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TR ILSNTAY E T e
LETRODUTTION

The one electron atom under a constant external electric Pielq

(Stark effect):

¥hen an atom is placed in an external electric field, its
energy levels are altered; thig phenomenon is known eg the Stark
effect,

The Stark effect in hydrogen atom hasg often been studied by
perturbation theory. The first- order effect wags derived by
Schrodinger, the second- order by Epstein, the third- order by
Doi and the fourth- order by Basu.

However the ionisetion of the atom cannot be expleined by uging
the perturbation theory due to the very nature of the bound
state Raleigh- Schrédinger (R-5) perturbation method., Different
methods have been applied to explain the ionisation (tunnel
effect for example).

In this thesis we shall epply the WEB approximation method
to explain the ionisation. In general this method, compared to
the known R-5 perturbation method, 1s not accurate enough for
gnall fields, but it way prove important for very atrong external
fields for which the ususl R=S perturbation method fails.

The Schrsdinger wave equation for a one electron atom under
an externsel field 7 i1s given by

_t? Lo Ze!
2m Lngﬂ

v -l-e) Fzv= E¢ (1)

wiere m ,.g are the reduced mass gnd charge of the electron,

Z@  the charge of the nucleus, R the distance between the
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nucleus and the electron, and 2z the projecilon of this digtevce
in the direction of the externel field.

It is usual to use atomic units in order %o have dimensipns
less quentities in the Schrédinger equation. We teke for unit

of length the Bohr first orbit radius of the hydrogen atsm (Z =1 )

ek
2 = me” (2)
?
e
For the unit of energy we mlso take the guantity NS

Using these units equation (1) becomes

-‘36%(-27 +Fz)b=EY (3)
where
F e
F:?- 1 f‘m (4)

In this case (an atom in &n external electric field) the
separalion of the variables is possible in whet ig called
perabolic coordinmtes. The golution of the problem of motion in
8 Coulomd field in terms of perabolic coordinstes ig ugeful in
investigating e number of prodlems where a certain direction in
spece i9 distinctive.

The parabolic coordinates & 7, % are defined by the

formulsa
x = JEn cos X
y =vVEn sin X
zZ :%f“*ﬁ} (5)
1 \
= ——— 4‘“:
T 2(5
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€ and T izte valnes frem 0 to oo
and * from (O to 2% .

The gurfaces g -¢onst. &n% Tz pnst.
ere paraboloids of revolution sbonut

the z ~axlg, with focus et the

origin. This system of coordinates

is orthorsonel,

The Laplace operator isg given by

Equetion (3) can be expressed in parabolic coordinates

2 Ov, 2 gy g+ 82 Fia ,,E_ +TY ¢ =
SOE e SR g Er Lm0

Let ug seek the eigenfunction ¢ in the form
Vo= @nfxﬁff)u}ﬁ) (8)

where m 1is the magnetic queantum number. Subgtituting this
Fo
&

the variables § gand = » We obtain for u, and u. the equetions

expression in equation (£) multiplied by ent geparating

d g8y qz, FLE e Mt
dF §d§4’+1 w"& t —2‘)—4}.}%"0
\ 2 (9)
d 0 F . -
E{fﬂ—,*)*fzz-—l’-—'ﬂh—%*ﬁ—————]ﬁa—u
where the seperation parumeters Zv , Z: ere related by
Zr*zz =7 (10)
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In zoro coder (when £ - 0)Y the golutinm of en ntinon (G)

ig known to be

0¥

. . S W 4

Uy ()= ¢ F

(E=¢ ol ;FT{"H, et €E)

LO{JW?)— 4 5 (11)
2508 Rileny, met )

Where.F}(aJ%c) is the confluent hypergeometric function,

{G) 1

Z;:E{m+-%L +T4

(0}

z'=e(n.,+—"-“2—+.'§“} (12)

€= y22F

énd N y0; are the parabolic guentum numbers.

For smell F we can use the R-S perturbation procedure to
find the energy levels and the wave function in ruccegsive orders
of approximetion in powers of F .

The energy levels for the one electron atom in the presence

of external field are known to be (Refrence {17))

2“1 22 162‘ 1,2 1 ? 7 ? -1 L &
C D (548704 18051147 Ks 35182 N+5T54 K 1621116 (1661 +63 A+ 470)-549m IF
10242" (-y:

? “ ? 4 -,
e__ L _43n¢. L(17n’-3ﬁ’_9m’.19)F’_%n(zan_n _

where

A= ni-n; (14)

M= Ny nps[m) el

In the present work we used the WKB method to obtain the
expension of the energy levels in powers of F ,{for E<( ) and

compare it with the R=5 perturbztion.
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<t vwas founrd thet *tre cero mnd [irgt orders eprroximaiion
using both wmetheds are the seme, for the second and for thre
third orders are different in the constant term only. For very
small values of F the WKB method has shown that there exigts
an essentiael gingulerity at the threshold F=0 4in & certain
function (equation {3.10)).

Carrying out numerical computstion for an external field on
using the results of applying the WEB approximation, it was
found that the ionisation stops when the extermal field attains
certain c¢ritical wvelues. The reason that ionization can heppen
for very small fields tending to zero is that the ionization
depends on the energy that the electron gains from the field.
5o as the field tends to zero and the dimension of the space
where the field prevails tends to infinjity then a possible

Iinite energy can be extracted from the field.
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CHAPTER 1

ENERGY LEVELS SHIFTS
USING WKB APPROXIMATION
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CHAPTCR 1

ENERGY LEVELS SHIPTS USILG

WYB APPROXIMATION

Introduction:

In this chapter we will &iscuss the conditions of epplic-
abllity of the WKB epproximation. Then we will find the appro-
ximate solution of Schrdinger equation solved in parabolic
coordinates.

Using the ¥KB approximation we will obtain an implicit
formula to find the energy levels shifts as the results of the
external field. Then we shall discuss simple cases of this
formula, corresponding to the quantum numbers n ,n, 4 n;

Pinally the expressions of partial derivatives of the
implicit formule will be used in caelculating numerically the

energy shifts as functions of the external field,

l.1 Approximate solution of the Schrédinger equation:

In equetion (9) we carry out the substitution

ol

U, = g f({)
N (1.1)
u, =7’ g(M
Equetions (9) ere broughi: into the form
d't ’
—._..?¢(—-z_.l4.f__.£+—E-_ql—m)f=0
dg S A 2 L4LE? (1.2)
? ?
-d——id(z—“-.i"} ‘E“—-ﬂm)gzo
dn’ "y 2 47
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