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Abstract

Optical fiber sensing offers many advantages for industrial use. The optical fiber is a
flexible, insulafing, and dielectric medium and can readily be installed in industrial plants
without significant disturbance of the measurement environment. Particularly attractive are
the systems that permit the monitoring of not only the magnitude of a physical parameter, but
also 1ts variation along the length of a continuous uninterrupted optical fiber.

In this report, the radiation detection methods using the fiber optics are discussed, in
particular, the position sensitive detection system using the plastic scintillation fiber (PSF) is
proposed and developed. PSF has been recently developed as a new radiatién SEnsoras,
which is composed with an optical fiber plastic scintillator as its core material. Therefore,
PSF is relatively more sensitive to fast neutrons, high energy charged particles, y-rays and
X-rays.

First, fundamental characteristics of a new plastic scintillation fiber (PSF) has been studied
for fast neutrons and y-ray and position detection experiments have been also made for 7y-
rays and fast neutrons, which leads to a proposal of a new position sensitive detector using
the PSF.‘Here the radiation position sensitive detector adopts the time-of-flight (TOF)
method. This method has a good time resolution leading to the position determination with
high accuracy. The distributed radiation sensing system using PSF and normal fibers has
been also discussed, and the position determination with high accuracy has been obtained for

long distance.
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Scintillator/Size Resolution Experiment Reference
BC-408 150 psec Cosmic CLEOII
S5cmxi0cmx2.8m 1 sigma muons M.S. Alam
1.2 m light pipes (353 FWHM) SUNY-A
corrected midway 1989
BC-408 450 psec 250 MeV George Lolos
i0cmx12cmx2.5m FWHM protons Univ. of Regina
no light pipes uncorrected midway 1991
BC-408 510 psec 100 MeV Norm Davidson
3cmxi0cmx2m FWHM protons Univ. of Manitoba
35 cm light pipes uncorrecled midway 1991
BC-408 900 psec Cosmic E. Kuhlmann
0.5cmx13emx3m FWHM muons Univ. of Bachum
short light pipes (500 - 1600) 1990
uncorrected midway
BCF-10 Fiber 1200 psec MIP Jirn Frank
35 mmsqar. x3.25m 1 sigma pions Brookhaven
uncorrected far end 1991
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trapping efficiency
3.44%minimum

fost photon scintillating position

& 0.03mm

Scintiflating core (Polystylene}
reflactive index 1.60

Optical cladding (PMMA)
reflactive index 1.49

Extra mural absorber (EMA)

radiation
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PSFRTDY Y FlL— 23 Y AORBERRE2-3-5, B 2-3-6 05 4EH 25, PSFI 7
P2 B BIAIEC 3.44%), (4B - HEBEIC & 5 3. PMTORTHEQST % £ T 5 £ PMT
CRE-BEFRE (Y VIV Ta b YAy Y T4 v 7)) Ehbrw, M2-4-2 RO 2-4-
3 OV ABFAT B TH—HETF CABEF 23 ¥ V2 2T LT b,

¥ 7z, @B BAR10cm-PSF+(10m-FHE 7 7 4 /S =W @PMTII B W T, B EHIEdPSFLEk
7 A N—DEFHEA ¥+ 5PSFHISemA. #RIE L PSFEOEEBem I BT 2 CoyiEBATER %
HM2-4-4 R F H—HBEFOEV—20E»I, ZHhEFHEYT I bEoh2, Th
By 7422020574708, 7 7AN-RUAETEEFEEORRIRFC, ZXE

FADPLENFES LI LILLIHLDTHD,
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incident neutron or gamma ray

recgil proton or electron

B2-3-2 T RUY ¥ v OPSFE OEHEEE,
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Incident Energy : 1MeV J
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Frequency of Occurrence (Arb.Unit)
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Incident energy : 1MeV
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1500%1.

500 -
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0 400 800 1200 1600 2000
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B2-3-6. v T 2RAESHIAEER
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252Cf : (10cm-PSF)+(10m-normal fiber)+PMT

~ 4.0 102 | o — Cf Irradiation

[l

B ; Cf Irradiation with
C 30107 '::: Pb 3cm Shield

VO P
Miariin a0 TR

o
N
0
o)}

512 768 1
Channel Number '

B 2-4-12CHaE I+ 5/ OV A ESS4 (Low Gain)

=25

024



Pulse Height (Count)

252t (10cm-PSF)+{10m-normal fiber)+PMT

2000 .E 1] | § l :} H ] ! E: | L} -} B [:] - § L]
- Cf Irradiation ]
1600 |~ 4 .
B Cf Irradiation with :
1200 = Pb 3cm Shield -
800 L Back Ground ]
400 [ N
0 [
0 512 1024 - 1536 2048

Channel Number

B2-4-2 PCHURICT 57OV AERSA (High Gain)
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Pulse Height (Counts

0Co : (5m-PSF)+(PMT)
6-0103 HHIHEIHHEHHHHIEUHHUIHIHB-
3 H  50cm-Point
—~ 5.010" H ;"'u\ (Irradiation Position)

0.0 1 OO g g 5 p B 5 5 g o 0° n.yn 'B“ Bl e B e
0 100 200 300 400 500
Channel Number

B2-4-3 “Coy#R KT AN RAEESM
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®0Co : (10cm-PSF)+(10m-normal fiber)+PMT

Pulse Height (Counts)

0 256 512 768 1024
' Channel Number

Rl 2-4-4 “Co-y#izstT B,V RIEESH
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3 MR ERD
3-1.TOFEI & 2B MOERE

PSFIC$ 3 3 TOFlE (RATRERIE) OMAE%E3-1-1 1R . PSFOI 7R O—ATRE
L=y v Fl—Yavickh, PSEOBABIICY Y FL—var7s b ritans, o
V—2ar7x% b rd—E0RECPSFALER LARCIET 2, Yy Fl—YaryoRFi
LArBics ) 74 + Y oOPSFEEE CORBERMFEL22720, Y VFlb—Yarvrx bvo
T~ OB EREZLZHET A2 LIREY) Yy F - a Y OREME, T2bbRERAN
MBOFEFTRILL D, TIAF IV v F -5 — i, BEREEF G GERERT
VS LOEREROBREIKELTEY, CORBRLZUERTFRAFy 2 ¥y FL—9—0
SEEEELENCHEATEIMED—2TH 2,

m&#&@ﬁﬂjﬁf\@lﬁﬂ#ﬁﬁ#e%ﬁﬁéé FEE U CRARITHM (TOF : Time of Flight) ¥
234 YVFVAHBETH Y., TOFERNNVAPHTFRICBIT 20ETFO L2 ¥—FER
FUL O VCTEOFHT, 2, T4V v 7 v AR MEGERARARE Y, FHT - pRRE
BOWEILBTE Ny 2750 FEREDBMTEILFE ST 2, FILTOFETIH FES
BmEE b B LAY EFRESRVE SLENROMALS TR TE N, KETHRS

APSFE RV SR ERL P LEL T HHED R VEERFEROBRE ICE, TOFEKBITSE
FREBREMPROEL T b, |

PSFE AWV Y FL—2a v D543 YRR L IBE, K7 74— P {EET S
BOSBFMEE 25, TVFE-FE7 74 A0 BT EFHICE. T— FOR. BITEs
B, WMESBOIBENFHZ . BIFRESEEBES BT, AEERL) 2830 TI
THRE— FRIOWTOARRET 2,

T Fo# AR, £E— FOEBENIRLLIZEDICEL b, BEETARBRORERS

KORDEEREREOE, TLbbRATEINLL(18,
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Atm=[ 1. J-)L:(ELCQ)L

ax V
Vet v G-1-1)
A = %0 Zmy-mp
20,2 n; (3-12)

Ve BERE— FORHE
max = ¢ fq_
| VE-EUM
Vi: BIEAE— FOREE
viZ L
) (3-1-4)
mnz: I7E, 25y FHOBEIE., A HEBRIF=R

(3-1-3)

L: 77415—R, c: HZEPORE
TI7AFy 077 AN ICRTHE, ni=1.60, M=149, T2 LB T 74 N—FR-hpE
— F4EU30.35nsec/m & % B,
BORROAFCHCRBET E VAP S HEOR VTR MIET 5 - 213, TOFER H
m&LT#ﬁuﬁiféaoL#L\—Eﬁk%%n%&ﬁnwzu&®ﬁﬁwﬁaw<O#
EEATVREEHE WV,
L POV ADILG b h BT 3
- PWADIY L EX N A I 27 EROISEEEICEARE
s RWADAYL L) B 4 IV T EAROIEEERE K EFEFIEN
NNV AEBBLNT AT I v 2 Ly IR0,
+ S/ NEHE
CNHOEEEF, WVARBRELL EXDIZL D s 43RBT Yt —2, BBV
Msziﬁtﬁnuaiﬂém%uxn&4sy7ﬁﬁuwegﬁ%¢¢59va%wﬁf
SAIVIRENRRELY , HRE LTHNMARBEDMETES 2567, - THED BV
MERERET A DR INC BRI L 2 BT RET HAFRSLETH S,
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CCTRANNSNVAPLIAI VB2 RESEBIFETH B/ LAY v 2 T 70 FED
2 S BERAVICFTIEIR 2 WTHAT %, CFr(Coﬁstam Fraction Timing) id/$ Vv 2B+ 2
~EDHGEHEL LTI I VIR IFETH ), BRY 4 — 2 LABE Yy & bR
ENLRMP DD ¥4 I V7 BT LERAEORSHAE3-1-213F ¥, . AF5n
AARZRBILZTRES € TSWVABREL, ANNNVAARHEMIIL TEOLL LR ERL Y
BEVEHES ¢ THVACEES, REIC/VACEBEME L T/ANVAD%RIES, 7V XD+
DA EPOBEETEWMY BT LSV AEEOFEOREMTHRE V)V AOEHIEKEL
TWRHAEEIR Y HE b, ALELEXVREE2F OV ARLTRLE OXERE L 54
Bo fDMEIZ0.1~02DFFITRG I 1 I Y/ DHEEFRBL 25T LPERN ICEIDLNTED,

fOERBETCoEBETHAwGR S,
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| Scintitation photon

Zor

Timing Signal
A,

Timing Signal

]

®3-1-1 PSFITBITATOFEDEA
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(A) -
tC)

(1)

7

K 3-1-2 CFT(Constant Fraction Timing)?>/¥ )V A AL
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3-2 WERHATEKR

PSFE AV TOFEIC & B i EREDREHREE3-2-1 KRT . PSEFOME Iz BT =%
ETFHHFEHEPMT : Photo Multiplier) . 7 U 7 ¥ F(FPA : Fast Pre-Amp) ¥ &7 3 v FL—3 3 v
5 i CFD(Constant Fraction Discriminetor) IC & ) # 4 3 Y 7 EFERENL, 200543V
B5 DR Z RIS 2 8(TAC : Time-to-Ampritude Converter) I2 & D /UL R B ISR S 1,
PHA (Pulse Height Analysen) iCEH SN2, CITHIEENL S 4 3 V7 EEORRE L, ¥
VL=V a Y RORTFHEE~OBERIE. T 2 LEEHARIHES ¥ > 51— 2
YOREMBIRES RS,

A% TR L 7-PSF(Bicron Corporation, BCF-10), JEEFHEZ WAL P =2 X, R1635-02).
Fast Timing Preamprifier(ORTEC,VT120) D47~ # — % F L THLE DT, £ n%ni 3-2-1.
$#3-2-2, R3-2-3ERTBIMN ¥ Fl—Yav/VARBRICET 2 BENEEER
LT, METHRESCBIL2ETETHRMOLEREY., BITAETFHES - 7V 7 7K
BHLULEFYRHICEF Ly -, Yy sy —2EIoh b, AL LAETHEY -
7IVT v 7ORHAREREINDTOEY TH 5,

1) AEBFHEESOEFETHMOLA D (FWHM: 0.7nsec)

2) BETFHBEOMET L FA ) (0.8nsec)

2) FUT Yy IOBRANLL EA B (<Insec)
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plastic
scintillation
fiber

. = fast constant
photomultiplier | _{pre- fraction
jpre- || |
iube amp. discri. _@l
Hv— Ly stop
fime-fo- i
4 ulse height
amplitude P analyze%
converer
start
_ fast constant
photomultiplier] Ipre-| | fraction
tube amp. discri
wv— ]

H3-2-1 TOFE & 2 BREAIEHRRE
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2 7R
(Scintillating Core)
I TEHE
(reflactive index )
2 T7HE
{diameter)
735y FEB
(Cladding)
7 5y PRI
(reflactive index)
7 7v P
. (diameter)
B 1%
{Numeric Aperture)
y itisya]
(Light OQutput)
FaRERhR
(‘Trapping Efficiency)
YrFV—varEor-sER
(Peak Emission Wavelength)
BER
(Attenuation Length (1/e))
T rF -3 YEOBRERMHE
(Scintillation Decay Time})
HETTOEH
(Vacuum Compatible)
ERRBL S

(Operating Temperature )}

polystilene with 1% butyl-PBD

1.60

1mm

PMMA

1.49

0.03mm

0.58

52 anthracene

3.44% (min.)

431.90m

1.5 to 2.0m

2.4nsec.

yes

-20°C 10 +50°C

#3-2-1 PSF (BCF-10) 07— 4 —(5]
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PN ce: $ 110.5

¥4 - FERE 8ER

JCEH MA(R VFTF VA1)
St 300-650nm
EERERE 420nm

SNEE (420nm) 82mA/W

H®HFZE (420nm) 25%

BEREREL 1250V

TFEEE (1250V) 2.2X10°
S B s ) BRRY 0.8ns

BB TR 7.8ns

£3-2-2 XBEFHEEOBET— 5 —
(ME#FF=2AR1635-02) (17

Gain 200, noninverting

Reise Time <Insec

Noise <20V rms equivalent input noise
Band Width 10 to 350 MHz

Outout Range 0 to -5V with 50-Q load

$¢3-2-3 Fast Timing Preamplifier (ORTEC VT120) D47 — » —
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3-3 MHERMUERHRER

2.5m,5m,10mD I EDOBZPSFIM L THEPHFEF "HE (XFEKE) OFCHEX
10*n/emSecwatt, 100~ 500watt], “Co-yiRIFEHRIE L 1 l-cm.fé_'\ : 1.57 X 10%photons/cm?sec)] 3 & U==Cf
HBIEHE L Y lan & 3.16 X 10 (n/em?sec), 1.75 X 10%photons/cm sec) ) 2 FUH L 7= BBHERIC L b
BRI BRI 297 - 7

2.5mOPSF I3 L THREDFCILGImm ¢ ) TR L 2550 BHFREM 3-3- 1142, TACH
NEEE3-3-21, TOROBIEHVB LY -7 F v Y FNVOMEER3 -3-31XRT . BiHE
BEE—2F v v RNVEHEELEREEZRLTBY, COERED & HEHEA SHIE & TACHH
EERMIETT A ENFTED, T0 L E ONBLMBEFEWHEM) 126727cmTh LB SN
7o

I8 A DR R R IS S OB 1 /2 PM T(reisetime=0.8ns) & U'Fast Pre-Amp.(reisetime< Ins) %
FRLACEE, BEERORTAEL L -PSFYHEPMTICHER L-Z & B NESBREORN
LoXREGZEREER o7, %7, TACH) ®Channel Number & BFE IZ %2 - TH ., TAC
H5 D Channel Number% Bef IcE#44 5 EM3-3-4 D& ) L ARZ PV ER B,

RIS SmBETF10mDPSFIZx U CHAEDFCILGSOmm ¢ YTHET L S DTACH HHI %K 3-3
-5 3-3-6 7R T, PSFE5m, 10mEERT 5 ESHEHEFERohad, TnikyvFi
—va YRENE, SPMTEEL S TOEEOBAKK LTIV FLb—¥ a v EOBEFKE
%A1z, HEZ7+ P BBLCEIVBRESRLIY VY FL—va vyl 7s bod
YT 4 VIIRBIRECIKBEL DY, ¥4 I VBT IRS AN BIEL BB HINT 2
TENEETHBEE LD,

F7-. 2.5mDPSFICH LT “CoR U ®CHRFE THA LB EOTACHEDIR Y +nFNT3-3
-7 B3-3-8FRT. “CoRU ™CHRUFEIHM L THBITL A DRIFEDFCILCEF L B4
EHE LTS TRORL, ChHICOWTRBEHEE TR AL CPHETF L) by

DFIHPPSEN I TERILE X BRI NFE IR E WL OREBIAL LR Y, ¥4 3 7 EEDE
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O EFHAMIICHEMT A ETHETE 5,
PEPLEZTHBRERELTCWEELEREL T,
()PSFOERIEHIEE Y v FL—va v EoEsE
QESHEOBERP A VF-DEVWIC LB YV FL— Y a Y EREDHE

BRI NG, |

TIC, KB RE LI WADLZREAGT VY THEIETFAR TSN EHEL, KBS
BgombrEo . 4EE. RETHECOBESRL L3 LILLIYF4R 2L
&»%ﬁ&éttommwmpﬁﬁmﬁ%bqﬁkﬁ?&ﬁﬁﬁ&ﬁ%%@Bﬁ-9KﬁTQ%
BT EOBEBEE 1000V,.900V,850V,800V & ZALE ¢ 5 T & TyRISHT 37 ¥ b a5
LThL Db d, S0VIEBWTRAYRIHLTA T Y P LAVIRE L ko, SRR
TRAPEFREFLAVTAEETICERL D, BBM AR 2 V2% ERTELEESE
FoHEATVITHIEDTRE LD, _

10mDPSFIHM LT, FRFOREHT Y P TR ELIRFTARZ YL RVERELEL O
@Mnmmmwt%bv&wﬁwmwmwmﬂmmowf%&"%E”@Kﬂﬁﬁwr%%t
2o TOTACHAANRY PAER3I-3-10CRT. MERXRET 2L, BoblohitFoiss
ATV FTRLICRELALDODOAY, NESHESRNC LFB0eND, T/, 2.5m,5m
DPSFIT L TH A" #HRE” OFCHLIE B TRIHIBER %47 72 & & 5 10mDPSF & L,
FUFOEEAT VI TRLICRELALSDOMEBESBESATEIIKBE S Lo SmOPSFIC
3 LTHBOTACHEAANRS PVERBLAb0%, F3-3-1 1IZRT,

2.5m,5m, IOmDEPSFRDE & | BEFHFRETROBED BV IC L 2UEFBET T &

OIFEREERI-I-ILRLTB,
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_ \ Irradiation
| 20.00m '

I]]:[IHI start 25.0cm

fiber & :252cm

3 bundles

H3-3-1 BHEAERE
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Pulse Height (counts)

position1 positon2 position3

PSF-252cm-length i = iy ) 5o stop

400 ¥ ¥ cn: T | :

i 3000sec 11490 ' i
300 [= 13859 \ }2151

_ \ \\ _
200 [~ N
100 }- )J \J ~

0 5 i 1 z - .
0 256 512 768 1024
Channel Number

B3-3-2" HAEFE" FCILICB W 2 BEHE ERIE X < + V(PSF-2.5m)
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Peak Channel

800

700

600

500

400

T ] g i § ]
----------- y = 406.63 + 1.3581x R= 0.99974

E:

Position (cm)
B3-3-3 BHIE L ¥— 2 F v ¥ 3 VDG

-4

L %‘ % x-Eir. bar : beam diameter is 50mm g, |
'% y-Err. bar : FWHM of PHD peak.
i | ) i P il y
0 63 126 189 252



Pulse Height (counts)

400 o i ¥ T | 1 T 7 i ¥
4]
o m =
o .
S
300 f=™ -
100 | u | -
0 ] B . 1 i i \N“ B
0 20 40 60 80 100

Time (nsec)

B 3-3-4 K3-3-2 DChannel Number® BRI L2 A~ b
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5.0m-PSF
Irradiating 1.0, 2.0, 3.0, 4.0m from the Start

70000 pr—r—t—f———TT—T—
60000 [ ' o
) : ;
E 50000 F :.
2 . )
=) = :
= 40000 [ __
= = .
Ry o :
@ 30000 f
& 20000 E VARV
=3 L H v Y/ LY. H
o C :'" ‘s\
10000 &/ \
0 ST T S ., o
0 256 512 768 1024

Channel Number
F3-3-5 " 854" FCRLICBIT2TACE I A <% b J(PSF-5m)
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10m-PSF
Irradiating 1.0, 2.0, 3.0, 4.0, 5.0m from the Start

12000 B d ] ] l 2 ] [ ] I 1] L'} ] i ] H [] o
10000 F 2
w) B "
€ u 2 J
3 8000 f- i -
S . : ;
£ 6000 | : -
D B v d
xI N ; v =
o 4000 = : b -
7] ja i 4 v oo =
-5 B ‘ 1“:___: v e ‘rt o
* 2000 F .
L S M, o

O 3 l"’,‘l | l L:] ) 1 ;] [ B B B i ] l-“’:‘d

512 768 1024
Channel Number

®3-3-6 " ¥H&E" FCTLICBITATACH AR Z b+ IV (PSF-10m)

o
N
(%))
(8)]
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Pulse Height (counts)

position1 position2 position3

PSF-252cm-length
start @ stop
52cm 74 74 52
700 y 7 ' F q T
500sec
600 |- -
500 |k 33981 17721 -
400 - 14242
300 f= -
200 p= -
100 f= I -
0 g f f P ¥
0 . 256 512 768 1024

Channel Number
B 3-3-7 “CodffHBRETIZ &L BTACH D A% F (PSF-2.5m)
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Pulse Height (counts)

positiont position2 position3

PSF-252cm-length  start : sto
250 52cm @ 74 % 74 s 52 P

T i y I T T ™
1000sec
7269
200 |- -
10218
150 6283 -
100 }= -
50 | -
0 g l " Lsllerp -y WY R
0 256 512 768 1024

Channel Number
E3-3-8 *=CHEUIC & HHETACHIA Y b IV(PSF-2.5m)
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Pulse Height (counts)

PSF-10.0m Irradiating 2.0,4.0,6.0,8.0m from the Start

800V 850V 900V 1000V
300 T

200 ' y u
100 | N‘ i
O £ Bt B e 1“! U S—

0 1024 2048 3072 4096

Channel Number
K3-3-0 XEFHEESOEEBRHNE/LIZ L 2¥Coy D H 7 v FEDIHE
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Irradiating 2.0,4.0,6.0,8.0m from the Start

PSF-10.0m

Fast Neutron and Gamma Ray
(HV-1000) [cps]
N @ @ ¥ o

~— o o o o o

l ]
Only Fast Neutron

1024

0.04

[sdo] (008-AH) uoanaN 1se4 AuQ

4096

3072

2048

0

Channel Number

DFEE

fe

[M3-3-10 F4 A7) L_UEELLBEOMBIHE
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300

250

200

150

100

Pulse Helght (counts)

50

70000
60000

Neutron Only
PSF-5m
Irradiating 1,2,3,4m from the Start

/ﬂ

b
JULUUN
T o;;:a:;el;j: ‘:’} n
Adli
(NI
L
LH L
JAVAYRYA
[ S~

Channel Number

FRF LT TRYVBET DHEOANRS P

K3-3-11 WwEsFEiEOmL
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(VA Dyiid:i
FWHM)

-—ewn En Em o Em Eh ey o o e o w8 - e o oam oem b o e e v owm o -

#Fz3-3-1 PSFR LM IC X A1 BOBEE
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3-4.TOFZANRY I DE
FEYVF V- BREAREEILEL, —RIEV Y FL— v 3 VL ADOBEIBE I Epsec
F—F—OUHEFY) BLUBecHBENEEZRT. Chid3BMRICBI2E, BB

TUEXEEETL L, BELRERARAD L S RARENL[IL

1t} = Io {exp{-Aat) - exp{-Rat)} (34-1)
A=l A=l
T1 T2

LT BEAEMN~DOBBEAETRERTH ), nRBEXIRTHERTS S,

T, ¥ FL—vary A ANVADOEHBEILET W THBRHARS P VOB %2175,
R3-5-1KRTHE I 7AN—D—FTCRELEVYFL—avTs b PB7 74 25—
ABEBWTYYIAT+ PYAYYTAVIRBTHIGFRIOVTRT 774 N—HTD
S ADBREBHOERSHFITD LN Y FL— 3 3 YERHERSH R4 DICEFELT
BYH, ALBTORBRIOEAUIRN TERE NS,

At=(ta-ta) = (-t jH{tat2) - (34-2)

CCT. R TTFAN—FTONFEET S &0,

[I = [3:

«o |><

L-x
c (3-4-3)

ELN, BRYVYF ULV a3V EORBEMNEBEXCEF T 20 TIITRERLLL TL W, 1,
LRBEENAV Y FL—2ar7x bbbl rFL—2a VIDETORA S — P aE K
ETARKRH T, RS- DOMBAHEET S, £ C. TOFEK B2 BDER 2T
5T, HEOLBRO L) 2OHHEEEET 20

F{tj=exp(-Mit}exp({-A2) (3-44)

OB EI000FIAE L, th=1003, tn=10m-5, 32, AZBVWTLEY E ZEERUBIC
B Tlnk & 2HRIFRLFRARNTHRERS,
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rsm)m rsm)m

p)===2—  pm)==

0 : 0 (34-5)

L7 2T, ATLDOBTind & SRR
Pan)Py(m}
L% 5,
FTIT, amilH L TERENI1000% TRAL, &R L PANYPHM)L 34 L T
BTt L DBERIE % I PAPH M) S BHR L 72 6 D2 BRTNIE, ERERIEMLEAA
2 Pt b bLPSFIRICBII AR v FL— Y a YO ACHBEBEA R P LB 6R 2

R¥ETCH B,
YrFl—ra YBRICBIT BEEEE 1=2.4(nsed),T20. 1(nse) E B LE B L2 A, H
3-5-2KRTHLERTCEOCN-ANRS M OEEE L{EL-ARS FIBEL N,
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YF =Y a v RESTOM

/Do

1 n+t

B3-4-1 TOFA~RZ F VT OB
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Frequency
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