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Remembper?

| shhowed yow earlier how Euwuteun (v 1905)
showed that the photoelectric effect cowld be
wnderstood f Light were thought of as a stream
of particlesy (photony) witiv energy equal to- jw.

| got my Ncrbuj

prize for that
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Lowis de Broglie (kv 1923)




wit some of Eunsteinws




| can uimagune o piroton
of Lght If Ut had o
“mass?’ of m, then Uy
momentum would be
gwen by



Ewustein hasy o
Adscovered Linking mass
witv energy (E = mc?)
MMWWE
Planck’s formula E = hf
WW%IMH\W?WM

to- eacih otirher:

me = hf
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Confirmotion of de Broglie's Ldeas

De Broglie didnwt have to- wait long for his
lea to- be shown to- be correct

(I fact in 19249 | received
o Nobel prize for my
prediction of the wone
noture of the electron.
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Confurmation of de Brogle

De  Brogliesy  hypothesss wasy  confurmed
independently by Clinton Darisson (USA) and

/

ronically my Dad (J.J) had
won a Nobel prize for
demovstroting thot the
electron was a porticle!
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Electron Diffraction

Thomson and Davisson dud sumidlor experuments.
They fured a beam of electronsy at oo naickel torget:

Electron beam

Nickel target




Electron Diffraction

They observed strong reflecton at some angles,

Electron beam

Nickel target




Electron beam

Nickel torget




Patir Difference = nA
20 = nA

(Bragg formula used
w 1914 by Bragg to-
study thhe diffraction
of X-rays)




Electron Diffraction

They cowld fund the crystol lattice separation
from X-roy crystollograpivy (wsing the Bragg
formula), and then measure the wonelengtiv of
the uncident electrons: The resudty agreed totally
wuthv de Brogle's predictions!

m | lk,wfifve/yv\raml/!]
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We hove seen that lWght can behave botihv as o
warve (Young's double it experiment) and o
partucle (Ewnsten’s photo electrie effect).

We hanve also- seen that electrons can also- belave
oy wonvesy (electron diffraction predicted by de
Broglie) and particles (J.J. Thomson)
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Now wiricih one s correct?
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They botiv are!
ity called wone-particle duality.

Lyght con belhane botiv as o wane and a particle,
ond electrons (and otihver “porticles’’) can behranve
o8 botiv wones and particles.

But wno experument can ever shhow them

belhhaving botiv as o wore and a particle ot tihe
some tume! Remember u always!



E xomples

What s the de Broglie wuwvelengtiv of an
electron trovellling ot 7 x 10° miyt?

We knows
A=hp=663x103/9.11 w103 7 x 10°
=1 x 107 m (more or Lesy)
This u sumidar to- the aaerage spocing
between atomy L a crystol.



E xamples

Whoat s Hre de Broglie wowvelengtiv of a tennis
ball (mass 589) travelling ot 10> musy1?

Here, A = Wp = 6.63 x 10734/0.058 x 10?2
= 1 x 1073%* m (more or Lesy)

The tennisy ball wowld hanve to- untferact
wiuthv sometring of a simidor size to- demonstrate

ony wone properties!
Remember the nuclews of an
atom 8 ovround 10715 m,
b v Lo e moii: £
bigger than tHais!



A havoder example

Electrons are accelerated tivroungh o pid. of 54 V
MM&WWMwayUAwwwymmeHrvw
spocang  between afomsy of 7.38 x 10w
Colewlate the de Broglie wonelengtiv and the
furst ovder (n=1) angle of diffraction.
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Soluwtion

Energy of electrons = eV = ma2/2

v-= (2eV/m)%

p= = (2eVm)~

A= Wp=h (2eVm)4 = 1.67 x10° m

Assumung that thwy belhanes as a diffraction grotung
(Uke Lght passing thwough many slits)

dsind = nA

s = nA/d =1 vw1.67 10°1°/7.38 107 = 2.28 x 1072

Hence 6 = 1.3°
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Application : Electron Mueroscope

Thus wses the woave nature
of electrons to- produrce
pLetures of very small
objecty, too- small to- be
(which ondy has a
wanelengtiv of around 500
nm compared wit
electrons withv o wonrelengtiv
f around O.1 nm).
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So- that's !

[ Cool shuffen? )

fro-vaU 10 years
queston papers!
K /




