
Perturbing Hydrogen atom by Electric fired

( stark effect

schematic sketch of the main result

(see Fig 5 . 3 in Gothfried -Yan) :
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One take-way from this figure is that
when Electric field An = EG2Su-EP1,
then the energy shift due to the

electric field is quadratic in theeectic

fied for both 2512 and 2P1/2 ·





As a warm-up ,
let us first ignore

the finestructure effects completely,
so that the Hamiltonian is :

H = p2 - e + eEz- -

zu r u
- perturbation.
unperturbed
Hamiltonian

where S denotes the strength of the

electric field and we have assumed

that it points along the 2-direction.

The first thing to notice is
that

(E2 , H] = 0 and therefore the

spin-degeneracy can not be
lifted by

the electric field:) The energy
shift

for F2=//2 level will be identical to

that for the Tz=-E level . Therefore,
in the following , the internal spin





Relevantselection rules :

Since the perturbation=e & & ,
we will need

to calculate matrix elements of the form

M = (n
, d , da , rzlin'd' : da , +2).

Symmetries/conservation laws impose several

constraints on this matrix element :

(i) since I acts only in the real space and
not on the internal spin lie.=EQ1s),

M = 0 unless 52 = +2

d
(ii) Under parity transformation , --2,
i. e . p+24 =-E wherei is the

unitary operator that implements
the

parity symmetry . Further , as discussed

previously , In , d , de , Tz]= n ,d, ,)

= M = 0 unless Id-ul=1 mod 2,
i. e . I and I' must have different parity
for M to be non-zero.



For example , on 1-orbital (i . e. &= 0)

can mix with a p-orbital (d=1)

but not with a d-orbital (d=2).

(iii) & is the 1=0 component of the

rector operator (recall a redor

operator i = (Vx , Vy, V2) satisfies

[Vi
,Jj] = :zisk*k , and one can delive

% = 2
, 12 = ItiVy) ,

which

E

satisfy (52 , m] = mm) . Based on

our discussion of tensor operators and

Wigner-Eckert theorem, In , D , 12 , 52]

transforms in the same way as

Id= 1 , dz= 0> x In , R ,dz , TzY .

Therefore
,

using angular momentum addition rull,

the state In ,
D , 12 , +2) can only

have orbital angular momentum













after mixing with states of higher

energy Ce r g. In= 3 , d = 2 , Mr= 1
,E2))

Therefore , DECn=2 , 121 , Me =_ 1
,
2)

-- ab 2
.

~

In contrast , the statesIn=2, =0 ,Me=0,

and In=2 , d = 1 , me = 0 , +2) will mix.

These states lie within the degenerate

manifold and therefore the corresponding
effective Hamiltonian is

Heff= O e2<n=2 , v =0
,Me=o In=2 ,=1 Me=o)

I e2<n=2 ,=1 ,Me=o /n = 2, Ome=o) O I
*

-

+ 0(82)
.



Denoting the non-z matrix element

kn=2,1 ,Me=oIn=2fomezol as c (it turns

out c = 3)
,
the every shift

is

DE = I c ed
,
i.e . the perturbed

energy eisenvales
are

Ey=E=e-ceS and

E2=Ee+ Ces
,
where En=

are the unperturbed levels lagain recall

that we are neslecting the fine-structure

in this section) . The corresponding

perturbed eisenrectors are

↓[In= 2 , d =0 , me=o , 12)+ In= 2 , d=1
,Me=o , 12]]

t

and

↓[In= 2 , d=0 , me=o , 12) - In= 2 , d=1
,Me=o , 22]]

t

respectively.



Starkeffect inI
fire structure

Above we neglected the fire-structure

G <4) · Now let's consider the

electric field perturbation while taking
them info account . That

is , we consider

H =2 -& + Hes +eEz
zu v

whereHas devote the correction to the

norvelativistic Hamitorian due to (4)

relativistic effects . We will assume that

es no is much smaller than e?
- 1

do

so that only levels with
same

principal g number 'n' can mix.

Since for 1=1 ,
E = 0 = the discussion

is unchanged and treve is no


















