
6.       Quantum Mechanics 2, 1

lecture 21, October 16, 2017



housekeeping

exam 2: Friday, October 27 

Tomorrow 

The department has an “Investiture”…I have to be an 
adult and give a speech down the hall 

I’ll figure out some way for the “HW Workshop” to 
happen.



today

finish Uncertainty Principle 

Schroedinger Quantum Mechanics 

wave functions





Heisenberg Uncertainty Principle

APAXZE& A Eat >_

Iz z

••
properties  of  all waves

• de Broglie  makes  it  seem  strange



A few years ago .  - .

pulled over fn doing 105 mph
*

State police radar '
.  ~ 20GHz

,

d~ 14cm

Could he resolve my speed ?
Really ?
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Electron  in 1st Bohr orbit
.  - .
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How  Do WE  think ABOUT this ?

sometimes Uncertainty is a part  of the job

lifetimes .  - .
 see below

sometimes Uncertainty is an epistemological .  . challenge

If  it  is  impossible to precisely measure  a position  of  an  object

Can  we  claim that  an  absolute  PLACE  is an attribute that

obiects Possess ?

Detevmism :  classically -
give  we  E and I d

.

I

Can predict  precisely the future

now - you cant give  we  I or I

Vacuum :  carrot be  state  of zero energy .

 .

. nothing can

have E  = 0



LIFETIMES

in decamp - atomic
,

nuclear
, elementary partners .
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Arbitrary data from Westfall 's

experiment  at RHK
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Conjugate variables

Have you  noticed a pattern ?
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y ←> Py

z a
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Relativity :  interval
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Quantum Mechanics born of some anxiety

6

what	in	the	world	is	an	electron	in	
deBroglie’s	scheme?

There	was	much	that	was	ad	hoc	and	not	believable	
both	in	Bohr’s	approach	and	deBroglie’s	

however,	the	experimental	situa;on	made	it	clear	that	the	broad	
supposi;ons	of	both	had	to	be	a	part	of	the	truth.	

Quantum	Mechanics,	proper	was	the	child	of	3+1	people:	
Werner	Heisenberg	-	1925;	inven<on	#1	
Erwin	Schrödinger	-	1926;	inven<on	#2	
Paul	Dirac	-	1925;	showed	#1	and	#2	are	equivalent	
Max	Born	-	1926;	gave	the	modern	interpreta<on

the	lack	of	radia;on	of	Bohr’s	
accelera;ng	electrons	was	s;ll	a	
problem:	Bohr	knew	it	and	figured	
there	would	be	a	more	complete	
answer.



the breakthrough

from an unlikely source 

either Erwin Schrödinger 

or Erwin Schrodinger 

or Erwin Schroedinger

7

Erwin	Schroedinger	1887-1961



where do you look for your 
keys in the dark?

Schroedinger was an expert 

in the mathematics of waves 

EM waves, material waves, fluids, elastic media, sound...

8http://as-sonya.blogspot.com/2011/03/iconography-associated-with-thriller.html



integers again
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� 

u(r,t) = Amk cosωmk t + Bmk sinωmk t( )cosθ + Amk cosωmk t + Bmk sinωmk t( )sinθ[ ]
k=0

k=∞
∑

m=0
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∑ Jm (

ωmkr
v
)

Forget	the	details...just	no;ce	the	mixing	of	lots	of	waves...the	m’s	and	k’s?	Integers.

Solu;ons	for	the	vibra;ons	of	a	drumhead,	or	a	violin	string,	or	that	vibra;ng	hoop...

Here	are	some	of	these	infinite	modes	of	vibra;on	as	described	by	some	of	the	func;ons	(white	and	brown	are	moving	in	opposite	direc;ons	
(the	drum	is	clamped	down	at	the	edges)

these	are	both	m=0	modes

I found these nice movies at: http://photon.phys.clemson.edu/brad/courses.dir/movies.dir/phys841-01.dir/movies.html

these	are	both	m=1	modes

INTEGERS



terrific

what’s waving???

10

Schroedinger	“solved”	a	drum-head-like	equa;on	for	the	
hydrogen	atom	

Discrete,	vibra;onal	modes...of	a	something.

However, he was in for a surprise -  
Brave	guy:	worked	in	the	alps	over	Christmas	1925	with	
his	girlfriend	while	his	wife	stayed	in	Zurich.

The	surprise,	is	that	the	mathema;cs	required	
that	the	state	of	such	a	system	had	to	be 

Solu;ons:	the	Bohr	atom	bang-on.	
but	with	a	twist.

imaginary!!



the “quantum field”

“psi”...also called the “wavefunction” 

the “state” of something. 

The “Schroedinger Equation” 

predicts its behavior in space and time

11

 �(x, t)
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Electrons  are waves

They diffract '

. aid you  saw  it !

What 's "

waving
"

for  electrons ?

THE WAVE FUNCTION 4C *E) Brainchild
of Erwin Schrodinger .

. .

In quantum  mechanics  we dont use  Sines  or  cosines
,

we  use both

for quality
:
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Motion of
our  electron

.
 -

in  wave packets .  . .

has  a  particle  ←>  wave . .  
.

tentative  relationship

so think
"

particle
"

for  a  minute

ENWWM "

p2
- + U

= E won .  relativistic

2 m

( there's a  story there )

.

whatever Schroedinger  was to

do
...

this  should be . .
somewhere !

Some
"

arbitrary
"

differentiation .  - .
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THE TIME - DEPENDENT SCHROEDINGE EQUATION



A  RECIPE : how to
go

from  classical
physics to quantum physics

DEFINE THE MOMENTUM OPERATOR §×

E
In }z

DEFINE THE ENERGY OPERATOR
ET I -

h 2

⇒ A

TAKE ANY CLASSICAL EQUATION AND MAKE SUBSTITUTIONS !

Pxiniz
→ Bang

| and
"

operate  on

"

4

E  -7 FI

CALLED
"

FIRST QUANTIZATION

"

this § "
to quantize

"


