PHY 741 Quantum Mechanics
12-12:50 PM MWF Olin 103

Plan for Lecture 19:

Welcome back from fall break

1. Comments on mid-term exam

2. Comments on “computational
projects”

3. Quantum mechanics of atoms
(Chapter 13)

10/16/2017
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Three events this week --

Special Seminar: Oct. 16, 2017 at 3 PM
Special WFU Physics Seminar

TITLE: “Quantum Information Science”
SPEAKER: Jaewan Kim Korea Institute for
Advanced Study TIME: Monday, October 16,
2017, at 3:00pm PLACE: Olin 101 There will
be a reception ...

Career Event: Oct. 18 at 12:00 pm  * pizza Colloquium: Oct. 18, 2017 at 4 PM

WFU Physics Career Advising Event TITLE: WFU Physics and Chemistry Colloquium
“Opportunities for Undergraduate, Graduate, TITLE: “Solid Electrolytes and Their

and Postdoctoral Research at Oak Ridge Interfaces: Bridging Mechanistic

National Laboratory (ORNL)" Understanding to Their Performance”™
SPEAKER: Zachary D. Hood School of SREAKER2ZacharylDiioodSchoollof
Chemistry and Biochemistry, Georgia Institute Chemistry and Biochemistry, Georgia Institute
of ... of Technology, ..
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1. Consider a particle of mass m in a one-dimensional square well potential

a0 for|zl<a
Viz) = { Vi for |z] > a

(a) Find the forms of the bound eigenstates of the system both for even parity

d{x) = ¢{—x) and odd parity ¢{x) = —g(—x) states,
(b] Now consider the specific case of
F 2
Vo =0-——
Dma?’
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Example: Particle of mass m confined within an finite square
well:

V(%)

for |x| <a

V(x):{o
Vv, V| for ‘x‘ >a A
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After some algebra, we found that the energy eigenvalues E
were solutions of transcendental equations:

tan[ 2mEa]:V} - :tm{,lzmr/a\/’] [CE7V,  Foreven

h \VET, parity

cm( ZZE“]:_I _ :cm[JZmVa\/i] [=£/v, Forodd

v N\ E/v, party

\2mVya 2mV,a

4 For exam problem:
2
tan(ue) = Vo =9 h >
2ma
or cot(ue) = —, : =u=3
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Even energy: E =1.369
'//(x) 0.6 &y 2ma’
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0.8
e

Odd energy: E=5.193 5
2ma

0.6
w(x)
0.4

0.2

Calculation of the variance

ae=((y [y w]slw')

Ap5(<w\p2\l//>—<l//|plw>2)

Note that for this problem, <1//|x|l//> =0

172

1/2

(w|ply)=0




174
viv)
(w|’lw
(wlw)

i

~—

=0.25898 for even solution

~—

=0.68114 for odd solution

<I//‘p2‘l/l> is discontinuous

Py = 2mE|y) for |x|<a
2m(E-V,)|y) for|x|>a
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Performing integrals:
For even solution: \/<l//|x2|l//><l//|p2|l//> =0.5102%

For odd solution: \/<l//|x2|y/><l//|p2|y/> =1.5293h
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evaluate the following operators in matrix form;

{a) J*
i 1000
(d) Jy Jz_l—Shz 0100
4710010
000 1
20 0 0
01 0 0

J.=h

00 -1 0
00 0 -2

ider the eigenstates of J* and J.. of the form |fm} for the case that j = 3/2, In this




0 £ 0 0

L0 1 0
J.=h

01 0 &

0 0 £ o

0 4 0 o

£ 4 0
J, =h

0 i 0 =B

0 0 B o
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4. Consider the following Hamiltonian describing the quantum mechanics of a particle of mass
m in a potential Vx).

0P

2m da?

Simplify the following commutation relations

Hiz)=~— + Viz).

(a) =, Hiz))
(b} |2 H(z)]
(e} |p, Hix)

() [p*, H{x)]

2
H=2 1v@x)
2m

Note that [x, p]=ih
[xx]=0 and [p,p]=0
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2

[x,H]= {x,f—m} +[5V ()]

1 sg L
[x.p*1+0=— (Ix. plp + plx, p)

m

=P
m

2
[p’H]7|:p’ 2m:|+[P,V(X)]

—o—in"
dx
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. Suppose that a given Hamiltonian system has two eigenistotes 200 and |2g)
the eigenstate energy with =5 — 5p > 0. At time ¢ = () the state vector for the system has the
form
Uit = 0) = (2] + |ea)) .

vhere £; denotes

() Write the form of the state vector at times £ = 0.
(h) What is the probability of finding the particle in state [z2) as a function of 7

¢(t) — ‘gl>e—i£1t/h +‘82>e—i62t/h
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Picking topic for “project”
» Prepare ~ 10 minute presentation to teach us (and
yourself) something related to quantum mechanics

+ Similar effort to take-home exam
» Can combine with classical mechanics project
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Back to the quantum mechanics of atoms

=
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Shell structure of atoms based on Hartree and Hartree-Fock
treatments

hZ
(_ZmV2 +V5/7 (r) j¢n,/im,o, (r) =€, Do, (r)
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0 4 5
-05
-1
Veﬁf (r)
-15
-2
~2.5] ¢nllim,o-l (r) :Ien,-li (r)Ylim‘ (f-)lo',
Shell structure of atoms
Principal Quantum Angular momentum Number of
Number Quantum Number States
n=1 1=0 (s) 2
n=2 =0 (s) 2
=1 (p) 6
n=3 1=0 (s) 2
=1 (p) 6
1=2 (d) 10
n=4 =0 (s) 2
=1 (p) 6
1=2 (d) 10
=3 () 14

2
dr r

(_hz(dz_ l(ltl)]-i-Veﬁ(r) JP% (r) =€, B, (r)

B ()= Cr' B, (r ):wDefﬁr

Pn,/i ()

Do, (1) = Y, ()7,
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Self-consistent treatment of the V1)
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n(r)
v, (r) _——+e jd3 - +V,(n(r))
nl( )
n(r)= Z |
LI Y
F hericall tric atom: 3 |
Oor spnerica z’;yl’nme T1C atom. ) 6 P!:
0=y, by C
Example for carbon Carbon
12.011°
15°2s%2p°
ok e

n(r) = Z

- (2|Pm (r)|2 +2|P, (I + 2|Pzp(r)|2)
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Results for carbon

B

WA e
\ 1s
\ 2p
:x__; 08 C
s 0N
‘\25 - T
05 \ P
N
E,=-19.9 Ry
E,s=-1.0 Ry r (Bohr)
Ej,=-0.4 Ry




