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INTERFERENCE EXPERIMENTS
-

-

ASSICALVERSUS QUANTOM BEHAVIOR .

-

We review basic experiments et illustrate the

quantum behavior and compare to classical one . Today

amount of weth and fanalism is minimal.

The experiments will be discussed again when we

apply the principle of Quantum Physics (after next

week). They oflustrale two care concepts : the

I

"superposition principle" and the measurement postule."

1) Doubl slit experiments
.

2) Mach-Zehnden interferaneten

3) -
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1)
~

Meuble slit experiment-
Traves
-

Young im 1803 reformed the following

experiment with light. This experiment demonstrated

He wave like behavian of lightnot known to

be an electromagretic wave at the Lime.... )
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One observes interference fringer on the sneem

with alleating regions of high and few light intensity.

* good approximation to the intensity is

= (p)= ]S
A = intasity incoring were

2

a = wave length of light
g =

distance on sween from O

From observed period ofI (g) Young deduced J .

For visible light he concluded that 30700-800
[mm]

Immi = manometer = 109 meter

Back in 1800's smallest size even measured !



#classicalparticles/balls D
why don this experiment suggest light is a wome ?

lets try it with balls (ping pany hells a
cammon balls-- . )
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Each ball passe through slit 1 a slitz (and
not bath) · The density profite collected on the

couris NC1 = son of to bell so
curre

Very different from
inteference pattem with
wave
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#courYoung experiment with platons, electrostomab
-

Quantum behavia

Nowadays we are able to repeatyoung's experiment

with individual photons
,
electrons

,
Comolecule.

There are all "objects" with a quantum belovior .

[ote : photoelectric effect in 1900's induced

Einstein to postulate thet light also has a particle

like behavior . The elementary particle associated

to light is called the "photon" . Think of it

as a litle grain of teminous enugy . I
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single photom I I wealtho E o -

source

scembly
same

photocurrent
-

w do mot attempt t
observe what happens
im between

* At first we obsence that photons fall on the screen

at disnote and randam locations
-

X
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* After sans time when sufficiently many plates

have fallon on the screen we chave a
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histograms (of the random locations) ·

The shape of the histograms is the same as

De interference fringer (oborred for waves)

Probality (detect photon at 9)E c[29)]-

propertiana to

I

This is an astonishing experimental obturation ! Do

photos behave like weven a particle ? Provisional

answer : like both/it depands on the way we observe

them.

Walnext time enunciale the measurement principle :

↑ Pahtefindratat lationsse
en
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Remark 2 : Historically this quantum double-slit
-

experiment with single photonsamen (a electrons
,
C60, --)

could not be done wht 50's a 60's. So it was

an important thought experiment in the development of

guanhum physics . In fact other inteference

experiments where carried on (2 . g diffraction of

electros in systals ect .. ) but are mare complicated

to describe here
.
Davissan and Game ~ 1927-

Remark 2 : For the deviration of the intensity aure
-

within were theory see Appendix at and of roles.
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-Mach-Zehndeinterferamden.

We take mirrors and beausplitters and again

explae the behavia of light beams.
reflected

invery Confectly reflecting mirror .)

refleted

iriermitted (Semi-transparent mirror !
)

B photodetector
-

·
beau

avot trafectay of a beambrefectory of a beam
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Experimentwith weres.

· Turns out all intensity is found in D2.

·
No intensity in Dy

.

Interference effects cancet the wave before Dg and

builde it
up at D2

This is and gou
to Youg's fringes

=piment with "classical particle" billiand balls :

Imagine each beau splitte has pab e to

deflect particle one way o the other prob V2

insider( - - phy
varticle-

WiMahliktodel

i
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· prob to follow towe path and foll i- D2 :

2 -
1. = 3

· prob bo follow uppn path and felli- De :

! -
1
- 1 = 5

#Colli- Dn) = y +y=
-

sinillah(detecti
- D

.
) = Y +5 = 1

This is the classical particl behevic similar to

daubt stit with ping-pay balle.
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Experimentwith individual photon

came
↳
...m#

·
A photon sance sends photons ore by one in the

interferameten .

· We do not attempt to obsare what happans

before photodetector dies (eng we do not try to

find at "path" of photon)

· We registen dies of D , a D2 and collect statistics

·
We obfere that

Prob (detection) = Intensity medicted by were thedy
2. 8 Prob(datecheiDr) = 1

,
Pahldent :- D

.
) =0.
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