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IV Energy-Time Uncertainty Principle
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V, Particle Scattering: Generic Problem
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V, Example |I: Step-up Potential

_________ EoV,
> Yo AL Nk T T xeo
J /¥ 2k ¢ Ka X
¥=0 A k:'f'Kz. ¢ ) FN %20
¥egio : J £ < V2= E K. < V2 CE-Vy)

A ¢ £



—Drejion T @ X<O, VC¥)=0

/8% _ik x - =
,VwCX):'AoQ +AC wit4 klz\/zth
n \_VJ (] k
Vimcemmimt ¢ weflected ”
wav< Waue

— egion IL: xD>o, VCi¥)= Vo

(ley x <l - _
Vo)=Be " wCe T with kys 22

Yvonomit@l” =) (=0 het
Wavt




. . T 41 X= O
- dof’n wavrfumbomns i wjons T oanf I 4

D AR it 0P A,
» C"H‘ét‘o—;u:'fj o[’ /y/(x) at x=°

=) Ao‘l' A = 9 @
. AY
. Ca‘h'{"’hbu'{/ of / Ax.)’CZD -
=) '/rl,L\o ik A kR = KA ke, A=, 5C
)
@D, KAl A~ k4, - ; A /‘ZA
=) (K ~l, ) A, = (b + 5)/} «)i«k e,

= D)+ kD : K, Ay -kl + bk, A+l A=Kk, P + kD
=) 2k, Ao = (ke 4+, )P = o 2k

— /{,%/(2

J )40



=) £,'Mq/ Foladiom :

—

/40 l'[(lx /(lsk84 _I'Z(IX
YW (%) = Le ™ s G e § Areo
/40 4 'ell{zK
ko, + k X =2
L TE ‘ FX/

“Uae Al Lo mov malrze L4, ,L",,,;Z Lrave rﬁc/uf
- qu[%') -ﬁo\r eacl =%t w DV

=) Conlinm o o}o(c{»a—s—, (0% Lalue E)

[ 'é’é‘.b t'-) ’770'(‘ o o /
=) %QM{ Oa[(n#qu.' - ° - e D¥ﬂl(')
~_1‘WLL

V(v ) = % Ceo (?K«,C%)Z

- &/mw Ceo é—b 4 ave pazﬁo‘f at ("’J'{ -X &ft=0
it 4 Posy ive mvzlac/\é (C%:-(%?[?f()/lf.:o)7

~ Vi) descitn scatteiny fron ok fal ok



.
¥

|{I} 2

10

10

X 10" <& =2V
-6 -4 -2 0 6
X [nMm]
x 107
— |'[I]'|E
2 10 3
p [kgm/s] x 10




10

|1Ir|2
n

-6 -4 -9 0 5 5
X [nm]
24
10x10 |
- |(I}|E
0 -é -i d 1 |
p [kg m /s] 5




—2 Wwave pacﬁc’é /ma D0me Pwéa&)[:‘é; 20 ,CO-/ 61»»%:'9::‘&‘
ard reflection Ceven i EOV)
=  Jeatvne of Qm: ab rwnt cﬁanJA., of €ke
pote. Hal Cneysy givt veflection (a—»aIDJ €o
wave optico at abrunt cﬁa-oé;-_, sl e Index of-
*fraction )
:) a(z,&‘m(, ;-e,f/ecé‘m and. f‘r'ﬂmoa-m'aao;‘m coZ/;ca'cz'dné.’
— Wave pa chet: meed waﬁﬂwl av&va,é,c ovér
ﬁflcc{-fen ond fwwi—n,‘m PfroLaLt'/l'L‘/'L; 070 all
o‘Fw[—«'o—na-y gtates i Che o%ohfw.é‘&n
= -Fov wavl Pache{-:» wt’éé N avvow/ 'ram,é,a -y ene{j;
*elc[ec"“h ond boim tmiooion 60~€,¢icil—.—.'£-o % conot

im €Aat 'r-amé,(_ ~ CDZF[fCI"n'e (:o« a—nLq{a{iona.,/

o‘éa{e :'n 'é[‘;'b ’ramé.c E G_/E J"er// =) [\/:W ~ GD"":;/
W < e



2 defime R, T for ofatienoy wtalte:
( K, <!
L) = (A s A fX Lo xeco

U, x
e = . Fovr X >> 0
\ A/J’Ca#"’ﬂy
~cfl. < —>

¥0
=) Paskbalilit, of efleclion:

Ew = Lﬁ-& - q—C][/gcthos—\ coe/f/é:'cf.@n‘éj

[As12 B
=) ‘)Cw '7"&7"""‘74 },aowéf-,,é.’d./‘
R, = ( Kk )Z
it L, +4k,

Wole. —Ruwz0 sk, (o ok, in 1/&)
“Ruw >0 Lo lt,~ky << vk, ,i.€. ESDV,



3) F'ro Lﬂé;' /zl[)’_D_][ gé’"‘nf Di99: O |

s fo= - R = 3 CO{%@

=2 ‘J[)"“’ O’L‘)A““y}ook—»{\h/f
l__(K —lt, >¢ Yhibk, Kk, |B)
< ,

p—
C—

Ck'-"l{z_)a K, )/4))&
0 ek
, L 5
At o Ctorl
T, # L f

[AD/Z b



V; Probability Current / Flow
[) kf7 l\dei
=) Com sider wate pipe

walt /
@) rate oot
A o — ot Bonasl seg

7;“: A‘fi_’i ::A,\/,(Zpoxﬂ’}




._) f@T 3‘1-?:,~f$ '/ool('(—-ﬁé'é/'
- PYoé, C eyt -JLT)J I et wave = [Aal 2\/42‘*0 é<(\"(/4‘/='é?k“//qolz

o prob. coment foraelleched wave = (AL \{52 fobleleft = B ber_ 1p2
P

* PrDL Ceenat ﬁ’é”ww%"l"{f”{ hav( :ZEIZ\%T éo %w&(l‘?— % A’a /P <
1 — I¥]

‘:) A\Fb/'o'ﬁa{"""'\ ﬂ\fZ '3‘/%‘/’3 /‘07[(4/7 ‘37[4"LS (D“"Jj/) "
[ P—m)éa[.z'[l'§ é&w-&h*} S %o&v!%/@*w{‘””‘%zspl

— 2
=) K, [Ablz = k, /A ° + b, LIS

o ST ————
i = ’\—C)U(ak/{ + Mm;,;i(f#»/ W?‘ = O‘t%



=) for obep = op oot G/

o= Daellecta] ’: K, /A/ZZ _ (,4/22 s
L 3 € - k/ (Aol |/Io/
T = Dbt |k, IBI?
— — | = & = [*—E
| D | R AL

ok facke byl
é) Ré(j Yove Dreatormen t. P”U[‘:’ﬁé"/"é Ceered ) [*/zc/

—) ﬂ"’éloj hé"’ Op\‘é‘fhhf},é/ 6,701,4,)(-.,% [ EQM'
£ =D
—)
weelli Ao o P 0=— L D0y
ﬂt’é /\\ AN A x
c/wwa( ﬂ&w:ﬁ (»4@/3/ Ctovem =



ideq
| Orplealils prvbalslity Cchoyc) i
204 0 ) S0x) Lo < ved 7'>) am;é/{c)éﬂag’{

'—_"il C c(wg‘ Q),;‘—‘—‘) C”h 64( ‘é'ué-ﬂ.) PVDLQL;/I.&/
Tyl ;{2 > X (‘A‘L‘j 640‘3") l‘h €< %J"Oﬁ
’{60{{-% X, o ¥ ; > A
. = Cor_,, =t D"V/'-n I\'h Sv O /
—) 1l é(’{/va) #UV»L +7[’/ J o
VZ'V efwé‘ C"*'-vv‘».%
— [ B 3 CCAQ\?( Cetnrsg,
d.‘_& KY,/CV/(?)/ ”{K — (3/1) - 3(){2) /// /
C(ﬂ—wé/( fae FVDL ) or %J,‘D’_‘ (-\ ou
> A ffontial Lo ] ik e from

g 2
igg(?ﬂ%%)) -_—‘5%_ D[X)}

———




