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íí³�ò�®{»¼µ
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°�¹�À ±DµXÃ]®{Å{©­þm³ ê ®{° À�º¼µ�³)§<í ®6Ã]º¼Å °IìDÅ ÅH®{»¿®{° ÀPç º¿°�¹�»uÅ ®{»ûëð��üÜ®�»¼ÃDÅ:ó�®{³D®Iç�¹�À ®{ÃbòoÆ3°²±D¹�ç`ód®�ÃcåD¹�çÇÀ º¼°{»¿®{Ån®�³D°{µ�ì]³oÀ ®,çÇ®{Ã
º¼³¥±Dºðód±Ê®{³D®Iç`ó�Æ^åD±�ÆXÅÇº¼°�Å{¤B¹�³Ê®{»¿®{¸ ®{³�À²¹�çÇÆUåÜ¹�çÇÀ º¼°�»¼®��d¹açÇ®{»¼¹�À�º ¯Xº¿ÅÇÀ º¼°¡ÃDºXå�µd»¼®���¹�åÜ¹�çaÀ�º¼°�»¼®fò@ìD³D°²±@©±þm³ ê ®�°�À º¼µd³Ê�D�
À�±D®�ç ®�Å`ìD» À�Å_µ�ëéÅÇÀ`ìDÃDº¿®{Å_¸�¹�ÃD®Dííº¿À ±£À�±D®�ìDÅÇ®íµ�ë¦À�±D®í¸ µXÃDºûüÜ®{Ã � �(��À ±D®{µ�çaÆ¥¹�çÇ®:å@ç ®�Å ®�³oÀ ®{Ã@©c$H®,ç ®:í ®íÃDº¼ÅÇ°,ìDÅÇÅ
À�±D®<üÜ®�»¼Ã�®{¸ º¼ÅÇÅ º¿µd³�º¼³�À ±D® ­%$'&/°{µd»¿»¼º¼¸�¹�À µ�çíÅÇÆWÅÇÀ ®{¸ ¹�³]Ã�À ±D®¥¸�¹�º¼³0»¿º¼³Ü¹�°Uòé®{¹�¸ å]ºXå�®£µ�ëBÀ�±D®�� ê »¿º¼³D®{¹�ç
°{µd»¿»¼º¼Ã]®,ç{© � º¿³Ü¹�»¼» Æd� ê ®{° À�º¿µd³��xÃ]º¼Å °IìDÅ ÅÇ®{ÅBÀ�±D®íÃ]ÆW³Ü¹�¸�º¿°{Å_µ�ë�®{¸ º¿ÀÇÀ�®�Ã¥®{»¼®�°�À`ç µd³DÅ���À�±D®í®{»¿®{° ÀPç µ�³ ¸^ìD»¿À ºXåD»¿º¼°�¹,À�º¼µ�³
°²±Ü¹�º¼³u�¦¹�³DÃ À�±D®<ÃD® ¯d®�»¼µ�åD¸ ®{³�ÀHµ�ë·¹�³�®{»¼®�°�À`ç µd³3°{»¿µ�ìDÃ3º¼³ À ±D®<Å ®{»ûëð��üÜ®�»¼ÃDÅnµ�ëh¹Gò@ìD³D°²±u©
� K�Ma=FPOQSR)TUMOVWVXMOIBELMaE�� eW\]I¡Eb[-R3Pa=FA¦eW\DMOA�KNMO=FPOQ&V
� #D� KbI%�	PO=@\ +�� IB\]Q&Cb=FMÇT eXC&=FI_\]^
þm³�À�±D®"ëýç�¹�¸ ®Ií µ�çÇ´ µ�ë � µ
íí»¼®,çO�(�Hµ�ç ÃD±]®{º¼¸ ô\� �(�Cõ À�±D®�µ�çÇÆ��éÀ�±]®>°,ìBç`ç ®�³�À"ÃD®�³DÅ º ÀmÆ�µ�ë�üÜ®{»¿Ã�®{¸ º¼ÅÇÅ º¿µd³)µ�ë_®{»¿®{° �
ÀPç µ�³DÅ:ëýç µd¸�¹Ê¸ ®�À�¹�»@°{¹�³cò�®�í�ç º À À�®�³3º¼³ À�±D®�ëÕµd»¿»¼µ
ííº¼³Bó^ëÕµ�ç ¸��¬§��Â���Ä�*� �O� �d���

JFN = e

∫

n(Ex)D(Ex, F )dEx, ô ��õ
íí±D®,çÇ®

D(Ex, F )
º¿ÅbÀ ±D®<å�®{³D® ÀPç�¹,À�º¼µ�³�°{µW®T� °�º¼®{³�À"¹�³DÃ

n(Ex)
º¼ÅíÀ�±D®£³�ìD¸^òé®Iç"µ�ëB®{»¿®{° ÀPç µ�³DÅ"¹�ÀbÀ�±D®>®{³D®Iç`ó�Æ

Ex

º¼³D°�º¼ÃD®�³�Àíº¼³ À�±D®_ño�mÃ]ºXç ®�°�À º¼µd³ µd³3À�±]®�ÅVì@çVëÎ¹�°{®aòÜ¹�çVç º¼®IçDëýç µd¸ º¼³DÅÇº¼ÃD®xµ�ë¾À ±D®<¸�® À²¹�»½©
�b³N®�»¼®{° ÀPçÇµd³�µ�ì]À�ÅÇº¼ÃD®H¹<¸�® À²¹�»Üº¿Å ¹,À ÀPç ¹�°�À ®{ÃÊÀ�µ<À�±D®H¸ ®�À²¹�»Ü¹�Å ¹"çÇ®{Å`ì]»¿À¡µ�ëuÀ ±D®í°²±Ü¹�çVód®bº ÀBº¼³DÃBìD°{®�Å µd³ À�±D®

Å`ì@çÐëÎ¹�°{® ô º¿¸N¹�ó�®CëÕµ�ç °�®
õ ©�þm³3À�±D®�®�ñWÀ�®Iç ³Ü¹�»¼»¿Æ ¹�å@åD»¿º¼®{Ã�¹�°�°{®�»¼®,ç ¹�À�º¿³@óÊ®{»¿®{°�À`ç º¿°_üÜ®{»¿Ã
F
�DÀ�±D®"å�µ�À�®�³oÀ ºð¹�»u®{³D®Iç`ó�Æ

µ�ë¾À ±D®<®{»¿®{°�À`ç µd³�º¼ÅD�
V (x) = − e2

4x
− eFx, when x > 0, ô §.õ

íí±D®,çÇ®
x
ÃD®{³]µ�À�®�Å�À ±D®¥ÃDº¼ÅaÀ²¹�³]°{®qëýç µd¸LÀ�±D®¥ÅVì@çVëÎ¹�°{® ¹�³DÃ0À�±]®Gü@ç ÅÇÀ<À ®,ç ¸Y¹�°{°�µ�ìD³�À�ÅaëÕµ�ç&À ±D®Êº¼¸�¹�ód®Uåéµ�À ®{³X�

À�ºð¹�»Â©��1º¿À ±ÍìDÅ ® µ�ë¡À�±D®Råéµ�À�®{³�À ºð¹�»h®�³D®,çVó�Æ ô §�õ"¹�³DÃ�À�±D® � ®,ç ¸ ºh®�³D®,çVó�Æ�ÃDº¼ÅaÀPçÇºXò@ì]À º¼µd³0µ�ë ®�»¼®{° ÀPçÇµd³DÅ<º¼³�À�±D®
°{µd³DÃBìD°�À º¼µd³bòÜ¹�³DÃu�Üµd³D®_üÜ³DÃ]Å8�Ä§*�½��� �z� �)� �d�T�FÀ ±Ü¹�À

J
FN

(F ) = A
F 2

ϕ · t2(y)
exp

{

− B
ϕ3/2

F
ϑ(y)

}

, ô ��õ
íí±D®,çÇ®

J
º¿ÅnÀ�±D®6°,ì@çVç ®{³�À&ÃD®{³DÅÇº¿ÀmÆ�º¼³2�x�,°{¸ 2 � F º¿Åí®{»¼®�°�À`ç º¼°aüÜ®�»¼Ã�µ�³)À�±]®6ÅVì@çVëÎ¹�°�®>º¿³2�x��°{¸���¹�³DÃ

ϕ
º¼ÅíÀ�±]®

í µ�çÇ´9ëýìD³D° À�º¼µ�³�º¿³ ®-�£©�ön±D®aüÜ®�»¼ÃX�fº¼³DÃD®Iåé®�³DÃD®�³oÀH°�µd³DÅÇÀ�¹�³�À�Å��'¹�³DÃ)«1¹�³DÃ3À�±D®x¯�¹�ç º¼¹�òD»¿®
y
¹�ç ®

A =
e3

8πh
= 1.5414 · 10−6, B =

8π
√

2m

3eh
= 6.8309 · 107, y =

√
e3F

ϕ
= 3.7947 · 10−4

√
F

ϕ
ô ��õ

íí±D®,çÇ® −e
º¼ÅbÀ�±D®£°²±D¹�ç`ód®¥µ�³�À�±D®¥®�»¼®{° ÀPçÇµd³@�

m
º¼ÅHÀ�±D®¥®�»¼®�°�ÀPçÇµd³0¸�¹�Å Åx¹�³DÃ

h
º¿Åq"_»ð¹�³]°²´��ÄÅx°{µ�³DÅÇÀ�¹�³�À�©"ön±D®

³�ì]¸�®Iç º¼°{¹�»@¯�¹�»Xì]®{ÅHµ�ë
A
¹�³DÃ

B
°�µ�ç`çÇ®{Å`å�µd³DÃ)À�µRç ®{°�®{³�À"¯�¹�»ðìD®{Åíµ�ëhÀ ±D®"åD±�ÆXÅÇº¼°{¹�»æ°{µd³DÅaÀ²¹�³�À Å�� ��§��½©f��®�³Dµ�À ®

À�±Ü¹�À�ì]³DÃD®,ç�üÜ®�»¼Ã3®{¸ º¼ÅÇÅ º¼µ�³ °{µd³DÃ]º¿À�º¿µd³DÅ��Ü�
< y ≤ �d©ön±]®��bµ�ç ÃD±D®�º¼¸ ëýì]³D°�À º¼µd³

ϑ(y)
À�¹�´�®�Åbº¿³�À�µ�¹�°{°�µ�ìD³�À"¹Ê»¼µ
í ®,çÇº¼³@ó µ�ë·À ±D®aåéµ�À�®{³�À ºð¹�»�òÜ¹�ç`ç º¿®,çnÃ@ì]®6À�µÊÀ�±]®

º¼¸�¹�ód®�å�µ�À�®�³oÀ ºð¹�» ô À�±D® ê °²±Dµ�ÀÇÀ�´�Æ�®T�é®{° À*õb¹�³DÃ�º À�ÅíÃDº¼ÅaÀ�º¿³D°�À º¼µd³Lëýç µ�¸ ¹�³)º¿ÃD®�¹�»¼ºXù�®{Ã3ÀPçÇºð¹�³@ó�ìD»ð¹�ç Å ±Ü¹�å�®�©:ön±]®
ëýìD³D°�À º¼µd³

t(y)
º¿³ À�±D®<ÃD®�³Dµd¸ º¼³Ü¹�À µ�ç µ�ë¾®,ï�ìÜ¹,À�º¼µ�³ ô ��õ º¼ÅnÃ]®IüÜ³D®�Ã�¹�Å

t(y) = ϑ(y) − (2y/3)(dϑ/dy). ô �.õ
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ön±D®qëýìD³D°�À º¼µd³
ϑ(y)

¯�¹�çÇº¼®�ÅCëýç µd¸
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ϕ(x̄, ȳ, z̄) = κ
{ q

√

(x̄ − h)2 + ȳ2 + z̄2
− q

√

(x̄ + h)2 + ȳ2 + z̄2

}
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D̄3
−
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D̄3
+

]

, F̄y = κq
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−

− 1
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+

]
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−

− 1

D̄3
+

]
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+
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−

− 1
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+
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Fz = κqγ
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−

− 1
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+
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(z − vt), ô �H�(��õ
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D± =
√

(x ± h)2 + y2 + γ2(z − vt)2. ô �H���â�.õ
� ³3À�±]®"å]»ð¹�³D®

x = 0

Fx = − 2κqγh

[h2 + y2 + γ2(z − vt)2 ]3/2
, Fy = Fz = 0. ô �í�²�d��õ
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