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class outline

P ctiee

. t’'s A @uantum World: 3. From Mawg—Bodg to
The Theory of uantum Single-Particle; Ruantum
Mechawnics Modeling of Molecules
2. Ruantum Mechantes: 5. uantum Mochiwg of
Practice Makes Perfect Solids: Basic Properties
4. From Atoms to Sollds & . Advanced Prop. of Materials;

what else can we do?

TF. Review session



It’s a quantum world!

Image of a translucent person removed due to copyright restrictions.



Motivation!

If we understanad electrons,
then we understanad
everything!!! ...



Lesson outline

O why quantum mechanles?
O wave aspect of matter

D ( V\,teY'P Yetatio n Image of hydrogen orbitals removed due to copyright restrictions.

Please see:
http://www .kfunigraz.ac.at/imawww/vgm/images/qm/es421.jpg

O The Schridinger equation

0 sLmPLe examples


http://www.kfunigraz.ac.at/imawww/vqm/images/qm/es421.jpg

WwWh g Otlxta ntum mecha V\ILOS?

Cclassieal mechanties

d(mv)
dt

Newton’s lLaws (1687#) F =

Problems?



WwWh g qua ntum mecha V\zLOS?

Problems L classieal ph 5s£os that
Led to gquantum. meechantles:

O “classical atom”
O quantization of properties
O wave aspect of matter

O (loLaokz-—boolg radiation), ...



uantum mechantes dudes!

werner Helsenberg, Max Planck,
Louls de Broglie, Albert Einsteln,
Niels Bohr, Erwin Schrddinger,
Max Born, John von Neumanw,
Paul Dirac, Wolfgang Pauli

(1900 - 19=0)

Photos of Werner Heisenberg, Louis de Broglie, Max Planck, Wolfgang Pauli,
Erwin Schrodinger, and Paul Dirac removed due to copyright restrictions.



“classteal atoms”

problem:
accelerated charge causes
radiation, atom not stable!

hydrogen atom.
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uantization of propcrties
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Figure by MIT OpenCourseWare.

E=Mw—wa) =h(v —va)

h = 27h = 6.6 - 10 3% Wattsec.?

ELnsteLn: pho’cow FE = hw
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uawntization of properties
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Bright Line Spectra

atomLe
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Image courtesy of NASA.

YWavelength
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http://www.nasa.gov/

uantization of properties
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Image from Wikimedia Commons, http://commons.wikimedia.org
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wave aspect of matter

monochromatic
lanar wave
e.q. a laser)

screen with
two slits

Image from Wikimedia Commons, http://commons.wikimedia.org

optical
sCreen

optical screen
front view)

partioLe character

Incident Y + Ge x-rays

1. Photoelectric Effect

Figure by MIT OpenCourseWare.
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wave aspect of matter

particle:  anod momentum
wave: frequency — and wavevector

de Broglie: free particle can be described a as,
planewave (7, t) = Ae' T with X = — .
mv




Bu.okag— and soccer balls

Images removed due to copyright restrictions. Please see:
http://www.quantum.univie.ac.at/research/matterwave/c60/beam.jpg
http://www.quantum.univie.ac.at/research/matterwave/c60/c60beuq.qgif
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http://www.quantum.univie.ac.at/research/matterwave/c60/beam.jpg
http://www.quantum.univie.ac.at/research/matterwave/c60/c60beug.gif

lwtevpretatlow 0-(: a wa\/efvcwctiow

’l,b(F . t) == wave function (complex)

"gb|2 — )™ =W interpretation as probabilitg to find particle!

E/E, E/E,

‘ijl N[le\
/\ x/L b4 > *

Y (7, t) (7, t)|?

Image from Wikimedia Commons, http://commons.wikimedia.org
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Classieal vs. quantum

It is @ wmechanties of waves rather thaw classieal particles!
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Image from Wikimedia Commons, http://commons.wikimedia.org
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The Schrbdinger equation.

second derivative Ln space

a Wave equatiow: ..,
first derivative Ln time

2

_ V2 LV(F t)}@b(r ) = ih ¢('r )

2m




slmpte examples

Movies from:
Bernd Thaller, Visuwal @uantum Mechantes



In practice ...
H time independent: (7, t) = P(F) - f(t)

f F() _ Hp(r)
f ORI

— const. = K

Hop(r) = EY(T) (7, t) = P(7) - e 7P

time tndependent Schrddinger equation
stationary Schrbdinger equation
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Particle Lt a box

boundary conditions
p(0) =%(L) =0 (4)
(x) = Asin(kx) (5)
(L) = Asin(kL) =0 (6)

Schrbdinger equation

h? d*y(x) ) .- ,.
) V(@) = Eve) (1)
h? d*y(x) .- ;

9m dx? Ep(z) (2)

general solution
U (x) = Asin(kxr) + B cos(kx)

kﬂhi
E B

2m

(3)

21



Particle Lt a box

qQua nwtlzation!
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(7) >t $

n==_0 84.6 eV

5 L nmdH H8.8 eV

n=4 37.6 eV

n=J4 21.1 eV

n=2 9.4 eV
n=1 2.6 eV
(). dnm—»

Infinite Well

Image from Wikimedia Commons, http://commons.wikimedia.org.

gquantum nunmber
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simpLe examples

electron it square well
electron Ln hydrogen atom

o A A OC
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Image from Wikimedia Commons, http://commons.wikimedia.org Image from Wikimedia Commons, http://commons.wikimedia.org
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Harmownte osctllator
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Harmownte osctllator

Images removed due to copyright restrictions. Please see:
http://hyperphysics.phy-astr.gsu.edu/hbase/quantum/imgqua/hoscom?2.gif
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http://hyperphysics.phy-astr.gsu.edu/hbase/quantum/imgqua/hoscom2.gif

Conwnectlon to rea Litg?

potethaL: 1/y
o

Image removed due to copyright restrictions. Please see:
https://wiki.brown.edu/confluence/download/attachments/29471/HAtomOrbitals.png

hydrogen atom

e
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ReVLieW

O why quantum mecha WLCS?

O wave aspect of matter

Image of hydrogen orbitals removed due to copyright restrictions.
Please see:

Vg
D ' V\/te Y'P Y@tatLO V\/ http://www.kfunigraz.ac.at/imawww/vgm/images/gm/es421.jpg

O The Schridinger equation

0 simPLe examples

2L


http://www.kfunigraz.ac.at/imawww/vqm/images/qm/es421.jpg

Literatuwre
O Grewner, uantum Mechantes:
Awn Introduction
O Thaller, Visual @uantum Mechantes

O Feynman, The Feynman Lectures
O Phgjsios

O wikipedia, “quantum mechanics”,
“Hawmdtiltontan operator”,
“Schrddinger equation”, ...
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