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>mCF@XOZIFO1WFQS<PWFYN@�C\GVCK@�O�@�LN@�[-TUQZtVOSTvG�TUY][�GVO�yK~`OSTvGpO{�K��L]YN[�@7O+klIF@�QS<PBg<PdKTZ@�BFYNCF<PO&CF@9C\G�TU<PO

20 Angstroms 
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�(YN^PIFQUGJ�Vy ¡ �Fz=B\G��F@7L]Y][7@XCF@9�R�R��u�[wGVCF@7B\G"� >/[wGVCK@�B\G &�u\QZ@7OZW�@�[-TUYNqpGVcM@�BhTZ@

CF@�L]<PO+GVQZ[v�FYrqP<PO+@�BJkl<PQScmGpTZ<6$�� & <PdbTU@�BKY]CF<PO+W�<PQ4QZ@7OZ<PB\GpBF[�Y]G.BjIF[�LN@wGVQ&c_GV^PBK�7TUYN[wG
�  u9;���>JQZ@�BKCF@�QSY]�wGpCF<PO1[�<PBg@7L�WFQZ<P^VQUGVc_G��=GpOZcM<PL`� � ��y

�����_� - )&8g'5)4*��5 �/#	� ,�*�0$0�,. �

� ,56�!���2 '� g � -������

~`L\[�<PcMW�<PQSTUGVc_YN@�BhTU<�CF@1IFB_[�GVcMW�<9@�LN@�[-TUQZ<VOSTvn�TUY][7<9OZ@1WFIF@7CF@=CK@�OZ[7QZYNdFY]Q`W�<PQ`CF<PO
@7[�I\GV[7Y]<PBK@�O1CFYNkl@7QZ@7BF[�Y]GVL]@7O

5 · E = 4πρ
� �PyN�?�

>

5× E = 0
� �Py��V�

�$G 4FLrTUY]c_G @7[�I\GV[7Y]tPB�@7OM@7ijIFYNqpGVLN@�BhTU@gGfijIF@
E
@�O"@7L�^PQUGVCKY]@�BhTZ@JCF@gIFB\GfklIFBF[7Y]tPB

@7OZ[wGpLHGVQ7uF@�L�W�<VTU@7BF[�Y]GVL
@7OZ[wGpLHGVQ
φ
u

E = −5 φ
� �Py ¡ �

�$GVO{@�[�IFGV[�YN<PBF@�O��Pyr��>f�Py ¡ OZ@�WFIF@7CF@�B [�<PcedKY]B\GVQ�@7B IFBFGM@7[�I\GV[7Y]tPB	CFYrkl@�QZ@7BF[�Y]GVL
W\GpQZ[�Y]GVL WFGVQUG"LHG.klIFBK[�Y]tVB

φ(r)
�
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52φ(r) = −4πρ(r)
�|�Py  �

� LHGe@7[�I\GV[7Y]tPB}�Py  OZ@9L]@XLNLHGVc_G.LHGe@7[�I\Gp[�Y]tVB	CK@ $�<PY]OSOZ<PB �����p� y
~`OZ@7BF[�Y]GVL]cM@�BhTU@XTZ<bCF<VO{LN<PO�cM<bCF@7L]<PO�@7L]@7[7TUQStPOSTUGpTUYN[�<PO1IFOZGVCF<PO{W\GVQZG�@�OSTZIFCFY]GVQ1LHGVO

c_GV[�QS<PcM<PL]�7[�IFL]GVO:@7OSTUnVB_dFGVOUGVCK<PO�@�BMLHGR@�[7I\GV[7Y]tPB"CF@ $:<VY]OZOS<PB
yj~`OSTZ<PO�CFYN�F@�QZ@7B_@7BhTUQZ@
OSE(W�<PQ�OSIACF@�OS[�QZYNW�[7Y]tPB�TvGVBhTU</CK@eLHGMCFY]O|TUQZYNdFIF[7Y]tPB�CF@e[wGpQZ^hGmCK@eLHGmc_GV[7QZ<PcM<PL]�7[�IFL]G
[7<Pc_<�CK@�L$c_@7CFY]<�ijIF@9L]G"QS<bCK@wGg� � u��Ku���� y

�+<PcM<�LHGVO cmGV[7QZ<PcM<PLN��[�IKLHGVO�BF<1@�O|TvnVB9CFYNOZIF@7LNTvGpO
@�B�GV^PIFG1CK@�OSTZY]L]GVC\GKu-OZYNBF<�OZIFcM@�QS^PYra
C\GpO�@�B�OZ<PLNIF[�YN<PBF@7O=OZGVL]YNB\GVO{CFY]LNIFY]C\GpO�uF@7BfOZIf@7BhTU<PQSBF<JOZ@.GV[�IKceIFLHGpQUn"IFB\G_CKY]OSTZQZYNdFIba
[7Y]tPBACF@"YN<PBF@�OXCK@�[wGVQS^hG/[�<PBhTUQZGVQZY]G/G/OZID[wGVQS^hG/OZIFW�@�Q|�\[�Y]GVLxLNLHGVc_GVC\GMCFY]O|TUQZYNdFIF[7Y]tPB
CF@�[7<PBhTUQZGVY]<PBK@�O�y �$GJCF@�BFOSY]C\GpC}CK@�[�<PBhTUQZGVY]<VBF@�OX</YN<PBF@�O�c_t?qsY]LN@�O�L]GJc_<sCF@7LHGVQS@�cM<PO
[7<PB�L]GeCFY]O|TUQSY]dFIF[7Y]tPB/CK@ &4<PLNTZ��c_GVBFB
�

ρm =
∑

i

C∞

i (ziq)e
−

ziqU

kT
�|�Py ;P�

C∞

i

@�O9LHGm[7<PBF[7@�BhTUQZGV[�YNtPBDCF@�Y]<PBK@�O9GVL:Y]BK�\BKYNTU<Ku
zi

@�OX@7LxB#4Fc_@7QZ<gCF@�[�GVQZ^hGpOXCF@�LHG
@7OZW�@�[�YN@Vu

k
@7OeLHG�[�<PBFO|TvGVBhTZ@JCF@�&+<VLNTU�7cmGpBFB
u

T
LHGgTU@7c_W�@�QZGpTUIFQZGKu

q
LHG�[�GVQZ^PG CF@�L

WFQS<VTUtVB
y �$G�CFY]O|TUQSY]dFIF[7Y]tPB CF@ &+<VLNTU�7cmGpBFB BF<POmY]BFCFYN[wG}LHG�CF@7BFOZYNC\GVC CF@fGVBFY]<VBF@�O
GV[7IFceIFL]GVCF<POXCK<PBFCF@M@�L`W�<VTU@7BF[�Y]GVLx@7O5W�<POZYrTUYrqP</>ALHG/CF@7BFOZYNC\GVC CF@"[wGpTZY]<PBF@7O9CF<PBFCF@
@7L(W�<VTU@7BF[�Y]GVL$@�OXBF@7^hGpTUYrqP<Fy �+I\GVBKCF</��O|TvGmOS@�Y]BF[7<PQZW�<PQUG_GmLHGM@�[7I\GV[�YNtPBfCF@6$:<PYNOZOZ<VB
OS@.kl<PQZc_G_L]G_@7[�I\GV[7Y]tPB CF@�$:<VY]OZOS<PBba)&+<PLNTZ��c_GVBFB�� ~�$�&��=W\GpQUGmL]G_@�LN@�[-TUQZ<VOSTvn�TUY][�G_CF@
cM@�CFYN<PO&[7<PBhTUY]BjIF<VO�u

5 · (ε(r) 5 U) = −4π
∑

i

C∞

i (ziq)e
−

ziqU

kT − 4πρf �|�Py � �

CF<VBFCF@
ρf
QS@�WFQS@�OZ@7BhTvG_L]GVO&klIF@7BjTZ@�O{CF@9[wGVQS^hGVO�� !ZGVO1CF@7L�OZYNOSTU@7cmGby

$(GpQUGm[�GVL][7IFLHGVQ1L]GVO=YNBhTU@�QZGV[�[7Y]<PBK@�O�ijIF@.[wGVQZGV[7TZ@�QZYN�wGVB�LHGVO{QZ@7OZWFIK@�OSTUGVOXCF@5IFBfOZYNO|a
TZ@�c_G�dFY]<VL]tP^PYN[�<�Go[wGVcMW�<VOJ@�LN@�[7TZQZ<PO|TvnpTZY][7<PO�u4OZ@AWFIF@7CF@AQZ@7OZ<PLrqP@7Q/LHGo@�[7I\GV[7Y]tPB CF@
$�<PY]OSOZ<PBba)&+<PLrTU��c_GVBFB"CFYNQZ@7[7TvGpc_@7BjTZ@=W�<PQ�c_�-TU<sCF<PO�BjIFcM��QZYN[�<PO�[�<Vc_<�@�L�CF@=@�L]@7c_@7Bba
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TZ<��\BFYrTU<XGVCFGVWKTvG�TUYNqV<Fu�isIK@�OZ@�@�!S@7c_WKL]YN�F[wG=@7B�@�Lb[wGVWFErTUIFLN< ¡ yP�+Y]@7QSTU<VOxOZYNOSTU@7cmGpO���WKQZ<pa
TZ@�E]BFGVO1[�I\GVOSY]@7OSkl��QSY][�GVO�u\qsY]QSIFO=CK@�kl<PQScmGpO{OSY]cM�7TZQZY][�GVO�uK@7TU[w�{OS@5WFIK@�CF@7BfQZ@7OZ<PLrqP@�Q{[�<VB
cM�7TZ<bCF<VO+OZYNc_WKL]@�O4GVL�OZIFW�<PBF@7Q&OZYNc_@-TUQSEHGVO�OZ@7BF[�YNL]LHGpO�us@�B/W\GVQ|TUYN[�IFL]GVQ�@�B/@�L�[wGVWKENTUIKL]< �

cM<bCK@�LHGpc_<PO4@�L����R� OZIFW�<PBFYN@�BFCF<MijIF@XTUYN@�BF@9IFB\G�OSY]cM@7TUQSEHGe[7Y]L]ENBFCFQSY][wGby
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��"!$# � ���
% � � � & �'� ��� # � �	()��� ��� 
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+-,/. , 02143"5"67698;:=<>3�1@?BAC14675"A 698;:D<>3�1@EGF 8BHIH�F=<KJML�F ?;NPO7Q A=<"<
R ATSUAC69F-F SV3�14<	A 3"A=H$698;?BWB<"3�SX8B67A=HZY[3�8BH�N�SX8;\)5"698;:=<
3�1]67A^SX_=A 5	<�8;`aF^SVQ 1b14< ?BA HP5 R 17SXc)698;1D,

dfe�g/hjilkmhngBo/o/prqse�tug/twvuo/prxng/y{zsh}|~k�g/oBvMk�oBp~qse�tug��Izsp~hjhnzse����9zs|�il�ByKk�ewe�g/e�vueMktupry�gBeuhnprqse��uk�xlkKvweMkKy�k�o/xjzsy�z�|~�/oBvu|�k-o/z�emhnpry�g;ilxn�~k�oBp~|~�reutuxjp~o�k��M��vugBhjinxnz"y�z�tugB|~zoBzseuhnprhjing�g/e�vwe�o/p~|rp~eutwxnz	o/zse�twp~hjinxnpr�uvuo/prqse�twg�o�k�xj��k�vuewpr��zsxjy�g-p~ewy�gBxnhnz�g/e�vueMkhjzs|~vuoBp~qse��uhnp~z�|~qs�spro�k�tugfo/|rzsxnvuxjz�tug�hnz�tup~z  ¡�¢k�£9|�¤;�/d�e^gBhjilgfinp~��z�tug�hnzs|rvuo/prqse�hng�hnk��¥g
¦ vug�|�k�h��uxjzs�up~gBtMk�tugBh§gB|~gBoBilxjqshjilkailpro�k�h�tugB|©¨�ª��Gg/hjilk�eKtwg/hnoBxnp�i«k�h§�¥zsx�vueuk=hnpry�g;ilxj��ktug g/h¬ilg ilp~��z-o/zse)�Mk�xn­�y�g;ilxjzsh4tug=|rzseu�sp�ilvut�twgDª¢gB��®sg�¯±°s°/²Itug=k��uxjz´³�pryKk�tuk�y�gBe�ilg
7 µ k

T = 300 ¶ · vueuk�oBzseuh¬i«k�e�ilg¸tuprg/|r�/oBinxnpro�k�tugB|�hnzs|�¹sgBeºing ε ≈ 80
®»vueMktugBeuhnprtMk�t	tug^o�k�xj��k¼hnvu��g/x¬�Mo/p~k�|

σ
o/zsewhji«kaeºingK¯±°¾½´²¿�ÀPk�g/o/vuk�o/prqse¸tug-�Xzsprhnhjzse����§zs|rin�/y�k�eueÁy�­�h��sgBeug/xnk�|Uilprg/eug¼|~kKhnpr�svup~gBe�ilg}��zsxjyKk Â¹sg/x4gBo��4°s�ÄÃ�¤

5 · (ε(r) 5 U) = −4πρm − 4πρf  ¿½���°¾¤
Å
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%�$&�'��(�)��� °+*

tuz�eutug · oBzsy�zm®skÁhng�y{g/euoBp~zseuq¸ka|§�MeMka|7tug/|9o�k��u��ilvu|rz�° · g/|9�uxnpry�gBx=il�Bxny{p~euz�tug/|hjg/�svuewtuz¼y�prg/y}�wxnz
ρm
euzsh7preutupro�k=|~k ��vugBe�ilgTtug�o/k�xn�sk}tug�|~z�h9o/z�eºinxlk�przseugBh9z¼p~z�eug/hy{q´¹�pr|~gBh9®�g/|�hjg/�svweutuz-il�/xjy�preuz

ρf
|~kD��vug/e�ilg tug^o�kaxn��k}�-,nk¼tug^|�k}y�k�oBxny{zs|~gBo/vu|~kw�¨¢hj�Py�prhny{z · |�k¼tugBeuhnprtMk�t)tug=o/k�xn�sk{tug=|~zsh�przseugBh�y{q´¹�pr|~gBh�hnp~��vug^vueMk�twp~hjinxnpr�uv��oBp~qse"tug �9zs|�il�ByKk�ewe�tug^|�kD��zsxjyKk}tug^|~k-gBo��4°s��°s�ÀPk oBzseuh¬i«k�e�ilg)tup~gB|~�BoBilxjp~o/k¸gBhjilk�xl­ tMk�tMk¸o/zsy{z

ε(r) = ε · ��zsx-hngBx�vweZy{g/tuprztuprg/|r�/oBinxnpro/z/.uz�y�zs���/eugBz�o/zse
ε
o/zsewhji«kaeºing¼g/e¸g/|Vhnzs|�¹sg/e�ing · ®moBzsy�z ρf = 0

gBe¸vuexjg/�sprqse���vug/xnk{twg |~k}tug^|�k¼y�k�o/xjzsy�z�|~�/oBvu|�k · |~k-d���� ¦ vug/tMk-g;³��uxjg/hnk�tMk�oBzsy{z10
52U = −

4π

ε

∑

i

C∞

i (ziq)e
−

ziqU

kT
 ¿½�� ½s¤

2Ixlkail­�eutuzshjg�tug�vue�o/pr|~p~ewtuxnz"p~e��Meuprinz�oBzse�tugBeuhnprtMk�t�hjvu�¥gBxj�MoBp�k�|§vueup���zsxny{g · g/|��z�ilgBeuo/p~k�|Phnqs|rz�tugB�¥gBeutug/xn­�tugD|~k�oBz�zsxjtug/euk�tMkKxnk�tup�ka|P®)|�k�dfo/vMk�oBp~qse�tug¼�Xz�p~hnhjzse���9z�|ril�ByKkaeue� ¡d�����¤ hng}xjg/tuvuoBg-k�vueMkKgBo/vMkao/p~q�eÁtupr��gBxng/ewo/p�ka|Iz�xntupreMk�xnp~k�vuewp~tupry�gBe��hjp~zseMka|
tug^|�kD��zsxjyKk�0
d2U

dr2
+

1

r

dU

dr
= −

4π

ε
ρm  ¿½��43�¤

¨�.wzsxlk inxlk�ewhj��zsxjyKk�y{zsh-|�k g/oBvMk�o/prqseG½��43�k�vweMk���zsxny�k¸o�k�euq�eup~o/kw� �fxnpry�gBxnzpreºinxnz�tuvu�Bo�k�y{zsh�|�kah7hnpr�svup~gBe�ilg/h4oBzseuhjilk�e�ilgBh�0pÂ¤9gB|��¥zailg/ewo/p�ka| xngBtuvuoBp~tuz
φ =

qU

kT

 ¿½��65º¤
® p~p�¤§|�k}|rzseu�sp�ilvut�xjg/tuvwo/p~tuk
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x = Kdr
 ¿½����s¤

tuz�eutug
Kd = (

4π

εkT

∑

i

C∞

i z2

i q
2)

1

2

 ¿½��ÄÃ�¤

gBhf|�k¢oBzseuhjilk�e�ilg4tug�ª�g/��®sg · xjg/|�kao/p~z�eMk�tMk¢oBzse¼|�k�|rzseu�sp�ilvut=tug4ª¢gB�º®�g���zsx λD = 1

KD

�£9zse g/|7�Me�tug"hjp~y{�u|~p��Mo�k�xDk��ue�y�­�h¼|�kmgBo/vMk�oBp~qse tup���g/xngBeuo/p~k�|§®�hnp~e����/xjtup~tMktug	�sgBeug/xnk�|~prtMk�t · o/zseuhjp~tugBxngBy�zsh{vueMk hnzs|rvuo/prqse g/|~gBoBinxnzs|r�rilpro�k�° 0�°�twgm�¢ks£9| oBvw®�kahoBzseuo/gBe�ilxlkao/p~z�eug/h hnzse
C∞

1 = 1

2
· ® C∞

2 = 1

2

�dfe)gBhjing=o/k�hnz{|�k}tuprhjinxnp~�wvuo/prqse�tug^p~zsewg/h�y{q¾¹�pr|~g/h�twgD£9|
®��¢k¼g/h
ρm =

1

2
(z1q)e

−z1φ +
1

2
(z2q)e

+z2φ  ¿½����s¤
®�hjp

z1 = z2 = z

ρm = −zqsenh(φ)
  ½�����¤

®���zsx�|rz}i«k�e�ilz{tug=½��ÄÃ
K2

D =
4π

εkT
(z2q2)

 ¿½�� Å ¤

£9zseuhjp~tugBxlk�ewtuz ¦ vug z = ±1
�uk�xlk |~zshIp~zsewg/h

Na+, Cl− · �MeMk�|ry�gBeºing§|~k�gBo/vMk�oBp~qse½��43¼hnĝ xngBtuvuoBgDk¼|�k}��zsxjyKk}o/k�euqsewp~o�k¼���whno�katMk ·
(
d2φ

dx2
+

1

x

dφ

dx
) = senhφ

 ¿½��r°+*s¤
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dfhjilk�g/h=vueMk�gBo/vMk�oBp~qse tupr��gBxngBeuo/p~k�|�zsxntupreMk�xjp�k�euz�|rp~eug/k�| ¦ vugKhjg�xngBhnvugB|r¹�gKo/z�e|~k�h�o/z�eutup~oBp~zsewg/hTk�|�kK��xjzse�ilgBxlk�k�tugBo/vMkatMk�h · oBzsy�z��wvug/tugBe hjg/x^|�kah�tug/ewhnp~tuk�tug/h^tugo/k�xn��k

σ
g/eG|�k�hnvu��g/x¬�Mo/prg ®Gka|Tp~ew�Mewprilz · σ

g/eG|�k�hnvu��g/x¬�Mo/prg hjg z��wilprg/eug¸tug |�ktuprhnoBzse�ilp~eºvuprtMk�t"tug^|�kah7o/zsy{��zseug/e�ing/h euzsxny�k�|rg/h7tugB|�o�k�y{��z{gB|~�BoBilxjp~oBzu�£9vMk�ewtuz
senh(φ) ∼ φ · zs�wing/eugBy�zshX|�k4g/oBvMk�o/prqse}|rp~eug/k�|�tug7�Izsp~hjhnzse����9zs|�il�ByKk�ewe ¡ÀI���7d�¤

(
d2φ

dx2
+

1

x

dφ

dx
) = φ

 ¿½���°s°¾¤

|~k�o/vMk�|Xilp~gBeug¼hnz�|~vuoBp~qsȩ k�euk�|~��ilp~o/k�gBȩ in�/xjy�preuzsh�tug-|~k�h¢��vueuoBp~zsewg/hTy{z�tup��Mo�katMk�h�tug�9gBhnhjg/|�tug��wxnp~y{g/xnkK®̧ hngB�svueutMk	o/|~k�hng)̄�° 3 · ° 5�²f®̧ gBh=oBzseuz�o/prtMk	oBzsy{z	|~k�ilg/z�xn��k�tugª¢gB��®sg;�����uo��ag/|Xtuĝ hnzs|rvuo/przseug/h4gB|~g/o;ilxjzs|~��ilp~o/k�h�̄±° � · °́ Ã ² �
+-,l+-, �{F ?/5"698;:D<]<��"Q 17SX8/69AC3�1@?BA 14675"A 698;:D<>3�1 EGF 8/HPH�F=<�J

L�F ?;NPO7Q A=<"< 5"HPA=<"3�F 1�?�Q 	7NPF{3�F 3�1�?�3�8/H R Â SXF�,

��

������ ������������������ !�"��#�$&%('*)+�

df|wy{�Binz�tuz�tug/|�tup~hj�Mk�xjz��¥gBxny{pring§xjg/hnz�|r¹sgBxUg/oBvMk�oBp~zseugBhUtup���g/xngBeuo/p~k�|~gBhVvuewp~tupry�gBe��hjp~zseMka|~g/h�o/zseÁoBzseutupro/przseug/h�k�|�k���xjzse�ilg/xnkw�̂ dfhTvuȩ y�g;ilq�tuz .w�~�uxjp~tuz�oBzsy{�uvug/h¬ilz�tugvue�y�g;ilq�tuz tug�hjzs|~vwo/p~q�e�tug�g/oBvMk�o/przseugBh9tup���g/xngBeuo/p~k�|~gBh�zsxntupreMk�xjp�k�hfoBzseKoBzseutupro/p~z�eug/hpreup~oBp�k�|rg/hX®Dz�ilxjẑ tug4���uh ¦ vugBtMk=twg xnk��~oBg/hB�fdfeºinxng4|~z�hUy�g;ilq�tuzshfy�­�hf��zs�uvu|~k�xngBhf�Mk�xlkhjzs|~vuoBp~zseuk�x=gBo/vMkao/p~z�eug/h}twpr��g/xjg/euoBp�k�|rg/h g/h¬i«­�e�|rzsh=twg�|�k"�¡k�y�pr|~p~k�tug-,4vueu�sg � ¶ vwinilk ·¦ vuĝ k�xjxlk�ewo�k�e���zsx7hj�
y�prhny{zsh�®�hngTprtug/e�inpr�Mo/k�e��¥z�x9vue"zsxjtug/e · RKn · gBe"tuzseutug neuz�hIpreutupro�k7g/|�gBxnxjzsx��s|~z��Mk�|
O(hn)

tug/|�o/­�|~oBvu|~zu�Idfe�ilxjg�|rzsh�y{gBilq�tuzsh�twg�� �uh ¦ vugBtMk�tugxnk��~oBg/hUg ³wprhjing vweuẑ hnp~y{p~|~k�xIk�|uy{gBinq�tuz¢tug ��g/.�inzse-�¥gBxnz ¦ vug4tup~hjo/xjgBilpr��k�|~k¢tug/xjpr¹ak�tMk®)hng}v�ilp~|rp~�/k{oBvMk�eutuz��Bhjilk�euz�hng}oBzseuz�o/g}g ³��u|~�ro/prilk�y{g/e�ilg · |r|�k�y�k�tuz-y{gBilq�tuz�twg}|�khjg/o�kaeºinĝ �̄° � ²¿�Vdfe{|rzshVo/­�|~oBvu|~z�hVtug�gBhji«k¢ing/hjp~hUvwinp~|rp~��kaxng/y{zshPg/|wy��;ilz�tuz�tug7|~k¢hngBo�k�e�ing®
RK4

�
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ÀPk)��zsxjyKk�gBe ¦ vug�hng�xjg/hjvug/|�¹sg�|�k	g/oBvMk�o/prqse�tup���g/xngBeuo/p~k�|�o/zse�gBhjilgKy��;ilz�tuzmg/h|~k"hjp~�svwp~g/e�ing 0 hnvu��zseu��kay�zsh ¦ vug�euzsh tMk�e�gB|�hnp~��vup~gBeºing¼ilp~��z"tug{o/zseutwp~o/przseugBh=k	|�k��xjzse�ilg/xnk

∂φ

∂x
|a

 ¿½���°¾½s¤
®

∂φ

∂x
|b

 ¿½���°+3�¤
g;¹�ka|~vMk�tuk�h¢gBeÁg/|I�uvue�ilz�preup~oBp�k�|

x = a
®"�MeMk�|

x = b.
£9zsy{z�tug/hjo/zsewz�oBg/y{zsh

φ(a)gBhno/z��sg/y{zshPvue=¹ak�|rzsx
tug�g/e�inxlk�tMk ¦ vug§|r|�k�y�k�xjg/y{zsh φδ(a);
o/z�eDg/h¬ilg�¹ak�|~zsxf ¡g/|º�uxjp~y{g/xtuprhn�Mkaxnzº¤�xngBhnzs|�¹sg/y{zsh�|�k-g/o/vuk�o/prqsemtup���g/xngBeuo/p~k�|Ptug/hjtug

a
.Mkahji«k

b
®	gBeÁg/hjing �u|�ilpry�z�uvweºinz�z��wilgBeug/y{zsh

∂φδ

∂x
|b= φ′

δ(b)
 ¿½���° 5º¤

¦ vug^g/e	�sgBeug/xnk�|�euz{o/zspreuo/prtugTo/zse"|~k-oBzseutupro/prqse�tugT��xnzse�ing/xlk-tugBhng�katMk φ′(b).ÀPk prtug�k�tugB|�y��;ilz�tuz4tug/|�twp~hn�uk�xnz g/hPg/ewo/zse�ilxnk�xI|�k7tugB|ri«k k��uxjzs�up~k�tMk ¦ vug§k�hngB�svuxng¦ vug
f(δ) = φ′

δ(b) − φ′(b) = 0
 ¿½��r° ��¤

df|wy{�Binz�tuz�tug9|~k�hjg/o�kaeºing�euzshXtMk¢vue¼y{�Binz�tuz�pring/xlk ilpr¹�z¢�Mkaxlk�|rzs�sxnk�xX|rz¢kaeºing/xjp~zsxoBvMk�eutuz-hjg twg/hnoBzseuz�o/g
f ′(δ)

���XgBxnz-hng^eugBo/gBhnprilk .uk�o/gBx vwe	hjg/�svweutuz{tup~hj�Mk�xnzw���Vk�xnkgBhjilzTinzsyKkay�zshXvue-hngB�svueutuzT¹ak�|rzsxUtug�gBeºinxlk�tuk^�uk�xlk
φ(a) ¦ vug�|~|~k�y�k�xngBy�zsh φδ+ε(a) �g/|whjg/�svweutuzTtuprhn�Mk�xjzº¤P®=xngBhnzs|�¹sgBy�zshV|�k¢gBo/vMk�oBp~qse¼twpr��g/xjg/euoBp�k�|º�Mkaxlk��/h¬ilg · �¥zsxX|~z ¦ vugeºvug;¹�kay�gBeºing^zs�wilgBeug/y{zsh

∂φδ+ε

∂x
|b= φ′

δ+ε(b)
 ¿½���°´Ã�¤
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¨�.wzsxlk¼hng o�ka|~o/vw|�k�e�|~k�h�hnpr�svup~gBe�ilg/h�twzsh4tupr��gBxng/ewo/p�kah

f0 = φ′

δ(b) − φ′(b)
 ¿½���° �s¤

f1 = φ′

δ+ε(b) − φ′(b)
 ¿½���° ��¤

dfh7tug�gBhn��g/xnk�xnhjg ¦ vug�o/vuk�eutuz¼hjg¢ilgBeu��kD|~k δ
k�tug/oBvMk�tMk

f0 − f1

hngBxl­DoBg/xjo�k�eMk¼koBg/xnz{z-y�gBeuzsx ¦ vug^vueMk¼ilz�|~g/xnk�euoBp�k 4 tMk�tMk���XgBxnzÁhjp§euz�g/h}gB|§o/k�hnz · g/|�y��;ilz�tuz�tugK|�k"hng/o/k�e�ilg�euz�hD��g/xny{pring�gBeuo/z�eºinxlk�x=g/|hjp~�svuprg/e�ilgT�uk�hnz{g/e"��zsxny�k}pring/xnkailp�¹�k�� �¢kao/p~gBeutuz
xn = φδ(a) ·

xn+1 = xn −
f1

f1 − f0

(xn − xn−1)
 ¿½���° Å ¤

¦ vug^hnp�|rz-o/zsy{�Mk�xnk�y�z�h7o/zse	g/|�y{�Binz�twz¼tug ��g/.�inzse
xn+1 = xn −

f1

f ′

n

 ¿½�� ½ *�¤

¹�g/y{zsh ¦ vug�gBe	gBhjing�o�k�hjz¼vuhlkay�zsh9vueMk}k��wxnz�³�p~y�k�o/prqseK�MkaxlkD|~k ��vueuoBp~qse f ′(δ)
tug�|�k��zsxjyKk

f ′(δ) =
f1 − f0

xn − xn−1

 ¿½�� ½�°¾¤

�2k .uzsxnk |rzsh¼tuzsh{��z�ilgBeuo/p~k�|~gBh¼tug	k�xnxnk�e ¦ vug	�Mk�xlk¸xng/k�|~pr��k�xD|~zsh¼tuprhn�Mkaxnzsh-hnz�e
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xn

®
xn+1

�ÁdfhjinzÁhng�xjg/�up�ilgKgBe�vue�o/pro/|rz)p�ilg/xnkailp�¹sz�.Mk�hjilkm|~|rg/��k�x k�|~k	inzs|~gBxlk�euoBp�ktugBhng/k�tMk	̄�° �¾²¿�

��

��

�� ����������#���� �� � '  ��	��'
� #��
����� � #��� !'��

�Vkaxlk¼xngBhnzs|�¹sg/x4|~k}g/o/vuk�o/prqse"euz-|~p~ewg�k�|
½��r° *}vwilpr|~p~�/k�eutuzDg/|
y{�Binz�tuz¼twg/|�tuprhn�Mk�xjz ·�uxjp~y{g/xjz hjg hjg/�Mkaxlk�g/e twzsh)gBo/vMkao/p~z�eug/h	tupr��gBxngBeuo/p~k�|~gBh�tuģ �uxnpry�gBx�zsxntugBe · tug |�khjp~�svuprg/e�ilgTy�k�eugBxlk 0
dy1

dx
= y2

 ¿½�� ½s½s¤
dy2

dx
= senhy1 −

1

x
y2

 ¿½�� ½ 3�¤
tuz�eutug

y1 = φ
 ¿½�� ½-5º¤

dfhjing}hnprhjilgByKk-g/h¢g/| ¦ vug}xngBhnzs|�¹sgBy�zsh o/z�em|�k�h hnpr�svuprg/e�ilgBh�oBzseutupro/p~z�eug/h�tug ��xjzse��ing/xlk�0�g/eD|~k��¥zshjp~oBp~qseTpreup~oBp�k�|
x0 = 1,

�¥z�hnp~oBp~qse��ueMk�|
xf = 6,

tug/ewhnp~tuk�tDtug�o/k�xn��k4p~ewp��oBp�k�|ugBe�|~kThnvu��g/x¬�Mo/prg
σ = −12

¯±° Å ²M®
σ = 0 · tuzseutug4oBzseuhnprtug/xnk�y{zsh�k Ã^|~z�eu�sprinvutugBhtugKª¢g/��®�g	oBzsy{z�|�k"tuprhji«kaeuo/p~k)tuzsewtug�eºvug/h¬ilxjzÁ�¥z�ing/euoBp�k�|�xjg/tuvuoBp~tuz�hng/.Mkao/gKoBg/xjz �p~ew�Mewprilz�¤;�f£9z�e)gBhjilz{���uhjo�k�y{zsh

φ(x = 1)
o/z�e)vueuk¼inzs|~gBxlk�ewo/p�k}twg

D = 1X10−6
�ÀPk¼hnzs|rvuo/prqse ¦ vwg z��wilvw¹�pry�zsh�gBhjil­{tMkatMk¼g/e	|�k}�M�svuxnk{½��r°��df|=�wxnz�o/g/twp~y{p~g/e�inz twg����uh ¦ vug/tMk$tug�|~k hjzs|~vuoBp~qseGhng o/zsy{�u|rp~o/q�®sk ¦ vug���zsxinxlkailk�xnhjg�tug)vweMkÁg/o/vuk�o/prqse$twpr��g/xjg/euoBp�k�|9euz |rp~eug/k�|9gB|�xngBhnvu|�i«k�tuz¸gBh�y}v�®�hngBeuhnpr�u|~gk�|~k hjg/|~gBo/oBp~qse'twg/| �¥z�ing/euoBp�k�| p~ewp~o/p~k�|�tug)g/e�ilxnk�tMkw� ¨[tupr��gBxngBeuo/p~k tugm|~k�k��wxnz�³�p��y�k�o/prqse-tug�ª¢g/��®sg � � �uo���gB| · |~k^hjzs|~vwo/p~z�e�euz |~preug�ka|ug/h�¹�­a|~p~tuk��Mk�xlk^�uvue�inzsh9oBg/xno/k�euzshk�|~k�hnvw�¥gBxj�MoBp~g�tugB|9o/pr|~preutuxnz)�¥z�x ¦ vug�|~k�tup~h¬ilxjp~�uvuoBp~zse tug�|~z�hDp~z�eug/h=y�q´¹�p~|rg/hDgBhjilky{g$,jzsx¼twg/hnoBxnp�i«kÁ�¥z�x¼g/|

senhφ(x) ¦ vug"�¥zsx φ(x)
�$dfh{g/e g/h¬i«k�h-xngB�sp~z�eug/h-tuzsewtughjgKg/ewo/vugBeºinxlkm|~k	y�k�®szsx o�k�e�inp~tMk�t tugKoBzse�ilxnk�p~zsewg/h�̄±° �¾²§® |~z�h y{z�tug/|rzsĥ tugKo/k�xn��k
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Solucion no lineal de la ecuacion de Poisson-Boltzmann

"datosinhpbe"

�Vpr�svuxjg ½��r° 0��Txlk �Mo�k tug |�k»hnzs|rvuo/prqse euzG|~p~ewg�k�|}twg$|~k gBo/vMkao/p~q�e�tug$�Xz�p~hnhjzse���9z�|ril�ByKkaeue
tugBhneºvutMk{g/h¬i«­�e1.ug/o .wzsh4z{oBzsy{�Mk�xlkatuzsh�o/z�e)|~k}hnzs|rvuo/przse"k�hnpre�ilq�inp~o�k}ewz{|rp~eug/k�|U¯±° Å ²¿�ª¢g^eºvugBhjilxjzsh xng/hjvu|rilk�tuzsh4zs��ilg/ewg/y{zsh

φ(x = 1) = 4.70888895
 Â¹sgBx �M��vuxlk{½���°¾¤;�¨�.wzsxlkT¹ak�y�z�h�k .Mkao/g/x�vueMk^o/z�y��Mkaxlk�oBp~qse¼tug eºvug/h¬ilxjzDo�­a|~o/vw|~zTo/z�eK|�kTgBo/vMk�oBp~qse|rp~eug/k�|¿�U£9zsy�z-|~k-gBo/vMkao/p~q�e	|rp~eug/k�| ®�ewz�|rp~eug/k�| tugB�¥gBe)oBzsp~ewo/p~twp~x7gBe)|~k-xjg/�sprqse	k�hnpre��inq�ilpro�k{k�|Py�z�tug/|rz-tug}ª¢gB��®sg;����vuo��ag/| · ilzsy�k�y{zsh�|~zsh xngBhnvu|�i«k�twzsh�z��wilgBeup~tuz�h�gBemg/hnkxjg/�sprqseKoBzsy�z o/z�eutup~oBp~zsewg/h9preup~oBp�k�|rg/hf�Mkaxlk=gBeuo/z�eºinxlk�x9|�k^hnzs|rvuo/prqseK�Mkaxlk=|~k=gBo/vMk�oBp~qse|rp~eug/k�|©tug^�Xzsprhnhjzse����§zs|rin�/y�k�eueÁ ¡ÀP���9d§¤§®Kk�hj� ��z�tugBx7o/z�y��Mkaxlk�x§|~zsh§y�z�tug/|rzsh7katug;�oBvMk�tMk�y{g/e�ing��

+-,���, �{F ?/5"698;:D< <��"Q 17SV8B67A 3�1[?BA 14675"A=6§8B:=< ?B8B<�14A ? 3�1
E F=8BHPH�FD<KJuL�F=? NPO�Q A <	< ��� F�3�1�?;F�3�1@021�\-Y}19J	��
	6
�=1�?��

dfeÁg/h¬i«k�hngBo/oBp~qseÁhjg}xngBhnvugB|r¹sg¼|~k�gBo/vMk�oBp~qse�|~p~ewg�k�|Ptug¼�Izsp~hjhnzse����9zs|�il�ByKk�ewe�vwinp��|rp~��kaeutuz¢|rzshVxjg/hjvu|rilk�tuzsh ¦ vwg�hng7zs��ilvw¹�p~gBxnzse¼gBe¼|�k hng/oBo/prqse-k�e�ilgBxnp~z�xVo/z�e¼|�k �ueMk�|~prtMk�ttug�g/y{�Mkailk�x9gBe�|�k xng/��p~qseKk�hnpreºinq�ilpro�k |�k=hjzs|~vwo/p~q�eK|~preug�ka|�oBzse�|~k=euz}|rp~eug/k�|¿�Xª¢g�gBhjilk
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y�k�eugBxlk · hjg^zs�wilgBeutuxj��k¼|�k}o/k�xn��k¼g;��g/oBinpr¹ak¼tug/hjeºvutMkK�Mkaxlk¼g/|�y{z�twg/|~zD|~p~ewg�k�| �ÀPk=y�k�eugBxlk^tug¢xjg/hnz�|r¹sgBx9gB|��wxnzs�u|rg/y�k gBh9oBzseuhnprtug/xnk�eutuz=g/|M¹ak�|~z�x�twg¢|�k^hnz�|~vuoBp~qsegBe�|�kDxjg/�sprqse�k�hjp~e�ilq�inp~o/k · �wxnp~y{g/xjzDhjgTxng/hjvug/|�¹sg^|�k g/oBvMk�o/prqse�g/e"gB| p~e�ing/xj¹ak�|rz}�Mk�xnk ³tugBhntug¼³���51.uk�hjilk�³��TÃ · ¦ vug¼¹�kay�zsh^k"o/z�euhnprtug/xnk�xTo/zsy{z"xngB�sp~qse¸kahnp~e�inq�ilpro�k ·  Â¹sg/xgB|7k�|r�szsxnp�ily{z 3s¤ · ilz�yKk�ewtuzmo/z�y�zÁoBzseutupro/p~z�eug/h}preup~oBp�k�|rg/h |~zsh ¹ak�|~zsxjg/h}gBe�³���5Átug|~k"hjzs|~vwo/p~q�e euz)|~preug�k�|Vg/e�gBhlk)xjg/�sprqse 0=k�5u�4*"|~zseu��prilvwtug/h^tug�ª¢g/��®�g · g/|���z�ilgBeuo/p~k�|xjg/tuvuoBp~tuz zs�wing/euprtuz¸g/h-tug1*w�4* Å � �-3 �sÃ � · ®�|~kÁo�k�xj��kÁp~eupro/p�ka|§tug��$*��r°+* ��°¾½ � ��½�����gxjg�k�|rp~��k�|�kKpreºing/�sxnk�o/prqsemtug¼|~k�g/oBvMk�o/prqse ½���°s° .Mk�oBp�k�k�twg/|�kaeºing	  5a� Ã�¤4® .Mk�oBp�k�kainxl­�h �°B�"5º¤ �fdf|�xngBhnvu|�i«k�tuz-hjg=�uxjg/hjg/e�i«k-g/e)|�kD�M�svwxlk{½�� ½��
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Solucion lineal de la ecuacion de Poisson-Boltzmann

"datoslinealpbe"
"datoslinealatras"

�Vpr�svuxjg4½�� ½�0
�Txlk �Mo�k�tug�|~k�hnzs|rvuo/prqse¼|~preug�ka|�tug�|~k�g/oBvMk�o/prqse-tug4�Xz�p~hnhjzse�� �9zs|rin�/y�k�eue
ª¢g¸|~z�h�tMkailz�h�zs�wilgBeup~twzsh  �¹�g/x��M�svuxnk ½�� ½�¤ · gB|T�¥zailg/ewo/p�ka|¢g/ewo/zse�ilxnk�tuz g/eG|�khjvu�¥gBxj�MoBp~g^g/h

φ(x = 1) = 3.60792997
®�|�k

σ = −5.15795999
��Xz�tugBy�zsh .uk�o/gBx�vweMkTo/zsy{�Mk�xnk�o/prqse}tug4|~z�hU�¥zailg/ewo/p�ka|~g/hVzs�wilgBeup~twzshftug4|~zshVy�z�t��gB|~zsh�euz-|rp~eug/k�|¥®�|rp~eug/k�| ¦ vug^hng^y}vwg/hjinxlk-g/e	|�kD�M��vuxlk�½��43w�
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Solucion lineal y no lineal de la ecuacion de Poisson-Boltzmann

"datoslinealpbe"
"datoslinealatras"

"datosinhpbe"

�Vpr�svuxjg-½��43�0 £9zsy{�Mk�xlkao/p~q�eÁtug-|�k�hThjzs|~vuoBp~zsewg/h^|~preug�k�|I®Áeuz"|~preug�ka|Vtug-|�k�gBo/vMk�oBp~qsetug �Izsp~hjhnzse�� �9zs|�il�/y�k�eue �
¨�tugByK­�h · tugm|�k g/oBvMk�o/prqseG½���� · ��z�tugBy�z�h�zs��ilg/ewg/x�|~k�tug/ewhnp~tuk�t'tugm|rzshKoBzse��inxlk�przseug/h{tugm£9| ® tug��¢k�vueuk ¹sgB� ¦ vug .ugBy�z�h�gBeuo/zse�inxlk�tuz�gB|���z�ing/euoBp�k�|�oBzsy�z��vuewo/p~q�e�tug

x
��2Vk�| o/zsy{�¥z�xji«kay�prg/e�ilz=hng^y}vugBhjilxnk¼g/e"|�kD�M��vuxlk-½��65¼®�|~k=�M�svuxnk{½�� ��Mkaxlk�|�k�hnz�|~vuoBp~qseÁeuz	|~preug�ka|X®ÁgBe�|�kK�u�svuxlk)½����K®Á|�k��M�svwxlk	½����	�Mkaxlk�|�k�hnz�|~vuoBp~qse|rp~eug/k�|¿�IÀPk��M�svwxlkT½��ÄÃ�y}vugBhjinxlk�|�k tug/ewhnp~tuk�t¼tug�|~z�hVp~z�eug/hV�¢k�g/e¼gB|wpreºing/x¬¹�ka|~z

y = 0 ·
y = 2

twzseutug hng zs�uhjg/x¬¹�k ¦ vug¢|~k oBzseuo/gBe�ilxlkao/p~q�e�k�|Mprew�Meup�ilzTilprg/eug vue�¹ak�|rzsxftug 1/2
�

+-,���, � <�� ?;8/H�8BH 3"1�SX14HI5�? NIA=3�F=H
df|�vwhnz�tugB|�y{gBinq�tuz tug�twp~hn�uk�xnz�invw¹sz ¦ vwgmxng/k�|~pr��k�xjhng	o/zse'yDvuo .uz�oBvup~tMkatuz ·®sk ¦ vwg¼g/eÁ|�k�hnzs|rvuo/prqsemeuz�|rp~eug/k�|PvueÁ�¥g ¦ vug��uz"o/k�y}�uprz�g/eÁgB|V��z�ilgBeuo/p~k�|Vxjg/tuvuoBp~tuzpreutugBing/xjy�preMk��Mk¼|�k¼hjzs|~vuoBp~qse · tMk�eutuz{¹ak�|~zsxjg/h4��zshnp�ilpr¹�zsh4z�ewg/��kainpr¹�zsh�yDvw®"�sxlkaeutug/h�Mkaxlk���g ¦ vug��uzshXo�k�y}�wp~zshIg/e}gB|º�¥z�ing/euoBp�k�|ºtug§p~eupro/przu��ª¢g .ug/o .wz · |~k preutugBing/xjy�preMk�o/prqsehjg�tMk��Mk)g/e�¹ak�|~z�xng/h=tug�tu�Bo/pryKk�h tugB|§¹ak�|~z�x=tugB|9��z�ilgBeuo/p~k�|�xng/twvuo/prtuz · ��zsx |~z ¦ vughjg invw¹sz ¦ vug=�wxnzs�Mkax�k-g/ewhlk�®sz{®"g/xnxjzsx4g/|���z�ilgBeuo/p~k�|�xngBtuvuoBp~tuz ¦ vug=gBhjinvw¹�p~g/xnk{y�­�h
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Concentraciˆon de la densidad de iones de NA con respecto a la distancia

"datosiones" u 1:(exp($2)*(0.5))

�Vp~��vuxng^½��45 0�ª�g/euhjp~tMk�t)tug^p~zsewg/h4�¢k¼�Mkaxlk-|�k}hnz�|~vuoBp~qse�euz{|~preug�ka|¿�

-0.5

-0.4

-0.3

-0.2

-0.1

 0

 1  2  3  4  5  6

D
en

si
da

d 
de

 io
ne

s

Longitud de Debye

Concentracion de la densidad de iones de Cl con respecto a la distancia

"datosiones" u 1:6

�Vp~�svwxng^½�����0�ª¢gBeuhnprtMk�t	tug^p~zsewg/h�£9|��Mk�xnk-|~k}hnzs|rvuo/prqse"euz-|~preug�k�|
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Concentracion de la densidad de iones de Na con respecto a la distancia

"datosiones" u 1:(exp($2)*(0.5))

�Xp~�svuxjg ½��ÄÃ�0f¨�o/gBxno�kay�prg/e�ilz-tug^|�k}��xlka�Mo/kK½��45
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Concentracion de la densidad de iones de Na con respecto a la distancia

"datosioneslineal" u 1:(exp($2)*(0.5))
"datosioneslinealatras" u 1:(exp($2)*(0.5))

�Vp~�svwxng ½�����0�ª¢gBeuhnprtMk�t	tug^p~zseugBh4�¢k-�Mk�xnk-|~k}hnzs|rvuo/prqse"|~preug�k�|
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Concentracion de la densidad de iones de Cl con respecto a la distancia

"datosioneslineal" u 1:(-exp(-$2)*(0.5))
"datosioneslinealatras" u 1:(-exp(-$2)*(0.5))

�Vpr�svuxjg ½�����0�ª¢g/euhjp~tMkat)tug^przseug/h�£9|��Mkaxlk¼|�k}hjzs|~vuoBp~qse�|rp~eug/k�|
oBg/xno/k�euz	k�|�kKhjzs|~vwo/p~q�eÁtug¼|�k�gBo/vMk�oBp~qse ��£9vMk�ewtuz)gBeuo/z�eºinxlk�y{zshTgBhng}¹ak�|~z�x�tug 5u��� ·hjg}�uvutuzKvwilpr|~p~�/k�x k�tugBo/vMk�tuk�y�gBe�ilg}gB|Vk�|r�szsxjprily{z-�Mk�xnkKg/euoBzse�ilxnk�x�|�k{hnzs|rvuo/prqse ¦ vuggBe)gBhjilg^o/k�hnz-��vug^tug

4.70888895
�

��p
z��uhngBxj¹ak�y{zsh�g/| ¹ak�|rzsx7tugB|
��z�ilgBeuo/p~k�| �Mkaxlk¼|�kDhjzs|~vwo/p~q�e�euz-|~p~ewg�k�|©®�|~k}|~p~ewg�k�| ·|~k=hnz�|~vuoBp~qse{|~preug�k�|©hjvu�¥gBhjinp~y�k=|�k o�k�xj��k=twg�|�k^yKkao/xnz�y�zs|r�/oBvu|�kTg/e�|~k hjvu��g/xj�uo/p~ga����g�uvwg/tug¼zs�whng/x¬¹ak�x ¦ vug¼g/h¬i«k �u|�ilpryKk-g/hTo/k�hnpU|~k�y{prilk�t�tug¼|~k�o/k�xn��k�gBeÁ|�kKhjvu��g/xj�uo/p~g�Mkaxlk gB|�y{z�tug/|rz y�­�hKxjg�k�|rp~h¬i«k¸euz�|~preug�ka| · ��zsxK|rz ¦ vug��Mk�xlk vueMk�o/k�xn�sk�tug�gBhjilky�k��seup�ilvut · |~k�hnz�|~vuoBp~qse�|rp~eug/k�|�euzÁtMkmvue�xjg/hjvu|rilk�tuzÁhlk ilp~h¬�¡k�oBinzsxnprz��MkaxlkmxngB�sp~z�eug/hoBg/xno/k�eMk�h=k"|�k�hnvu��g/x¬�Mo/g�tug-y�gBeuzsh^tugK½"|rzseu�sp�ilvutwg/hTtug{ª¢gB�º®�g · ¦ vwg�gBe�eºvug/h¬ilxjzo/k�hnz^hngBxn�~k^�uk�xlk�tuprhjilk�euo/p~k�hfy{g/euzsxjg/h�k¼° 5^k�ew�shjinxnzsy{h/� ��p~e¼g/yD�Mk�xn��z · �Mk�xnk¢¹ak�|~zsxjg/hy�k�®szsxjg/h k��/hjing · |~k"hjzs|~vwo/p~q�eÁ|~p~ewg�k�|Vk��uxnz�³�p~y�k��uprg/e¸g/|U¹ak�|rzsx ¦ vug-tMk"|�k�hnz�|~vuoBp~qseeuz)|~preug�k�| · ¦ vugKhjgKoBzseuhnprtug/xnk)tugBhnoBxnp~��gKy{g$,jz�x gB|§oBzsy{�¥zsx¬i«k�y{p~gBe�ilz�tugB|§��z�ilgBeuo/p~k�|xjg/tuvuoBp~tuz4®TgBeD�sgBeug/xnk�|�tug/|ºhjp~hjing/y�kw�´dfhjing§oBzsy{�¥zsx¬i«k�y{p~gBe�ilz9ilk�y}�upr�/e^g/hIzs�uhjg/xj¹ak�twz��zsx�£ .uk��¥zaiÁ¯±° Å ² · ��zsx{|~z ¦ vug�hngmoBzseuhnprtug/xnk ¦ vugmg/| y{gBilq�tuz tugmtuprhn�Mk�xjz�oBzsy�zy{�Binz�tuz�tugÁhnzs|rvuo/prqse»k�|~k�g/oBvMk�o/prqse»tup���g/xngBeuo/p~k�|¢twgÁ�Xzsprhnhjzse����§zs|rin�/y�k�eue'|rp~eug/k�|® euzÁ|~preug�ka| · ��g/xny{pringKoBzseuz�o/g/xDo/zse��Mkahji«kaeºing��uxngBo/prhnp~q�e�g/|7oBzsy{�¥zsx¬i«k�y{p~gBe�ilz	tug/|
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hjp~hjing/y�kw�Pdfhjilk)��zsxny�k"tug�hjzs|~vwo/p~q�e euz)hng�g/euoBvug/e�ilxnkmxngB�¥zsx¬i«k�twz)gBe�|�k"|~p�ilg/xnkailvwxlkhjzs�uxng g/|�ing/y�k · ��zsx4|~z ¦ vwg=oBzseuhnprtug/xnk�y{zsh4g/h vueMkKka�¥zsx¬i«k�oBp~qse"tug g/h¬i«k¼ilgBhnp~h�k-|�k�htuprhjinp~e�i«k�h7��z�xny�k�h ¦ vug^®�k-g;³�p~h¬ilg/e	tug^hnz�|~vuoBp~qse"tug^|�k}gBo/vMkao/p~q�e
�

� �uhng;¹ak�y�z�h)gBe |�kah	��xl­a�Mo/k�h	tug oBzseuoBg/e�ilxnk�o/prqse prqseup~o/k ¦ vug�|~k�hjzs|~vwo/p~q�e euz|rp~eug/k�| · |~k y{g$,jzsx{xngB�uxngBhng/e�ilk�o/prqse»tug/|�y�z�tugB|~z o/g/xjo�k�ewz�k�|�k hnvu��g/x¬�Mo/prg · �wxng/twp~o/gvueuk{oBzseuo/gBe�ilxlkao/p~q�e)y�k�®szsx4tug^p~z�eug/h4tug �¢k-g/e	|�k}¹�g/o/preutMk�t)tug^|�k¼hnvw�¥gBxj�MoBp~g · ®"ky{g/euz�h¢tug}twzsh�|~z�eu�sprinvutugBh�tug}ª¢g/��®sg · ° 5�k�ew�shjinxnzsy{h · hng}gBeuo/vwg/e�ilxnk�e¸|�k�y�k�®szsxj��ktug g/hjzsh p~zseugBh/�©dfh g/hjing .wg/o .uz�gB| ¦ vugDxjg/tuvuoBg=|~k¼o�k�xj��k{g;��g/o;ilpr¹ak-tug/|P��zs|~�ry�gBxnz}��zsxg ³ukaoBi«kay�gBeºing}|�k�o�k��Mk�tug}o/z�eºinxlk�przseugBh¢��zsxny�k�tMk�kKhnv¸ka|~xngBtug/twzsx}¯Ä½ *a² �
�Xk�xlkKgB|f£9|zs�whng/x¬¹ak�y�z�h ¦ vug�euzÁg;³�prhjilg��wxl­�o;ilp~o/k�y{g/e�ilg���xlk�e�oBzseuo/gBe�ilxlkao/p~q�e twg�g/hjinzsh¼p~z�eug/hgBe$|~kÁ¹�g/oBp~eutMkat$tug	|�kÁhjvu�¥gBxj�MoBp~g"eup�hjp ¦ vup~gBxlkÁg/e$|�k�h¼hjg/prh{|rzseu�sp�ilvutwg/h¼tug	ª¢gB�º®�goBzseuhnprtug/xnk�tMk�h4gBe)gB|�y�z�tug/|rzu�
��preÁg/y}�Mkaxn�sz · g/|Uy{z�tug/|rz�|~preug�k�|I�uxjg/tupro/g¼vue¸o/z�y���zsxjilk�y{p~g/e�inzKtug¼|~k�o/zseuoBg/e��inxlk�oBp~qse�twgT|~zsh7oBzse�ilxnk�p~zsewg/h7y{g/euz�x7g/e"|�k=hnvu��g/x¬�Mo/prgT�Mk�xlk}|rzsh7przseug/h9tug^�¢k · ®�vueMk�sxnk�emo/k�e�ilp~tuk�t · o/zsy{�Mk�xnk�tMkKoBzseÁ|�k{hnzs|rvuo/prqsemeuz�|rp~eug/k�| · tugDp~zseugBh¢tug¼£9|¿�
dfh¬ilz�g/htugB�up~twz"k ¦ vwg{gB|Uy{z�tugB|~z��uxngBtup~oBg¼vueMk�o�k��rtMk�y{g/euzsx¢tug¼�¥zailg/ewo/p�ka|X®mvweMk�y�gBeuzsxo/k�xn��k¼gBe)|~k}hnvu��g/x¬�Mo/prg��ÀPk�h¢twpr��g/xjg/eupro�k�h�g/e�ilxjg¼k�y}��zsh�y�z�tug/|rzsh �Mk�xlk{|�k{o/zseuoBg/e�ilxnk�o/prqseÁtug}o/k�xn�sk�hnz�epry���zsxjilk�e�ilgBh9hnp¥hngTzs�whng/x¬¹ak-oBg/xjo�k}tugT|~kDhnvu��g/x¬�Mo/prg��u¨ tup~h¬i«k�euoBp�k�h§yKk�®�zsxngBh�tug�tuzsh|rzseu�sp�ilvutugBh¢tug-ª�g/��®sg · hjpU�uprg/eÁeuz�hjzse¸�Mk�xngBo/prtMk�h�hjpUhnpr�svug/eÁvwe oBzsy{�¥zsx¬i«k�y{p~gBe�ilzk�hjp~e�ilqailp~oBzK�Mkax¢g/|V�¢k ¦ vug}�wvug/tugBe¸�uxngBtug/oBp~x�oBzsy���zsx¬i«k�y{p~gBeºinzsh hnp~y{p~|~k�xngBh · euz�k�hn��Mkaxlk¼g/|I£9| �
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_a`cbedgfih8j9kUbmlnhpoihpjqfih8dJrtsmuwvwogbmfyxZvwd�z{rtoir\oih8dgvwsm|th8o�ser\h8}8~Urt}8bm�wj�kUh���vwbmdidgvwjc���^vwsmfi�8x6rtj

� h8}t�H�c�m���L����h�smvwd�r�seuwvwogbmfix6vwdD�Ar�h�`�bmdgfih8jAfyhpd�xZvwd�fyoyr�oih8xZvwd�hps�~UdgvQk�h8s������\�
� �Yk{rtz�fyr�fyb�|wh	��vwbmdidgvwjc���^vwsmfi�8x6rtjUj)�cvws�|wh8oy� � �w�¢¡¤£¥~�h,~�fibesmbe�¦r�xN~Usmfibeoih¨§gbesms©rtd��ªh8smhL�
xZh8jAfyv!«UjUbmfiv!z{rtoir!oih8dgvwsm|th8oHser!h8}8~Urt}8bm�wj¬kUh­��vtbedidgvwjc�¨�®vwsmfi�8x6rtjUj�hpj¯~Uj¬dibmdgfyhpx°r
kUh%x°r�}8oivtx6�wsmh8}p~Us©rtd¤}p~��wvwd�k{r�fyvtd�zU~UhpkUh8j¬vt±�fyhpjUh8ogdih²z�vwo�ogh8dgvwj{rtjU}pb©r°x6rtuwj�hpfybm}¦r
jq~U}pseh¦r�o v�k�bmlnoyr�}8}8bm�wj-kUh¯oir��tvwd!`O�´³t¡µ�\_�sHz�oivwuwoirtx6r¶}¦rtsm}8~User·z¸v�fyh8j�}8b©r�seh8d°h8sehp}L�
fioi�wd�f¹r�fibe}8vtd8ºahpjUh8oguw»©r�d��¶ln~Uhpoi�¦r�dZhpj)hps\dibmdgfih8x6r��0��rtoyr�|¥bedg~{rtsebm�¦rto%sevwd²ogh8dg~UsmfyrtkUvwd
kUhps^}8¼tse}p~Usev�º�~Udyrtogh8xZvwdNhps^z�oivwuwoirtx6rD½H¾¿� � ½�bedg~{rts®¾,vwsehp}8~Userto9���¥j{rtxZbe}pd¹�9£q~Uh
z�h8ogx6b�fyhY|¥bedi~Urtsebm�¦rtopºqrtjUbex6rtoÀ�6rtj{rtsmbe�8rto�h8j°fioih8d®kUbexZh8jUdgbevwj�h8d�dibed�fyhpx°rtd�±Ubmvwx6vtseh8}��
~Usertoihpd�� �Á³t¡µ�
_Àj�h8d�f¹r�dgh8}p}8be�tj
º�smv�£q~Uh^dih\Â{r�oih8xZvwdGdihpoy¼�fivwx°r�oG~�j²rtoi}¹Â�bm|wv�z¸k�±�kUh8s¥±{rtj�}8v�kUh

k{rÁfyvwdYkUhHz�oivtfih8»ejUrtd � �����\���´³t¡�vt±�fyhpjUbekUv²z�vwo\ogh8dgvwj{rtjU}pb©r²x6rtuwjUÃLfybe}8r�º¥sev�£q~Uh�jUvwd
z�h8ogx6b�fyhY|¥bedi~Urtsebm�¦rto�sevwd�ÂUbmkUoi�wuth8jUvwd�}8vtjqfih8jUbmkUvwd\hpj!s©r9x°r�}8oivtx6�wsmh8}p~Us©r�ºth8sehpx6hpjAfyvwd
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}pvwx6z�~�f¹rt}pbevwjUrts�h8j�ogh8uwbmvwjUhpd�hpdiz�h8}8»�«{}¦r�d�kUh8sGkUvwxZbej�bev­kUh8sGzUogvw±Usehpx°rc�Z3Jrtd x6rtsesertd
kUhps¤h8sehpx6hpjAfyv¯«{jUbmfiv¯h8dgfy¼tj�}pvwxZzU~Uh8d�fyvwdZkUhDfyogb©¼tjUut~Usevwd²v¯fyhLfyoirth8kUogvwdZ£¥~�h,hpdgf¹¼�j
~Uj�bekUvwd�z¸vto�di~�d�±¸vtoikUhpd��,|tÃ8o�fybe}ph8d � |wh8o�«{uw~Uoir!Ä������Y�L�Z3Jr°divtse~U}pbe�wj�dgh�}8vtjUdgfioi~��th
z�vwoÀln~UjU}pbevwjUhpd^z�vwsmbejUvwxZb©r�seh8d�£q~Uh�dgh�rtdgvc}pb©rtjZ}8vtj6|wÃpogfibe}8hpd®kUh s©rHx6rtseser � |th8o^«Uuw~Uoyr
Ä����[-Y�¸�Hj�v dgvwj9}8h8ogv¤divw±Uogh�~Uj%}pvwjÁ§g~UjAfiv z�h8£q~Uh]\Uv�k�h�«Uuw~Uoyr�d
|wh8}pbej{r�d8�[3JrYzUoihp}8bedgbe�wj
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