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~?JT~75U : ~o/Jf!~~ 
~~f4 § : ili{-tto/Jf!~ 

~~i:\BWJ: 0224 • iffl.::X: 3 

1. (10+5:5-}) (a) EBLorentzlji,~PJJD' dr 2 = c2dt 2 -(d x) 2 iEJ*t~i/i~~T~::f~B~ff.lH£ 'tiJ.pfJ = 
m0 (cdt,d x)jdr = (E/c,ppp2 ,p3 )~4-vector ';ft:5t£~~ '{B~fl::f~ o {EJf~~cp '1§-_r!&. 

i!ltrfirt:iJ~-ftltB~~r ' :;g:~~1:pair production e- + e---+ e- + e- + e+ + e- ' ~Ut%D~Itr 
B~~gj!~::Jrf137Y? t!i!/f\ : tEE1r,8~ 1 ~I}J£@H~ J (center of momentum, CM frame) cp!z:9IE~ 
~t-TtmJlWJta~ , gg:fl~fi£ 0 

(b) ltrt~JJRrf~Fs~~spin-orbital1'FJi:Hffi11t~iEitrli~]!Wlt~f~cp*:ft~ ' NPit-Tljtitt~§ ' ffiJ!Ji{ 
-=r~tJ~Il-v iE'm-T~@;1zJttt~rm1~ 0 1Bft1r~m!:1JiEJJRr~!ffJts~gt*~cpJ£tttift:Will1'Fm 0 fB 
ltrfl!~~-ill!J~Itw ~ e ' ~cp{J'~utfil!ffiDJEiji$8"J[ilfi o {EIIJfiJ: ' 11-®il§lcp{J,g~utf*~AB~m: 
11ITZF:5t, ~DT!iltr: o g~fflLorentz@H~~-'~~SJ3 : !l:tutf*~AB:tf!JR-T~~JI-.s~gtf~cp~~~~DTiJ:tl 
f1JT/f\s"JEIB*)7~ c tll.m-=rmw7}:ffi~JtzT~Mflirm*-fm~fE"j~§, !l:t~t~fE)iEJJR .:r~~~tt~cp*-ffljflz:gg) 0 

itm r e- 8"11£~ ( 0' ) :tf!JR r~ N+ s~gtf~ ( o ) 

~~ 
----~~~--~v-@ ----- -----

A B 

2. (20:5}) ff.lShroedingereq. ~l:B mE-<x>= Jro ljl*(x,t)(-in!!__)ljl(x,t) F)~!!:_(p)=(-dV(x)) o 

dt -"' dx dt dx 

3. (20:5}) JJR)'C*-f~~.&flz:ggjt V(x) = 0 for 0 s x sa ; V(x) = oo for x < 0 & x >a 'flLT m :tf~{~gg 

Jt~ o :EJ!itx =a 8~ oo{lz:~gMfM~?.~:rHl~¥U x = b 'ffi1 x = OB~Mi::f~ '~IJflLT m ~¥i1£ifB"J~{~~g~8~ 
~$ =? 

tz2 2 

4. (20:5}) :tf=:jf~Y:jffiS L B~:lL)J{:$:~[)_&{Ji~gjtcp, ~flLr~g~~~ E = 
2
,;_

2 
(n; + n~ + n;) o f~~fl N 

MJ::f;f§fFfflB"Jfermions:f_Blfjj(Jjti§::ftcp ' N ;=Jf:'r9.;* ' rz§!l:t(nx,ny,nJ PJff!5j!ffiS~~-~ ( ft1r,PJM~ 
ffiS(a,fJ,y)) '3ft: Fermi energy EFW*-J~~g£E,01 o 

5. (15:5}) j\JJR-=fcplt-=f~~JJRr~Fs~flPJT~~B"Jspin-orbital1'Fffi H SL = 1
2 2 s. r(- e d¢) ( ~~§ 

2m c r dr 

l(b)) ' fit1r~f6,_!2M~~HsL = ~ s. I (for ¢(r) = ~) o :;filtr#*!~~±Jtr~n , !f!JLmftt:JIJJJt 
r r 

f ' ~lESJ3 H SL ij r~~~g~~c5(~:5tm=M ' 5]'-7JU~ a(-~) li
2 

{ f ' ;ftcp (~) ~ ~ {Ei§:®#* 
r ne 2 - f - 1 r ne r 

Jt~ cp 8"JWI ~ {[l[ 0 

6. (3+2+2+3=10:51) M~~ C cp:X~T~il§1+1~) : 
(a) {Science} ~tB20I2f4~31!.~1l*s"J+r~~JJt, :j:jFm-8"1~ 1 ~:EJ!J:WmrHiggsJ , :j:jFmt 
B"J~ 1 ~lEJfMajorana fermionst¥1± J o ffi!JFf:I~HiggsB"JJ;/Jffl~{tft ? Majorana fermionsr~B~~{tl'f? 
(b )~*"tp ~.lf~m , m':rHl**~tB"Jm* g=j ~g~WJ~~~*" 1:$:8"J7(~~1JfW cp o 1J:~:fEt~~~8"Jmx~n)J~ 
W*B"l? Crz9~~+~~~~~00~%~··-~-*"tm&J·~M~?) 
(c) 2012~~mt?!.Jfll!.~WSchroedinger's cat*-flm o Schroedinger's catj'~(]kj~_:l;:-yjJ~cps"J!W~f~Jjt~? 
(d):5t75U~T-f~#*~:rHlfll:r12:if~~~$ : r:Il~Mt§t ' Fermion*fE§t ' Boson*fE§t o 


