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Priklad 2

(a) The electric potential V' satisfies the Laplace equation, V*V = 0. Given
the boundary conditions

Viz,y=0)=0=V{(z,y =ua), and Vie=0,y)=Vy,
the solution is of the form
P S, E ikr
Viz,y) = Vosin ( - ) e,
Inserting this solution into the Laplace equation, we have
Ty 2 9
(@ -#-o
or k = tiw/a. Thus, the solution (for z > 0) is

V{z,y) = Vysin (ﬂ'y) g e
a

(We can ignore r > L /2 since e #1/2% < 1 for L/a > 1.)

(b} To find the ch_grge density o at the surface of the conductors, we need
the electric field E at the surface. The latter can be obtained from the
potential V (z,y) as

E=-VV= T:b [s'm (T’) — cos (”;y) ﬁ] g1,

At the surfaces of the conducting plates at y = 0 and y = a, the induced
charge densities are the same, with

G_{T‘yzﬂ}zﬂ'{ﬂ"y:ﬂ}zfngﬁ:_—

for both plates.

(c) Force exerted on a conductor is given by
F= f o E o dA,

integrated over the surface area of the conductor, with E ., = Egqr = E/2.
On the upper plate (and x > 0),

-

i L/ dro(x,y=a)- E{ry—a}
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Including also the part from x < 0, the total force exerted on the top plate
is

— w c
:'2 -
Fupper = _gfﬂlﬂ Ly.

i.e., the top plate is attracted towards the lower plate.

By symmetry, the lower plate is attracted towards the upper plate with force
of the same magnitude, i.e.,

_y T b i
} T -|——:; fg‘ir’}]lL y.
Priklad 3

The potential due to a uniformal spherical volume with net, charge e and
radius ry is '

er? Je

U = + - e

“or8 oy’

€
;, (?‘ = f‘{;:}

where the constant of integration in the first expression has been chosen to
make U continuous at ro. '

The perturbation V in the Hydrogen atom potential is

2.2 ) 2 2

e°r Je e

AV = — - — 4+ — r<n
e BT Iy ( 0)

L= 0, (r > 1)

where the constant of integration in the first expression has been chosen to
make 7 continuous at v, g

The perturbation V¥ in the Hydrogen atom potential is

efr?t 3et g2
LAY = E?ﬁ_ET'D_F?J {r < o)
= 0O, {r > ra)
The energy shift is
AE = (AV}

to first order in perturbation theory. For the 1ls state,

5 T 3
AE = f|¢|ﬂﬂ.V=f drridr |o|? AV
L]

Since r9 < ap, the typical scale of variation of the wavefunction, b = {0},
and

2.2
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For the 1s state, .

2 eyl ‘Ee T
AF = —--—-u = 2k
: 5 ol 5ugr.ln

The ground state energy of H is —e /(2ap) = —13.6 eV, and ap = 0.520 x
107" m, so

AE = =39=10%V

l'.Hl Lo
éi.».lé*u

(2 x 13.66V).

- The wavefunction of the 2p state vanishes at the urg,:n This 5upprf~sse5
AE by an additional factor of r*/ad ~ 1017

Priklad 4

SOLUTION: For a non-interacting ideal gas,

9
E=-z5Nn(,

where ( is the single-molecule partition function

o

{ = Z('n. + 1) exp(—fne) .
n=>0
This partition function can be evaluated as follows (x = [2):

g 02 d e® -
¢ = _BITZEXP (— (r+1)z) = —€" el [1 —exp(—Be)] >

n=0
Hence, the sought contribution to the energy is

. 2Ne
~ exp(e/kT)—1"

Alternatively, one can reproduce this result as follows. One can imagine that
every molecule has two independent internal degrees of freedom of harmonic
oscilator type, with energy spacing = each. It is easy to see that this model
gives the same spectrum and degeneracies if the energy is counted from the
ground state. With this convention, the average energy of a single harmonic
oscillator is enpg(c), where np(c) is the Bose-Einstein occupation number.
Therefore, for the entire gas we get £ = 2Nenpg(s), in agreement with the
first derivation.
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