
5.       Quantum Mechanics 1, 1

lecture 19, October 11, 2017



housekeeping

exam 2: Friday, October 27 

This week: 

lecture MTW…we will meet on Friday 

HW4 due Friday 

Honors option 

Go to: https://qstbb.pa.msu.edu/storage/PHY215/honors/ 

read the MinervaInstructions1_2017_215 document



today

tiny bit more of Bohr 

“Correspondence Principle” 
Quantum Mechanics 1









× -

van Diffraction

The definitive characteristic that makes  a  wave .  - .
a  wave :

interference
obstruction  size

~ wavelength



X.  rays : are then waves ? 1912 -  sure

but how to shin it ?

known that X~  15
"

m  or  so Mo Ka → X  = 0.63£ = 6.3×15 "m

How to demonstrate diffraction ?

|q|z Max  von leave ( them ) →  Walter Paul ( experiment ) demonstration
Friederich Knipping

Nobel 1914

W
. L ( son : theory )

simplified  analysis 4 a

1912 - 1914 Bragg

MH ( father  "  experiment )
true spertrosraph instrument

Nobel § 1915

•  study materials

•  measure  × -

ray
characteristics



model
of

Nacl from Bragg
z

Nobel lecture

Bragg spetrometer

Demonstrated both wave .
line

nature
of

x -

rays but also

confirmation
of crystalline

nature  of skids
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= Dxz
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A×= Zdsinf  =  nd fn

•  •  •
constructive
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ny , zdsuio

interference

•

[•}AXz
(A)

"

Bragg Condition

"
 "

Bragg Law
"

DX
,

(A)

• ptohanale  → determine X

•  measure 45 of maxima - > determine

Crystal geometry



Ni D= 2.15£

Mo K< X  
= o .

>6za° {
what  angles ?

nt  =  zd Sino

sin On =  

nztz
=  n

Lotz
= It

,

first  angle ,
n=  I  Sino

,
=  0.15

 
⇒ 0

,=
8. Go

second n=2 Qz= 170

note when hz 7 ?  no  diffraction : Sino
,

> I

⇒ 6 allies  available fn  interference



1923 .
. .

what's known ?

h explains : Blackbody radiation
,

photo  electricity

h appears
to  explain : Androgen ,

Bohr  atom

h strongly suggests : light  is quantized in spite  

of being a  wave

either ! particle and wave ?

or : particle or wave ?



oForebearsa¥t9*des
Into this : a 16 page

PhD , thesis

from Prince Louts de Broglie

1924

"

Becaus photons have  wave properties and

particle prone
ties

, perhaps all forms
of

matter have  wave  as  well as particle

characteristics .

"



remember : E  = Pc  = hv

p  = hy = I ⇒ X=

he
X p

for light .

de Brodie suggested that this  is
generally True

.

non
- relativistic  ' . X=

hmv

relativism ! X =

hmv8



Not  completely arbitrary

e think
of

e  as  a

,

.
.

.

.
.

#
,

I ✓ / trapped wave

c - ^

~
,

c

standing

i.¥

Circumference  =  NX

ZIR  =  nd =
 n

hp

L=  
rp  =  

naff
=  inh → Bohr 's condition !



de Brodie picture the nodes  more

as the electron

waves  at  each

Bohr  orbit

3rd : what 's Xe ? zitr.nl
←

k=n2ao

X =  

ZIK
n

x  
=

2Tn2ao =
Zitnao  = ( 2T ) (3) (0.53×1511)

T

X  =  10×1510 in  
= I hm

we ? X=k WR : p=mv

:
 

- ha ,=±z,in=h¥rn



t.hn ,,= mhzn.in  =
" I

vn=n2ao
MVN

I the
v

=  n± ( Ia)
=

-

-

n
a. me

mn2ao

Vz =p = In HI mc2=  0.54 hell

aomc
'

He  = 197.3  EU .nm

=
1 197.3

eV.ir
"

( 0.053hm ) ( 0.511×106 EU )

B =

In 0.00729 ⇒ v=  

In
2.18×106 Mls

V3=  7.3×105 Mls



How  come you're not  waving ?

Avoids Chapman :

fastest pitch recorded In MLB

105  mph
9/24/2010

a  47 Mls

what 's t ?

m=  140g
-34

y  
= k =

6.63×1534 J 's
~

 1.01×10 m  1530 x pwton  radius-
~

( 0.140 hg ) ( 47 Ms )

no  chance fn  macroscopic  objects to diffract  with anything

What  about tiny matter objects ?



How about  an  electron through modest potential difference ?

e
Yzmu2=e✓

|•→| E =  ev

ZM

- 5ov +

p=
2mF

X=
kp

=
± =

6.63×15345 .s

-
melt

[ (2) ( a. 11×153 'hg)( i. 6h51 E) ( 5oV)]%
or

X  =L
=

✓hc= 
=

lZ4OeVium2meVZmc2eV

( (2) ( 0.511×1  obev)(50eV)]k
X = 0.17 hm  =  1.7×1510 M

↳
Crystal - sized



THE PHONE  COMPANY

1927 Bell Labs

Clinton Davisson &

Lester Germer

footed

a⇐EI¥?→
* #



Studied surface  win × - rays :

XC Ni )×✓ays=
 1.650A

considered de Brodie X !

Xe =

1- = 124OeV=
2rem V(T(54)(otxio )

=  1.67 At

fV¥¢eT

Remember J.J. ?



His  son G.  P
. . .

.





JJ received the Nobel Prize for 
discoverying that the electron is a 

particle




GP received the Nobel Prize for 
discovering that the electron is a wave.



JJ received the Nobel Prize for 
discoverying that the electron is a 

particle




GP received the Nobel Prize for 
discovering that the electron is a wave.



How does 
this work?

actual	
photons	

γ

individual	
light	
par1cles

David	Dykstra,	Steven	Busch,	Wouter	Peeters,	
Mar8n	vanExter,	Leiden	University,	2008

h@p://www.youtube.com/watch?v=MbLzh1Y9POQ



lets count 
electrons

electrons!

photons!


