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Lecture 22, 30.03.2017/

Quantum Mechanics 2



housekeeping

Question about anything?

I’'ll make a movie for you:

FakeFacebook is due April Fools Day. tee hee

Blog read-reflect project has started. it stinks

Next week’'s homework: back to MasteringPhysics
Manuscript chapters:

man_waves_up and man_quantumi_up in

http://www.pa.msu.edu/~brock/file sharing/QSandBB/QS&BB manuscript/



Honors Project

has begun. First milestone was last Friday.
Read the Second of two sets of instructions:

MinervalInstructions2 2017.pdf In

www.pa.msu.edu/~brock/file sharing/QSandBB/2017homework/honors project 2017/



http://www.pa.msu.edu/~brock/file_sharing/QSandBB/2017homework/honors_project_2017/

j us t Some maximum height of the disturbance: “Amplitude,” A.

“Intensity” is ~ A?

facts,

A

time

—

time to repeat: “Period,” 1. = seconds

. 1
rate of repetition: “Frequency,” f. (Hz) | f = =

distance

N

distance through which it repeats: “Wavelength,” A m

V= — v=Af




relation alert:

refers to: T )\f

middle C~ 4 ft (=1.2 m) wavelength

example: f=262 Hz, so speed of sound:

v=1.2x 262 =314 m/s




relation alert:

refers to: c=M\f

body temperature corresponds to

_ roughly 4 =10x 10®m
example:

f=3x10% Hz, since the speed of
lightis: c = 3 x 10° m/s




Density Energy

Sun’s warmth?

0000000
0000000
0000000

0000000

notsomuch

0000000

Sun, 5780 K

1,000,000 x Body, 310 K

00000000000000

Am

0000000

0000000




peak:

-
@)
N

temperature, K
o
LA

10~%- 0.000001
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relation alert:

refers to: E=nhf

Energy of radiation comes in a
discrete amount for each frequency

example: photoelectric effect




constant of
nature:

Planck’s Constant, h

value:

units:

usage:

h=6.62606896(33)x1073* J-sec

Energy - time

everything at atomic and smaller
sizes




Einsteiln Planck’s bundles are not about
sald: the walls...the radiators

It is a statement about light

(electromagnetism)

In that famous 1905

Light is itself “quantized”

“photons,” Y
. they have no mass




particle:

symbol:
charge:
NESY

spin:

category:

7
O
O
1

an intermediate vector boson,
a messenger particle




Compton N+e—A +e€
scattering

spacetime space - X
diagram

aka, Feynman
diagram

sssssss

this reaction will get a technical modification later

draw the Feynman
diagram for Compton
Scattering

time

14



here’s the

connection

between the wave
nature and the
particle nature

of light

the wave point of view:

"MWV

: —92
Intensity o | |

BN
N x |E|?
the particle point of view:
Intensity o« Nhf '
Intensity,
or power

number of photons

~10" /s

Tm

15



Public Media from Michigan State University

Ore| oma

LOADING...

Home News ¥ Radio ¥ TV ~ Family ~ Community Calendar ~ Info ¥

More Ways to LISTEN

90.5 WKAR Radio Schedule —
Weekly Schedule - q Oog MH Z

— Thursday, March 30th, 2017

Time = Program
12:00 AM  90.5 Classical Music pLavuisTy M L 4 - M
® Z

5:00 AM  Morning Edition

9:00 AM  90.5 Classical with Jody Knol
1:00 PM  90.5 Classical with Jamie Paisley
4:00 PM  All Things Considered

7:00 PM  Michigan Matinee

8:00 PM  90.5 Classical Music

wavelengths B— —

AM 870 NewsTalk Radio Schedul —_
what are the ewsTallcRadlo Schedule £ =870 kHz

Wave|engths?

Time  Program
12:00 AM Newsday
12:30 AM  The Food Chain
1:00 AM Newsday
2:00 AM  The Thought Show

what are the

3:30 AM  Healthcheck
h t . ? 4:00AM The Compass
p O O n e n e r g I e S [ ] 4:30 AM  Business Daily
4:50 AM  Witness
5:00 AM  World Update
6:00 AM The Newsroom
6:30 AM  Assignment
7:00 AM  Outlook

8:00 AM The Newsroom

8:30 AM  Business Daily / Witness

S — S —




keep those 1n mind

1and 2 taps




a p 1 ane a gap of about a wavelength-width
wave
lmp - ng 1 ng plane waves

on a gap

like 1 "tap"

like the 1-tap image

This is diffraction

Another smoking gun of wave-behavior
(as opposed to particle behavior)

T

...the bending of the wave around the opening.

18



interference
of light

and diffraction at
the same time

where there
was light, now
it’s dark

Single Slit Diffraction

Double Slit Diffracti

single slit
envelope

[
¥

19



here’s
how 1t
works

let light go
through a double
slit

11.60 msec

but sensitively count
individual photons

://www.youtube.com/watch?v=MblLzh1Y9PO



S0, here we go. Quantum strangeness 1in

action.

light behaves like a wave

and light behaves like a particle




rewind a bit

to the beginning of Nuclear Physics




remember when we last saw the
beginnings of radioactivity

Becquerel's adventures in cloudy
Paris

Marie and Pierre Curies’ isolation
of Polonium and Radium

It was clear that matter could fall
apart..."decay"”

ACJC



I have to keep going, as there
are always people on my track.
The best sprinters in this road
are Becqgquerel and the Curies.

L .
Ly
/.f

1899

The epitome of the aggressive scientist...

but | mean that in a good way.

ELECTROMETER.

Ernest Rutherford W I # | Hemeasuredthe
1 | actual current from
T radioactive decays.

1871—1937

A
Yy l -
BATTERY = EARTH

the nuclear physics’
800 Ib gorrilla

24




1899: he
carefully
isolated 2
components of

radiation:

one stopped by
thin aluminum

one highly
penetrating

and one more

and figured out another
found in 1903:

negatively charged,
passes through
matter relatively
easily

b

beta rays

q
— —)p electrons

T

TN

} S ONENODNEORNNYE g

4
m

positively charged,
easily stopped in

matter

alpha rays

—_—) 2 X Hatom

l

Helium nuclei

25



beta particles,

jargon alert: ,8 (old name for an electron)

refers to: the emission of an electron in the
decay of some nuclei - beta decay

entomology: alpha, beta,...

example: Carbon-14 — Nitrogen-14 + e




alpha particles, «

jargonalert:  (old name for a Helium nucleus)

refers to: the emission of a Helium nucleus in
decay of some nuclei - alpha decay

entomology: alpha, beta,...

example: Uranium-238 — Thorium-234 + e




meanwhile

McGill University in Montreal, 1900-1903

chemists still held to the (new) notion that atoms were indivisible

physicists were becoming convinced that atoms had structure and
maybe made of constituents

Rutherford was convinced that matter was transmutating from
one element to another...somehow

Rutherford had

made his own He entered into a heated debate with chemist Frederick

“Perhaps Professor Rutherford may be able to
convince us that matter as known to him is really
the same matter as known to us... I feel sure that
chemists will retain a belief and reverence for
atoms as concrete and permanent identities, if not
immutable, certainly not yet transmuted”

R — e EE———

“| am expected to do a lot of original work and to form a research Instead...they collaborated.
school to knock the shine out of the Yankees.”

Rutherford

to his fiancée upon his
appointment at McGill
University in Montreal, 1898

28



Nobel
Prize 1n

Nobelprize.org

Home A-Z Index FAQ Press Contact Us

o earc

The Nobel Prize in Chemistry 1908

About the Nobel Prizes 6= Printer Friendly (¥ Share Tell a Friend CQ Comments

n

Facts and Lists

® Nobel Prize in Physics ™ & 1908
» Nobel Prize in Chemistry Sort and list Nobel Prizes and Nobel Laureate | 4 Prize category:| Chemistry | 4
All Nobel Prizes in Chemistry
Facts on the Nobel Prize in The Nobel Prize in Chemistry 1908

Chemistry Ernest Rutherford

Prize Awarder for the Nobel

Prize in Chemistry The Nobel Prize in Chemistry 1908

Nomination and Selection of Ernest Rutherford
Chemistry Laureates

Nobel Medal for Chemistry

Nobel Prizes in Organic
Chemistry

Videos about Chemistry

Video Nobel Lectures

1 9 O 8 Articles in Chemistry
Nobel Prize in Medicine

Nobel Prize in Literature

Nobel Peace Prize

Prize in Economic Sciences Ernest Rutherford

[ ]
Nobel Prize Award Ceremonies L .
W h I C h g r e a t | y a I I I u S e d The Nobel Prize in Chemistry 1908 was awarded to Ernest Rutherford “for his

investigations into the disintegration of the elements, and the chemistry of
radioactive substances".

I Photos: Copyright @ The Nobel Foundation

TO CITE THIS PAGE:
MLA style: "The Nobel Prize in Chemistry 1908". Nobelprize.org. 8 Feb 2011
http://nobelprize.org/nobel_prizes/chemistry/laureates/1908/

and went on

SUDDO oD ' . DD gdia A 2(

Home A-Z Index FAQ Press Contact Us

to do his best work
after his Nobel...very
unusual




f i na l l ‘y‘ R Nobglprizg.org
1918

Home A-Z Index FAQ Press Contact Us

Ranrch

Nobel Prizes

-

The Nobel Prize in Physics 1918

About the Nobel Prizes G=) Printer Friendly (# Share Tella Friend | CQ Comments

Facts and Lists

o . o —— 1918
Nobel Prize in Physics o t
istN i : rize category: ; s
All Nobel Prizes in Physics Sort and list Nobel Prizes and Nobel Laur gory:’ Physics
Facts on the Nobel Prize in . . .
Physics The Nobel Prize in Physics 1918
, Max Planck
Prize Awarder for the Nobel
Prize in Physics The Nobel Prize in Physics 1918
Nomination and Selection of Max Planck

Physics Laureates
Nobel Medal for Physics
Articles in Physics
Video Interviews

Video Nobel Lectures

Planck got his due

Nobel Prize in Physiology or
Medicine

Nobel Prize in Literature

Nobel Peace Prize

Max Karl Ernst
Ludwig Planck

Prize in Economic Sciences
Nobel Laureates Have Their Say

Nobel Prize Award Ceremonies
The Nobel Prize in Physics 1918 was awarded to Max Planck "in recognition of

HE?QT?ETJL%TSSSB'%“‘)” of the services he rendered to the advancement of Physics by his discovery of
energy quanta”.

Max Planck received his Nobel Prize one year later, in 1919. During the selection
process in 1918, the Nobel Committee for Physics decided that none of the
year's nominations met the criteria as outlined in the will of Alfred Nobel.
According to the Nobel Foundation's statutes, the Nobel Prize can in such a case
be reserved until the following year, and this statute was then applied. Max
Planck therefore received his Nobel Prize for 1918 one year later, in 1919.

Photos: Copyright © The Nobel Foundation

TO CITE THIS PAGE:
MLA style: "The Nobel Prize in Physics 1818". Nobelprize.org. 14 Mar 2013
http:/Awww.nobelprize.org/nobel_prizes/physics/laureates/1918/

-
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Max Planck, 1916

On nominating Einstein for membership in the Prussian
Academy of Sciences:

"That he may so
for example in h
much against hi
new ideas, even
taking a risk."

metimes have missed the mark in his speculations, as

Is hypothesis of light quanta, cannot really be held too

M. For it is not possible to introduce fundamentally
In the most exact sciences, without occasionally




finally

Nobelprize.org

Home A-Z Index FAQ Press Contact Us

Nobel Prizes : ationa Video Player . ganizations Search -

The Nobel Prize in Physics 1921

About the Nobel Prizes €= Printer Friendly (#) Share Tell a Friend (0 Comments

Facts and Lists

:- 1921

Nobel Prize in Physics

) : ) Sort and list Nobel Prizes and Nobel Laur | % Prize category: i .
All Nobel Prizes in Physics : . gory:\ Physics

Facts on the Nobel Prize in

Physics The Nobel Prize in Physics 1921

. Albert Einstein
Prize Awarder for the Nobel

Prize in Physics The Nobel Prize in Physics 1921

Nomination and Selection of Abert Enstein
Physics Laureates

Nobel Medal for Physics

Articles in Physics

the 1921 prize,

Video Nobel Lectures
® ) Nobel Prize in Chemistry
Ive I I I I l 1 9 2 2 Nobel Prize in Physiology or
Medicine

Nobel Prize in Literature

Nobel Peace Prize

Prize in Economic Sciences

N Ot t h e N O b e | ! S f| ne St \obel Lourenios Hove Tho oo, Albert Einstein

Nobel Prize Award Ceremonies The Nobel‘Prize in i"-‘hysics 1921 was awarged-to Albert Einstein "for his services
to Theoretical Physics, and especially for his discovery of the law of the

Nomination and Selection of photoelectric effect".
O u r. Nobel Laureates

According to the Nobel Foundation's statutes, the Nobel Prize can in such a case
be reserved until the following year, and this statute was then applied. Albert
Einstein therefore received his Nobel Prize for 1921 one year later, in 1922.

Photos: Copyright @ The Nobel Foundation

TO CITE THIS PAGE:
MLA style: "The Nobel Prize in Physics 1821, Nobelprize.org. 14 Mar 2013
http://www.nobelprize.org/nobel_prizes/physics/laureates/1821/
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so where are we, circa 1910 or so?

the electron appears to exist and so do atoms

matter is falling apart - spontaneously, and randomly

into 3 distinct kinds of "rays”

light appears to be wave-like and particle-like




SO, Look what people were contending with:

what’s 1n

electrons produced at the cathode of a cathode ray tube.

t he at oIl electrons seemed to spontaneously pop out of some nuclei.

vet, bulk matter is not electrically charged...so there is
some positive charge somewhere

from a 1910
perspective?

JJ had a model:

“Plum-pudding” model of atom

pudding: a continuous + charge and mass distribution

raisins: specks of — electrons

34



Rutherford

Scattering experiments...
went back

to Britain @) !

1907 Chalir of

Physics at

University of
Manchester

made "beams” of
alpha particles using
highly radioactive
sources

35



undevgraduate student

Hans Geiger and Eugene Marsden studied

x particle scattering from Gold 1909









was quite the most
credible event that has ever
happened to me in my life. It
was almost as incredible as if
vou fired a 15-inch shell at a
piece of tissue paper and it
came back at you.




———— = e =

3

He had the JJ Plum pudding...smear of positive

charge - tiny individual deflections

solution

the Rutherford Model of the atom:

after 2 ye ars Matter consists of hard-cores of positive charge.

of work The nucleus. This matched his alpha-scattering data.

The electrons? Somewhere around the outside?

he found: ©

That’s problematic, the
1911: that the Atomic O ) electrons would

Number was +Ze : accelerate...and radiate.

a spiral of death.

and made a model of ) '
the atom... E

40



Gold Foll

o< pagrfift‘fep Measuring how often alphas scattered into different
directions allowed Rutherford to estimate the size of the
nucleus

Detecting screen Slit

the minimum size of the nucleus 1s
3x10 " m

atom mostly nothing!




1 meter diameter ball:# |

& Joma

as a proton...

\ 2
L 15}

y

0 2013«Googles




Father of Nuclear Physics:

Discovered: the 3 nuclear decay modes
Described nuclear decay rates...measured the
Uranium chain
Discovered the hard-core nucleus
Modeled the atom
First to deliberately transmutate an atom
discovered & named the proton
o

Erne S t Rut he r f O r d o Predicted the existence of the neutron...w/

Chadwick, 1935
I Predicted fission
Sir Ernest, 1914

Baron, Lord Rutherford of Nelson, 1931

Died 1937 ashes interred

Westminster Abbey near Newton




into this walks

one of the more imaginative physicists in the 20th
century

Niels Bohr




Niels Bohr

1885 — 1962

a talker.

‘ “I‘he opposite of a profound truth
may very well be another
profound truth.

SIEIQT) O I8N 1Y

Scanned at the American
Institute of Physics

45



Rutherford not disposed kindly

towards theoretical physicists

but he saw something in young Bohr

and in 1912 hired him to Manchester

away from a grumpy JJ Thompson



In 1913 Bohr simply asserted

That at atomic distances...

there are electron orbits that simply don’t radiate - “stationary states”

fixed "quantized" orbital radii and orbital velocities




The Hydrogen Atom (the proton not yet discovered!)
The Bohr !

Model

for any atom with
one electron on

the outside shell With each radius and velocity...comes a distinct energy.
oo 14m°k%e* 1 o2
T2 K2 2 n2
W_J
just numbers...

1
E, = —(13.6)— eV

n2




Hydrogen

spectrum

already known

but apparently not by
Bohr!

410 nm
434 nm 656 nm

light emitted by Hydrogen was at particular wavelengths...

in 1885 Johann Balmer played and found a pattern:

1.09737 x 10" m'!

49



When Bohr
learned of
the old
Balmer 1dea

aha! moment

energy differences
could matter

50



the
magic:

the idea of an
atomic transition

hf

The idea: transition of electrons results in the released
energy of a photon...of a particular energy

51



lmaglne —13.6 eV

n=2 —-34eV

his

000 .
33
() IR —085 Excited
state
Surprise el
l Paschen
YYYY series 340 p E
Balmer
series
av
Lyman
series
YYYYY Ground
1 -13.6 state

[ J
°
1 9 1 3 ° h I S W a y. Energy levels of the hydrogen atom with some of the h f

transitions between them that give rise to the spectral
linesindicated

—*

E2 — E1 — (136 eV) 1 = hf

410 nm Balmer series

Ly, Eo—FE1 =101 eV— /=122 hm

Paschen series
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hydrogen, i

fine

how about more O ©
Z protons ©
complex ©
elements? ©
© €«

Higher atomic

number, Z7 lots of electrons, but as long as there’s one lone one..the
Bohr Formula still works.

Atomic Number 1 47_‘-2 '222
namein =#oOfelectronsalso!  E., - B, = —— \

Elemental
Symbol

Atomic Mass in
l amu

Go looking for new elements....
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Nobel Prize in Physics
All Nobel Prizes in Physics

A

Sort and list Nobel Prizes and Nobel Laur | % Prize category:| physics _

Facts on the Nobel Prize in

Physics The Nobel Prize in Physics 1922

) Niels Bohr
Prize Awarder for the Nobel

Prize in Physics The Nobel Prize in Physics 1922

Nomination and Selection of Niels Bohr
Physics Laureates

Nobel Medal for Physics
Articles in Physics

°

actually with
Video Nobel Lectures

Nobel Prize in Chemistry

° ° ,
E I I l S t e I I I S Nobel Prize in Physiology or
Medicine

Nobel Prize in Literature

°
delaved prize
Prize in Economic Sciences

Nobel Laureates Have Their Say

Niels Henrik David
Bohr

Nobel Prize Award Ceremonies
The Nobel Prize in Physics 1922 was awarded to Niels Bohr "for his services in

Nomination and Selection of the investigation of the structure of atoms and of the radiation emanating from
Nobel Laureates them"

Photos: Copyright @ The Nobel Foundation

TO CITE THIS PAGE:
MLA style: "The Nobel Prize in Physics 1822". Nobelprize.org. 14 Mar 2013
http://mww.nobelprize.org/nobel_prizes/physics/laureates/1922/

Home A-Z Index FAQ Press Contact Us

—




particle:

symbol:
charge:
NESY

spin:

category:

p

+]le

mp, =1.6726x107%/ kg
1/2

fermion, hadron, baryon




