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Onde di materia
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Elettroni: particelle ?

Traiettoria: proprietà caratteristica di una particella
(“la particella è passata di là”).

La traiettoria di particelle cariche può essere facilmente rivelata dalle 
tracce che lascia in una camera riempita di un gas o un liquido.

Si costruiscono sistemi elettrostatici (“lenti elettrostatiche”) capaci di 
guidare gli elettroni lungo percorsi  determinati.

Esempio tipico di elettroni guidati: monitor e televisori CRT.

natura “corpuscolare” 
piuttosto ben stabilita.

Esperimento?
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Esperimento di Davisson e Germer

• !1927: Davisson (Nobel nel 1937) e Germer, e separatamente 
Thompson (Nobel nel 1937) identificarono pattern di interferenza 
da elettroni diffusi da bersagli di vari materiali.
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tically scattered  electrons and  their near neighbors, could  be moved  on an

arc about the crystal. The crystal itself could  be revolved  about the axis of

the incident beam. It was possible thus to measure the intensity of elastic

scattering in any d irection in front of the crystal face with the exception of

those d irections lying within 10 or 15 degrees of the primary beam.

Fig. I. Schematic d iagram showing disposition of primary beam, nickel crystal, and

collector. Crystal shown revolved to bring one principal azimuth after another into

plane of observation.

Fig. 2. Polar diagram showing intensity of elastic scattering in A-azimuth (Fig. I)

as function of latitude angle, for series of primary-beam voltages.

The curves reproduced  in Fig. 2 show the d istribution-in-angle of inten-

sity for a particular azimuth of the crystal. The curves are for a series of elec-

tron speeds, therefore, for a series of electron wavelengths. For a particular

wavelength a d iffraction beam shines out. Setting the collector on this beam

at its brightest, and  revolving the crystal, the intensity was found to vary in

azimuth as illustrated in Fig. 3. The high peak on the left represents the cross-

http://nobelprize.org/nobel_prizes/physics/laureates/1937/davisson-lecture.html

Figure dalla Nobel Lecture 
di Davisson,

(c) Nobel Foundation, 1965
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Esperimento di Davisson e Germer (2)
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section-in-azimuth of the beam shown in Fig. 2. Two similar peaks mark

the positions of companion beams which with the first form a set of three,

as required  by the threefold  symmetry of the crystal about its (III) d irec-

tions - the d irection of the incident beam. The lesser intermediate peaks are

due to a d ifferent set of beams which is not here fu lly developed .

Fig. 3. Curve showing intensity of elastic scattering of 54-volt primary beam as func-

tion of azimuth for latitude of peak in 54-volt curve of Fig. 2.

The de Broglie relation was tested  by computing wavelengths from the

angles of the d iffraction beams and  the known constant of the crystal, and

comparing these with corresponding wavelengths computed  from the for-

mula ! = h/p, where p, th e momentum of the electrons, was obtained  from

the potential used  to accelerate the beam and  the known value of e/m for

electrons. If wavelengths computed  from the formula agreed  with those ob-

tained  from the d iffraction data, the de Broglie relation would  be verified .

How nearly the theoretical values agreed with the experimental is illustrated

in Fig. 4. For perfect agreement all points would  fall on the line drawn

through the origin.

You will realize without my telling you that this series of experiments ex-

tending in time over a period  of eight or nine years and  requiring the con-

struction and manipulation of intricate apparatus was not made by me alone.

From first to last a considerable number of my colleagues contributed  to the

investigation. Chief among these were my two exceptionally able collab-

orators, Dr. C. H. Kunsman and  Dr. L. H. Germer. Dr. Kunsman worked

with me throughout the early stages of the investigation, and  Dr. Germer,

Diffrazione da reticolo!

Verifica della relazione
di De Broglie
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Fig. 4. Test of the de Broglie formula ! = k/p = h/mv. Wavelength computed from

diffraction data plotted  against I/V
!

, ( V , primary-beam voltage). For precise verifica-

tion of the formula all points should  fall on the line !, = 12.25/V
! 
plotted  in the d ia-

gram. ( x From observations with d iffraction apparatus; o same, particularly reliable;

  same, grazing beams. o From observations with reflection apparatus.)

to whose skill and  perseverance a great part of the success of the definitive

experiments is due, succeeded  Dr. Kunsman in 1924.

I would  like also at this time to express my admiration of the late Dr.

H. D. Arnold , then Director of Research in the Bell Telephone Laboratories,

and  of Dr. W. Wilson, my immediate superior, who were sufficiently far-

sighted to see in these researches a contribution to the science of communica-

tion. Their vision was in fact accurate, for today in our, as in other industrial

laboratories, electron d iffraction is applied  with great power and  efficacy for

d iscerning the structures of materials.

But neither of this nor of the many beautifu l and  important researches

which have been made in electron d iffraction in laboratories in all parts of

the world  since 1927 will I speak today. I will take time only to express my

admiration of the beautifu l experiments - d iffering from ours in every re-

spect - by which Thomson in far-away Aberdeen also demonstrated  elec-

Figure dalla Nobel Lecture di 
Davisson, (c) Nobel Foundation, 1965

http://nobelprize.org/nobel_prizes/physics/laureates/1937/davisson-lecture.html
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Raggi X e elettroni
Raggi X e elettroni di opportuna energia hanno stessa lunghezza 

d’onda: i pattern di diffrazione devono quindi essere analoghi

http://www.rpi.edu/~schubert/Educational-resources/1927%20Electron%20and%20x-ray%20diffraction.jpg
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Elettroni per “vedere”
il microscopio elettronico

Stante il comportamento ondulatorio, è possibile usare fasci di elettroni per 
ottenere immagini di particolari estremamente piccoli: dipende solo 

dall’energia (-> momento) degli elettroni.
Con V " 10 kV, E=eV, ! " 0.12 Å

Particolare di una testina di 
stampa (inkjet)

Superficie 
di un CD

http://www.optics.arizona.edu/Nofziger/OPTI%20200/Lecture%2028/L28P4.htmAltre immagini su

Particolare 
dell’occhio di una 

mosca
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La materia presenta aspetti corpuscolari e ondulatori,
esattamente come la luce.

Particelle più grandi?
Molti esperimenti, anche recenti.

http://www.quantum.univie.ac.at/research/matterwave/c60/index.html

Gruppo di Zeilinger: Interferenza di C60: insiemi di 60 atomi di C.

Velocità delle molecole di C60 (velocità 
più probabile): 210 m/s
Lunghezza d’onda di de Broglie: 2.5 pm
Dimensione delle molecole di C60: " 1 nm
Larghezza delle fenditure: 50 nm

Nature 401, 680-682, 14.October 1999
Figure da:
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Alcune lunghezze d’onda

Consideriamo corpi la cui velocità v<<c, per cui p=mv.

• Un elettrone con energia cinetica K = 120 eV.

m
e
 "  0.911 · 10–30 Kg

Costanti e relazioni utili:

massa dell’elettrone

carica dell’elettrone e "  1.60 · 10–19 C

1 eV = 1.6 · 10–19 Jenergia

• Un’aspirina (m = 0.5 g) in automobile sull’autostrada (velocità codice)
! ! 3.7 · 10–32 m

cost. di Planck h "  6.626 · 10–34 Js

• Un granello di sabbia (m=1 ng) che affonda lentamente in un liquido denso 
(0.5 cm/s)

! ! 1.3 · 10–19 m
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Riassunto

• Natura ondulatoria e corpuscolare.

Gli esperimenti indicano che una teoria quantistica 
dovrà contenere:


