O. Quantum Mechanics 1, 2

lecture 20, October 13, 2017



housekeeping

exam 2: Friday, October 27

Exam 1:

the average was 19/30 (not counting extra credit)

Watch the blog at 3pm on Sunday for instructions for an opportunity to
recoup some points. You'll have 24 hours to accomplish this.

Next Tuesday

The department has an "Investiture”...| 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

waves...generic
waves...matter

Uncertainty
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I’°’m now uncertailn.

Heisenberg, in the best Einsteinian tradition, asked a
simple question:

what’s involved in measuring something...?




It’s all about the deBroglie relation

relating the wavelength of a quantum h
object )\ —

to its momentum p




1t was
hard
enough

for photons

but for an electron?

A particle is HERE: O

A wave is EVERYWHERE:

The deBroglie hypothesis:

of given momentum

also has

a single wavelength




immediate

implications

wavelength and
momentum are
inversely linked




immediate

lmplications /\/\/\/\/

B h
PQ—)\Q
P2 < P1

long wavelength: low momentum

10




immediate

implications

WW

B h
p3—)\3
P3 > D1

short wavelength: high momentum
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S upp 0S¢ Where’s the electron? %
we trap

B

somewhere here:

ﬁ

an electron

how to locate it better?




S upp ose Where’s the electron?
we trap

somewhere here:

—

an electron

make the trap smaller

The wavelength is shorter...
D= — So the momentum is higher!




an lnevitable trade-off

In order to make the location more precise

you pay the price that its speed is higher




Heisenberg Uncertainty
Principle
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the Helsenberg Uncertainty Principle
was from 26 year old Werner Heisenberg
an enigma

iInventor of many important concepts

did he save the west from a German
nuclear bomb?

or the opposite?




measuring something...

you have to "look" at it

by eye or some external, intermediate probe
remember for waves what determines the scale?

wavelength

What if the object is atomic sized or smaller? ... what is it to “look"??




Helisenberg
Uncertainty

... really!

how do you
measure the
trajectory of an
object?

look at it in Time

— bounce light off it

Sweet spot for identifying an object:
need A ~ size of the object

18



uncertainty - sometimes called ‘‘indeterminancy”’

Try to “see” and electron.
Electrons are small.
So...need light wavelength small.

m }AZC‘ ~ A So, make ) small to reduce Ax

N Photon diffracts by
@ the electron I
e “barrier” and blurs But, p = — makesp large!
the electron A
position by h ~ sonow
, about the amount Ap ~ —— knowledge of
Gedankenexperiment Ax
of the photon the
wavelength momentum is

blurred

ApAx ~ h

19



there 1s

NO WAY to beat it in any of these measurement scenarios

the inverse relation between p and A messes with you every time

h

p:X




but here’s the hard part

what does it mean?

the inability to determine position or momentum to
arbitrary precision

Is not about poor instruments

It. Is. About. Nature.
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