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Momentum conservation…Is 

this what happens?

kbefore

one 

particle 

detected

grating suffers 

recoil K
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What interaction caused the momentum 

exchange between the electron and the grating?

kbefore

one 

particle 

detected

grating suffers 

recoil K
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1. “Electrons reflect from the bar edges”

2. “Phonons are excited in the grating”

3. “Vacuum field photons scatter the electrons and the grating 

imposes boundary conditions on that field”

4. “The electron’s field acts on the grating which back-acts on 

the electron”

5. “This is not a question one should ask”

6. “I calculated this, but never published it”

1. “What about neutrons or photons?”

Answers:

Comments:
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Electrons diffracted by 

a light grating

Example of diffraction

Think of..

standing wave of light=grating!
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Laser Bench

Mirror

Splitter

Mirror
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Lens
Lens

½ Waveplate

Beamsplitter 
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The Kapitza-Dirac Effect

Laser on

Laser off

∆∆∆∆x∆∆∆∆x = L ∆∆∆∆θθθθ    ====
====    L λλλλdB/d =

= 55 µµµµm
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What interaction caused the momentum exchange 

between the electron and the grating?
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Stimulated Compton scattering

For this case we can answer the question!

So let’s ask it for the double slit too. 

ηk2

What interaction caused the momentum exchange 

between the electron and the grating?

������������ Rev. of Mod. Phys. 79, 929 (2007)
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First an “easier” toy system first : The Harmonic 

Oscillator
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The Classical Harmonic Oscillator in the vacuum

2 2

0 0 ,
(0, )

zp x
mx m x m x eE tω ω≅ − − Γ +&& &

2

0m x m xωΓ ≅ − Γ&&& &

Harmonic 

socillator
Radiation 

damping
Vacuum 

field

For  Analytical  Derivation See 

T. H. Boyer Phys. Rev. D 11 , 790 (1975)
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The Harmonic Oscillator….verification
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ω 0

ω p = 1ω 0

(vacuum field)

ω 0

ω p = 1ω 0;%
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ω 0

ω p = 2ω 0

(vacuum field)
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ω 0

ω p = 3ω 0

(vacuum field)
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(vacuum field)
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ω 0

(vacuum field)
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ω 0

ω p = 2ω 0

(vacuum field)
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Classical Mechanics

m
d2

dt 2
x t( ) = −mω 0

2x + qEp x,t( )

where Ep x,t( ) = −
∂

∂t
Ap x,t( )

2 

∆E t( ) =
mω 0

2

2
x2 t( ) +

1

2m
p2 t( ) ∆E t( ) =

mω 0

2

2
0 x̂2 t( ) 0 +

1

2m
0 p̂2 t( ) 0



wave-vector space
Features of the vacuum field:

1. Lorentz invariant radiation spectrum

2. Isotropic
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(vacuum field)
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1. “Electrons reflect from the bar edges”

2. “Phonons are excited in the grating”

3. “Vacuum field photons scatter the electrons and the grating 

imposes boundary conditions on that field”

4. “The electron’s field acts on the grating which back-acts on 

the electron”

5. “This is not a question one should ask”

6. “I calculated this, but never published it”

1. “What about neutrons or photons?”

Back to the doube slit.  Answers:

Comments:
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