁﬁ5H$HUJ
&ié%ﬁﬁ%@iﬁn%E@%$A@@@ﬁ&mmé%&%@zav7@ﬁ<mt
m%%ﬁt%ﬁ%b,%bfmﬁﬂféﬁ%ﬂ#$—$f,m%mxﬂéwﬁﬁﬁﬁ
AR REINALIICEMLE T,

Vol. 2 No1(1985) ==



R BUERE B

MEZHER X PY

W A =

KBRS E R E DT

¥567 ARFFRATEH/ E8ELS

(19844 11 308 =)

1. @ L & [

FE, MFEMESR, RAZOT IV N
%kt.@?ﬁﬁMﬂkV&ﬁi.%?ﬁ%Lf@
100 GeV = ¥ — v O ERIIHOMREE s TV
%, COXHHET X —MEER, EELT,
W TERAICEERINLDT, TORMET &
C%ﬁ,%%ﬁﬁ@<ﬁ®%®%—@ﬁ®%ﬁt
WHRGBICHET BT LTH Lo

B2 R ES R EOBR, 3E, HNmE
SEEOBRE bThTE D, HEROB—HIAR
ﬁ%%ﬁﬁﬁL?O%%%ﬁ&%cf%%bﬁi
ROTHDD . MEE6EORAATIEEL, ME
ﬁ%ﬂfwﬁﬁ¥¥ﬁébéﬁﬁﬁﬁmﬂ%m,
&K@%@ﬁ%f&b.%@ﬁﬁ@émmﬁﬁm
ﬂmﬁmﬁﬁﬁ%Ev%?ﬁwéﬂ.£K§ﬁﬁ
CH - THIASNARES-TWA. ENTH,
@(%ﬁi?d,ﬁﬁ@ﬁﬁ%%ﬁﬁ@Mﬁ%%,
v h 4 MCRBDHBEICR ST, D5
ﬁm%%@ﬂﬁ%%ﬁ&iﬁ;iﬁ%ﬁﬁiﬁ%
Eb,%%u@%@hmm—gﬁbtmﬁﬁ%%
SHEEE A EVH O N LRENLILTH -
ta%Lf,CniT,ﬁ%&ﬁﬁ%ﬁ%th
S L v A& ATV INESD, —H#

ﬁ%E%LT.EI$W¥—®§\k%ﬁ%€%
Sahs, Pk, wE L, EMEFEFODH
#Qﬁiﬁ%ib,¥ﬁ,ﬂmﬁéémﬁﬁ®ﬁ
ﬁ%%ﬁwb.xﬁ.rﬁ.%?ﬁ.@%ﬁﬁ%
ZFEEA A ¥, PHFERI S, 2 —OPHE
FETavho— AT BT EHARICE ST —
£, BREADTEREL, TOTFoF—HEb
Ly YicE » CRERET, HETRERES
nNEMEN» A SE, MAOLET (xxn
F—45) EEOMRRORMMAHSTEE LIS
S EWA D COT L, MESEADRBIR
Wﬁ%ﬁ,LET®%ﬁ&L(@@ﬁ%&EM¢
CLTEALLABRL, —MONRERITLD
mw@wﬁﬁ%,&it%ﬁﬁéc&mK%E&
Uéowg,ﬁﬁﬁﬁ.%ﬁm,LETmlﬁﬁ
ErAE - L TR TS 5T, EBROMESRM
EGM%ﬁ%®@%m@U&DﬁE%KH59m
Eed, Wi, & v b oE—{tnLiES, B
Bl 2 BE LB ERELTD, 5TH, +
EEIT L T10~20 € 3 fh & L 5 K Rl i ¥ v 2
DEBTEAEFESEET ELARRICE > T 5o
z d & S RS RO Z LTy, For
%U@ﬁﬁ@%%ﬁ%ﬁ%&bt%ﬂ%f@ﬁﬁ
LEhfrd 5y, HFHmTRPERSNT S,

B W R A U RSt



4+~ TOEBI RS EEICH L TRENSFHE
BEET b TRV, Re, Fitd 55
BIETX B3HllED WL 2%, E%RIE - TEN
THBLEILT Bo

9. EaR/SILAHEREBEOF A MY

mEEosiEto— DR E LT, BN
WOBREEBIRICETEEVITLENSELL
b, COBBICIH->T, KRAKFERFFERTR
FRICEE & N BT-HRmEER, = 2 v -
7 35 MeV & LTEL @R, ZOBTHRO
SV RIEHS 20 BB EEIRICE S, BIL, T O
WAL EENABFOERRILS0 7/ 7 o
PlEibELT VWA, COBEBTFHEIIVAZE KeTA
ha@ElL TF = bya7aRESH, A=
2 #1453 TeHiBlLic b DHFig.]l THH. 777
54—« hy 7T, EIDOBEEERELN

100.00

=

=l

=

-]

5

w

&

< — ~20ps

s =

ol

0300 ~756.00
: CHANNEL NUMBER

Figl EapETE SVRADARN =7 =" F—2

HVOT, Eas L TOEREDS LAFHHIT
0, COBTRES VI/AT VELDLLY
—y hICHRE LT, BIERE XER & St RUE
ik AP FERESETHAT 5D TH LD,

Vol.2 No.1(1985)

X0 B ERFRIGEES EEICHE S 51
i, BRI THLEHRENRT S0
DBEETHS., BRHERE, XBickbERHIC
k4 AEMEMBTERSNTE L, RIURE
bZERBREIC L D, BEHEDRIE S s BEr
CRKEDZDYTHE 5, BRBOHTEIS SR
HADIEHRTH AT DB 5.

BERAFO LD, PIADEIPHOAVRED
BRI LTRSS LIEVWOT, FAER
BABMMEL L TRD B LhHERRE . ZOE,
EHEEcESEFEEMMNL T, BREOERPITHE
HELEEARDA A v ERDT, 41 A VERELT
Bl h5. XBOFGERBENE, 14 V&R
H=FmmEisn, BrzhiEsTlERED
R B, GEENELELE, EAM 4 VOR
AT D, ENEBEIC LD, BT
K L TR A8, BEeT AHERS
By, BmICEET ARICHHARICEE -
L% H, chidM A vEBHRORBDLNEY, EE
OEBHBEEEMAEL D b TICCIZALWERIC
Pt tss, D, BRICERICEDONLE
HERO, BOCHESLBREICHT 5 HhEIRE
W (ff) &Y, BRaERTENE S =
1T, BFR0< <1l OfDEEL S, <
OIESE B BRITKT S 5720, RO
B TEMEO S ERPEDRNETHS. -
<, BicEREoN HEREES LTS, 8N
FHEATHRLTL Ahb 5. 22T, #l
EEEE LT, AUBHREXOEE, 255
%%$]ﬁf}?ﬂi?6&,%%ﬁmX1=ﬂX,
XzzﬁX&ﬁ%hb,ﬁ%®w%&%aXﬂXg
= [/ fo &30, RAO fEDOKAKE 5. BEE



ﬁ@@%%&%%iﬂﬁ,ﬂ%%ﬁﬁﬁb%tm
Hoh LoKiETEC LD, NEDROH LY
23 1) OEBHGER S OMEERDTBIE, X &
X, L &R, Fig2itRdXIBT TV A b
MEMHE CRELT, FigddkdNBREREE
*RA2FENLTA 4 vEREEZRONE, EONE
YREBL T ENTE B, TOBRENEHEICD
Wi, XiEBRE NS

Fig.3 ZHED1 & v BiRtEE
dh 1.5 #A/div. KB 0.2 ms /div.
EINEME 500V, 1KV

Lz AT, SETOHRIE, BHALENLE
ﬁm417%ﬁméﬁéé&®&ﬁ®§&mﬁb

TRtz A6, ESEERMODOBRIBE,
o4 A v Thh, BTRFSLTORVER
LTwd, Bz LT, ThiRELVLWTHS I
Fig-3 THBAlXNE A 4+ Y Bifi%E, b- LAK
EHOBVIIERTHRIT S &, KPIOETIC
WiLb b R BTERSBAS NS, C
mEDtbicd, Figd i ind ks, FiTH
BCH5hS, LBRLIEE R =7 VS
LB R s h, BER sy —vEIRAL
Fig.5lomd &S HEFREROMEICKIILT

~ Electrode Insulator

(AD \2 it (Polyetylene)
=
/] o
Collecting
Electrode
(Al

Fig.d BEEHIGESBRERE

Air 760 Torr

Applied voltage: 500 V
Ordinate: 0.4 mA/div.
Abscissa: 5 ns/div.

W .

Fig.5 MEEFOE AT

%, AL, COEMEE L TOBFENER,
DA A VBEHEOK1/1000 BETHADT,
NAEEEL TS F A b Y OGS o
v LL, OB, EREREODTI

B A e



STWATLEEESEDLTVWS, HI5, H{EE
20 Ea o XEHBEAOEEZSVT, —KK
BT+ EHFOENEENICREAEE (ZOH
ST E TEEBRICRAEE ) , EXOMNS
FABRMLCBTLEAA Y EATIEETDHS
5. 1RFEOZERD TR, ETRT CiehitaT
i ->TRAFVYERL-TLED . ZDFMH,
FigSimd &g, K10+ / B L8l S
i, EFOFHES, s zhd, A44 v
DR, $910 +/ B E0ITLETHS,
F0%, EADA A ViE, W< Y EH100 =4
s o CERICED OGNS £DOEBRBEH
Fig3Th-72o COBFOFEEGDLOIE, %
SHTOBTHNERBERDLT LPTE, S
2 XBEFATZCDOAETIE, ERT—2OE
WI1GRESEENU EOSEN AT TOBESFHNE
FHAERHLT EDAREL T D, BF 5 FHEK
DR — 5 EHIEE N TV B,

ZOiEd, v ABTEE, Tl )
54 FhOf@ADH T — + £V ¥ —DFLFHFGD
BB HEAENTV S,

3. EBEMSBEOF A MY

—fiic, MEESE—BEORENFEIES S
bDThHAHM, TOETFIF—DORBBRFD,
VLU =4y bieHicb s, TORDEEK
IR SRR T . FIAE, SRR
OB&R, #HERSXE Dr, BEFESE
Zoh, BIRIFAVEF-DELLEE, 4 RD
IR FHEL-TL 3. LT, &40
ANE—BIC I FF - TH D, ARG

Vol. 2 No 1(1985)

bbb B, MESEA, ey -4y FDEH
12, Bk 42 TEUELBODTHEETRERIBEZ/RL
TWBETHLHD iE->T, BHEEEZITIICLT
b, BIBHTO“ &7 WSO « B " & ILHEICE
BLTHELCLERBHDTEETCHS. BT L AN
# —H3 50 MeV L FONLESETIE, F A RS 8 3
FELT, FBEHXELEPHETFOALEATK
Vo BFIANMF-HELHBILONT, XK
B, ElB, BT v — L0ETHRIIKRICHESE
L, #AEEEBOTPRELEE, 2OKFERL
fbOhFiab THBY LT, PHTR
BNEFMICRESBEZLTLI N, &z, ik

LA A L L8

5]
s

-
.

107 = Suggested, s a

E s E

m
S
>

ABSORBED DOSE RATE ((Gy -h™)(kw:m2)~")

10° & 4103

ABSORBED DOSE RATE ((rad-h™")(kw-m2)7")

103 torgred o eann 1 el !
| 0 100 1000
ELECTRON ENERGY Eg  (Mev)

HllE st X AR O B AR

Fig.6

TREgE, ¥4y MIHEICE > TRECRL
D, Fig1IRd &5 KEFESELICHATSY
it FaZRICHESE 246800 5881, ¥
=g AL, HOBRVWOESSE, &
RAZEEZEELT, SBEY v ISATvEDI Y
FBEHOLN S,

ETC, ZOXHNHEBEHRRESICE ] %8
AER, —FEITNELODTHE I Mo ED



U/ Ba\ Ni
W Ta Al
ELECTRON ENERGY Eq (MeV)

Fig.l SGlERIGICE A DiEFRER
e L, BRINERIESEAEAVALE, »1IE
D ORETHIEARETHB. OB, 77977
L4 oEmERE DY, 2GR DR

D=5 s];W; /e (1)
LEhENb, TCT, SERNERERDIZV
MEOERMEEL TR (EREEREENT S
LLT) OrhentTHBH, BHEMBICESR
EmyEERAVSE S=1 15, £, Ji |
B o R EEEAN OB EROZERIC
FaERVTILOA A vOBHE, W, B, *
i OSBRI ESHT LA 4 Y HE(FBDICE
+TAEH aLF—, HIE, WEERDTH, —
o, COWEEHRERKLLY, By —ELsn
TWBDT, W; =W &80T, MEESOMCH
#5, T, MR

D=@Wre) 3 J;=WeQ 2)
LY, BREEICLZEHBOBMQEZRIEL
FE/r e TENBFREA & v OB EKED, C
HicZeS O WIER 34 eV A ¥ o — WBLANITIRE L

TE TR, RIGEED J/kg BIH GyHAL
HKEAHC LIS,

wic, WIBEEROMERE S ThE L LL
5&, TNRAZLHPTI2OHEDBER !
N5, —old, —BEMEBHETHEH, &K
BT FLF— « AR b7 LETINT VAR
%3 EERIFEIC & 0 sk, TCRP (EBEHURERER
FEL) KLDEAONTWAEMEBHP,; (E.
AHOT, BELYRHE

H=3 [ P;(E)8; (EYE i
1Yo

15 BRICE D BHT BHIETH B0 BHAEO
P, (B) £Fig.8 e s C Ok, SR

,
=)

T 1)

protons 7

/neutpm/

=
=

e
g = O "
B b o AN w g

...
=3
T

electrons

| ) I L [N

=
=1

photons

=
ol

Pl s Lo e

el )

CONVERSION FACTOR traml[nlemzn

-
=)
ol
(s
|

Fig.§ 7/uxyzR-HREMBERERK

HEERMEXZ L WHEENTREETHS
TavE—OKELTDO 7T VARG (E
%, Bk SEIEAR - B EFE L TR LE
hzkpwaEdrs, T oF—@EICE-T
BELAHEVBELBVIELZRA NS,
2ERHOAEE LT, FEEESD LEEL
pEtgoBEciRc b o, 2D HHOME
TOLETDR~Z 7 LICEHT AL ESH
CoEHICTHE, BEROBEE, *xvF—
BE ¢, METTOLETOAEERELT



ZOMOBHSLETO | MBAKE LTHRAS &I
2150, BEEm DR b EBIC 5. B5, &
B

H:j:QFuJDundL @
LEDbEN, BRICH-IRERRLELN S,
zZT, QF(L) i, LETOM#E L TORER
#T, [CRPICLDFigdnLIFLENTY
2%, DILEMHBSEMEDTO, LETD
RS S L CoOMaREET, Tnid, LET
S

20|—————| /

QUALITY FACTOR

9y 10 10
COLLISION STOPPING POWER IN
WATER [keV/um]

Fig.9 ME/RKDL E T k7
R bhORA—4, WhWwboyys ho Vs THl

w4 zc T 20RELE 1 HIEFia.
10 KRS COFEE, DILSAERICKRDD
z EHTENE, B THENHEETH S, A
L, TOHEE, ~SvARGSHRSBROELP>T

I T ! T T T T

0.20 —
electron energy : 28 keV
o applied voltage : 770 V
0,15 o  gas pressure : 56 Torr-
angle 1 75°

0,10 |— =

0.05 - ==

ABSORBED DOSE (arb. unit)

o
1 al L L__%olngoolgoanls
a 10 20 3 W 50 0 70

LINEAR ENERGY TRANSFER (keV/um)

Fig.10 HBESMYWETTCOLETAXI 74
D—Hi

Vol.2 No.1(1985)

RBBAICIHENERET B0, HMEHRO X

515, WSS — 2 REEHRICH LT TE
W, COEEZRBLELON, RiTh~53EF
HOBETHS . WRDQF (LYVe#s BRI EC
BLTEEELY,

H=§F£;xmdpiﬁ-ﬁ )
L&A B HL,

oF= [ QPayDWaL/2  ®)
T, DEeRBEREERDbT .

BRI B 5 2RI RIE, MASH B
ARV TASICHET 5 EMNTESL, BT,
BigE — 2 MROBAE, BICESLT TVA L
RBHAEE A VNEKD BT EMTE B, MBI
QF THAY, ThbBERERAVT, FbEA4
VRO TIPS R E EHUO0
pHENSERE N, KENEBICRDONG, 5
L BEREBBEAFLD

PED=2DHET, BF 54T v IDF =7
o+ AITOREYE L RINGE L EEL,QF
&b T L7 bOHFiall TH5HLD BTE
— A OFETAH B LT, AESETICONTXK
WOEETREEHRY, PHTOFSTEEE

o G —— e E Iﬂ
8.0~ = separate measurement =
7.0} O average o

g 6.0} @ LET spectrometer q
-
E 5.0 — s e
S 8.0 / = -
B ¥
- 3.0 =
5 i
a9 a
; 2.0 : A —
B o
2 5
¢ 1.0 E/ =
B
0 15 30 us 60 75 90
ANGLE (degree)

Fig.11 TERERMOAREKE



ﬁﬁmﬁétb.$ﬂﬁﬁ%ﬁﬁﬁ%<ﬂb,@
S o - LTREREV D T EILE 5. T,
P 3, EEORERAERRICAS VD
ﬁ%%%%%%k%<ﬂ%oit,cmﬂﬁa,

BigIC kst HEOBEORE bhD 5o

A, BEHEHMSEORTE

BREstesoREnEREL LTE, -7
mﬁmm)%mémﬁﬁﬁﬁﬁéﬁoﬁ—vm@
EEEHRRICOHERSNBTHED0, X
@ . chp RSO L T RIE VA, EEE
%H%ﬁf%éﬁ%ﬁ?ﬁﬂuqu%%ému,
ERAIET ABENH A I ENEETHS,
B —wDERR, HIMEORERLDPOE
U%&éﬂtﬁ%ﬁ%@ﬁﬁl$W¥—®%m&
WS ETHDBID, ChEZOMEADOWETE
g, FEA A OBk ED, AANICEE
WROBELELE DY REBVH, H—<DHEERE
e RbdBEVHTEMBTEL I,

%@i%&&bfﬁfv%ﬁmﬁé%ém,%
HEME A SED L TR LT, BHRERAEE
n,%ﬁﬁ—7tWﬁﬂéoﬁ—v®ME%%$
CRE L, RN EESRDIL->TEE, K
R L LV, £ TRVWBARTRERT
2. Fig.12 CEHTORNGRE D — 7 DE
é%m®’M%%ﬁ?a&ﬂﬁ§®@éﬁﬁm.
¢@%ﬁﬁ%fﬂm66tﬁﬂﬁf,Amxw$
D,%ﬂﬁ%&ﬁﬂvmﬁmm”)

D=(1+e¢ % K (7)
5 BMEEISRH SN TN H. CTT, € BEW
FTVT%ﬁ%ﬁAﬁ%ﬁﬁﬁ%%ﬁ,?M%E

T T T T T
1.0}
K = DI{1+eX)
3.3 -
-
B o S i
e ~ _ ABSORBED DOSE D
e T~
§a
R
@
£
<
0.6
5 1 | 1 1 |
L) 1.0 1.0 3.0 4.0 $:0 §.0
DEPTH  larb. unit)
Fig.12 WG & H — < DES A0

T 2 IR BT OB E XD T .
DT HHBEIL LD RD BT ENTE B 2T,
WE - EEAHERYD, BOFRTORERIE L
£ R EICEATEE L 7 BEE RiE TR
LTehiL, Emh—~vEKDHDSC EHTE D,
BRBOBA I, ARREICED, RLAREA -
< AT E BBENHS Do

BB REREEE LT, ATk
EEEHOF A RMT 22 L bFEAONE. BT
@ g AT ABEDEVICELD, LET

‘-“1’ T T T T T
electron energy: 28 MeV
5.0
S
=
Q
e
’_II Ore -
L= angle
-
a0®
<
L0 ®—g - -
o ® 60 ==
g —~—p—0—e—08—9—0
g1.n- )
> ® 30°
< O—-Mo—-——o—o—-
1.0le—e—Lo—oa—o—0—8-
| ! 1 | 1
0 5 10 15 20 25 30

Fig.13 THHBEFRMOKDTORS A
27 b5 L RUXEE ST ORR O RKED
Eﬁétb,@?@ﬁﬁmﬁﬁﬁbntocnﬁ
e, QFOMED, ZORBIBOK FOHRTH
KMT§%C&%§RLTP%nEEE.MiH

B ) AR SR R



KhCHOQF DEEATH%EE >THTH, Figl1l
Rt ki, AEIKEZBVERE TS Al
B, QFELETARY k7 6&H 15 1 extis
LTVWBZ &iKtib, COQFDBESHHEERT,
TORBED “HS "OLH WO TE X
5o PHEFOTFLF b - LENEEITE,

BV CQEME— 252 EbEALNS,

L L, AKICHd 3 EREDHE &G 5F5H
ARHEBSOFRTECEAT 201, RO AH
RTHAIe £LT, ROBHELTELLNS
o, {EFERICOFEREB O A NEEHEEL
bo, BHb, BERNT FvFE—40 DFNE
LEHRBINBGHETHD. T LT, BEAFERIE
ELT, 70y rBREHCBVT, Bk 4 v
BHEHEIT XD 28k 4 4 VITIEARIGERIR S
bo EEOGHHEE, 100e VORI T 0¥ -2
pTERSH, CCoD r TR L TR, #1565
5z 60TW5, L LENMSL, COGEERLET
REEAERL, FiglOXHEEELE.E-T,
{bFINRY RSP TR

Y'=_fmG(L)D(L)dL )
0

EFROIBPNERE ST,

T o LA | L LA

o
° o o

mob o o 220 kVp X-ray-
LCo~ y-ray ' ° 170 kVp X-ray 7|
0.3 MeV X-rav o 3H ﬁ-ray I

° 218 MeV -

= Eeutron E

°
1.99 MeV proton ¢
0.99 MeV proton s

B! (n.a) Li” recoll  °]

LT G S

G-VALUE (Fe> )

5.0—

lxluuT L -:lun| [ |
w0 05 10° 510 so 10t

LINEAR ENERGY TRANSFER (keV/um)
Fig.14 7Y o4 E@stoGED LETERE

Vol. 2 No.1(1985)

GIED L ET A0 Rb 0IcTEG s
C- fmctm D(L)dL/D (9)
0

LEHT IR, LFNEY
¥—0 2 (10
LEbSh, VELRNERDEERBNE, G
PBEHENE, ZOVHEGHER, Pi0, Bk

DRTEORIE TGS
i F & XBOE L OHRBROEEH, BTHRD
EITHEPLOAERM LT, Fig 18 DX iC
b4 B84, COMEMKEFERFig160L5 Tk
Wb, fE-T, CONMENNDELE, BT

1.80

-—4 T | T I
St
=
0.8p— —
w X-ray dose 0
a
: N
0.8— —
< o
z
e L]
F ool / -
u
<
= neutron dose .
0.2}~ —
.
L ]
—
o0 | 1 I

0 15 30 45 80 15 90
ANGLE TO ELECTRON BEAM (degres)

Fig.15 BF 343w 70% %y FEADH
PR & X R RO &0 fERE

-
o
/0
=
wi
@ ¥
o
=
B
<
1

6/6y
T
1

HOAMALIZED AVERAGE G-VALUE
o
-
T
1

0.4 | ) 0 -
e 15 30 (13 80 75 80
ANGLE [degrea)

Fig.16 TG EO AT




@O ETHERD >EN AR, REBOLET 5
ISV AL TS L EHHEEE NS,

54, COKPTOHEEAH%ZFig1TITRTo
Y@k RELCADEED, o F I FRET
lzwﬁ-%%m.¢¢wﬁ¢ﬁ%&ﬂdtum

- o a/a_—;‘—'s-——e-—'n
s o °,../-,°/e
- 0.9 =
E / —w
gor v/(/
YL
(T e
/ a
;0.5 /
3 e e
9 o
0.%
1 1 1 1 1
[ 5 10 15 20 25 it}
DESTH  (em)
Fig.11 THGHEOKPTOERS I

FhE 15D, GREHMEELTHAETIDD 5.
pe” LS ¥ TFe” Kd 50, EELT,
BB X DFET B 5 VN vOBETHHM,
LETHAENE, 037 YhVASEDESDIEL,
Fel' LRIGE B £ D b T VA MERS UG
LTATiciE-TLEY, Fe’ £MibE & 54
HEE-TLESC ENERT, GEPETTS
LEABNTY bo

. OTHG %R 5 HERRAREESLL,
GlfE® L ETRENFKBOERIED G(L) %K
5T & HEIkEICE B L, Foaiic, G(L) »EE
O L SHOSEEFNT, RADRKED,
ﬂi@,*¢ﬁ@LETz&ﬁbﬁA,%%,ﬁ
ARNERERDDBLELTES LIS

5. & H O (T

& iouE - RS L DS LA EREL T
%ﬁ@ﬁ&%ﬁiﬁF?ihU&ﬂmﬁ&&ﬁd,
Hie, SREAEN LoD, TEARTH—MIC
Mo iS HEORELRA . B, MR-
KRS I 1 RN RORMEE, FHERE
%ﬁ®*¢?®%éﬁﬁ,ih.7uv&mﬁﬁ
OFHGEDOHERFETH L.

cho0Ri3, EREEEELT LEai
LOTHD, Mk, BHREEREREDT LY, €
®ﬁbb.ﬁﬁm$%mﬁﬁ%®%¢&émﬁﬁ
AT EMAREETLD, Z O AE D TRE
WEWZR Bo

4 s

1y Hi Sakurai,M.Kawanishi,K.Hayashi,
K. Tsumori and S. Takeda: Mem.
Inst. Sci. Ind. Res., Osaka Univ. 38
51(1981).

2N Yamamoto, K. Oda, H. Kobayashi
and M. Kawanishi: Nucl. Instr. Meth.
172 447 (1980).

3) T. Yamamoto, K.Oda, H. Kobayashi
and M. Kawanishi: Nucl. Instr.Meth.
196 469 (1982).

4) T. Yamamoto: Jonizing Radiation
11 2 (1984), in Japanese.

5) K. Fujii, R. Kikuchi, S. Katagiri, K.
Tsumori and M. Kawanishi: Proc.

4th Int. Conf. Ultrafast Phenomena,
Monterey, p. 402 (1984).

Be FA E g A R S R



6)

7)

8)

9)

10)

W.P. Swanson: Radiological Safety
Aspects of the Operation of Electron
Linear Accelerators, p. 52. (IAEA,
Vienna, 1979)

W. P. Swanson: Radiological Safety
Aspects of the Operation of Electron
Linear Accelerators, p. 87. (IAEA,
Vienna, 1979)

F. H. Attix, W. C. Roesch and E.
Tochilin: Radiation Dosimetry vol. I
2nd ed., p. 331. (Academic Press,
New York, 1968)

K.Oda: Doctor Thesis, p.89. (Osaka
Univ., 1983)

ICRP Publication 21 (1971).

Vol.2 No 1(1985)

11)

12)

13)

14)

15)

H. H. Rossi and W. Rosenzweig:
Radiology 64 404 (1955).
K.Oda, T. Yamamoto and M. Kawa-

nishi: Nucl. Instr. Meth. 202 481
(1982).
K. Oda, H. Koyama, T. Yamamoto

and M. Kawanishi: J. Nucl. Sci.
Technol. 21 224 (1984).

F. H. Attix: Health Phys. 36 347
(1979).

T. Yamamoto, K. Oda, H. Mukai, H.
Koyama and M. Kawanishi: Proc.

5th Symp. Accelerator Science &
Technology, Tsukuba, p.384 (1984).

=

S



@O > e N5k, BRBOLET A7
ﬂﬁﬂ%w%wﬁmfﬂfwécaﬁ%ﬁénéﬂ

4}, COKBTORS AH%EFig1TIRT.
Xﬁﬂ*¢ﬁ&<kb%éﬁ,ﬁ¢ﬁ%ﬁﬁ@f
avE—RED, TOCRPHETEESTLET

” T T 1/48___;_;
: e
i o4 e L
E L e
g o // ]
w 08 o
£
% 0.7 /___,,L——'—e—'—'ﬂ =1
E o ] 4
; 0.6 / N
E 4 boriaa e S
Q.5 -
| ! L ! 1 b —
a 5 10 15 20 5 3
DEPTH (em)
Fig.11 EHGEDKHTOESHH

ﬁ$é<ﬂ@,Gﬁﬁ@@th%ﬁ?ﬁb@%n
Pt 2ELE TR KTH0E, EELT,
W%ﬁm;bﬁiﬁéavﬁwmﬁéfﬁéﬁ.
LETﬁ%m&,cwayﬁwﬁgmﬁﬁﬁﬁ<,
Fet LT B &0 bRICT VA NMEED G
LThTiiE-TLEY, Fe' £MILE 2 5HE
ﬁ%%ofbiﬁC&ﬂE@T,GﬁﬁﬁT?5
LEZLOLNTV B0

C DTG R B A IG AR,
GﬁQLETWﬁﬁkmmﬁiﬁﬁmMKL)éi
b%caﬁﬂﬁmméb.ikﬁw,GUJﬁﬂ
HiOW L S hOREERVT, KAOEKED,
Wiw,m$?®LETz&ahaA.w6,ﬁ
SRIERERDHTELTED LIS,

. & H O (S

%Iiw¥~mﬁﬁ£bﬁ%ﬂ%§ﬁﬁbkm
%ﬁm%&&ﬁitwvxru&ﬂm%&%ﬁ&,
Eﬁ.zﬁﬁéE#LOO,TgéﬁHﬁgmm
WOk > HEOREORA T, B, BFE/ -2
bﬁﬁﬂ%ﬂﬁﬁéﬁ%%%@ﬁﬁ&,@ﬁﬁ%
%ﬂ@#$?®ﬁé%m,it,7uvkﬁ§ﬂ
OFHCEOARKEFTH S0

cnoo|iE, EEEETERELTLES R
LOTHY, N, HREERARDT EH, T
Ditp b, HEmEICRREO2EEEEET
BC &SRS 11D, 7O TRS
WEWZ Ho

A Ak

1) H. Sakurai,M.Kawanishi,K.Hayashi,
K. Tsumori and S. Takeda: Mem.
Inst. Sci. Ind. Res., Osaka Univ. 38
51 (1981).

) ke Yamamoto, K. Oda, H. Kobayashi
and M. Kawanishi: Nucl. Instr. Meth.
172 447 (1980).

3) T. Yamamoto, K. Oda, H. Kobayashi
and M. Kawanishi: Nucl. Instr. Meth.
196 469 (1982).

4) T. Yamamoto: lonizing Radiation
11 2(1984), in Japanese.

5) K. Fujii, R. Kikuchi, S. Katagiri, K.
Tsumori and M. Kawanishi: Proc.

4th Int. Conf. Ultrafast Phenomena,
Monterey, p. 402 (1984).

B P {47 SR R A E



6)

7)

8)

9)

10)

W. P. Swanson: Radiological Safety
Aspects of the Operation of Electron
Linear Accelerators, p. 52. (IAEA,
Vienna, 1979)

W. P. Swanson: Radiological Safety
Aspects of the Operation of Electron
Linear Accelerators, p. 87. (IAEA,
Vienna, 1979)

F. H. Attix, W. C. Roesch and E.
Tochilin: Radiation Dosimetry vol. I
2nd ed., p. 331. (Academic Press,
New York, 1968)

K.Oda: Doctor Thesis, p. 89. (Osaka
Univ., 1983)

ICRP Publication 21 (1971).

Vol. 2 No 1(1985)

11) H. H. Rossi and W. Rosenzweig:

12)

13)

14)

15)

Radiology 64 404 (1955).
K. Oda, T. Yamamoto and M. Kawa-

nishi: Nucl. Instr. Meth. 202 481
(1982).
K. Oda, H. Koyama, T. Yamamoto

J. Nucl. Sci.
Technol. 21 224 (1984).

F. H. Attix: Health Phys. 36 347
(1979).

T. Yamamoto, K. Oda, H. Mukai, H.

and M. Kawanishi:

Koyama and M. Kawanishi: Proc.
5th Symp. Accelerator Science &

Technology, Tsukuba, p.384 (1984).



Ga 30

SSUEIRERZ L TCOBEERENEICITY B XRARY MIVRAIEE

WA BT - B AT - it - & CET

« KR TEEEHMERBALER  TLT2 B0 2612
o+ EEMTEGU A T EFTBERTFER 7606 TIERTH 2SI A A IR S P R T
(19844 11 H12 8 =8

Measurements of Diagnostic X-ray Spectra for Various Tube-Voltage Ripple-Rates
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In diagnostic radiography a large x-ray tube current value of hundreds mA is required. Therefore,
in measuring x-ray spectra with the factors used in diagnostic radiography, a germanium detector re-
ceives too large a photon fluence rate which causes great error due to the pile up phenomenon. When
the tube current is decreased to reduce the photon fluence rate, the ripple rate of the high-voltage wave-
form applied to an x-ray tube becomes small. This is the effect of the electric capacity of high voltage
cables connecting a high-voltage generator and an x-ray tube.

We have developed low capacity cables, and reduced the photon fluence rate by decreasing the
tube current to less than a few mA without changing the high voltage waveforms. Then the measure-
ment of the x-ray spectra with diagnostic radiographic factors is readily performed. The x-ray spectra

measured for several high-voltage ripple rates are shown.
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Measurement of X-ray Spectra Including Scatter

Oblique Incidence Responses of a Planar Ge Detector

Masao MATSUMOTO*, Nobuyuki NAKAMORI** and Hitoshi KANAMORI**
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One of the important factors affecting radiographic image quality is the scattered radiation arising
from the interaction of the photons with the object being radiographed. A large amount of scattered
radiation results in the reduction of image contrast. In order to investigate the effects of scattered
radiation, we have measured the angular dependence of the responses of the planar Ge detector for the
obliquely incident photons.

Our investigation established that the active area of a 6 mme x 5 mm detector is 3 mm in diame-
ter and the available incident angle is within 20°. In this region, the measured spectra were successfully
corrected with the monoenergetic response functions calculated by using the Monte Carlo method for a
pencil beam of photons impinged normally on the center of the planar Ge detector.

When a grid is used to avoid scatter, obliquely incident scatter is limited. When a grid of the ratio
5:1 is used, the scatter of incident angle of more than 11° coming crossly to the leaves is removed. Even
if the scatter of incident angle of more than 20° is removed by a suitable collimator or pinhole, the di-

agnostic X-ray spectra made using a grid can be measured with a bit of error.
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The inverse square law is considered to be valid in measuring characteristic curves virtually governed
»y this law. But this law is not perfectly applicable to the tube voltage range for conventional 1adiogra-
ohy. In inverse square law, X-ray intensity is proportional to 1/r™ (r means source detector distance)
md the value of m is usually 2.0. In the report, the value of m with the ionization chamber and the
luorescent detector is studied.

The value of m measured by the ionization chamber detector changes from 2.1 to 2.0 when the
ube voltage alters from 60 kVp to 140 kVp. However, the value of m obtained by the fluorescent

creen detector remains at 2.1 in the same tube voltage range.
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High Speed Image Processing System —MFIP— and its Applications

Satoshi SucIMOTO and Yoshiki ICHIOKA

Department of Applied Physics, Faculty of Engineering, Osaka University,

2—1, Yamadaoka, Suita-shi, 565

MFIP is a high speed image processing system with time shared multiframe data bus architecture,
consisting of large image memory, the image processor with specially designed hardware, and image
input/output units. The data bus with 64 bit bus lines is time shared to four channels, which is capable of
transferring image data (16 bits/pixel) at the rate of 40 MW/sec. In this paper, we describe system ar-
chitecture of MFIP and represent some experimental results.
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Improvement of Image Quality of X-ray TV System

Hiroyuki NISHIOKA, Motohisa TsuDA and Takeshi NAKANISHI

R/D Engineering Department, Medical System Division, Shimadzu Corporation
1, Nishinokyo-Kuwabaracho, Nakagyo-ku, Kyoto 604
(Received November 30, 1984)

We have developed a new type of video memory system by which the image of the traces of
moving contrast medium is able to be recorded. This memory system is effective to improve the image
quality of the X-ray TV system by reducing the X-ray quantum noise. Then we have applied this

memory system to the digital subtraction angiography and evaluated its performance.
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