






JAEA-Review  2009-041

－ 169 －

Development of Irradiation Position Control 
Techniques for Ion Microsurgery Using an Ion Beam 

Induced Fluorescent Analysis 

H. Shimada a,b,e), M. Oikawa f), T. Satoh b), S. Okumura b), M. Taguchi c),
T. Kamiya a,b,d), T. Nakano a,d,e) and K. Arakawa a,b,d,e)

a) 21st Century COE Program, Graduate School of Medicine, Gunma University, 
b) Department of Advanced Radiation Technology, TARRI, JAEA, 

c) Environment and Industrial Materials Research Division, QuBS, JAEA, 
d) Department of Medicine, Graduate School of Medicine, Gunma University, 

e) Gunma University Heavy Ion Medical Center, Gunma University, 
f) Fundamental Technology Center, National Institute of Radiological Sciences 

The heavy particles have unique characteristics of high energy transfer localized in the vicinity of almost straightforward 
tracks.  The heavy particles are suitable for the treatment of small tumors with the size of several millimeters or less.  This
research aims at developing an innovative microsurgery treatment system, using the carbon-ion pencil beam, for age-related 
macular degeneration (AMD).
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Safety Measures, Utilization Status and Distribution of 
Research Fields at TIARA Facility 

K. Mizuhashi, H. Takizawa, M. Hosono, K. Nishimura, H. Kaneko, 
Y. Nakamura, S. Kaneya, S. Kanai, T. Asai, M. Yoshida, M. Kawabata and K. Daikubara 

Department of Advanced Radiation Technology, TARRI, JAEA 

1. Status of TIARA Facilities 
Periodical inspections every month and for three months 

were performed and safety of the facility was also 
maintained certainly. 

Personal access control system was renewed from 2007 
to 2008.  The system was installed in December, 1990 and 
aging deterioration went on.  The renewal was divided into 
two periods and carried out.  The personal access control 
system detects a person who enters the ion irradiation room 
and the radiation control area.  In addition, it confirms the 
possession of the personal radiation dosimeter that is 
identified with the ID card.  The system collects the 
detection signal by antenna sensor at 58 places in the 
TIARA radiation control area.  It processes those signals 
and can help the safe management and monitoring of the 
worker in the area.  At the same time, it supplies "man in 
the room" signal to the accelerator control system and that 
signal is used for the safety interlock of the accelerator and 
the indication of safe monitor board.  In this year, we 
removed the ID cards, card readers and control panel whose 
production was stopped in the manufacturer and we renewed 
these to the new products.  As a result of the renewal 
detection errors decreased and reliability was improved. 

The shift of the annual number of visitor who make 
experiments at TIARA facility is shown in Fig. 1.  The 
year of the biggest number of visitors was 2005, and the 
number was 1,404 people.  The number decreased slowly 
from the peak year, and it was 934 people in 2008.  The 
change of the number of visitors was related to the amount 
of the travel expenses budget that was provided to the 
experimenters.  The maximum budget was 12 Myen in 
2002.  Afterwards, the budget was reduced year by year 
and no budget is offered now.  However, the decrease in 

the number of the research subjects is not observed now. 

2. Situation of TIARA Facility 
From FY2008, the constitution ratio for internal, 

common and effective uses occupied in whole utilization 
frame had been designed as 75 : 17~19 : 8~6, including 
comprehensively 4 accelerators.  The percentage for 
internal use increased to 75% from 70%, but it is still in a 
severe situation.  User of the internal use can get only 
around 50% of the machine time that the user requires. 

Four accelerators were used for various research subjects 
according to operation plan in FY 2008.  Figure 2 shows 
the distribution of research fields.  Annual utilization times 
of the AVF cyclotron and electrostatic accelerators were 
2,309 hours and 475 days, respectively, which were offered 
to the experiments. 50% of the utilization time of the AVF 
cyclotron was used for the Bio technology � Medical 
application and the material for space.  For the basic 
technology, 24.1% of the time was used. About the 
innovation, 3% (30 hours) was used.  

As for electrostatic accelerators, 58% of the time was 
used for the basic technology and the inorganic material. 
The innovation use was 1.9% (9 days). 

Fig. 1  Annual number of researchers who visited TIARA. 

Fig. 2  Distribution of research fields for cyclotron and 
electrostatic accelerators.
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Operation of the AVF Cyclotron 
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To. Yoshida b),S. Ishiro b), Tu. Yoshida b) S. Kanou b) A. Ihara b), K. Takano b) and S. Mochizuki b)

a) Department of Advanced Radiation Technology, TARRI, JAEA, b) Beam Operation Service, Co., Ltd. 

Operation 
The AVF cyclotron was smoothly operated in fiscal 2008 

and all the planned experiments were carried out without 
cancellation due to troubles relating to the cyclotron.  The 
cumulative operation time was 56,386.4 hours and the total 
number of experiments was 7,492 from the first beam 
extraction in 1991 to March 2008. 

Table 1 shows the statistics of the cyclotron operation of 
fiscal 2008. The total operation time amounted to 3,162.1 
hours, and the monthly operation times are shown in Fig. 1.  
The percentages of operation time of the year used for 
regular experiments, joint-use, the innovation program and 
beam tuning, and beam development are 71.6%, 6.4%, 2.1%, 
19.9%, and 0%, respectively. 

Table 1  Statistics for cyclotron operation in fiscal 2008. 
Beam service time   2533.5 h 
Machine tuning    628.6 h 
Beam development      0 h 
Total operation time   3162.1 h 
Change of particle and/or energy   234 times 
Change of beam course    308 times 
Change of harmonic number     57 times 
The number of experiments              642 
Experiment cancelled due to machine trouble    0 

The multi-cusp ion source is used to produce H+ ions. 
For production of ions heavier than Helium, two ECR ion 
sources are used alternatively.  Table 2 shows the 
operation time of each ion source.  Fractional distribution 
of major ions used for experiments is shown in Fig. 2.  The 
tendencies of the statistics are similar to those of the past years. 

Table 2  Operation times of ion sources. 

Ion source Operation time (h) Ratio(%)

Multi-cusp 1076.1 31.0 
ECR (OCTOPUS) 1036.4 29.9 
ECR (HYPERNANOGAN) 1354.6 39.1 

Maintenance 
The number of the machine troubles of the year was 251. 

However, they were quickly fixed and did not lead to 
cancellation of the experiments.  The regular yearly 
overhaul was carried out for six weeks in July and August, 
and the routine maintenance of power supplies for a week in 
November.  The principal items were as follows:       
1) Change of high pressure air bellows for contact fingers of 
a couple of coaxial type resonator.  2) Correction of the 
original positions of some beam probes, the deflector, etc.  
3) Cleaning of the deflector electrodes.  4) Inspection of 
the RF system and evaluation of its characteristics.       
5) Change of lubricating oil for about 50 rotary pumps.   
6) Change of amplifier for the S-chopper. 

Technical Development 
Four major developments are described hereafter.  The 

beam profile change due to the attenuator in the injection 
line was considerably reduced by improvement of the 
attenuation grid pattern and location of the grids.  A wide 
range NMR (Nuclear Magnetic Resonance) probe to 
measure the average magnetic field strength from 0.5 to  
1.6 T has been developed and installed in the cyclotron.  
A uniform beam of 10-MeV H+ was successfully formed 
using the nonlinear focusing system installed in the LB�
course  last  year1).   Its  area  and  uniformity were 
6 cm � 6 cm and 6%, respectively.  The stability of single-
pulse beams made by the chopping system has been 
extremely improved as a result of the high stabilization of 
the cyclotron magnetic field which was done in those 
several years.  Single-pulse beam of 320-MeV C6+ was 
kept stable for more than 3 hours and supplied to 
irradiation experiments.  See the reports on technical 
development in this annual report for the details. 

Reference  
1) Y. Yuri et al., Proc. Euro. Particle Accel. Conf., 

EPAC’08 (2008) 3077. 

�

��

���

���

���

���

���

���

���

���

� � � � � � �� �� �� � � �

�
�
��
��
��
�
��
��
��
��
�

�����������
����������������
����������
���������
������

�����������

�����

��������������
��������������

Fig. 1  Monthly operation time in fiscal 2008. 
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Fig. 2  Major ion species used for experiments in 
fiscal 2008.

5-02



JAEA-Review  2009-041

－ 175 －

Operation of the Electrostatic Accelerators 

T. Agematsu a), S. Uno a), A. Chiba a), K. Yamada a), A. Yokoyama a), Y. Saitoh a), Y. Ishii a),
T. Satoh a), T. Ohkubo a), W. Yokota a),T. Kitano b), T. Takayama b), T. Orimo b),

M. Kouka b), Y. Aoki b), N. Yamadab) and H. Saitoh b)

a) Department of Advanced Radiation Technology, TARRI, JAEA, 
b) Beam Operation Service, Co., Ltd

1. Operation and Status 
Three electrostatic accelerators were operated smoothly 

in FY 2008, and all the planned experiments were carried 
out except those canceled by users.  The yearly operation 
time of the tandem accelerator, the single-ended accelerator 
and the ion implanter amounted to 2,009, 2,426 and 1,882 
hours, respectively, similarly to past years.  The total 
operation time of each accelerator since operation started is 
30,322, 34,448 and 26,857 hours, respectively.  The 
monthly operation time is shown in Fig. 1.  Ion species 
used for experiments in FY 2008 are shown in Fig. 2. 

2. Maintenance 
The number of troubles was smaller than that for past 

years.  Major maintenance performed in FY 2008 is as 
follows; 

Tandem accelerator: 1) The trouble increased at the 

CAMAC interface and the control computers.  And it 
became difficult to keep spare parts of the computer.  
Therefore the control system was renewed in March 2009 
since the last renewal in January 2001.  2) Mechanical 
vibration at the high-voltage terminal occurred last year and 
the stability of acceleration voltage was degraded.      
The vibration became small by changing the pellet-chain 
and adjusting the driving mechanism at regular maintenance, 
and the stability was coming back to previous level. 

Single-ended accelerator: 1) The SF6 gas was purified for 
the first time since gas replace in 1998.  2) The storage tank 
of SF6 gas located outdoors was repainted.  3) Software limit 
of maximum high-voltage was set at 3.2 MV in the control 
system for safety operation. 

Ion implanter: 1) Although the regular maintenance is 
performed every year by JAEA staffs, the maintenance, 
which was based on design knowledge, was carried out by 
Nissin Ion Equipment Co.,Ltd. 

3. New Beam Development 
As to the ion implanter, Bi2 ion, which was required by 

users, was successfully generated and accelerated at 
intensity of 500 nA.  But the inside of the ion source was 
seriously contaminated, and the energy was limited to   
300 keV by limitation of power supplies for bending and 
focusing magnet.  We tried to generate Nb and Pb ions for 
the tandem accelerator.  As the generated beam intensity 
from the ion source was very small, the accelerated intensity 
was less than several nano amperes, which is insufficient for 
experiments.
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Fig.1  Monthly operation time of each accelerator in FY 2008
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Fig. 1  Monthly operation time of each accelerator 
in FY 2008. 

Fig. 2  Typical ion species for experiments using in FY 2008.
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Operation of the Electron Accelerators and Gamma-ray 
Irradiation Facilities 

Y. Haruyama a), H. Kaneko a), H. Hanaya a), R. Yamagata a), H. Seito a), T. Kanazawa a),
T. Yamaguchi b), N. Yagi b), M. Takagi b), T. Hirai b) and S. Matsuzaki b)

a) Department of Advanced Radiation Technology, TARRI, JAEA, 
b) Radiation Application Development Association, RADA 

1. Operation 
1.1  Electron accelerator 

The electron accelerator No.1 was operated without any 
serious troubles from 9:00�17:30 on Monday and Friday, 
and from 8:30�23:00 on Tuesday through Thursday, to 
satisfy the demand of operation time for users. 

Annual operation time of the electron accelerator No.1 
and No.2 (operated until 2004) is shown in Fig.1 and that of 
No.1 in FY2008 was 860.3 h.  Total operation time of the 
accelerator No.1 in FY2008 increased by about 23% 
compared with that in FY2007, and analysis of the number 
of research subject indicated the increase of longer-time 
irradiation for materials for space subject. 

The accelerator served mainly for graft-polymerization 
for new material development, radiation effect study on 
semiconductors and various experiments of visiting users.

Fig. 1  Annual operation time of electron accelerators. 

1.2  Gamma-ray irradiation facilities 
The Co-60 gamma-ray irradiation facilities consist of 

three buildings and cover a wide dose-rate range from   
0.04 Gy/h to 20 kGy/h with eight irradiation rooms.     
The annual operation time for the first, second cobalt 
irradiation facilities and food irradiation facility was  
19,480 h, 12,503 h and 6,066 h, respectively, as shown in 
Fig. 2. 

The first irradiation facility served mainly for 
radiation-resistance test of cables used in nuclear power 
plants and various materials used in J-PARC facility for 
long irradiation period.  The second irradiation facility 
served mainly for development of new functional materials 
and other research subject of visiting users, involving 

irradiation room No.6 for hourly-scheduled operation.  
The food irradiation facility served mainly for 
development of detection method for irradiated foods and 
radiation resistance test at lower dose rates. 

Fig. 2  Annual operation time of Co-60 gamma-ray 
irradiation facilities. 

2. Maintenance 
2.1  Electron accelerator 

The operation of the accelerator was interrupted for     
7 days in October, 2008 because of regular maintenance 
check on accelerator body, the conveyor and shielding doors 
of irradiation room and repair of vacuum system at the 
vertical beam line. 

2.2  Gamma-ray irradiation facilities 
The regular maintenance check mainly on mechanical 

system for radiation source transportation is performed 
every three years among three gamma-ray irradiation 
facilities one by one.  The periodical maintenance check 
mainly on interlock system is performed two times a year 
for all the facilities. 

The maintenance check and renewal of programmable 
logic controller of the second irradiation facility was done in 
June 2008, with interruption for 21 days. 

The Co-60 sources were purchased and loaded to the 
irradiation room No.6 in the second irradiation facility to 
maintain total activities of the room.  The old waste sources 
of about 20 pieces were disposed through The Japan 
Radioisotope Association (JRIA). 
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Utilization of the Electron Accelerator and Gamma-ray 
Irradiation Facilities 

H. Kaneko a), Y. Haruyama a), H. Hanaya a), R. Yamagata a), H. Seito a), T. Kanazawa a),
T. Yamaguchi b), N. Yagi b), M. Takagi b), T. Hirai b) and S. Matsuzaki b)

a) Department of Advanced Radiation Technology, TARRI, JAEA, 
b) Radiation Application Development Association, RADA 

Present status of the utilization of electron accelerator 
and gamma-ray irradiation facilities 

An electron accelerator and three gamma-ray irradiation 
facilities were operated for various research subjects 
according to operation plan in FY 2008 without serious 
trouble.  Distribution of research subjects and the number 
of experiment subjects are shown in Fig. 1 and Fig. 2, 
respectively.  Table 1 shows irradiation time and the 
number of research subjects for each facility. 

The number of experiment subjects at the electron 
accelerator increased in the research fields of material for 
space and material processing, and decreased in the field of 
basic technology and nuclear facilities.  The number at 
gamma-ray irradiation facilities increased in the field of 
material processing, contrarily decreased in the field of 
nuclear facilities and resource & bio-technology. 

Table 1  Irradiation time and the number of experiment 
subjects in each research field at each facility in FY2008. 

Electron 
Accelerator 

Gamma-ray 
Irradiation facilities

   Facility 

Research fields 
Irradiation 

time (h) number Irradiation 
time (h) number

Material 
processing 176.8 323 24475  425 

Heat-resist 
material   96.9  31   489    6 

Material for space 311.3  69 10037   51 
Nuclear facilities  63.1  19 35348   71 
Environment  30.0  22   472   66 
Basic technology   9.6  16  1538   41 
Resource & Bio- 
technology    0   0   310  131 

Joint use 172.5  35 15947  186 
Total 860.3 515 88616  977 

Fig. 2  The number of research subjects (FY 2004-2008). 
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Fig. 1  Distribution of research subjects (FY 2008). 
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COMMON USE PROGRAM in Takasaki Advanced 
Radiation Research Institute 

 K. Kawata, M. Hoto and H. Iijima 

Department of Advanced Radiation Technology, TARRI, JAEA 

1. Introduction 
The facilities of JAEA are widely opened to users from 

universities, public institutes, and the industries, etc. 
COMMON USE PROGRAM, the system of facility use for 
the user’s purpose on fee-charging basis, started in 2006 
taking over the former system.  There are 3 OPEN USE 
facilities in Takasaki; Co-60 Gamma-ray Irradiation 
Facilities, Electron Accelerator and TIARA.  In addition to 
these, some of the off-line devices can be used. 

We round up the Research Proposals every half year, and 
the execution possibility and the validity of the experimental 
plan are checked by the special committee.  The facility 
usage fee is the total of the admission fee, irradiation fee and 
additional charge.  In case of Non-proprietary research, the 
users must report the irradiation result to JAEA, and are 
exempt from irradiation fee.  JAEA opens the reports to the 
public.  It is also possible for universities to apply through 
the facility use program of the University of Tokyo.  Those 
applications are accepted as priority case.  Table 1 shows 
the outline of the program. 

Table 1  Classification of COMMON USE PROGRAM. 

purpose research and development except 
R&D

classify
-cation general priority 

case commercial

result Non- 
proprietary proprietary  

referee yes no   
charge* A B C 
*A= admission fee, 
 B= admission fee + irradiation fee, 
 C= admission fee + irradiation fee + depreciation. 

2. Public Relations 
The information like an outline of this system, guidelines 

for applicants, format download, etc. can be seen on JAEA 
website as follows: 

(http://www3.tokai-sc.jaea.go.jp/sangaku/3-facility/index.h
tml).  In addition to this, we go out for publicity to search 
current needs of the outside of JAEA.  In 2008, we 
participated in Seminar for advancement of RI/radiation use 
at Nagoya. 

3. Use in FY2008
There were 21 Research Proposals in FY2008 at 

Takasaki institute, and 16 of them are for use with opening 
result.  Including the users from priority case, we accepted 

296 applications from 70 users and 23 users were new.    
We can see that the percentage of users from universities 
exceeds the others except Co-60 Facility from Table 2.  
However we expect there should be latent needs in the 
industries.  Therefore we are trying to exhume them by the 
“Public relations” and improve convenience of the usage 
procedure by introducing new system to increase the 
industries user. 

Figure 1 shows classification of all 296 applications.  
On TIARA, Non-proprietary use occupies more than 50%, 
while less than few percents for the other facilities. 

Table 2  User’s affiliation for each facility. 

� � � � � �    User 

Facility 

U
ni

ve
rs

ity
 

Pu
bl

ic
 

In
st

itu
te

 

O
th

er
s 

To
ta

l 

AVF Cyclotron 7 3 3 13
3MV Tandem Accelerator 7 2 1 10
3MV Single-ended Accelerator 2 0 0 2TI

A
R

A

400kV Ion Implanter 3 1 1 5
Co-60 Gamma-ray 
Irradiation Facility 8 1 19 28

Electron Accelerator 6 2 4 12
Total 33 9 28 70

Fig. 1  Percentage of each classification.  The percentage 
is calculated based on the number of application. 
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Radiation Control in TIARA 

Safety Section 

Department of Administrative Services, TARRI, JAEA

1 Individual monitoring 
(1) Individual monitoring for the radiation workers 

Table 1 shows a distribution of effective dose of the 
radiation workers in FY 2008.  The effective dose values of 
almost all radiation workers were below the detection limit 
(0.1 mSv). 

The maximum dose was 0.9 mSv/y due to the overhaul of 
the TIARA AVF cyclotron. 

Table 1  Distributions of the effective dose of the radiation 
workers in FY 2008. 

�

(2) Individual monitoring for the visitors and others 
Table 2 shows the number of persons who temporally 

entered the radiation controlled areas.  The effective dose 
of all persons was less than 0.1 mSv. 

Table 2  The number of persons who temporary entered the 
radiation controlled areas in FY 2008. 

2 Monitoring of radioactive gas and dust 
Table 3 shows the maximum radioactive concentrations 

and total activities for radioactive gases released from the 
stack of TIARA, during each quarter of FY 2008. 

Small amount of 41Ar, 13N and 11C were detected for 
some time during operation of the cyclotron or experiment, 
but the pulverized substances (65Zn, etc.) were not detected. 

Table 3  Monitoring results of released radioactive gases 
and dust in FY 2008. 

3 Monitoring for external radiation and surface 
contamination 
External radiation monitoring was routinely carried out 

in/around the radiation controlled areas and surface 
contamination monitoring was also carried out.  Neither 
unusual value of dose equivalent rate nor surface 
contamination was detected. 

Figure 1 shows a typical example of distribution of the 
dose equivalent rate in the radiation controlled area of the 
cyclotron building. 

Fig. 1  Dose equivalent rate distribution in the radiation 
controlled area of the cyclotron building. 
Measurement date : 24th March 2009, 
Measuring position : Indicated with � 1 m above floor, 
Unit : µSv/h. (The values are not indicated if they are 
less than 0.2 µSv/h.) 

1st 2nd 3rd 4th Total
quarter quarter quarter quarter

��   HE � 0.1 547 566 572 565 669

 0.1 � HE � 1.0 1 6 1 2 8

 1.0 � HE � 5.0 0 0 0 0 0

 5.0 � HE � 15.0 0 0 0 0 0

 15.0 � HE 0 0 0 0 0

548 572 573 567 677

� Exposure
Number of
persons (B) 0 0 0 0 0

��  above 1mSv �B�/�A�×100�%� 0 0 0 0 0
0.1 2.2 0.2 0.3 2.8
0.00 0.01 0.00 0.00 0.00
0.1 0.8 0.2 0.2 0.8

������*1 The dose induced by the internal exposure was not detected.

 Mean dose  (mSv)
 Maximum dose  (mSv)

Number  of  persons  in each periods

Distribution
range of effective
dose

HE : Effective
dose *1 (mSv)

Number of persons under radiation
control (A)

 Mass effective dose  (Person�mSv)

persons
Items

Period 1st 2nd 3rd 4th
Item s quarter quarter quarter quarter

<1.5×10-4 <1.5×10-4 <1.5×10-4 <1.5×10-4 <1.5×10-4

 1.5×107  7.0×107  1.7×108  1.9×108  4.5×108

<1.5×10-4 ----- <1.5×10-4 <1.5×10-4 <1.5×10-4

 1.3×108 ----- 4.1×107  4.7×108  6.4×108

<1.5×10-4 ----- <1.5×10-4 <1.5×10-4 <1.5×10-4

 2.4×108 -----  1.7×108  1.9×108  6.0×108

<7.2×10 -1 0<6.0×10-10<6.6×10-10<6.6×10 -10 <7.2×10-10

0 0 0 0 0
Unit : Bq/cm 3 for M axim um  con cen tration , Bq for Activity.

M axim um
concentration

1 3N
M axim um

concentration
Activity

65Zn
Activity

11C
Activity

M axim um
concentration

T otal

41Ar

Nuclide

M axim um
concentration

Activity

1st 2nd 3rd 4th
quarter quarter quarter quarter

Number of persons 406 410 486 529 1831

TotalPeriods
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Radioactive Waste Management in TIARA 

T. Ishibashi and N. Higuchi 

Department of Administrative Services, TARRI, JAEA 

1. Radioactive Wastes Management 
The radioactive wastes generated in TIARA are managed 

by Utilities and Maintenance Section.  The main 
radioactive wastes are the solid wastes generated from the 
research experiment and the maintenance of the cyclotron. 
Other radioactive wastes are the liquid wastes such as 
inorganic waste fluids generated from the research 
experiment and the air-conditioning machines in controlled 
area.  These wastes are managed according to their 
properties.

�

2. Solid Radioactive Waste 
Table 1 shows the amounts of solid wastes at various 

properties and kinds generated in each quarter of FY 2008.
The main solid waste is generated from the research 
experiment and the maintenance of the cyclotron.

Combustible wastes are rubber gloves, paper, and clothes, 
etc. Incombustible wastes are metal pieces, the glasses, 
and contaminated parts. 

3. Liquid Radioactive Waste 
Table 2 shows the amounts of liquid wastes generated in 

each quarter of FY 2008.  Most of liquid wastes was 
inorganic waste water generated from chemical experiments 
and condensed water from the operation of air conditioning 
units installed in each room of the first class radiation 
controlled area. The largest quantity of waste water in 
summer season (2nd quarter) is mainly due to condensed 
water. After treatment by evaporation, inorganic water is 
reused in the controlled area. Only small amounts of 
concentrated liquid are generated from the evaporation. 

Table 1  Radioactive solid wastes generated in FY 2008. 

                    Amounts Number of
1st 2nd 3rd 4th package

quarter quarter quarter quarter /drum
 Category A* 0.28 0.58 0.28 0.38 1.69  

1)Combustible 0.10 0.44 0.16 0.26 0.96     6** 
2)Incombustible 0.18 0.14 0.08 0.33 0.73 0

Compressible 0.18 0.14 0.08 0.12 0.52      3**
Filters 0 0 0 0.21 0.21 0
Incompressible 0 0 0 0 0 0
Ion exchange resin 0 0 0 0 0 0

 Category B* 0 0 0 0 0 0

Amounts of generation in each periods (m3)

Total     Items

*  defined by dose at the outer surface of  container : (A) � 2 mSv/h � (B). 
** 200-liter drum. 

Table 2  Radioactive liquid waste generated in FY 2008. 

                    Amounts Number of
1st 2nd 3rd 4th package

quarter quarter quarter quarter /drum
 Category A* 8.91 23.10 4.97 3.44 40.42  

1)Inorganic 8.91 23.10 4.97 3.34 40.32 treatment
2)Organic 0 0 0 0 0 0

Organic 0 0 0 0 0 0
Oil 0 0 0 0 0 0

3)Sludge 0 0 0 0 0 0
4)Evaporation residue 0 0 0 0.10 0.10 1

 Category B* 0 0 0 0 0 0

Amounts of generation in each periods (m3)

Total     Items

� � * defined by concentrations in Bq/cm3 (�, �) : (A) � 3.7�10 � (B) � 3.7�104.
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258-260. 

08C058� 3-55� � S
T. Nagamine, K. Dobashi, T. Kusakabe, . Shimizu, 

M. Oikawa and T. Sato 

“Relationship between disease mechanism and  

elemental distribution determined by in-air  

microPIXE” 

BioPIXE 6th Int. Symp. [Richland, USA] (2008) 26.

08C059� 3-55� S
�� ����� ����� ����� ���

�� ����� ����� ����� ��

“������������������”

�25�PIXE������� [��] (2008) 8. 

08C060� 3-55� S
�� ����� ����� ����� ���

�� ����� ����� ���� �� �

�� ��

“�������������������

�������”

� 19 ��������� [��] (2008) 190. 

08C061� 4-13� � C
S. Muraishi, H. Naito, J. Shi,  

Y. Nakamura and T. Aizawa 

“Controlled Elasticity in Nano-structured Metallic 

Glass by Ion Implantation” 

Proc. 6th Pacific Rim Int. Conf. on Advanced  

Materials and Processing, Materials Science  

Forum, 561-565 (2007) 1315-1318. 
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08C062� 4-14� �
Shou Nakagawa, F. Hori, H. Ohno, N. Ishikawa,  

R. Oshima, M. Kitagawa and A. Iwase 

“Study on copper precipitation under electron  

irradiation in FeCu model alloys by using Vickers 

hardness measurements” 

Mater. Res. Soc. Symp. Proc. 1043 (2008) 1043-T09-04.

08C063� 4-16� � S, I
Y. Maeda, Y. Hiraiwa, K. Narumi, A. Kawasuso, 

Y. Terai, Y. Ando, K. Ueda, T. Sadoh,  

K. Hamaya and M. Miyao 

“Site preference of atoms in Heusler alloys Fe3Si  

and Fe2MnSi grown on Ge(111) toward realization 

of Ge channel spin transistors” 

Mater. Res. Soc. Proc., 1119E (2009) 1119-L05-02.

08C064� 4-16� � S, I
Y. Hiraiwa, Y. Ando, K. Narumi, K. Ueda,  

T. Sadoh, M. Miyao and Y. Maeda 

“FERROMAGNETIC FeGe/FeSi LAYERED  

STRUCTURES FORMED BY INTER-  

DIFFUSION IN Fe3Si/Ge HYBRID  

STRUCTURES” 

Abstract of the IUMRS Int. Conf. in Asia 2008,  

[Nagoya] (2008) ZO-8. 

08C065� 4-20� � T
H. Bahadur, K. Ninagawa, H. Nishido, T. Usami, 

M. Kayama and S. Toyoda 

“Radiation effects on Premium Q and Supreme Q  

cultured quartz crystals” 

IEEE Proc. Frequency Control Symp. 2008, (2008) 

213-218. 

08C066� 4-24� � G
Y. Kumagai, R. Nagaishi and R. Yamada 

“Reduction of Dichromate and Cerium ions in  

Colloidal Silica Solutions” 

The 2nd Asia-Pacific Symp. of Radiation  

Chemistry, [Tokyo] (2008) 186. 

08C067� 4-24� � G
Y. Kumagai, R. Nagaishi, R. Yamada,  

Y. Muroya and Y. Katsumura 

“Effects of colloidal silica on the yields and  

reactions of products of water radiolysis” 

The 51st Annual Meeting of Japanese Society of  

Radiation Chemistry, [Ibaraki] (2008) 37-38. 

08C068� 4-24� � G
R. Yamada, Y. Kumagai and R. Nagaishi 

“Hydrogen gas production in �-radiolysis of  

aqueous sulfuric acid solutions containing oxide  

powder” 

The 51st Annual Meeting of Japanese Society of�

Radiation Chemistry, [Ibaraki] (2008) 39-40. 

08C069� 4-24� G, E
����

“��������������������

��������”

������������ 2009�� 30 ����

����������������������

�� ������������ 21 � 2 �����

(�)���������������� 11��2009�

08C070� 4-26� � C
S. Nakagawa, M. Taguchi, N. Ohta and K. Hirota 

“Degradation of hydroxymaleimide in N2-saturated

2-propanol by irradiation of energetic ions” 

The 2nd Asia Pacific Symp. on Radiation�

Chemistry, [Tokyo] (2008) 108. 
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08C071� 4-26� � C
S. Nakagawa, M. Taguchi, N. Ohta and K. Hirota 

“LET effect on irradiation of hydroxymaleimide in 

2-propanol (3)” 

Proc. 51st Annual Meeting of Japanese Society of 

Radiation Chemistry, [Tsukuba] (2008) 149-150. 

08C072� 4-27� � C
T. Kondoh, J.Yang, K. Norizawa, R. Nagaishi,  

M. Taguchi, K. Takahashi,  

R. Katoh, and Y. Yoshida 

“Pulse Radiolysis Study of Ion-Species Effects on 

the Solvated Electrons in Ammonium Ionic Liquids”

The 2nd Asia Pacific Symp. on Radiation  

Chemistry, [Tokyo] (2008). 

08C073� 4-34� S
H. Nishikawa, Y. Seki, Y. Furuta, N. Uchiya,  

T. Nakata, T. Watanabe, R. Nakao, S. Uchida,  

J. Haga, T. Satoh, T. Ohkubo,  

Y. Ishii and T. Kamiya 

“Applications of Microstructures Fabricated by  

PBW to Electric-Micro Filters� (Invited)” 

Book of Abstracts, 11th Int. Conf. on Nuclear  

Microprobe Technology and Applications  

(ICNMTA2008), [Hungary] (2008) 61. 

�

08C074� 4-34� S
E. Yoshida, H. Nishikawa, Y. Furuta,  

Y. Seki and R. Tsuchiya 

“Proton Beam Writer for manufacturing in  

Shibaura Institute of Technology” 

Book of Abstracts, 11th Int. Conf. on Nuclear  

Microprobe Technology and Applications  

(ICNMTA2008), [Hungary] (2008) 118. 

08C075� 4-34� � S
Y. Furuta, H. Nishikawa, T. Satoh, Y. Ishii,  

T. Kamiya, R. Nakao and S. Uchida 

“Fabrication and evaluation of 3D-DEP devices  

utilized by proton beam writing” 

Proc. 34th Int. Conf. on Micro and Nano  

Engineering, No. BIO4, [Athens, Greece] (2008) 05.

08C076� 4-34� � S
Y. Seki, Y. Furuta, H. Nishikawa, T. Watanabe,  

T. Nakata, T. Satoh, Y. Ishii and T. Kamaya 

“Electroplating using high-aspect-ratio  

microstructures fabricated by proton beam writing”

Proc. 34th Int. Conf. on Micro and Nano  

Engineering, No. PTE, [Athens, Greece] (2008) 17.

08C077� 4-34� S
�� ����� ����� ����� ���

�� ����� ����� �

“������������������ 3 �

��������������”

� 69 �������������������

2a-CB-5 (2008). 

08C078� 4-34� S
� ����� ����� ����� ���

�� ����� ��

“��������������������

�����”

� 69 �������������������

2a-M-8 (2008). 

08C079� 4-34� S
�� ������ ����� ���

�� ����� ����� ����� ��

“��������������������

���������������”
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� 69 �������������������

2a-D-5 (2008). 

08C080� 4-34� S
�� ��

“��������������������

������������”

� 69 �������������������

2a-D-5 (2008). 

08C081� 4-34� S
�� ����� ����� ���

�� ����� ����� ��

“��������������������

������� (I)” 

� 56 ��������������1p-ZR-1 

(2009) 723. 

08C082� 4-34� S
�� ����� ����� ����� ���

�� ����� ��

“��������������������

������� (II)” 

� 56 ��������������1p-ZR-2 

(2009) 724. 

08C083� 4-34� S
� ����� ����� ���� ��

�� ����� ����� ��

“��������������������

�������”

� 56 ������������������

��30p-K-7 (2009) 732. 

08C084� 4-36� T
�� ����� ����� ����� ��

“��������������������

���”

� 21 �������������������

������ JAEA-Conf 2008-012 (2008) 130-133.

08C085� 4-43� � C, T, S, I
W. Yokota, T. Nara, I. Ishibori, S. Kurashima,  

K. Yoshida, T. Yuyama, T. Ishizaka, T. Agematsu, 

S. Uno, A. Chiba, K. Yamada, A. Yokoyama,  

K. Mizuhashi, S. Okumura, N. Miyawaki,  

H. Kashiwagi, Y. Yuri, Y. Saitoh, Y. Ishii,  

T. Satoh, T. Ohkubo and T. Kamiya 

“STATUS OF ACCELERATORS AND  

TECHNICAL DEVELOPMENT AT TIARA” 

Proc. 5th Annual Meeting of Particle Accelerator  

Society of Japan and the 33rd Linear Accelerator  

Meeting in Japan, [Higashihiroshima] (2008). 

08C086� 4-44, 5-02� � C
Y. Yuri, T. Ishizaka, T. Yuyama, S. Okumura,  

I. Ishibori, N. Miyawaki, S. Kurashima,  

K. Yoshida, H. Kashiwagi,  

T. Agematsu and T. Nara 

“BEAM UNIFORMIZATION USING  

MULTIPOLE MAGNETS AT THE JAEA AVF  

CYCLOTRON” 

Proc. European Particle Accelerator Conf., 

EPAC’08, [Genoa, Italy] (2008) 3077-3079. 

08C087� 4-44� � C
Y. Yuri, T. Ishizaka, T. Yuyama,  

S. Okumura and I. Ishibori 

“FORMATION OF A UNIFORM BEAM  

PROFILE USING MULTIPOLE MAGNETS” 

Proc. 5th Annual Meeting of Particle Accelerator 

Society of Japan and the 33rd Linear Accelerator 

Meeting in Japan, [Higashihiroshima, Japan] 

(2008) 397-399. 
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08C088� 4-46� S
�� ����� ����� ����� ���

�� ���� ���� ����� ��

“����������� RF �������

������”

� 21 �������������������

������ JAEA-Conf 2008-012 (2008) 138-141.

08C089� 4-46� I
�� ����� ���� �

“TIARA �����������������

�������”

� 21 �������������������

������ JAEA-Conf 2008-012 (2008) 134-137.
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Appendix 2

List of Related Patents 

08PAT001� 1-34
�� ����� ����� ���� ����

���������������������

��������

�������������������

����� PCT/JP2008/072396 

�

08PAT002� 2-05
�� ������������������

�� ������������������

�� ������������������

��

������������������

���������������

�� 2008-173867 �

�

08PAT003� 2-07
���������������������

����

���������������������

�����������������

�� 2008-334433 �

�

08PAT004� 3-19
������ ��������������

���������

���������/�����������

������ ��� 3845697 �

08PAT005� 3-19
I. Narumi, Z. Tu, K. Satoh (QuBS, JAEA), 

�Radiation resistant bacterium/E. coli shuttle 

 vector�

�������� � 6770476 �

�

08PAT006� 3-39
�� ����� ����� �������

���������������

���������������������

�������

����������

�� 2008-213928 �

�

08PAT007� 3-45
�� ����� �������������

�����

������������������

�����

�� 2008-171032 �

�

08PAT008� 3-46, 3-47
�� ���� ����� ����� ���

�� ������������������

������

������������ 177Lu �����

��

�� 2009-072558 �

�

08PAT009� 4-06
�� ����� ���� ���������

���������������������

���������������������

�� 2008-236572 �
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08PAT010� 4-07
�� ���� ����� ����� ����

��������������

��������������������

����������

�� 2009-046288 �(2009.2.27) 

�

08PAT011� 4-07
S. Ukon, H. Furukohri, K. Ishida����������

J. Kusano�������J-PARC ������

N. Morishita����������������

O. Takeda�������J-PARC ������

A. Idesaki����������������

�RADIATION-RESISTANT RESIN 

 COMPOSITION AND RADIATION-PROOF 

 WIRE/CABLE�

European Patent Appl. No.08164201.9-2102 

(2008/11/05). 

�

08PAT012� 4-07
�� ����� ���� ���������

���������� ����� �����

����

�����������������

�� 2008-236572 �(2008.9.16) 

�

08PAT013� 4-08
�� ����� ����� �������

�����������

��������������������

�������

�� 2009-60349 �

�

08PAT014� 4-08
�� ����� ����� �������

�����������

��������������������

������

�� 2009-60350 �

�

08PAT015� 4-24
�� ����� ���� ���������

���������

����������������������

����������������������

�� 2008-230947 �

�

08PAT016� 4-24
�� ����� ����� ����� ���

��������������

����������������������

���������������������

��������

�� 2008-231477 �

�

08PAT017� 4-34
�� ����� �����������

�� ����������

�� ����� ����� �������

��������������������

�������������

�� 2009-013112 �
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Appendix 3 

List of Related Press-Release and TV Programs 

08NP001� 1-31
�� 20� 12� 12�������

�������������������

����������������

����������

�

08NP002� 1-37
�� 20�����������������

��������������������

�����������������

����������������

��������������������

�������“���������”���

��������������������

�

08NP003� 3-28
�� 20� 6� 17������������

�����������������

��������������������

��� 20� 7� 10�����������

������������ Bcl-2�����

������ —Bcl-2 ����������

���������—�

�

08NP004� 3-39
�� 20� 8� 21���������

�����������������

����

�������������������

������������� ������

������

�

08NP005� 3-56
�� 20� 11� 11�����������

����

�������������������

�������������-������

��������-�

�

08NP006� 4-34
�� 20� 7� 15����������

�������“����”�

�

08NP007� 4-34
�� 20� 7� 15����������

������������

�

08NP008� 4-34
�� 20� 7� 26����������

������“����”�

�

08NP009� 4-34
�� 20� 8� 10����������

���������������

�

08NP010� 4-34
�� 20� 8� 18����������

�������������
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08TV001� 3-28
�� 21� 7� 26� 23� 00 ��23� 30 ��

NHK World TV 

�� 21 � 7 � 27 � 4 � 10 ��4 � 40 ��

����� 1

�What’s on Japan�

�������������������

���
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Symbol used in the Appendix 1 to 3

An example of symbol expression is written as following. 

08   J  148   4-34  S
�    �   �     �-�   �

�  Number of last two orders in fiscal year 
�  Kind of publication 

J  :  Publication in Journal 
    C  :  Publication as Proceedings 
    NP : Press-Release (Newspaper) 
    TV : TV Programs 
    PA : Patent 
� Consecutive numbers for the kind of publication 
�-� Paper number 
�  Classification number of research field 
    1 : Space, nuclear and energy engineering 
    2 : Environment conservation and resource security 
    3 : Biotechnology and medical application 
    4 : Advanced materials, analysis and novel technology 
�  Consecutive number every research field 
�  Accelerators or irradiation facilities utilized for the research 
    C : AVF Cyclotron 
    T : 3 MV Tandem Electrostatic Accelerator 
    S : 3 MV Single-ended Electrostatic Accelerator 
    I : 400 kV Ion Implanter 
    E : 2 MV Electron Accelerator 
    G : Co-60 Gamma-ray Irradiation Facilities 

O : Off-line (Research without the utilization of irradiation facilities) 
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Joint
Res.

Entr.
Res.

Coop.
Res.

JAEA
Inter.

Com.
Use C T S I E G

Joint
Res.

Entr.
Res.

Coop.
Res.

JAEA
Inter.

Com.
Use C T S I E G

1-01 � � 2-08 � � �

1-02 � � 2-09 � � �

1-03 � � 2-10 � � �

1-04 � � � 2-11 � �

1-05 � � � 2-12 � � �

1-06 � � � �

1-07 � � � 3-01 � � �

1-08 � � � 3-02 � �

1-09 � � � � 3-03 ���

1-10 � � � 3-04 � �

1-11 � � � � 3-05 � �

1-12 � � 3-06 � �

1-13 � � � 3-07 � �

1-14 � � 3-08 � �

1-15 � � 3-09 � �

1-16 � � 3-10 � �

1-17 � � 3-11 � �

1-18 � � 3-12 � �

1-19 � � 3-13 � �

1-20 � � 3-14 � �

1-21 � � 3-15 � �

1-22 � � � 3-16 � �

1-23 � � � 3-17 � �

1-24 � � 3-18 � �

1-25 � � 3-19 � �

1-26 � � 3-20 � �

1-27 � � 3-21 � �

1-28 � � � � 3-22 � �

1-29 � � 3-23 � �

1-30 � � 3-24 � �

1-31 � � 3-25 � �

1-32 � � � � 3-26 � � �

1-33 � � 3-27 � �

1-34 � � 3-28 � �

1-35 � � � 3-29 � �

1-36 � � � 3-30 � �

1-37 � � 3-31 � �

1-38 � � � 3-32 � �

3-33 � � �

2-01 � � � 3-34 � �

2-02 � � 3-35 � �

2-03 � � 3-36 � �

2-04 � � � 3-37 � �

2-05 � � 3-38 � � �

2-06 � � � 3-39 � �

2-07 � � � 3-40 � �

Appendix 4   Type of Research Collaboration and Facilities Used for Research

Paper
Number

Type of Research

 Collaboration*1 Irradiation Facilites*2Irradiation Facilites*2Type of Research

 Collaboration*1 Paper
Number
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Joint
Res.

Entr.
Res.

Coop.
Res.

JAEA
Inter.

Com.
Use C T S I E G

Joint
Res.

Entr.
Res.

Coop.
Res.

JAEA
Inter.

Com.
Use C T S I E G

3-41 � � 4-21 � �

3-42 � � 4-22 � �

3-43 � � 4-23 ���

3-44 � � 4-24 � � �

3-45 � � 4-25 � �

3-46 � � 4-26 � �

3-47 ��� 4-27 � �

3-48 � � 4-28 � �

3-49 � � 4-29 � �

3-50 � � 4-30 � �

3-51 � � 4-31 � �

3-52 � � 4-32 � �

3-53 � � 4-33 � � �

3-54 � � 4-34 � �

3-55 � � 4-35 � �

3-56 � � 4-36 � �

4-37 � �

4-01 � � � � 4-38 � �

4-02 � � 4-39 � �

4-03 � � 4-40 � �

4-04 � � � 4-41 � � �

4-05 � � � 4-42 � �

4-06 � � 4-43 � �

4-07 � � 4-44 � �

4-08 � � � 4-45 � �

4-09 � � 4-46 � � � �

4-10 � � 4-47 � � �

4-11 � �

4-12 � � 5-01 � � � �

4-13 � � 5-02 �

4-14 � � 5-03 � � �

4-15 � � 5-04 � �

4-16 � � � 5-05 � �

4-17 � � � � � � 5-06 � � � � � �

4-18 � � � 5-07 � � � �

4-19 � � 5-08 � � � �

4-20 � �

                         facilities) 

Irradiation Facilites*2
Paper

Number
Paper

Number

Irradiation Facilites*2Type of Research

 Collaboration*1
Type of Research

 Collaboration*1

  Com. Use : Common use based on "JAEA-facility-use"
  OL : Off line (research without the use of  irradiation 

  Entr. Res. : Research entrusted to JAEA

        through The University of Tokyo
  JAEA Inter. : JAEA internal use

  C : AVF Cyclotron System

  *2 Utilization of Irradiation Facilities  *1 Type of Research Collaboration

  Coop. Res. : Cooperative research with plural universities

  Joint Res. : Joint research with external users

  G : Co-60 Gamma-ray Irradiation Facilities
  E : 2 MV Electron Accelerator

  T : 3 MV Tandem  Electrostatic Accelerator

  I : 400 kV Ion Implanter
  S : 3 MV Single-ended Electrostatic Accelerator
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Appendix 5 A Typical Example of Abbreviation Name for Organizations 
in Japan Atomic Energy Agency (JAEA) 

�  Directorate, Center, Department, Institute, etc. 

QuBS�������������: Quantum Beam Science Directorate 
NSED�������������: Nuclear Science and Engineering Directorate 
FRDD�����������: Fusion Research and Development Directorate
GIRDD������������: Geological Isolation Research and Development  

Directorate 
ANSRD������������������: Advanced Nuclear System Research and  

Development Directorate 
NCBD�������������Nuclear Cycle Backend Directorate 
NSRC����������: Nuclear Safety Research Center 
NFCEL��������������: Nuclear Fuel Cycle Engineering Laboratories 
NERCC������������������: Nuclear Engineering Research 
 Collaboration Center 
J-PARC� J-PARC �����: J-PARC Center 
NCED�����������: Nuclear Cycle Engineering Department 
TARRI�����������: Takasaki Advanced Radiation Research Institute 
NSRI����������: Nuclear Science Research Institute 
KPSI����������: Kansai Photon Science Institute 

�  Division, Unit, Department, etc. 

�Environment and Industrial Materials Research Division, QuBS, JAEA 
�����������������������������

�Radiation-Applied Biology Division, QuBS, JAEA 
���������������������������

�Neutron Material Research Center, QuBS, JAEA 
���������������������������

�Division of Environment and Radiation Sciences, NSED, JAEA 
��������������������������

�Division of Fuels and Materials Engineering, NSED, JAEA 
�������������������������

�Division of ITER Project, FRDD, JAEA 
�����������ITER �����������

�Division of Fusion Energy Technology, FRDD, JAEA 
������������������������������
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�Advanced Science Research Center, JAEA 
������������

�Department of Advanced Radiation Technology, TARRI, JAEA 
����������������������

�Department of Radiation Protection, NSRI, JAEA 
�����������������

�Accelerator Division, J-PARC, JAEA 
�J-PARC ���������������

�Safety Division, J-PARC, JAEA 
�J-PARC ��������������

�LWR Long-term Reliability Research Unit, NSRC, JAEA 
�������������������������

�Geological Isolation Research Unit, GIRDD, JAEA 
���������������������������

�Nuclear Cycle Engineering Department, NFCEL, JAEA 
������������������������

�Plutonium Fuel Development Center, NFCEL, JAEA 
�������������������������������

�Advanced Reprocessing Unit, ANSRD, JAEA 
���������������������������������

�Industrial Collaboration Promotion Department, JAEA 
���������

�Nuclear Cycle Backend Technology Development Unit, NCBD, JAEA 
������������ ����������������



1024 10-1 d
1021 10-2 c
1018 10-3 m
1015 10-6 μ
1012 10-9 n
109 10-12 p
106 10-15 f
103 10-18 a
102 10-21 z
101 da 10-24 y

SI 

SI 
min 1 min=60s

h 1h =60 min=3600 s
d 1 d=24 h=86 400 s
° 1°=( /180) rad
’ 1’=(1/60)°=( /10800) rad
” 1”=(1/60)’=( /648000) rad

ha 1ha=1hm2=104m2

L l 1L=11=1dm3=103cm3=10-3m3

t 1t=103 kg

SI SI

SI
eV 1eV=1.602 176 53(14)×10-19J
Da 1Da=1.660 538 86(28)×10-27kg
u 1u=1 Da

ua 1ua=1.495 978 706 91(6)×1011m

SI SI SI

SI 
Ci 1 Ci=3.7×1010Bq
R 1 R = 2.58×10-4C/kg

rad 1 rad=1cGy=10-2Gy
rem 1 rem=1 cSv=10-2Sv

1 =1 nT=10-9T
1 =1 fm=10-15m
1  = 200 mg = 2×10-4kg

Torr 1 Torr = (101 325/760) Pa
atm 1 atm = 101 325 Pa

1cal=4.1858J 15 4.1868J
IT 4.184J

μ  1 μ =1μm=10-6m

10 SI

cal

(a)SI

(b)
rad sr

(c) sr
(d)
(e)

(f) activity referred to a radionuclide ”radioactivity”
(g) PV,2002,70,205 CIPM 2 CI-2002

CGS SI

a amount concentration
substance concentration

SI 

Pa s m-1 kg s-1

N m m2 kg s-2

N/m kg s-2

rad/s m m-1 s-1=s-1

rad/s2 m m-1 s-2=s-2

, W/m2 kg s-3

, J/K m2 kg s-2 K-1

J/(kg K) m2 s-2 K-1

J/kg m2 s-2

W/(m K) m kg s-3 K-1

J/m3 m-1 kg s-2

V/m m kg s-3 A-1

C/m3 m-3 sA
C/m2 m-2 sA
C/m2 m-2 sA
F/m m-3 kg-1 s4 A2

H/m m kg s-2 A-2

J/mol m2 kg s-2 mol-1

, J/(mol K) m2 kg s-2 K-1 mol-1

C/kg kg-1 sA
Gy/s m2 s-3

W/sr m4 m-2 kg s-3=m2 kg s-3

W/(m2 sr) m2 m-2 kg s-3=kg s-3

kat/m3 m-3 s-1 mol

SI
SI 

m2

m3

m/s
m/s2

m-1

kg/m3

kg/m2

m3/kg
A/m2

A/m
(a) mol/m3

kg/m3

cd/m2

(b) 1
(b) 1

SI
SI

SI SI

( ) rad 1 m/m
( ) sr(c) 1 m2/m2

Hz s-1

N m kg s-2

, Pa N/m2 m-1 kg s-2

, , J N m m2 kg s-2

W J/s m2 kg s-3

, C s A
, V W/A m2 kg s-3 A-1

F C/V m-2 kg-1 s4 A2

V/A m2 kg s-3 A-2

S A/V m-2 kg-1 s3 A2

Wb Vs m2 kg s-2 A-1

T Wb/m2 kg s-2 A-1

H Wb/A m2 kg s-2 A-2

( ) K
lm cd sr(c) cd
lx lm/m2 m-2 cd
Bq s-1

, , Gy J/kg m2 s-2

, ,
, Sv J/kg m2 s-2

kat s-1 mol

SI
SI 

SI 
bar bar=0.1MPa=100kPa=105Pa

mmHg 1mmHg=133.322Pa
=0.1nm=100pm=10-10m

M=1852m
b b=100fm2=(10-12cm)2=10-28m2

kn kn=(1852/3600)m/s
Np

dB       

SI SI

m
kg
s
A
K

mol
cd

SI
SI 

SI
erg 1 erg=10-7 J
dyn 1 dyn=10-5N
P 1 P=1 dyn s cm-2=0.1Pa s
St 1 St =1cm2 s-1=10-4m2 s-1

sb 1 sb =1cd cm-2=104cd m-2

ph 1 ph=1cd sr cm-2 104lx
Gal 1 Gal =1cm s-2=10-2ms-2

Mx 1 Mx = 1G cm2=10-8Wb
G 1 G =1Mx cm-2 =10-4T
Oe 1 Oe   (103/4 )A m-1

CGS
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