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e il momento del “quanto di luce”?
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Effetto Compton

Radiazione X diffusa da un bersaglio presenta 
una componente a lunghezza d’onda maggiore.
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L’effetto sperimentaleMISN-0-219 3
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Figure 2. Results of Compton’s Experiment.

spectrometer. This angle φ is the angle through which these particular
x-rays had been scattered; its value could be varied by moving the x-ray
source. The x-rays spectrometer consisted of a crystal from which the
x-rays were reflected and an ionization chamber which detected the x-
rays. The wavelength of the scattered x-rays could be determined from
the angle at which they were reflected from the crystal with maximum
intensity (a well-known interference effect). The output of the spectrom-
eter was essentially an indication of the intensity of the scattered x-rays
as a function of wavelength.

2d. Results of Compton’s Experiment. The output of the spec-
trometer for several values of the scattering angle φ is shown in Fig. 2. The
x-rays incident on the graphite target have a wavelength of λ = 0.707 Å.
When φ = 0◦, the x-rays being detected in the spectrometer are essen-
tially those which have undergone no scattering, so it is not surprising that
the spectrometer’s output is a single peak centered around λ = 0.707 Å.
As the value of φ is increased, however, that single peak splits up into
two peaks, one at the original value of λ = 0.707 Å, and the other at the
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Figure 3. Idealized Results of Compton’s Experiment.

increased wavelength λ′, whose value depends upon the value of φ.

2e. Compton’s Empirical Formula. Compton had shown that at
least some of the scattered x-rays had their wavelengths changed in the
scattering process - an observation that is at odds with the classical
electromagnetic-wave theory’s explanation of scattering, as we shall see
below. Furthermore, it was evident that the amount by which the wave-
length of a scattered x-ray changed was directly related to the angle φ
through which it had been scattered. Later experiments developed the
empirical relationship for the shifted peak’s position:

λ′ − λ = λc(1 − cosφ) (1)

where λ′ is the wavelength of scattered x-rays, λ is the wavelength of
incident x-rays, λc = 2.426 × 10−12 m = 2.426 × 10−2 Å, a constant, and
φ is the angle through which x-rays are scattered.

2f. Target Independence. The basic experiment can be repeated
using a variety of different materials as targets, and the above relationship
will be found each time. This implies that the phenomenon being observed
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(1 Å = 10–10 m)

Risultato indipendente 
dal materiale del 

bersaglio: proprietà di 
costituenti fondamentali.

raggi X
(! = 0.71 Å)
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Due componenti, a lunghezze d’onda differenti.
La radiazione diffusa ha lunghezza d’onda maggiore: ! < !! sempre.

Lo spostamento dipende dall’angolo di diffusione
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La spiegazione classica

L’onda elettromagnetica forza gli elettroni a oscillare con stessa frequenza, 
e quindi a riemettere onde elettromagnetiche di stessa frequenza.

Poiché agli elettroni viene anche comunicata quantità di moto (vedi “Onde 
Elettromagnetiche”), essi acquistano una velocità nella direzione di 

propagazione dell’onda “primaria”.

La frequenza (e quindi la lunghezza d’onda !’) dell’onda “secondaria” può 
essere maggiore o minore, a seconda della direzione di moto dell’elettrone. 
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La spiegazione di Compton.
Assunzioni:

1- l’effetto è dovuto al processo di urto fra fotoni e elettroni.

2- I fotoni hanno energia E=h# e momento p=E/c = h#/c = h/!

3- I fotoni sono enti localizzati.
4- L’urto viene trattato con la cinematica (e correzioni relativistiche).

Risultato teorico:
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Per il calcolo si veda, ad es, il testo di 
Halliday, Resnick, Walker, cap. 39.4

λ′ − λ =
h

mc
(1− cos φ) ≥ 0

momento proprio di una 
particella relativistica di 
massa nulla

ipotesi di 
Einstein

relazioni 
ondulatorie
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Conclusioni di Compton
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Riassunto

• Cariche in moto determinano una perturbazione che si propaga.

• Le onde elettromagnetiche si propagano con velocità c (nel vuoto).

• Onde piane. Energia e quantità di moto di un’onda e.m.

• Interferenza e diffrazione della luce: esperienza di Young, fenditura, 
doppia fenditura, reticolo.

La luce ha natura ondulatoria

• Effetto fotoelettrico: la luce si comporta come composta da enti 
discreti con energia h#.

• Effetto Compton: la luce si comporta come composta da enti discreti 
con momento p=h/!.

La luce ha natura corpuscolare

ma...


