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[sY`Y\_Jj Ñkl5ÇdfJW�É�[sW�×kt�Ø�Ø�Ø
Ù^ÚÛfvËÜfÎl
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áãâ3äÒåhæ�Æ ç%Ëda�XZ_vY,X8aJb�W^_pË Ô [Sx�a�W^x�_vÕm�L_vÅ\[Se
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ç%r^_��^]^Å\�La|XZ_îahbdY`r^_�_pÕm�L_vÅ\[Se
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ahb&_vÕk�L_vÅ`[se
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e
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W^_vËß_vÕk�¤_pÅ`[Seî_vWmY,X>a�W�Y\r^_�_.Ýu_Jo.Y,X%ahb;Y\r^_
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W^a�Y�ÑL_�fÎÝu_Jo.Y\_Jj5Ñkl�Y`r^_�_pÕmY\_vÅ`WLfJÓN�^rkl^X�[DovfJÓGa�Å
o�r^_ve
[�ovfhÓu[SW��L]y_vWLo._�XZ[SWzo._�[sY�[DX�jk_vY`_vÅ\e
[SWy_Jj Ñkl�Y`ry_�rLfJÓêbDä�ÓS[êb¥_�Æ�ç%r^[DX�[�X�f ÑLf�XZ[�o'b�f�o.Y�Å\_Jo.a�x�W^[søv_Jj5[sW
fhY\a�e
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ôVõ ÊÒö Ú0t>fJW%$ �LfJÅ`Y`[�o.ÓS_�_pe
[SY\Y`_vÅ�Ë�[sY`rÈf�rLfhÓãbDäVÓs[êb¥_�ahb'&�(�å�l|_JfJÅ�X.t?Ë�f�X�]LXZ_Jjàf�X'Y\r^_
Å,f�jm[sa|f�o�Y`[SÍ|_
XZa�]^Å�o�_
[SWïa�]^Å�_pÕm�L_vÅ\[Se
_vWkY�X�Æ
ðG[sx�]^Å\_0â [�X�f0X�Ì|_vY�o�r0ahb&[SY,X�jm_JopfÎlÐX\o3ry_ve�fmÆ
úÐ_
rLfvÍ|_��^Å`_pÍm[sa�]LX�ÓSl
o.a�WLjm]Lo.Y\_JjÏ_pÕmY\_vÅ`WLfJÓ Ô [¶_vÕk�¤_pÅ`[Seî_vWmY,X'a�WÞY`r^_ jm_JovfvlÈÅ�fJY`_�aJb�ôÒõ ÊÒö Ú b¥Å`a�e n�_v�^Y`_pe ÑL_vÅ�âpò�å*)ÐY\a
+ fhÅ,o3r$âvò�å�å fJWLj b¥Å`a�e÷_JfhÅ\ÓSl�âvò�å�ò Y\a + fÎl âvò�ò�ØmÆdð^Å`a�e n|_v�^Y\_ve ÑL_vÅ¶âpò�å*)	Y`a + fJÅ�o�rNâvò�å�å�Ë%_�]LX�_Jj
f-,�X��¤_Îo.Y`Å\a�e
_vY\_vÅ>Y\a�e
_Jf�X�]^Å`_�Y\r^_�,�jm_JopfÎl�Å,fhY\_�ahbBôVõ Ê�ö Ú0ÆBç%r^_�Å`_ÎXZ]^ÓsY [sWLjm[�ovfhY\_Jj(Y\rLfhYdY`r^_8jm_Jovfvl
Å�fJY`_	ahb ôÒõ Ê ö Ú÷ËÜf�X¶XZ[Sx�W^[êì¤ovfhWkY`Ósl�o3rzfhW^x�_Jj5Ñkl
Y`ry_'_pÕmY\_vÅ`WLfJÓ Ô [N_ve
[SY\Y`_Jj�Ñkl
ÇdfhW�É&[SW
b¥Å`a�e÷_v[SY\r^_vÅ
o.Ósa|XZ_�jk[DXZY,fhWLo�_JX�a�Å�]^ÓsY`Å,fÎä�ÓSa�Wyx0jm[�XZY�fJWLo._JX¶]^�ÖY\a�×mt�Ø�Ø�Ø
Ìk[SÓSa�e
_vY\_vÅ�X�á åhæVÆ	ð^Å`a�eÛ_JfhÅ\ÓSlïâpò�å�ò5Y`a + fvl
âvò�ò�Økt^Ë%_�]LX�_Jj
f	XZa�Ós[Dj�XZY,fhY`_&Wm]Lo�ÓS_JfJÅ Y\Å�fvw`_Îo.Y`a�Å`l�Y`Å�f�o3Ìk[SWyx�jk_vY`_Jo�Y`a�Å;Y\a�fhx�fh[sW5eî_Jf�X�]^Å`_�Y\r^_�o�rLfhW^x�_
[SW�Y`ry_.,�jm_JopfÎl�Å,fhY\_�aJbBôÒõ ÊÒö Ú ]^WLjk_vÅ;Y`r^_�[sW��L]^_pWLo._�ahb?Y\r^_¶_vÕmY\_vÅ`WzfhÓ Ô [¤_pe
[SY\Y`_Jj�Ñml�ÇdfhWîÉ�[SWNt�fhWLj
b¥a�]yWLj�f�Å\_ve�fhÅ\Ì�fhÑ^Ós_�o3rzfhW^x�_'[sW�Y`r^_	jm_JopfÎlîÅ�fhY\_�ahbdôVõ Ê�ö Ú÷aJb;]^��Y`a�âvØ�/"[SW�e�fJx�W^[sY`]Ljm_�Æ

6x10    sec-8

γ(    ray)
33.2 keV

26.4 keV

α

α

(half-life 458 years)
Am241

237Np (half-life 2.2x10  years)6

59.6 keV

02143�5�687:9<;�=2>�?'@BAC>�?EDGF�HJILKM>�?'D-F	N�HPO�Q�?CAEF8R�@SH	I ôVõ ÊBTSUWV Q�?CKMF	XZYZ@2@M[\X^]�]�?CQ`_Ca
UVWÃY`ry[DX�W^_vË XZ_vY�ahb�_pÕm�L_vÅ\[Se
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f�XZY\Å`_vWyx�Y`rîahb�ØmÆ�Økâ\bdc�Æ;ç%r^_�X�a�Ós[Dj
X�Y�fhY\_�Wk]Lo.ÓS_ÎfhÅ%Y\Å�fvw`_Îo.Y`a�Å`l�Y`Å,f�o�Ìm[sW^x�jk_vY`_Jo�Y`a�Å�qSe%äBf�ò(ËÜf�X;e�f�jm_
[SW0Y\r^_�éhg(ÆuUVY�Ë�f�X�f
Å`_vÓ�fhY\[SÍ|_�W^_vË jm_vÍk[Do�_'Ë�[sY`rÐf�o.Ós_JfhW�ÑLf�o�Ìmx�Å`a�]^WLj0fhWzj ËÜf�X�_Jf�X�l�Y\a
a��L_vÅ,fhY`_�Æ
� b¥Y\_vÅ�Y`r^_�_vÕk�¤a�XZ]^Å\_
Y`a�[sÅ`Å�f�jm[DfJY`[sa�WNt?Y`r^_�qSeÜäif�ò��y[S_Jo._�ËÜf�X�_vY�o�r^_Jj¢tN]LX�[SW^x�Y`r^_îX`fJe
_�e
_vY`ryakj0f�X
ÑL_.b¥a�Å\_|t^Y`rzfhY¶[DX.tk_vY�o�r^_Jj�Ñml:j�×�(�k0t�k:lnm-b b¥a�Å&ò�r^a�]^Å�X¶fhYG)JØPo8c�Æ
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_&f�W^_vËÞ[sÅ`Å,f�jm[�fhY`[sa�W�jm_vÍk[Do�_�ËÜf�X�jm_JX�[Sx�W^_Jj¢Æ;ç%Ëda
o.[sÅ�o.]yÓDfhÅ;�^Ó�fhY\_JX%Ë%_vÅ\_�XZ]y�^�La�Å`Y\_Jj5Ñkl

Y`ryÅ`_v_��La�ÓS_JX�tLXZ_v�LfJÅ�fJY`_Jj�×qp.Ú fh�LfJÅ`YvÆ;ç%ry_'Å,f�jm[sa|f�o.Y`[sÍ|_�XZa�]^Å�o._�ËÜf�X%ìLÕm_Îj
fhY¶Y`r^_&ÓSaJË%_vÅ;b�f�o._�aJb>Y\r^_
]^�^�L_vÅ¶�^Ó�fhY`_�TDb�f�o.[sW^x�jmaJË�WmËÜfhÅ,j¤{�t^Y\r^_ qSe%äBf�ò(�y[S_Jo._�TV×mÆr(tsS)|ÆZ(�p�Ú ô {%ËÜf�X%ìLÕk_Jj
a�W�Y\r^_�]^�^�L_vÅ%b�f�o._
ahbBY`ry_'ÓsaJË%_vÅÜo.[SÅ,o.]^ÓDfJÅ%�^Ó�fhY\_|Æ;ç%r^_vWNt^Y\r^_�qSe%äBf�ò �^[s_Jo._¶Ë�f�X¶o.aJÍ|_vÅ\_Jj(Ñkl�fqf�Ú5Ú ä�Y`r^[�o3Ì��^Ó�fhY`_�Ë�r^[�o3r
Ë�f�X;XZÓS[sx�rkY`Ósl'Ó�fhÅ\x�_vÅ>Y\rLfhW�Y`ry_�qSeÜäif�ò��^[S_Jo�_|Æ?ç%r^_��^ÓDfJY`_�rLf�j f�o.[sÅ�o.]yÓDfhÅ?r^a�ÓS_�ahb�â	j�Ú�Ú [sW�jm[DfJe
_vY\_vÅ
Y`a�Ós_vY'$Ö�LfJÅ`Y\[Do.Ós_JX Y\a �Lf�X`X�Y`r^Å\a�]^x�rNÆdUÒW�Y\r^[DX%ËÜfÎl�tmY`ry_'_pÕm�La|X�]^Å`_	fJÅ`_Jfkt^Ë�r^[Do�r
Ë�f�X�jk_vY`_vÅ\e
[SWy_Jj(Ñkl
Y`ry_�fJÅ`_Jf�ahbBY`ry_'rya�ÓS_�t^Ë�f�X�Ì|_v�^YÜXZY\Å`[Do�Y`ÓSlîo.a�WLXZY,fhWkY b¥a�Å�_Jf�o�r�e
_Jf�X�]^Å`_pe
_vWkYvÆ
ç%r^_�[sÅ`Å,f�jm[�fhY`[sa�W fhWLj�_vY,o3ry[SW^x�aJb%Y\r^_ qSe%äif�ò �^[s_Jo._JX%Ëd_vÅ`_	ovfJÅ`Å\[S_Jj�[SWvuufJÑÐU`U\U ahbdY\r^_�UVWLX�Y`[SY\]^Y`_

ahb�c�[sx�r � W^_vÅ`x�l�ë>rmlyXZ[�ovX.tk��opf�jm_veî[Df�n|[SWy[Dovfkt¢â\)�Ù^Ú fvË�fvl b¥Å\a�e÷Y\r^_�ëGa�XZ[SY\Å`a�W0ë>rmlyXZ[�ovXwuufJÑNÆdç%r^_
�LfJÅ`Y`[�o.ÓS_îY`Å�f�o3Ì o.a�]^WkY�Ë�f�X�e
_Jf�XZ]^Å\_Jjï]LXZ[sW^xÐfhWßfJ]^Y`a�e�fhY\[DoxuL_p[Sø + ë!y�ä�ç?��ëzuué'nàe ]^ÓsY`[s�^]^Å`�La�XZ_
x�Å,fh�^ry[DovfJÓ?fhWLfJÓSlkøv_vÅ¶fhY¶Y`ry_�UVWLX�Y`[sY`]^Y\_�ahbdi%[sa��^rklyXZ[DopX.tk��ovf�jm_ve
[�f�n�[SW^[�ovfmÆ
e�_JXZ]^ÓsY�X�fJWLj�Ä�[�X`o.]zX`XZ[sa�W
{}|�~������S���}�E�!�2�C���E�8���������
ç%r^_ Ô [B_ve
[DX\XZ[sa�WLX�Ë%_vÅ\_�ovfhÅ\Å`[s_Jj�a�]^Y�jm]^Å\[SW^x�Y`ry_��¤_pÅ`[Sakj0ahb ×mó�Ø�Ø8�yÚ7äh(mó�Ø�Ø8�yÚ tBÄ�_Jo._pe ÑL_vÅ¶òkt

âvò�ò�ØkÆ%ë>Å`[sa�Å;Y`a�Y\rLfhYdY`[Seî_|tvY�Ë%a�qSeÜäif�ò	o.a�WkY`Å\a�ÓL�^[s_Jo._JX%T�×mÆr(tsz)�ÆZ(Gp�Ú ô {,t|�ßfhWLj�i�t�Ë%_pÅ`_¶Y�fhÌ|_pW�b¥Å`a�e
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