Fisica 5SF AA 2007/2008

L’esperimento di Rutherford (1911)

alpha particle’s
trajectory

nucleus

La distribuzione dell’angolo di diffusione
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(872'60)2 7’ E; osen4(%)

Ni=numero totale di particella alfa

N(®) =

n = numero di atomi per unita di volume
t = spessore del bersaglio
Ek = energia cinetica della particella

Ze = carica elettrica del nucleo
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Lo spettro dellidrogeno

1. Gl elettroni atomici occupano solamente
delle orbite particolari o stati stazionari

2. L’energia viene persa o acquisita mediante
I”assorbimento o la cessione di un fotone di
energia hv, che corrisponde alla differenza
di energia tra i due stati stazionari

3. La condizione di quantizzazione riguarda il

-

momento della quantita di moto L=nh/2n

Non serve la meccanica relativistica

_J.._

486.1 nm
Mg e biuegreen
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L’esperimento di Franck-Hertz
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Fig. 3. Spectrum of X-rays produced when
a cathode-ray beam strikes a target made of a
single element.



Table 1

Wavelengths of the K, and K, Radiation, as Reported by Moseley

dement A (A) A (A) '\/(i-'u./il’n-:)a Z
Ca 3.357 3.085 19.00 20
T 2.766 2.528 20.99 Z2
Y% 2.521 2.302 21.96 23
Cr 2.295 2.088 22.98 24
Mn 2117 1.923 23.99 25
Fe 1.945 1.765 24.99 26
0 1.796 1.635 26.00 47§
Ni 1.664 1.504 27.04 28
Cu 1.548 1.403 28.01 29
Zn 1.446 — 29.01 30

Sce text for explanation of this quantity.
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Sec. 3-1 MATTER WAvVES 65
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Incident

seam [
FIGURE 3-1
The apparatus of Davisson and
Germer. Electrons from filament F
are accelerated by a variable potential .o §
difference V. After scattering from Scattered
crystal C they are collected by de- beam
!

tector D. c

understood on the basis of classical particle motion, but only on the basis of wave
motion. Classical particles cannot exhibit interference, but waves can! The interference
involved here is not between waves associated with one electron and waves associated
with another. Instead, it is an interference between different parts of the wave
associated with a single electron that have been scattered from various regions of the
crystal. This can be demonstrated by using an electron beam of such low intensity
that the electrons go through the apparatus one at a time, and by showing that the
pattern of the scattered electrons remains the same.
Figure 3-3 shows the origin of a Bragg reflection, obeying the Bragg relation
derived in the caption to that figurs
ni= 2dsin ¢ (3-3)

For the conditions’of Figure 3-3 the effective interplanar spacing d can be shown by
x-ray scattering from the same crystal to be 0.91 A. Since § = 50°, it follows that
@ = 90° — 50°/2 = 65°. The wavelength calculated from (3-3), assuming n = I,
is

i=2dsinp =2x 091 A xsin65° =1.65A

|
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FIGURE 3-2

Left: The collector current in detector D of Figure 3-1 as a function of the
kinetic energy of the incident electrons, showing a diffraction maximum.
The angle 0 in Figure 3-1 is adjusted to 50°. If an appreciably smaller or
larger value is used, the diffraction maximum disappears. Right: The
current as a function of detector angle for the fixed value of electron
kinetic energy 54 eV.
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Proprieta ondulatorie della materia

Caratteristiche di fenomeni ondulatori stazionari

Elettroni in un’orbita di Bohr

Onde stazionarie in una corda tesa
Electron wave resonance String resonance modes
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Yisualization of electron

waves for first three

Visualizzazione del fenomeno ondulatorio di elettroni in un’orbita di Bohr
Bohr orbits
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120 WAVES AND PARTICLES

Fig. 10. Sum of two sine waves, of equal amplitude, differing in frequency
by &w. The sum oscillates between —+2 cos{(8k/2)x — (dw/2)t] and
— 2 cos{(8k/2)x — (8w ' 2)t). shown by the broken lines. As time passes this
envelope moves with a speed of dw|dk, while the crests within the envelope
move with speed w/k.
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Proprieta ondulatorie della materia

Una particella in una buca di
potenziale molto profonda

I’equazione di Schrodinger
d>y/dx2 +2m/(h / 2n)*> -E-y =0

la funzione d’onda
Y(x) = 2/L - sen(nm/L - X)

la quantita di moto degli stati stazionari
p,=nh/2L

le energie degli stati stazionari
E = nZ h? /8ml

x = 0 at left wall of box.
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Il principio di indeterminazione di Heisemberg (1927)
e i pacchetti d’onda

Precisely determined momentum A Sine wave of wavelength A implies that the

momentum p is precisely known: | R
/\/\/\/\/\/\/\/ But the wavefunction and the P-i.
probability of finding the particle " :

P precise
Y*y is spread over all of space. e

_ Adding several waves of different wavelength
\ together will produce an interference
W ==
N -
| R s

- AX -l

_ ' but that process spreads the momentum
/ values and makes it more uncertain. This
is an inherent and inescapable increase
in the uncertainty Ap when Ax is
decreases. n
AXAp > E
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5-6 Required Properties of Eigenfunctions

In the following section we shall consider, in a very general way, the problem of
finding solutions to the time-independent Schroedinger equation. These considerations
will show that energy quantization appears quite naturally in the Schroedinger theory.
We shall see that this extremely significant property results from the fact that acceprable
solutions to the time-independent Schroedinger equation can be found only for certain
values of the total energy E.

To be an acceptable solution, an eigenfunction w(x) and its derivative dy(x)/dx are
required to have the following properties:

w(x) must be finite. dw(x)/dx must be finite.
w(x) must be single valued. dp(x)[dx must be single valued.
w(x) must be continuous. ew(x)/dz must be continuous.

These requirements are imposed in order to ensure that the eigenfunction be a
mathematically “well-behaved” function so that measurable quantities which can be
evaluated from the eigenfunction will also be well-behaved. Figure 5.8 illustrates the

flx)
Not finite

i X
0 X0
f(=)

Not single valued

| X
0 X0
f(x)

Not continuous

FIGURE 5-8

[llustrating functions which are not
finite, not single valued, or not con- [

tinuous, at a point . 0 %0 *
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Figure 5.5 Wave functions and
probability densities of a particle
confined to a box with rigid walls
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6.3 The eigenvalues and eigenfunctions of L* and L.
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Quantum Theory of the Hydrogen Atom

221
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Figure 6.13 Energy-level diagram for hydrogen showing transitions allowed by the selection rule
Al = *1. In this diagram the vertical axis represents excitation energy above the ground state.
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L’effetto Zeeman

La separazione dei livelli

No Magnetic Field Magnetic Field present energe tiCi:
my =2
P my =1 AE =m,(eh/2m)* B
=2 / m,[ =0
X
= Il magnetone di Bohr
I'III = -2 o
o = eh /2m = 5,79°105 eV/1
hv
b 4 L I'I'II =1
1=1 h 4 / h 4 Y m; = 0
Ny v ¥ m--
&mi -1 AmI -1
ﬁm‘ =0
. La separazione delle righe
dello spettro
Spectrum without Spectrum with magnetic V=Y
magnetic field field present o
v=vy t+(e/4nm)*B
wﬁﬁrgg:lo Rlsysse Dia'?ﬁragm
P . ’_ A A Cd Lamp
E Fabry
E Perot Etalon
:
: | Drilled
% : a v Pole-Shoes
L3 =50 mm L2 =300 mm L1 =50 mm

Rotating Table




Fisica SF AA 2002/03
L’esperimento di Stern-Gerlach (1922)

L’energia associata ad un dipolo magnetico immerso in un campo

magneticoe U, =-x<-B=x o B

Fleld Spin can take
Zero field  on only two orientations
Phttmnraphic pattern @~ Classical expectation
- <> Experimental result After Beiser

La forza che un campo magnetico non uniforme produce sul dipolo
e F,=-dU_ /dz =+ oG - dB/dz
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L’occupazione dei livelli energetici in atomi a
molti elettroni
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Principal Orbital Magnetic Spin Maximum
State quantum quantum quantum quantum number
number n number number number of electrons
-
Is 1 0 0 "'2 > 2
2s 2 0 0 v 2
8
2p 2 1 -1,0,+1 L 6
L L
38 3 Q 0 +2 > 2
3p 3 1 =1,0,+1 ok -1 65 18
: O
3d 3 2 -2.~1.0,1,2 +2 =3 10
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