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Development of educational tools for radiation measurement training and practicing
method therefor to understand radiation measurement and radiation related units

Kawano, Takao
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Radiation sources and measurement devices usable safely as educational tools were
developed. The radiation sources were fabricated from potassium chemical fertilizers and kelps. Those raw
materials contain potassium-40 emitting natural radiations. The radiation measurement devices consisted
of a GM counter and several circuit units including high voltage power supply and counter circuit. Those
were all handmade, and parts used as materials were em?tK coffee cans,injection needles, capacitors,
diodes, microcomputer, and others, being generally well known and obtained with ease. Besides, a series
of slides (Power point) for explaining units of radiation (Bq, Sv, cpm, etc.) and data sheets showing a
training procedure were also made as being improved based on actual radiation educational courses. To
spread our own developed educational techniques, manuscripts were published and presentations were made
at various academic meetings, international conferences, and research meetings.

GM



B X C—19, F—19. Z—19 (Gam)

1. MFEBRA S WO &
FCHRRFHA D HEF A9 ZE B B R 0D B %
BT 2720 OB 1T, 185 T
BT 2 E R OBARIIRELN A L 72>
R bITEENR ST —Th b, FHi
E, X7 LRy —UL R 7R OB R
FENHTSCT VEHER ETEE SN =T
2, EREFNENOMRERN— A& LT, K
PR TR RIN D FREICKE~ T2, T
TRAF—FFAL WD ARIIBWT, IE
LWEREBE BB ETH I bbb
T ZAVE T, HBUHBREE & O AR+
BTN ZENRRTHD E bbb,
ZORER, BEICW->Th, BEBREEIC
WBEREI DN IRNTN Y TR, HE, E%
R EOBBEBE T, BBV, TR
D7en, KA ZenE s b H - T, +
ST I R B & it TE R VRILICH o T,
AWML Z 9 LTCiRELOHRIZAEE N H D
THY ., THEBRORE & WAL 2, B0
BRI SWCHMFET 2 72 DI LR B &
BREORIE B LT,

2. WHEDBEM
AEOBIINL, FF, BEFKELT—
WeDNx D3, THEHRORIE & BAL) 12DV T
ELWHEEAZ &2, BB X T, iz
T 57200 #Bbf & FiEERE T L &
2, ERIEE A D D 2 L ICH D, FRHTHEER
OB, k. B, X7 v, v
— YL N ERIE L BT A DI B,
[T 2 ®IXT, A&, Gl THRYE
TE D) FRRRE 528 B OB IZELY
FLA, FT-BHRE LT 2 L CHEBOHEE
ITHZ LIk, BHORETHEZT—XIZ
S NRA T BE FEIE S LT P,
EELRRE L TR EXMBRIC LT HBBSGIC
LW EEZ TS,

3. WEDHik

AEFTRIL, THBE M ORE) | THEER
OS] | [HEEKREERIGE)) . O3
KOFEZ ST CTTEM LT,

(1) #HBEWMORETIE, LR R
Al JEME R i 2 ) L CHRUE U 7= B SR
RER IR D B & S BT AR 21T > 72,
T2 2D O B IRBSTRERIR 2 W CHRIE SR
BEATO 120D GMGHEIE & & IE - FHKIE
728, FAEDIC X D FEEBM ORNEE Z MG
L7,

(2) ZHEFEBRIEOWE T, FrICBE RN
ZHET DD DEEMAT A FRWET —
Zu— b REFME, SRR L, BT
DEBERBRIZIESN T, BHEEZHEE LT,

(3) HEFEE LW RIEENTIX, WELT-H8F
EEELINE TOWRMEEENL T, &
FEAE % XS U R % T 2130, ik
AT T DA R R —T Xy
NADERTHSFMOTE A ML — 3
VEATV, £, ERESER S TORE
o, KHEEETR 72 & 22 T IR < W KRiEED
\ZEh D 7=,

4. WFTERR

T TR L H1T, RBFEIL 3 2DOHT
RS D h, LT, ENENOREZ LicE
IR 2 F LD B,

(1) HE#H ORUE

B OBRWEIIZE HIC3 >OENE %
NbD, U FENFIUZDOWTHIZER R 2 £ &
D5,

O B RS RERIR O BUAE & S B
ZIFETWANAZLRBEFC B SR RERRIR
ERUWEL CE =M, TR TEL D AXIT
DTV ENT, b YRR e EAT T
BHHEEZLND, LNLERL, 260
FEEFCRUE U7z AR RERRIRIE, BREE ST
KT, & DWW IEHRFETREE 23550 & 5 RRED
Holr, FZTHVIEEHISOWTIERES %
W72, A U E—EINZ DT EE R

L7z, FEAR TR, SRR O 5RO
BlE RN 7012 18 FEO LRI 2T~
770 B VIEEHZOWTORERZX 112”7,

(A) fEkn s

(B) BB L7 Hdik

X1 U ERCRE L 728K

(M) X ZNFE TOIFETRIEL- A U REEHR
FRCThHsd, BEISOMBET, BORXRITELT
W5, ZHUIKI LA U F—ZRIL TITH
B2 FECRYE L7-RR (B) TlE. &£ T
ENWIIHRIE SN TWD Z ENGnD,
WICHAMERAT T DY, HlBATI I —f%
12 2000Bq/kg DAV 7 LA0 B EENT NS L
SbhTnWbd, LoLaRSERNICIE, El
DI 52 OFIREREAMNETE SN TED
ENEMEHIHWD M L - T, BRIERE
SFEIFETHHEEDND, TZTHREN
TW5 18 FEOHIEEAR %2 VT B AR 6E
PRIRZRUWE L, FRIREZ5HME L2, v MR
A7 FNVRIEIZIEDS N TR O FERZK 2 12
R, K20 h, FLEA kg BTV ICEE
DBV T L A0 OERED AL 1969Bq
ThoHMn, Hx OREAIZTE>T 975Bg 70 bH
3101Bq DHIFAIZIANR > TWDH Z E RN 5D,



FE IR T2 18 FEO T, B EEAR RAG
7 U ABERAT R EDRRIRE OH T, MEHE

LTF@ELTWD ENnZ D,
4000
HREMICEFLHYK
- B 3101Bgkg
¥ [}
= 3000 |—— SYREMEAD
~ F15:1969+651 Ba/kg
@ 2500 R R };
o i N \ (b/l/
2 2000
=
2 o 8 \/k\ /
T
41 1000 Q\QZ v
975Bqlkg
500 o
0
12345678 9101112131415161718
18I DEREMR

SIRRERAN 7 SHYREREM 13 | BRERM (A DOLLEM)

EREERS 8 ERER RS 14 | ERAGEMERARE)

BEYHLER

©

FIRERES

FIRERREH (R58)

FIRGYHLER

10

BEERER

EEENCHER

BRTIAERS

11

HIHIREHR

PIYH LFIR B

MNCHRH

1

)

EEENTHERDY

BESYMNT

[ 2 18 T D HLMREAT TIE - 7o BRI RE
TR 0D T B LK)

FZORERNG, BB DS U T A 40
HHEEIZ. KRICEDNRTWE D7, HHc

2000Bq/kg Tix7e <, [HzEAMICEL->T 3
FRIE 72 2 08 SEMEIEH) 2000Bg/kg TH 5 |
A LR T IR ST ENgho T,
ZOXHICHBEBMIZEoTHY 7 A 40
DEFENEL DD, BEMEE L TER

ToPs i & IR T D 72w D ERI R HIE L LT,

LR EAT MG O SN £ EORIETHE L
72 1 2 [EIEHEIZ 0. 66 Z 22T LT, TE HAv-
ToBBIRD ., B X2 D 1 MEHR A HEE
TEH I EaExIkDT,

Q@GMEHLE (BHEHIE)

HEL D> TV DM EE W CTRVET 572
W2, ETRUYEMBIOB B ZIT 72, O
B, GMEEARKRICITa— —ZE&{Hx,
Z L CHHEH, BRERIEY— b, A4 X —H
A7 W T GMEHEUE OREF & BUETFIA
ERRET LTz, £ ORES, BUEICHKTh L7-iHK

MHV =%
74 5

\\i/*

n

TEAHEL 104mm
Bt

AT

PN

R3 2 b —{F & IR 72 GM 3HECE

BRI 3T, 2O GMEHEE I LB Sem,

EZH 10em THY , a— b —DZEX T EME
GLTb\é EBRGNB LT, FbYor

e S AN %@iiﬁﬁbtoit£%
Wi, EEEEMAO MV ax s X —Loy

7 Fy NEFIA UG AN D 23
T Thsd, &L TFEOAFRITIIBG KRR
VB, TAX—TATHIETH &
FHEET A Lz, BRBEETIIR AW
2. iR E L CE & 6~Tem BREDOTS S (B
Biki) 2 LT D, SHEMmRITHRY 1 ¥
DOEHR (EA0.02m FEEDEA v FH T A
TUUAT) IZHRTRVFVRESTHY .,

BRI W TR R R EINIIAETCH D, 2D
GMEHE CTHU R 2 ZERICHIE L THD &
FIIINEEJE X 2400V~3000V T - 7=, FHIF L
HEETITZRL, @QIRT LI, avrT v
P—b XA F— FEHW-FEY OEK T+
ISICHIETE D, 2B Z OFFHEE 1 A0l
EZ L 3~4 THERE CTH- 7,

QFtEEEE (RIE - R 72 &)

BA%E L7t S OFH B 2 545 L
T\iﬁbfé EICRPI L=, ZodEEIC
1, EIEEIR, FHKIREE 2 ERMEAAALTH
N %3%*&4$T%< B4 ICBELT-
FHEIEE A R T, il AR VA — | R,
B R RETRR e

TR EEHT D,
R EER

~ A LCD &5 =2 — /b
(CY8C29466-24PXT) (TC1602E-13T)
X4 a—v—ZEXHEHE T - FHREE

BIEEFIZa T oY —E XA F— RaflA
AT (ayrsz7uar7 U hA) &l
EL7z, FBERCHIERRORE, 7HE0
FEEERIE. LCD FF = —/L (TC1602E-13T)
TE=HF—LEENL, v A4 3 v

(CY8C29466-24PXI) HlIfHITIT 9, 72FB ZDFEF
B 1 HOREE I 8~9 THREETH
-7z,

L7eR-> T, GMEHE LiticEE = &b
W EAL. — T 155000 HUATFTH D,
ZDH, FE B CTEEEORLEN ATHE
ThdHERbNns, 7277, HEHRGICHRME
THEZICAE, BUWED L OMEREEBCRE Y
RSB DR EMES ORI A . Ef
TOHUNERDH B,

(2) HEFEBIEORESE
BR%E LT #M 24l > C TR OMIE &
fL) & 1E U < BEfRT 2 B EE % 553 5 7-
ZiE, BEMFIHOFIE/ZR L, V7 METCTO A



ALV TH 5, & <IZHAICHWA AT 1
KEGET —# 25 A L TEET 572007
—H = IR F—I A NEEEZ NS,
DT OARMIET, BIHMMOBEE LB TH D
(X7 L)V DT = A— 3 & V=5,
Z LT [ —~Ub b 1215 D DOMHRRE#
P (GFEmAR R, FERNMRE. lem FRESR,
TOpm BRESER, THAtHE) oD L%,
BIREICXBI L CRBAT 2 720D AT 4 K (X
J—RA ) BREL, 2R 2N
ET —HTHYHDZ LIk TEEINEKIC
e L H T — 2 — MEERR L. R
BWEEHE R ETEBE LN U EEZED
7o EDIED, HEHRIEIE 2 L 0 R
WCEfET D=0, ZV—TSNNT X 55
ELEEEZZ LT,/ . @EFROIAES,
A, KEFEPEAZ GBI E R LR, E
BA~OBmE /2SN L R EREICEDITH D
T EDRGoT, R OSMAIEEL. i
FHRREHRNC BT DO LB 2| #RER & ik

Z At OO CTHRET 5720 DEFITB VT,

2L DF —ZEELEDDHT- DI, RIERN
FHETHHZ Lo T,

(3) #HFEEE & KILH)
AFZECTIER L, R LZAT A4 REHW
T BETTNOKRFICI T B S Tk
SRR O FLRA 25 AT F T (CFERK 25 42 4 H
26 A, R 2644 A 25 A.) ZEETIZ
2, ERL 2549 A 13 HICIZAART A Y h—
T R AR s TPE - DU[ESGH
WHE S CHU MO BFEF 2351 |8 R
REARIRIC X DU S —SEkic i <) &
AT DR A PR 26 424 H 18 HIZI
FEVL R RF DB & 251 TRFO G #
BFHYHEB L OB O~ 258z, Tidst
WRBE IR LB LT, BB RERR
T RN T BFZE R SR D6 & . ORI E &
BOREEIToT2, S HITFHL26 48 H 28
BIZIIRAL B O F DR EE 51T TAL
AT & T 70 H AR RERRIR D B SE & B
MBE~OICH T DEEITV, £z
A BIEFZERT TEUSTON 7 = 2 & | | kXf
ARG A — T Xy R ET, 7
—AEAEZ T, BARERERIRIC X 5 Bk
HEOTFTEL A ML —Y gy BERLE, =
DIEPERNSEHE R E2ERYS, 74
V= BRI TE R RS R AR
W SFERRS) CEFESE (ISORD-7 @ (=
ffi). IRPA-2014 (Y =23—7) ) TERETS
72, BERRERRIR Z T R R O
WRIEBNCR S LTz, = 2 TR R & RS
NhbD, FHE, WhETIZH D HEERTLS)
HERR - /Iy « ARG B AR T, /N B, 6 4R
X G ARMFGETHESE L 72 1B S\ T
BHHRREREB 2R L2 THDH, INE

a2 GIAT > T2FEIX 0D T TH-
2R, AT REF—2 2 — bk Z/NEERIC
DULEVETZET, +oiextiaTcEn &
M MoT-, 723 5 1%, WEERT ST ShHER -

T Qaoear
021

ey
e
Author: REFNTOF

Y

BEE T 78 - S
BBEGE (014F0H

Tel:0246-88-8086
Fax:0246-63-6335
5%, B%, 533

=g
° BHiRE

FERSOBEFRENE
U (05/01)

*ERICTEEUR
(0s/01)

*IFEDESNTEEL

BEUE (04/24)
* B#axvbh

* B0 ITENERD
BF05 (04/13)

ug;gé/h\:}ﬁzz 7 E'_E P
(364/3_;1)«';?941?‘4,_ E&ﬁgb‘

K5 MEE/NFRE DR LALA— Il &
AT AR E S o Rt
N o R D TR — A— DB S U7 o
HAEEEOTETH S,
INFETITbN TEREEL OHBREEIC
B D THEHROWE & BAL) OB, B
M2 D CTITb D DN TR TH -
oo ZHUTXKF LT, AR CTHRDMHAT, HD
BIE L THT — % & WV CEBEAIC T
50T BRI EEES 0 Tl e VLN
B BEERE G RO NT=D &G
L 7= B RBE BIG C. BRIV EEB LD
AREMEN D Y . F AR BRI S CE RO’
WRAELE R Lo —~UL hDO— AH
& | ORI, SN D ER I N D,

5. TRFERWILE
(WFFEERA . WHIEoHE R O T2 (2
=Y

CGEakamsr) B 344

O PP “RziREAT 18 FE B ARH RERR
TR B & U C oL
RADIOTSOTOPES Vol.64  No.2 123-131
(2015) E#dh v

© FEPZFEI” AR RERR A VL TIT D
T B R DR R B 2 BEfRS 5 7= D
DORIFE L RADIOISOTOPES  Vol. 63
No. 7 345-354 (2014) #&EHidH Y

@ R " Akl Y 7 AERIRE V24
HBIEEIC X5 RO KSR E”
RADIOISOTOPES Vol.62 No.9 639-648
(2013) #td v

(FzgR) Gt T1F)
O {FEER” WREMICEENDLIN I Y



240 DJEFREIL, AT 2000Ba/kg 27
Rk 26 FRERUR R RIS IRK
&, AWRESLERIEEE 2 — B-9 10
30, 31 H (2014) RAH—.

@ P B AR RERRIE A IV TTT )
R EH O A B 2 BRiE 3 5 7=
DORFEFREE “ FHo1ETAY =7
SRR RS BULRFUVERR S, 3a-
n-05, 7H 7~9 H, (2014) M¥A

©) T.Kawano, “Radiation Measurement
Practice for Comprehending Randomness
and  Statistical

Counts

Fluctuation 1in
Natural
Radiation Sources” The IRPA 2014
Congress (IRPA-2014), Jun 22— 27 2014
Switzerland, Centre

Radiation using

in Geneve
International de Conférences Genéve
PS7-2/17 (2014) Poster.

@ {2y AR R EAT O B ARG BRI
MEEE UC ORI, H AR 478 B
o, Aek CeeE) . 11 A 27, 28, 29
H(2013) AR & —.

© [EPZEI . B IRHERERIE 2 A THT 9
FHREH O RE ZB) & BRE T 5 72O D
TEFEE R 25 R RURR R B

FERKEVERE 11 A 14, 15 H(2013)
AL —,
® Takao KAWANO, Radiation Measurement

Practice for Understanding
Statistical Fluctuation of Radiation
Counts using Natural Radiation Sources.
7th  International Symposium on
Radiation Safety and Detection
Technology (ISORD-7) July 15-18 2013,
Sanya(=H#f) in China, BAOHONG Hotel,
Abstract, P3-9, pp. 107 (2013) Poster.

@ PR BRI RERRIR A N e
BITEET £ D HOR#R#0E £, 5 50 [T
AV b—="7" BURB R RS EEE
RS 3a-11—05,7 H 3~5
H P110 (2013) (7 A5 H) HEA.

(XE) Gt off)

(PEZETY PERE)
Ok Gt 0fF)

Py
T
MEFIF -
FHSH -

H
HFEFA A
ENA DR -

OFFRH B 0fF)
ZAFR

FHE
FEFIF -
FHSH -

F
HFEFEH B -
BSFA A
ENAR DRI

(Z Dfh)
TR e

6. MFFCHAR

(1) WFzefRFess

TEF ZZdt (KAWANO Takao)

KR ARERFTERT « ~ Y B VEFFEES - HE#
2

WF7eE% 5 - 20300733

() #r7esaE el
( )

ML

(3) HHEMIEE 72 L



