Particula na Caixa
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An illustration of matching and mismatching
de Broglie waves travelling in Bohr orbits.

Standing waves can be set up in a string by shaking one end of the string at the correct
[frequency.



FIGURA 18.7 A ligacdo
w (representada pelas
nuvens eletrdnicas ama-
relas) em uma molécula
de algueno toma a
molécula resistente i torcdo da
ligagdo dupla. Em consequéncia,
o5 seis dtomos (os dois dlomos de C
que formam a ligagdo e os quatro
dtomos a eles ligados) estdo no
mesmo plano.
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Fig. 9.1 A particle in a one-dimensional
region with impenetrable walls. Its
potential energy is zero between x =0 and
x=L, and rises abruptly to infinity as soon
as it touches the walls.



equacao de Schrodinger:
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Normalizacdo da funcao de onda
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FIGURE 3.2
The energy levels, wave functions (a), and probability densities (b) for the particle in a box



Exemplo de calculo de media: < x > (“) - ffff *Ay dr

(x) = %_[L sen (?) X sen (?) dx
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FIG. 2-5 y? and observed particle distribution for the three lowest-energy and one high-
energy state of the particle in a one-dimensional box.



Y, is symmetric, ¥, is antisymmetric,
and ¥ ¥, is antisymmetric. The total signed area
bounded by the odd functions is zero since
complete cancellation of positive and negative
components occurs.
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FIGURA 18.7 A ligacdo
w (representada pelas
nuvens eletrdnicas ama-
relas) em uma molécula
de algueno toma a
molécula resistente i torcdo da
ligagdo dupla. Em consequéncia,
o5 seis dtomos (os dois dlomos de C
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Particula na caixa: modelo para o elétron confinado numa molécula

H H absorcéo experimental: =217 nm
.Cs_.C___H
e R
AE = E; —E, = 34 —2
H H 3~k = ( )
L =~ 580 pm B (6,6262 x 1073%]s)?
AE = 59109 % 10-31kg(580 X 10~12m)?2 (3% —2%)
n=3 AE = 9,02 x 10-19)

e oo hy = h% energia da radiacdo
°® -1 absorcéo calculada: A = 220 nm

hexatrieno, A = 260 nm octatetraeno, A = 302 nm
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Structures of three carotenoids.
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Caixa tridimensional
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Caixa tridimensional
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Estados degenerados sao estados com a mesma energia.
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(n_x,ny,nz) Degeneracy
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FIGURE 3.6

The energy levels for a particle in a cube. The degeneracy of each level is also indicated.
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Caixa bidimensional
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Fig. 9.7 The wavefunctions for a particle
confined to a rectangular surface depicted
as contours of equal amplitude. (a) n; =1,
n, =1, the state of lowest energy, (b) n, =1,
n,=2,(c)n,=2,n,=1and (d) n, =2,

1y =12.
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. Sketches of particle probability distributions for a particle in a cu
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FIGURA 7.7 Os niveis de energia da
particula em uma caixa tornam-se mais
proximos a medida que o comprimento
da caixa aumenta. Como resultado, o
nimero de niveis acessiveis a particula
aumenta e a entropia do sistema cresce.
O intervalo de niveis termicamente
acessiveis € ilustrado pela faixa colori-
da. A mudanca de (a) para (b) é um
modelo da expansao isotérmica de um
gas ideal. A energia total das particulas
€ a mesma em cada caso.

5 | baixa alta
1 e
FIGURA 7.8 Mais niveis de energia
tornam-se acessiveis em uma caixa de
comprimento fixo a medida que a tem-
peratura aumenta. A mudanca de (a) 5 ks
para (b) é um modelo do efeito do aque- =
cimento de um gas ideal, em volume
constante. Os nivels termicamente aces-
siveis sdo ilustrados pela faixa colorida. ses | |esses
A energia média das moléculas também
aumenta com o aumento da temperatu- i Pg!”_
ra, isto €, a energia interna e a entropia

aumentam com a temperatura.
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Richard P. Feynman, “Lectures on Physics”, Vol. 1, Cap. 46 (1963).

“It 1s the change from an ordered arrangement to a disordered
arrangement which is the source of the irreversibility.

It is not a question of pleasant order or unpleasant disorder.

We measure “disorder” by the number of ways to arrange...”.

Ludwig Boltzmann, 1877

S=kInW



In a reversible adiabatic work process, the distribution of molecules
over a system’s energy levels remains unchanged;

In any other reversible process, the heat transferred across the
system boundary is related to the change in the distribution of
molecules over energy levels.

In an irreversible process, there is in general a change in the
molecular distribution whether heat is transferred or not,

since the work performed differs from that in the corresponding
reversible process.

Berry, Rice, and Ross, Physical Chemistry, cap. 13.8, pg. 382



