0. 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






Heisehenq Uv»oe;\ﬂ"aﬁnk»l Prna ple.
ApAX = K z AE ok

A
pist

. ‘pvu-yt_./\ﬁbs of all woves

o d
.LB(/orth meles 1+ seeun WVansg
e



A '(:&w Yeens A0 - -
PMed g B M tc>§vmf7fnl6
Sfale. pelict vodan @ Z206Hz | A~ doenn

Codd e vesolre iy, specd %a[/wl_z

AX AP 2 l% AP =AY
m= 1 5ov kg
ap = K
2 X
e
2.m BX 24
AV= B =i lLosiKd [ I8
2 (88 (m) z(a.szté‘n‘“%\)

e 37
AV Z 35 X0 ML

% I et Ay [hodin B, it me !



T AEFRRRERANEE | L EC" N EERENESIREN

Vlwwl T C@b‘*mé A& 2)(loé /g
Coldare BLE

W o Heswid T s

(@ 2x15 % ig) (2 wrs)
A)( = 3)([0—“(,1/\. a~— O_gAc

Nao



Povs Do WE THINIC ABOUT TS <
Sowefimes Vncel v s a part of fhe job
Ufefines . - see bedny
Sowehuees Uncertaivh is an epistewvlogical _ chalenqe
TE 1 7s Impossible 1o predsely medsuve a pssiina of an object
Can e claim trat an absstiste WLACE Is cp athibutbe THak
OhTecks poussess ?
Detevmiisna cidssfax-(z(”l_, Qive we : 177935 § B i i
Conn pradich Preciseh) the Fvture
oW — ¢oJ dawk Sive mes 32 ~ P

Vacuvun:  camet be sﬁ}oo& ze s> e -.- l/'-cﬂv:wﬁ Can
hee E=0



LIFETIMES

o decays = atowdc | wndeen | elewwlzm pakizhe, -
28 calh AT tre (Jjofwe 4 an unstable padrle T
ra
Tz a shedt D}UFM = La»y.wca)('a‘uwful s Cpreqm
2 A

E Cenesg lewel ov Mucvoamtmass)
Eerms's Discovevy MS T A{-+ V.S ea

mierpreted as
TP = aumES TP
4
o T +p) am Za(d“fo\— [9071"‘4‘—
r*/’/l/—-l\‘! Stede Tt decays
e VV\""D 1w + ‘P

| (L L
800 ' 1000 1200 1400 1600
E'(Mev) .




The modevin quae. View: T (ud) Plnud)

e
%\.._,/(M}——

—| =55

A (nnt)

Freown euerdpy and mowentume consemedionn | Ho ctyatiant

Berone AFTER
Ky
o — ° o —>
s PC s%m) A
(Mw Pr D (mp 0) CMA(PA)
1 4 Ulg TRk shae flas
M, c = WMyrcec +mp € +

A r P 7-(Ka-+MrrOﬁ) (MPC?) cl S problewn-

lice Po’M"s

= (o.f3¢>"+ ( 653?5.—-# 2 (6145 + o.rsq) ( ofi%?)
T 235 Mev



g A++ | STAR preliminary
Y 30-50% Au+Au

A 12 13 14 13 16 1.7 18 18 2

M, p+rt [Cev/c?]

M losaeV

LE LA calk AT

W

S a shet
AE

—
—

T b
& 2 a®

=Ly
2

"CA: @GX]O C/VS & exlo S

[ x (O¥ eV

Aviityvary detz e Westau S
euperwmant ot HC

ST He netuvel w?elﬂn

<>

Mc®

tve e,

neeirtrinty

E

Mass oé_ ATt

Weasure 17, calenlate T

“n

MAiAE

M= I
Z

Delta baryons

Particle Quark | Rest mass Mean lifetime Commonl
Symbol ¢ s s JPs Qe)s|Ss|Cs B+ Ts 4 Y
name content | (MeV/c?) P decays to
Deltal!! | A™(1232) | uuu 123222 | +% %t | 42 0 0 | 0 |[{0  (563£0.14)x1024" pf4r’
m+n,or
Deltall | A*(1232) | uud 12322 | +% | %t |+ 0| o0 0 | 0 |(5630.14)x10°247
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0
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+p
Deltal'! | A7(1232) | ddd 1,232x2 | =% | %t | -1 0| o0 0 | 0 | (563£0.14)x1024" | 4n°

[al A PDG reports the resonance width (). Here the conversion 7= ¥ is given instead.
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Quantum Mechanics born of some anxiety

the lack of radiation of Bohr’s
accelerating electrons was still a

problem: Bohr knew it and figured

there would be a more complete what in the world is an electron in
answetr. deBroglie’s scheme?

There was muc,H that was ad hoc andf not believable
both in(Bohr’s approacfaand(deBroglie’s

however, the experimental situation made it clear that the broad
suppositions of both had to be a part of the truth.

Quantum Mechanics, proper was the child of 3+1 people:
Werner Heisenberg - 1925; invention #1

Erwin Schrédinger - 1926, invention #2

Paul Dirac - 1925; showed #1 and #2 are equivalent

Max Born - 1926, gave the modern interpretation




the breakthrough

from an unlikely source
either Erwin Schrédinger
or Erwin Schrodinger

or Erwin Schroedinger




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...




integers agailn

m:ook:oo p
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u(r,t)= 2, D [(A,h cOs @t Byl sin @, 1)cos 0+ (A, cos ®,,t+ B,/ sin®,,t)sin 0]/, (—2%£-)
y
m=0 k=0 ’

Solutions for the vibrations of a drumhead, or a violin string, or that vibrating hoop...

Forget the details...just notice the mixing of lots of waves...the m’s and k’s? Integers.

Here are some of these infinite modes of vibration as described by some of the functions (white and brown are moving in opposite directions

(the drum is clamped down at the edges)

these are both m=0 modes these are both m=1 modes




terrific

what's waving???

Schroedinger “solved” a drum-head-like equation for the
hydrogen atom

Discrete, vibrational modes...

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 mathematics required
that the state of such a system had to be

S

Solutions: the Bohr atom bang-on.
but with a twist. 10



the ‘‘quantum field”

"psi"...also called the "wavefunction”
the "state”" of something.

The "Schroedinger Equation”

predicts its behavior in space and time

X,
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