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Foreword 

This translation has been made based on the original Japanese Indus­
trial Standard established by the Minister of Economy, Trade and In­
dustry through deliberations at the Japanese Industrial Standards 
Committee according to the proposal for establishment of Japanese In­
dustrial Standard submitted by Japan Electric Measuring Instruments 
Manufacturers' Association (JEMIMA)/J apanese Standards Association 
(JSA) with the draft being attached, based on the provision of Article 12 
Clause 1 of the Industrial Standardization Law. 

This JIS document is protected by the Copyright Law. 

Attention is drawn to the possibility that some parts of this Standard 
may conflict with patent rights, applications for a patent after opening 
to the public or utility model rights. The relevant Minister and the 
Japanese Industrial Standards Committee are not responsible for iden­
tifying any of such patent rights, applications for a patent after opening 
to the public and utility model rights. 
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JAPANESE INDUSTRIAL STANDARD JIS Z 4342 : 2013 

Equipment for measuring specific activity of 
gamma -emitting radionuclides in foodstuffs 

Introduction 

This Japanese Industrial Standard has been prepared based on the first edition of 
IEC 61563 published in 2001, with some modifications of the technical contents for re­
sponding to the usage condition in Japan and the progress in technology subsequent to 
the publication of the said International Standard. 

The portions with dotted underlines in this Standard are the matters in which the 
contents of the corresponding International Standards have been modified. A list of 
modifications with the explanations is given in Annex JA. 

1 Scope 

This Standard specifies the ~~jJ!tjJl~ti9)}_tY-R~ radiation meters used for measuring 
the activity concentration of gamma-emitting radionuclides in food/foodstuffs (hereaf­
ter referred to as "radiation meters") under field conditions where radioactive sub­
stances have spread due to the nuclear reactor accident, etc. It does not apply to the 
low background stationary radioactivity analysis equipment such as a germanium 
gamma -ray detector used in specialized agencies for analysis. 

In addition, this Standard is applicable also to the measurement of environmental 
samples in general such as soil, sewage, plant and animal life. 

NOTE 1 The pretreatment method of samples is not covered by this Standard. 

NOTE 2 The International Standard corresponding to this Standard and the 
symbol of degree of correspondence are as follows. 

lEe 61563 : 2001 Radiation protection instrumentation - Equipment 
for measuring specific activity of gamma-emitting radionuclides in 
foodstuffs (MOD) 

In addition, symbols which denote the degree of correspondence in the 
contents between the relevant International Standard and JIS are IDT 
(identical), MOD (modified), and NEQ (not equivalent) according to 
ISO/IEC Guide 21-1. 

2 Normative references 

The following standards contain provisions which, through reference in this text, 
constitute provisions of this Standard. The most recent editions of the standards indi­
cated below (including amendment) shall be applied. 

JJS_J;_J~~}?_Q_Q ____ P;rj!!HJx.Y..l!lJltf}Tif!.~ __ ~ __ lJf!.!!f!.!'..?.1 

JJSJ;_J)J_Q_Q_O_~1~2 ____ }Jlf}Qt!'..(J}J1{lg!!f!.t~q ___ qQmlHL~ild!ity __ (lfMf}) __ = __ p/]!:t_:{~4.. __ : __ Tf}~til)g __ /]!!d 
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JLS_C_61QQQ:_4_~a ____ $l~()l!:Q!J)J;lgl1~tiq--~QJ)JJHL~ib.ihty--{JjlMC} __ = __ PJJ!:t_1_-!l __ ·~ __ T~$ling_fJ!}Jj 
mf;IJ$J!Xf!m-'N}l ___ ~~q!J]ligJ#}~ ___ = ___ R/Jfji/Jtf}fl __ );/J{IiQ~f!:~qll~n{JL ___ f!IE!Qt!:Q~ 

mJ;lgl1~tiq_fj~J(lim!J)_llnjf:Y_tf}~t 

JLS_C_61QQQ:_4_~1 ____ $l~()f£Q!Jlq.gl1~t~q--~QJ)JJH!_~ib.ihty--{JjlMC} __ = __ PJJ!:t_1_-1 ___ ·~ __ T~$_ting_fJ!}Jj 
mf;_/J_$J!XE!m_f}nt __ ~~q!J.lligJ!_f}~ ___ = ___ El~q_~J;iq!!l __ ft:!~t __ t!:/Jn~i~n_~/b.ll!:~t_i1Jl: 

mJJ.njly_tf}~t 

JLS_C_61QQQ:_4_~Q ____ $l~()l!:Q!Jlq.gl1~t~q--~QJ)JJH!_~ib.ihty--{JjlMC} __ = __ PJJ!:t_1_-Q __ ·~ __ T~$_ting_fJ!}Jj 
mf;_/J_$J!XE!m_f}nttf}J;h!JiqU~~ __ ~ __ SlJ.J;g?_ilJlmJJ!lity_t~~t 

JLS_C_61QQQ:_4_~6 ____ $l~r;t!:Q!Jlq.gl1~t~q __ ~QJ)JJH!tib.ihty __ {JjlMC} __ = __ P'/;l);t_1_-li __ ·~ __ T~$ting_fJ!JJj 

m_?_/J_$J!~E!m_f}ntfftqh!l~·gYf!~ __ ~ __ lm!nlJ.l1ily_tg_!!9..ngJ!_q_~~rj_r;!i~tl!~Q_/J!lr;f}~~ 

il}_rjYQ~(lhK_!'/Jrji9..:fJ:~gJ'-f}nqX_fjftJrj$. 

JLS_C_61QQQ:_4_~8 ___ JRJ~r;t!:Q!Jlq.gl1~t~q---qgmJJ../JliQihty--(F;..1)1(}) __ = __ J:,,/;lX~ __ ::l __ ·: __ Tf}§t..~l)g __ fJ!Jfj 

m_?_/J_$J!XE!m_f}ntt..?_qh!JiqU~~ __ ~ __ S?_qfiQlJ._8_:·_P..QWf}!::fJ:~gY_f}nqX_!n/JglJ.~tiq 

fi~Jrjj!n1Jlunityj?§t. 

JLS_C_61QQQ:_4_~11 ____ El~q_~J;:Qm../}.glJ.~tiq __ q9..mJJ../Jlibihtx_($.M(})_=_I!~!:t __ 1~11 __ ·:_Tf}~t..~lJ.g_fJ!JJj 
!Jlft/JEl!J:il}g __ t~r;lJ.l1igp?_$ ___ -= __ YQlt/Jg~ __ rjiR~~_§lJ.QJ;:t_in_~~J:!:YR_~i9..11~_../Jl1g 

YQltt;lg~_Y:/J!:j/JtiQ!J§_ilJlmJ!!litYl~~t$ 

JLS_~lllQ2f) ____ f}f}nf}J:/Jl_r~qlli!:~m~nf$ __ fQ!: __ th? __ QQJ)JR~t..f}nqf! __ 9..f_tf}~t..~l)g __ /Jl1d._Q/JJib!:/Jt..~QJJ 

l/JlJQX~_~QI:if)~ 

JIS Z 4001 Glossary of terms used in nuclear energy 

NOTE: Corresponding International Standards: ISO 921 : 1997 Nuclear energy 
- Vocabulary, IEC 60050-393 : 1996 International Electrotechnical Vo­
cabulary - Chapter 393 : Nuclear instrumentation: Physical phenom­
ena and basic concepts and IEC 60050-394 : 1995 International Electro­
technical Vocabulary - Chapter 394 : Nuclear instrumentation: In­
struments (Overall evaluation: MOD) 

JLS_Z __ 8_10_a ____ QlQ$§~!'y_9..ff?J:mEJl$~rlj!l_m~/J~lJ.!:?_1Jl~lJ.t 

JLS_Z __ 8_4_Q1 ____ QlJ.idf!_fQ_lhf!_rQllnfhl)g-QfnJ!lJlb.~J;:$ 

3 Terms and definitions 

For the purposes of this Standard, the terms and definitions in JIS Z 4001, JJS_Z 
8JJJ3. and the following apply. 

3.1 effective range of measurement 

range of values of the quantity to be measured over which the performance of a piece of 
equipment or assembly meets the requirements of its specifications 

a~2 ____ j.ndi~;~Jj.Q;tJ. __ exro.x. 

Q.jJf~r~n<;g _ n gtw_~gn _ingj~fltg_Q._ YJAl v.~ -Mt. _ fln.sl_GQn.Y~ntiQn.~JJy _tr.v.~ _ ~fll}.Jg M 
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,3.._a ___ .:r~l~~iY~_~r:nn:_9..fj~_di~_~_tiQp.J_l 

p.~x~~ntJ;:tg~_.oi_th_~_Xflt.i9 __ 9J_inQ._i_c;~tiQn_~r:r.ox_t.Q_~QnY~n.tiQnflny._trv~_~fll:tJ.g_-<%.2 
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Thg_X~lflt.iY~ __ E}xr9x __ Qf_ingiGflt_i9_:n_~hflU_Qg __ Ql>t~in~sl_~_G~9x_Q._i:ng_t.Q __ th~_f.QnQ_w.i.1}g_fQr.m!Jl~ __ :. 

1= Mi -Mt xiOO 
M t 

M.-:. inQ._ic;_~_t~d_~fll:tJ.g 

M~ _:. ~_Q.11 y~_:n tj_QxwJly _ tXllg_ .Y.~l V~ 

,3.._1 ___ .:r~l~~iY~ _iD_trin~i~ _~rr~n~ 

$ll_m __ Qf_r~l~tj'yg_~:rXQr._Qf._inQ._ic;~tiQn __ w_h~n_x~g.j_Q_~_Gt.i~~_~Q!Jr<;g_~_gt~_. __ flX~_ll_$~d __ ~nd __ !JnG~r.~ 
,tflj.11tY __ Qf_~_Q.11Y~_1}b_Q.11~Uy_tr.V.~_~fllll_E} __ 9fx~gjQ~~tj.Y.itY __ QX __ ~_Gt_iYitY __ <;_Qnc;~n.t:r_~_tiQn_v.!1-d_~r_t_h~ 
r~f~x~n~~ __ c;.op.<h b_Qn 

Thg_x~l~tiY~_~r:r_Qx_.of_inQ._ic;~tiQn __ i$ __ ~¥.p.:rg_~~~_d_RY __ *-_tll.l __ t.._Il) __ tflkj_:ng_x~l~t.i_yE} __ ~:rxQr._Qf 
indiGflt.i9_:n_~~_:J::_.L_!Jnd_r.E}1~b'y'~_g~p_~_:nd~d_:tJ._1}<;gxt.~_inty._9J_~_9_1}Y~_ntj_Q.11~Uy __ tr.v.~ __ ~~1:tJ.g __ Qi_r.~_~ 
diQ~~_tiyj_tY_Q:r __ ~_c;ti~ity'_c;Qn.~~!1-tx!JtiQn_fl~_l!(GQ~~:r_~K~_i~wtQ:r_k.:=:= __ 2t 

,NQ_TE_: ___ Th~_1l_:n<;_~xt.~_inty'_9J_r.~diQ~~_tjyj_tY_Qr._~~_tjyity_~9_n~_E}.11tx~t.i_Q.11_i~_~~RrE}_$_~~d_by 
,E})~:.PJAng~g __ vn.~~:r_t~jnty! __ Th_~ __ ~~R~nQ.g_Q. __ :tJ..11c;gxt.~j_ntY __ i~_.on_t~in~_Q. __ RY __ m:tJ.ltj_-. 
p.lyin.g_th~ __ c;Qmhin~d_J?_t~n._Q._~xg. __ :tJ..11c;~xt~j.:ntY __ Ry __ tbg_~Q~~:r_~g~ __ f~_Gt_Qx! __ Tbg 
,c;Qmn_in~d_~t.~_1}d~r.d_:tJ..11c;_~xt.~j_ntY_.i§l __ ~_~glJ-~X~_XQ9_t __ Qf_th~ __ §lJJ.m_Qf_§l_qV.~r.~_i? __ Qf 
,thg __ $t~!1-g._~xd __ d~_Yi~tj_Q.11_(i?t_~ngflXd_JJn~_E}xt.~int.Y.2_.of_tbg_~_9_mRQn~!1-t_Qf._~_~_c;b. 
,v.n~~:rt~in.tY~ 

3.._ ~ ____ <;.o~tIi~i~_J}t. .of Y_~_:~i~~iQp.J __ V 
r~JiQ_-<J!1_Qf.g_i?t.im~t_E}_Q. __ ~~11l_~ __ Qf._i?t_~ngflrd __ Q.g.Y.i~tj.on_L~) __ tQ __ th~ __ ~xjthm_~ti~ __ m~~n_(x) __ Qf_~ 
,$~t_9J_nm_~_~_i?:tJ.x~m~nt§l __ (.~),_gi~~_n_Ry_t_h~JQnQwin.K_E}_qv.~tj_Qn:_ 

s 1 1 ~ -2 
V = -= = -= - L...J (Xi - X) 

X X n -1 i=l 

3.6 minimum detectable activity, Amin 

the lowest detectable radioactivity at which, under the condition of a certain background, 
the probability of the radioactivity that cannot be statistically estimated by using the 
variation of that background is 95 % or greater 

When the background is expressed in units of activity concentration, the minimum 
detectable activity Amin is expressed by activity concentration (Bq/kg) , and is obtained 
according to the following formula, where the background value is measured each time 
during the same period, and the number of measurements n is 10 or more: 

where, 

Amin = 2x1.65x i=l 

n(n -1) 

Abi : j-th background measured value (Bq/kg) 

n: number of background readings 

PROTECTED BY COPYRIGHT 

Full document details: JIS Z 4342-2013

http://www.avadocuments.com/doc/jis-z-4342-2013
http://www.avadocuments.com/doc/jis-z-4342-2013


4 

Z 4342 : 2013 

Ab : mean background value for n measurements (Bq/kg) 

The background value is measured each time during 
the same period, and the number of measurements n is 
10 or more. 

When the background is expressed by counting rate, it is obtained according to the 
following formula: 

~in =2x1.65xC i=! 

n(n-l) 

where, Mi: i-th background counting rate 

C: activity concentration conversion factor (Bq/kg) /s 1 

Nb: mean background value for n measurements 

Q.~t_~_Gt_Qx_~ng_d~y:i~_~ __ GQD-t~iD-j}lg_th~_fl;!D-~hQ}l~l_~}lit_~tt~~h~Q._t9.jt-, __ whi~h_~r~ __ 1Jo9_t_P.KQ~ 
Yi_(l~Jl_w_ith_th~_Q.i~p.l~Yfl;!nGti9_1Jo __ 

a!~ ____ m_~~_~~~~m~p.~ JH~P.~~~~~:mp.ly 
Q.~Yi~~ __ th~_t __ g9g~ __ nQt_~9.nt~_in __ ~ __ Q.g_t~~tiQn __ B-'JR=~~B..~))1RlY __ ~nQ. __ ~_9_1Jot~j_1JoB __ f\1,nQ.tiQn~1 __ \1,nit$ 
Q.~~igD-_~Q. __ tQ_di~p.l~Y_th~_m~~~!JK~d_Y9:l~_~_~_QfK9:diQ~~tjYitY, __ ~_Gt_iy:itY __ GQD-~~ntx~ti9.n2_~tG: 

a !~ ____ a~tiy.ity_ ~Qn~~:nt~at.i9..:n _ ~QJ1Y~r~j.Qn fa(!_tQr-, __ C 

Y~1\1,~ __ QRt~_i)),~d_Ry __ diYiQ.j}lg_t))'~_Q.9)),Y~nti9xW,UY __ trl;!~_Y~1\1,~ __ Qf_~_GtiYitY_~_Q}l~~ntr~tiQn_9f_q. 
r~diQ~~tjvg __ B_t~nQ._~xQ. __ B_QJ"lJ tj_Q}ll. _ K9:diQ~~tjvg __ B_t~nQ._~xQ. __ Y9.l !Jmg __ B_QllX~~ _ QK __ ~t_~_nd~Kd __ ~Q!Jr~g 
fQK_tg_~t_J;~Y-_th~ __ n~t_GQ~ntin..Kx~t~_9:t_th~_tim~_Qf)))&~$_\1,:r~m_~nt_Qf_th~B..~_B_t~D-_Q._~xQ. __ $Q~xQ.~_$" 
Y'!h~K~ __ th_~ __ n~t __ ~Q~}lti))g_x~t~ ___ i$ ___ q. ___ q1)'}::U1titY __ QRt~_in~d __ RY- __ B_"lJRtx~~tjng __ th~ __ R~~kgK9_"lJnQ. 
~9."lJD-tinKK9:t~_f:rQm __ th~_~~tl)._~UY_mg~_~~K~d_Q.9_"lJnt_inKK~t~ 

4 ____ c.l~~~ifi~atiQJ), 

rh~_~J~_~~ifi_G~ti9_n_9fr~_gi9:tj_Qn)))gt~r$_~h~nJ)_~ __ ~_~_fQnQw~: 

~) ___ J?Qrt~bl~ __ typ~ ____ rhQ_~~_Y'!hj_Gh __ G~nJ)gh~nQ._-_G~Kri~_d~ 

R) ___ JV.lQbU~ __ typ~ ____ rhQ_~~_Y'!hj_Gh __ G~nJ)_~_))'9_y:~_g_w_ith_G~_~t~KB __ ~_tQ.. __ 9:tt9:~_h~d: 

~2 ____ St.~tj.Qp._~Xy_typ~ ____ rhQ~~_whi~h_~K~_fj~~Q. __ ~_t_~_lQ~~tj_Qnx~q\l_i:rgJl.. 

5 Performance 

Q!J ____ A&tj.yj~y _ ~_QJ1(!~D_tr~tj5nJ. __ GQp.Y~r~iQ:n _ f~~t_Q~ 

rh~ __ ~_GtjyitY_Q.9_n~g}ltK9:tj_Q}1_~QnY~r$j_Q}l_f~~t9x __ Qf_~t __ l~9:BJ_Jb._~ __ fQnQwi1Jog_K~Q.iQn"lJ~lid~B. 
~h~n_R~_QRt~_in~d_~_~ __ ~p'~Q.ifjgQ._jn __ 7_'_~_'_~_1._~nQ._jnQ.j_G~t~_d_inJh_~ __ QI>-~x~tj9.n_m_~_nTI~L_rhg __ tQl~, 
~r~nQ.~_ x~ng~_~ _ ~h~n _nQt J?g __ ~p.~~ifjg_Q._ .. 

40K, GOCo, 1311, 133Ba, 134CS, 137CS 
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The effective range of measurement of the activity concentration of radionuclides 
specified in 5.1, when the external gamma dose rate does not exceed 2.5 ).lGy/h, should 
contain the range of at least 100 Bq/kg to 1 MBq/kg, except 4°K of natural radionuclides 
that exist in foodstuffs. 

5.3 Energy measurement range 

The energy measurement range shall contain at least 150 keV to 1 500 keV. 

5.4 Relative intrinsic error 

The tolerance on relative intrinsic error, when the test is performed as specified in 
7.2.3, shall be ± (2Q_i-__ U) %. 

5.5 Response to standard source for test 

The response to the standard source for test shall be tested as specified in 7.2.4, and 
the response value shall be stated in the operation manual. The tolerance shall not be 
specified. However, when the radiation source in 7.1.2 c) is not used in all the tests in 
7.2, this test need not be performed. 

5.6 Minimum detectable activity 

The minimum detectable activity, when the test is performed as specified in 7.2.5, 
shall not exceed the minimum detectable activity (Bq/kg) stated by the manufacturer 
in the operation manual. The time required for the measurement for attaining the 
minimum detectable activity shall be stated in the operation manual. The time for the 
sample pretreatment and the background analysis shall not be included in this time. 

5.7 Effect of external gamma radiation 

The response of the radiation meter to the external gamma radiation, when the test 
is performed as specified in 7.2.6, shall not exceed the nominal value of the manufac­
turer . 

.rb_~ __ rrH!rr~J9.:~_t~I~r_~Jl9.:11J~~rJ9.1;))) __ tb&_tg_~t __ ~~ __ ~R~dfi~5l_irr __ 7./J.!'1_J2l)}d_.px~~~rrt_tbg __ rE?I~~ 
tiy~_jrrJxj.)}$_i~ __ ~rxQr_t9. __ 1_~7J~:;~_~_JlQw~~~r,-_fQx_xJ~._(Ji9.:tj._Qn_J)JE?_t~r_~ __ rrQt_lHJying __ th~_JArr~lyjj~_~J 
fvnGt_i9)}_Q[r9.:diQrr~_GhQ&$-, __ thi~_t_E?_~t_rr~~ct_nQt __ hE?_.p_E?xfQxm~~:L 

5.9 Indicated value variation 

The coefficient of variation, when the test is performed as specified in 7.2.8, shall not 
exceed 0.1. 

5.10 Temperature characteristics 

The tolerance on the variation of the indicated values, when the test is performed as 
specified in 7.2.9, shall be ±10 % for the temperature range of 10°C to 35 °C. However, 
when the test is performed at -10°C to 40 °C 9.:~_GQrctirrK_tQ_fh~_~gr~g:p)&rrtJ!_E?_tW~~XLfh~ 
p.9.:rti~B..J~9)JgE?xn~~Lw_itb __ ct~li~~rY,- the tolerance shall be ±10 % for the range of 10°C to 
35 °C, and ±20 % for the ranges of -10°C to 10°C and 35 °C to 40°C. 
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In addition, when the test is performed at -20°C to 50°C according to the agree­
ment between the parties concerned with delivery, the tolerance shall be ±10 % for the 
range of 10°C to 35 °C, ±20 % for the ranges of -10°C to 10°C and 35 °C to 40°C, and 
as agreed between the parties concerned with delivery for the ranges of -20°C to 
-10 °C and 40°C to 50 °C. 

5.11 Humidity characteristics 

The tolerance on the humidity characteristics, when the test is performed as speci­
fied in 7.2.10, shall be ±10 %. 

5.12 Stability against power supply voltage variation 

The tolerance on the stability against power supply voltage variation shall be as fol­
lows. 

~) ____ .A._C_PQw_er __ ~BJ.pply- __ ey~t~m ____ Th~_p_E;xmj)?_~ibJg __ d~~iRt_iQn __ Qf_tJ)g_indi~J~l,t~d __ y~l1J~~_f:rQm 
tlH~_x~f~rE;nc;g __ ~~J1Jg, __ w)}~n __ thg_J~~t_jB __ ll~rfQrm~d __ ~_~ __ $pg-,~ifi~JJ_jn_'1~2_._1l_a), __ B11~ltJ~~ 
~!?-_%_ .. 

b) Battery·powered system The permissible deviation of the indicated values from 
the reference value, when the test is performed as specified in 7.2.11 b), shall be 
±10 %. 

5.13 Shock resistance 

The tolerance on shock resistance, when the test is performed as specified in 7.2.12, 

shall be ±10 % . .fl9_W_E;ygrlJQX __ th~ __ m9.b.il~ __ tY.R~JRdj_~_tiQn_m~t~LR-nd_~t~_tiQrrR-Xy. __ tY.R~JR~. 
Q.j_~_tiQnJ)).~_t~r-,_Jhj_~ __ t~_$_t_rr~~d_nQt.J~~J~~rf9Xm_E;_(to 

5.14 Vibration resistance 

The tolerance on vibration resistance, when the test is performed as specified in 
7.2.13, shall be ± 10 % . .fl9_WgY~rl.J9x-JbgJn.QbjJg_Jy.p_~ __ r~diR-t.i9.n __ m~t~L_~_1),d __ ~t.~tj_Q])'J~l);y' 
typ~_X_~_(Ji~tj_Qn_m~t~rl_thiB __ t~~t_ng~Q._n9_t_R~_R~rf9.n))gd~ 

5.15 Preheating time characteristics 

The tolerance on preheating time characteristics, when the test is performed as spe­
cified in 7.2.14, shall be ±10 %. 

5.16 Overload characteristics 

When the test is performed as specified in 7.2.15, the maximum value or .9Y_E;x~c;_~1E; 
shall be displayed during the exposure with the radiation source that generates over­
load. After the radiation source that generates overload is removed, the indicated value 
shall return from the overscale state within the time agreed between the parties con­
cerned with delivery not exceeding 30 min. The tolerance on the difference of the indi­
cated values from the reference value after returning to the measurement range shall 
be ±10 %. 

5.17 Alarm trip stability 

When the test is performed as specified in 7.2.16, the alarm shall not be generated 
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by the signal input corresponding to not more than 89 % of the preset alarm level and 
the alarm trip shall function when the signal input corresponding to not less than 
111 % is applied_H9.w_~vgXLJ9X_X~_<:lj~tip))_m.J~~_t~r_~ __ w_itb91l_t_~tL{ll~J·)nJvn~tiQn.-, __ thiB..j~~_$t 
,J}~~_d _ nQt J!_~_ 'pg~fQxm~~l: 

5.18 External electromagnetic field characteristics 

.lJJ._~ __ tQl~r9-_J}~_~ __ 9_J}_~~t~xngl_~l~_GtrQm._9-gn~tiG_fi~lct_~hgI~~_t~ri$_ti~$-, __ wh~n_th~_t~_~t_iB.._I?~C 
fQrJ))&9o_~$ __ $p_~_Gifi&9ojn_'1~2_._17.,-_$h~n_J:?g_?:=Jf) __ %_-

Q._1 ~ ___ Jm._m~nity_ ~h~rt.~a~_t~:ri~ti~~ __ ~K~in~t P_Q_W~~ JH~pply J:r~q\1:~J1~y _magn~ti<;_ Ji~ld 

.rb_~ __ tQl~r~_J}~_~ __ Q})_im}))1!DitY-_~h~I~~_t~r_i$_ti~$ __ ~g~irr_~tJ~~QWgX __ ~~.p.plY-_f~~g!J~rr~y-_m._~KJ}~ti~ 
fi~l~Lwh~nJh~ __ t~_$_t_iB..J~~rJQrJ))g9o_~$ __ $pg~ifi_~_djn_'1~2_.J_S_,-_$h~n_J:?~_?:=J_Q __ %_-_ 

,Q._~Q ___ J~;l~~t.rQ~t~ti~_~U~~l1:arg~_~bJ~.x~~t~~i~ti~~ 

.rbg_JQ1~r~n~~ __ Qn __ ~l~_GtrQ~t~_ti~_gj_$~lH~xg~_~ha.x~~t~ri$_ti~$_,-_whgn_tbg_t~~t __ iB.._pgxfQrm~d 
,~$ __ ~I>_~~ifig_Q. __ in_'1!2~JJ)-, __ $h~U_J:?~_~JQ __ %_-. 

Q._~l ___ Jm._m~nity __ ~_ha:r_~_~t.~xiet.i~_e __ againet. __ (!Qnd_lJ:~_t~~tjnt.~xfex~n~~ __ d..~xiv_e~l_by_xadiQ_Jr~_~ 
,qlJ:~n~y. _ ~l~~tr..Q_magn~ti(!_ fi~ld 

.rbg_tQl~r_~_J}~g __ Qnjmm.-'Jnity:_~_h~r~Gt~Ji~ti~_~ __ ~K~_inB..t_~Qngll_Gt~_d_irrt~rf~x~rr~~_d~riy~d_RY 
Xa._Q._i9_Jr~_qv~_J}~y_~l~_Gtr_Qm._~gJ}~ti_G_fi~ld1_w.h~n_th~_t_~_~t __ i$_J~~rJ9xm._~_Q. __ ~$ __ $pg~ifi~_djn __ 7_._2_._~_0.1 
$h9-l1_J:?~_~JSJ_%_-_JJ_9_Wg_Y~Il_in_tb~_~~B..~ __ 9J_tb&_$jgn~1_~9_J}n~~tiQn_GJ~.pl~ __ 9-_J}d_I?Qw~r_Ga.p_~~ __ Qf_a 
m_Qr_l~_$_~_inl~ngth,-_thi$ __ t~$_t_n~~~tnQ_t_R~J:?~rf9.n))&90-_ 

Q._~~ ___ Jm._m~nity _ ~ha~a~_t~:ri~ti~~ __ ~K~in~t _ele~txi~al f~~t _ txanei~ntfu!Jx~t 

,Q._~~!l ____ Sign~l~ahl~ 

.rbg __ t9l~xa.nGg __ Qn_imm~nity __ ~ha.x~~t~ri$_ti~$ ___ ~g~jn~t_gl~_Gtxi~~l_f~_$t __ tI~n~i~rrt(h!Jr$_t1 
,wh~J} __ th~ __ t~$_t __ i$ __ R~rJ9.r_m~_9o_g~ __ ~I>_~~ifi_~_Q. __ in_'1!2!2J __ a)J __ $h~llJ;~~ __ ?:=J_Q __ %:_JlQwgY~r,-_jn_t_h~ 
Ga._~~_Qfth~_$_ign~l~~J:?l~_Qf_Q __ m_Qr_l~_$~_inl~_J}gth,-Jhi$ __ t~$_t_n~~~LnQt_h~_R~rJ9XJJ)'_~_Q._-_ 

,Q._~~!~t __ J~Qw~r_<;~bl~_ 

.rbg __ t9l~xa.nGg __ Qn_imm~nity __ ~ha.x~~t~ri$_ti~$ ___ ~g~jn~t_gl~_Gtxi~~l_f~_$t __ tI~n~i~rrt(h!Jr$_t1 
,wh~J} __ th~ __ t~$_t __ i$ __ R~rJQr_m~_9o_g~ __ ~I>_~~ifi_~_Q. __ in_'1!2!2J_J~)J __ $h~ll_9..~ __ ?:=J_Q __ %:_JlQw~Y~r,-_jn_t_h~ 
Ga._~~_Qfth~_RQW~X_~~Rl~_Qf_Q __ m_Qr __ ~~_$~_inl~_J}gtb._,_Jb_i_$ __ t~$_t_n~~d_nQt_h~J~~rJ9XJ))_~_Q._-_ 

,Q._~a ____ s!Jxg~jm_mlJ:nity._~J~ar~<;t~:ri$t.i~$, 

Q._~a!1 ____ AC_P9w~r_~_lJ:p-ply_~abl~ 

.rb_~ __ tQl~r9-_J}~_~ __ 9D_B..1!rg~ __ imJ))-'JnitY-_~h~r~~t~r_i_$ti~_$-, __ w_h~n_th~_t~_~t __ iB.._I?~rfQr_m~_9o_~B.._B..R~~ 
GjJi~ct_in_7_._2..~~~_~)-, __ $h~U_J:?~_~JQ __ %_-_JI9_Wg:v~rl_in_th~_~~$g __ 9f_tbg'p_9_wgI_~_~9..1~_Qf3_m. __ 9x_l~_~B.. 
.in_l~nKthJ_thi~_t~_~t __ J}~~_d_nQt})g_.p_~xfQIm~d: 

.rb_~ __ tQl~r9-_J}~_~ __ 9D_B..1!rg~ __ imJ))-'JnitY-_~h~r~~t~r_i_$ti~_$-, __ w_h~n_th~_t~_~t __ iB.._I?~rfQr_m~_9o_~B.._B..R~~ 
GjJi~ct_in_7_._2..~~~_b)-, __ $h~U_J:?~_~JQ __ %_-_Jl9_Wg:v~rl_in_th~_~~$g __ 9f_tbg'p_9_wgI_~_~9..1~_Qf3_m. __ 9x_l~_~B.. 
.in_l~nKthJ_thi~_t~_~t __ J}~~_d_nQt})g_.p_~xfQIm~d: 
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