LS

Ty 7 AEDS DEIRILF— X #REHEFEDRAFE

KERFIZKRE MEHRAR Y 5 —
ME B, a0 R—, 0 BA, B L%
RERFFILKRE BFRARRER
Do Duy Khiem
RERZ RFRILFER
HE BBK, JEO 1R
BHRFRR 7MY h—TEr5—
ES NS
EIIREERMER £EREMEER
e —BB
FRET 7 /A=t
A0 e
REZVT U7
U =FS
ORISR A EEAR
& #F
AR SZALSR 2R
EE R
IR I B A R
AR Es
BEHREBE 7 A —F L
=) &I
ATEHEEN BAERZRIMRE
VIS8

Development of evaluation techniques for low energy X-rays
from a Crookes tube

Masafumi AxryosHr”, Ryoichi Tanicuchl, Hiroto Marsuura and
Hiroyuki Mivamaru (Radiation Research Center, Osaka Prefec-
ture University), Do DuyKuem (Department of Quantum and
Radiation Engineering, Osaka Prefecture University), Ikuo
Kanno and Takumi Hamacucur (Department of Nuclear Engi-
neering, Kyoto University), Kiyoshi NoMmura (Radioisotopes
Centre, Tokyo Metropolitan University),  Ichiro YAMAGUCHI
(National Institute of Public Health, Department of Environ-
mental Health), Kazufumi TanigucHi (Chiyoda Technol Corp.),
Ikuo KoBavasHr (Nagase Landauer Ltd.), Noriko KAwAsHIMA
(Bunkyou-ku Bunrin Junior High School), Shin Sato (Sapporo
Hokuei Junior High School), Masaki Moriyama (Sapporo Shi-
roishi Junior High School), Toshiharu Mivakawa (Radiation
Education Forum), Tomohisa Kakeru (Japan Science Founda-
tion),

T599-8570 KB4 v X A= BT 1-2

TEL: 072-254-9852, E-mail: akiyoshi@riast.osakafu-u.ac.jp

W& R L Z %106 5 (2018)

Crookes tube is widely used for science education in
Japanese junior-high school to learn about the electric
current and the cathode rays. Some Crookes tubes radiate
quite strong X-rays, however, the energy of the X-rays
are about 20 keV, then the most commercial dose survey
meters are unuseful. Therefore, it is required to establish a
guide line for the radiological safety in the education field
to achieve safety experiment without overload to teachers.

In this study, ion chamber and fluoroglass dosimeters are
used to measure the X-rays from Crookes tube correctly.
The dose change was estimated depend on the setting of
an induction coil that was used for high-voltage supply.
The energy spectrum was evaluated using a CZT detector
and a Be window Ge detector, and also the linear attenu-
ation coefficient was analyzed using a GM survey meter.
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X-rays are emitted in pulse when a Crookes tube is driven
using an induction coil. To prevent a pile up, X-rays must
be collimated using a very thin aperture, and the counting
rate needed to be suppressed to several cps.

Keywords: radiological education, Crookes tube, mea-

surement of low-energy X-ray, dose estimation
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Figure 1.

A Crookes tube in operation with a
Maltese cross plate.
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Table 1. Measurement results of low-energy X-ray radiated from Crookes tube using various type survey meters.
Detector Product name Note Dose rate
15 cm 30 cm 50cm | Unit

Ton chamber Hitachi ICS-1323 without cover 8.15 1.91 0.64 | mSv/h
with cover 5.3 1.28 0.47 | mSv/h
Fluoroglass dosimeters Chiyoda Technol 70 wm dose equivalent rate | 4.62 1.26 0.48 | mSv/h
Glass Badge type-FX 1 cm dose equivalent rate 1.62 0.48 0 mSv/h
Nal scintillator Fuji Electric. NHC6 Be window 1.34 10.0 13.1 | uSv/h
Aloka TCS-172 0.17 0.17 0.15 | uSv/h
GM tube SE International Ranger 1 min. scaler 33.9 31.7 273 | kepm
Plastic scintillator Kind-mini no cover 118 64 24.5 | uSv/h
CslI scintillator Air Counter EX no cover 12.6 12.5 8.3 uSv/h
Si semiconductor Air Counter S <9.99 | 0.05blinc | <9.99 | uSv/h
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Figure 6. An estimation attempt of linear at-
tenuation coefficient using a GM survey meter.
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Figure 7. An energy spectrum of X-ray radi-
ated from Crookes tube obtained by CZT detec-
tor.

Table 2. X-ray spectrums that was shifted by
setting of an induction coil.

Discharge Discharge Averaged  Peak

electrode Power Current  Energy
distance

mm div nA keV

15 2 8 14.0

20 4 28 16.4

25 6 30 17.3

30 8 45 18.3
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