PHY 712 Quantum Mechanics
12-12:50 PM MWF Olin 103

Plan for Lecture 7:
Continue reading Chapter #5 in Shankar;
Quantum mechanical systems in 1-dim

1. Particle in the presence of a potential
step

2. Probability density and current density
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PHY 741 Quantum Mechanics

MWF 12 PM - 12:50 PM | /OPL 103 hitp./iwww wiu.eduw~natalie/17phy741/

Instructor: Natake Holzwartn [Phone: 758-5510 Offlce:300 OFL e-mall:natalieffwh edu |

Course schedule

(Prefminary schedule — subject to frequent adjustment. |

Date FEW Reading Topic Assignment Due

1 |Mon, 8728/2017 [Chap. 1 Review of basc principles ﬂ WEZ01T

2 (Wed, 81302017 Chap. 1 Linear veslor spaces 2 BB2017

3 |Fri, 012017 Chap 1 Linear vector spaces W3 WE2017

4 Mon, 3104/2017 [Chag. 4 Principies of Cuantum Mechanics. y laB2017

& [Wed. 91062017 (Chap. & Examples m 1 dimension

& |Fri, ¥DB2017  [Chap 5 equation in 5 CEETI
» 7 Mon, 91112017 Chap & ! equation in

B Wed 91132017 Chap & equation in we B1S2017

L]

Fri, 9152017
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Consider a particle of mass m in the presence of an infinite
potential step:

0 forx<0
V(x)=
V, forx>0

V()

Vo
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Consider a particle of mass m in the presence of an infinite
potential step  -- continued: V(x)
Vo
X
0
Eigenfunctions of the Schroedinger equation:
x<0 x>0
n d* n d?
————y(x)=Ey(x) ————Sv)=(E-V)rK)
2m dx’ 2m dx’ ( 0)
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Consider a particle of mass m in the presence of an infinite
potential step  -- continued: V(x)
Vo
X
Energy eigenfunction:
x<0 x>0
w(x)= 1 (ef(«/ﬁ n)x + Re—y(«/ﬁ/n)x) w(x) = 1 Te'(’ 2m(E~Vy) h)x
Ny 2z
‘ coefficients ,

Consider a particle of mass m in the presence of an infinite
potential step  -- continued:

Note that when we find the solution, its complex conjugate
and a linear combination of the two will also be a solution.

Digression on the notion of current density and the continuity
equation. Recall the time dependent Schroedinger equation:

2
in¥ _ [—h—vz + V(r)]y/
2m

ot
el o, .
—ih =|-—V +V(r
ot [ 2m ) v

2
Note that: 7 1//*%—‘// = x//*(—zh—Vz + V(r)jl//
t
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el no_, Loy no_, .
nY o vy VAT, R A
" [ AR A A

.12 G R
ihy —= -—V +V(r
v '//[ oy () |w

Define probability density: p(r,t) = P(r,t) =y (r,0)y (r,t)

al.{.V.j:O
ot

where j= ZLmi('//‘VW —Wl//’)

1
Example: w(r,t) =w(x,t) = e = jF—X
N27
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Consider a particle of mass m in the presence of an infinite
potential step  -- continued:

Energy eigenfunction:
x<0 x>0
1 ([ i(JamEm)x —i(N2mE 1h)x 1 i(\2m(ETy)ih)x
(//(x):—(e(ﬂ”) + Re (VamE ) ) y/(x):iTe( BT}
N2 27w

p(x):i(H\R\z +2SR(R*e2'(Wm)X)) plx)= —|rf
2 2

2mE (oo Vzm(E_V‘))\Tf For £ >7,
(1-1#F) — b

Jjx)= 2

J(x)=
2rm
0 For E <V,

(corrected 9/18/2017 thanks to Sajant)
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Consider a particle of mass m in the presence of an infinite
potential step  -- continued:

Energy eigenfunction:

x<0 x>0

W(x) = 1 (ei(«/ﬁ/h); + Refi(\/ﬁ/n)x) W) = 1 Te[(. 2n(E=Vy) 1)«
N27 N27

Continuity of wavefunction at x=0:

I+R=T

Continuity of derivative of wavefunction at x =0:

2mE \lzm(E_Vo)
7(1—R)=7T
n n
T= R=T-1
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Consider a particle of mass m in the presence of an infinite
potential step  -- continued:

Energy eigenfunction:

x<0 x>0
1 i(N2mE 1h)x —i(N2mE /h)x 1 i(\2m(E=Vy ) /h)x
w(x) = (e(ﬂa) 4 Re (V2mE /n) ) w(x) = Te(,/z (E=Vy)/n),
N2 27
7":72 R=T-1
T Ll
E
2m(E -V,
For E >V, j= ; ) 4 .
m 1+ E_Vo
\ E
For V,>E j=0
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R%flectance and transmittance of matter wave
nergy eigenfunction:

x<0 x>0
1 i(2mE /7)x —i(N2mE /h)x 1 ([ ET )
W(X):i(e (N2mE /n) + Re (v2mE /), ) w(x)=——Te (m/n)
o o Y NG
incident reflected
wave wave transmitted
2 wave
where: 7T=— =~ ReT-1
1+ \/rVU )
E R =|L] IR
Jine
. _N2mE X _7W‘R‘2 - —
Jine 27rm Jrep 27m g= M _ 70‘7,‘2
2m(E -V, Jine E
Jirans = j:@mz for £, only
Jreans = . Ey
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Consider a particle of mass m in the presence of a finite
potential step:

0 forx<0 e
V(x)=<V, for0<x<a
0 forx>a Vo
X
0 a
I 1 1
arzor P 761 Pl 2017 Lectre 7 -
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Consider a particle of mass m in the presence of a finite
potential step -- continued

Energy eigenstates of the Hamiltonian
n d?
-———+V(x x)=Ey(x
[ Py ( )](//( )= Ey(x)
0 forx <0
V(x)=<V, for0<x<a

0 forx>a
Define k=~2mE /h forE>0

k =\2m(E-V,)/h forE>V,

k=\2m(V,-E)/h forO<E<V,
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Consider a particle of mass m in the presence of a finite
potential step -- continued V(x)

Define k=~2mE /h forE>0
k=\2m(E=V,) I forE>V, v 1l

0
k=\2m(V,~E)/h for0<E<V,

i
I
0 a

v, (x)= ! (e”“ + Re”“") W (x)= ! Te™

1 27[ m [2”
v L (Ae™ +Be™)  for E>V,

! V27 | (4™ +Be™) for0<E<V,
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Consider a particle of mass m in the presence of a finite
potential step -- continued

Define k=+2mE /h forE>0
k=\2m(E-V,)/n forE>V,
k=\2m(V,~E)/n for0<E<V,
note that x =ik,

Satisfying boundary conditions:

9/18/2017

1+R=4+B lfR:%(A—B)
A 4 Behe — T A _ Beha — ﬁTe.k,u
272 1
24$ for E >V,
(¥ =) sin’ (ka) + 4K
g=
2.2
+ for 0< E <V,
(kz + Kz) sinh’(xa) + 4k’x*
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