EXPERT

Sample: Quantum Mechanics - Final Homework

Problem 1

. 1
a) Let us use recurrence relation sH ,= > H,.,

to shorten the equations). In order to obtain s*H, , one has to multiply s H, by s three times,
while using the recurrence relation after each multiplication.

+nH,_, (wewrite H, insteadof H,(s) inorder

Thus,
2., _S 1,1 1 1 1
S Hn_EHn+1+nSHn 1~ 2(2Hn+2+(n+l)H) (EH (n 1)H ) 4Hn+2+an+§Hn+n(n_l)Hn—2
SH, =5 (5" H,) =5 (5 Hyst (142) H )+ (3 Hy ot H, )45 (5 Hp4n H, J+n(n=1)(S H, +(n=2)H,
éHn+3+2(n+1)Hn+l+gn2H +n(n—-1)(n-2)H,_,
1,1 3 1 3 21
s'H,=s(s’H,)== (5 Hy.yt(n+3) H, )+ (n+1)(5 H,_,+(n+1) H )+ S n*(5 H,+(n—1)H,_,)+
8'2 4 2 202
#n(n=1)(n=2)(3 H, s+(n=3)H, )=
Ly ol (33 (a1 eH (3 (ne1 4304 H (§n2(n_1)+w)+
16 n+4 n+2 8 8 4 4 n—2 2
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EHM4+mHM2+Z[(n+1)2+ nz]Hn+n(n—1)(2n—1)HH+(n_4) H,_,
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S wn a\/ﬁznn,(16 n+4+(2n+3) n+2+4[(n+ >+n] n+n(n )( n ) n72+(n_4)! n4)
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Vo | V2 (nea) 4 \/2"*2(n+2)! n! 274 2'n!
_TSZ
+ e anz \/ n! (n_l)_‘_l Hn74 \/ n! _
Vavr| 22 (n—2)1V(n=2)1" 27 4[4 (n—4)s | (n—4)!
1 (”'*'4)' 0 3 (n+) 3 0 1\/ n! 0 1\/ n! 0
= = 1 — = =
4 wn+4+(n+2) wn+2 [(n+ ) ]wn+(n 2) (n_z) , wn—2+4 (n_4)!wn—4

c) According to perturbation theory, E.=<u,|V |yi>=ehw<yy|s'|ys> . Using part b) and the fact
that wave-functions are orthonormal, obtain

El=cho<y)|s' |y >=¢h m-%[(n+l)2+n2]:%eh o[(n+1)+n’] .

d) Using orthonormal property of wave-functions <y |y.>=9,, and result from b), obtain:

Com=<Wnls*|wp>=

—3):
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Problem 2

a) Let us rewrite matrix elements in different form:

!
N 1 n!

. .
(n=2)1 """ 4\ (n—4)r "H"

W= : rdr fzn dop, V= a fw pdp fzn d 61,V vy, . In polar coordinates, the perturbation is

Vi(p,0)=enLx(r,0)y(r,0)= eh 2 r?sin O cos 0= ehmp sin20 .
a

2n
It is obvious, that IO sin20d0=0 |, thus diagonal elements W, W, ,W

, angular part of which

contains this integral are equal to zero. Since W, =W, , one only has to calculate W,,, W ,W,

coefficients.

. n 7X 1
Let us use integral fo X dx—EF(

notation A:eh% ,s0 V,=Ap’sin20 .

Wy=A—2— 2( [To-g)e™dp ], eistBdGZ%%(F(B)—F(4))~(in)=
W, =A 2( [ (19" dpf e 2 smzede—%%(F(3)—F(4))-(—i

) expressed using Gamma function and use following

A
V2
n)=V2Ai

(21-31)(in)=—V2iA

I\J|>—~

The angular part of W, is ‘[On e e *sin20d0 and is equal to zero, so W, _ is equal to zero

too. All matrix elements are found, and the matrix looks like this:

0 —V2Ai 2Ai "
V2Ai 0 0 , where A:ezw
—V2Ai 0 0
—E'  —V2Ai 2Ai
b) The characteristic equation det(W—E'I)=0 is det| Vv2Ai —E' 0 |=0 .Opening

-2Ai 0 -
the determinant, obtain —(E')’+4E'A’=0 , so therootsare (E'),=0 and

(E'),;=F2A=Feho .
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