College of Sciences
Department of

SLA Ul ga
s gMaldlhua 114, 50

ag2sudlloldl

King Saud University

Physics and Astronomy

Final Exam

Tuesday 08/Rabeea'l PHYS 505 Academic year 1438-39H
Thani/1439
(26/12/2017)
8:00 — 11:00 am Advanced Quantum First Semester
Mechanics
Student’s
lual

Name lal)
ID number el a8 )
Section No. EERAIPCY 40
Classroom No. JLEAY) Aol 48
Teacher’s oy e
Name DAl AU )
Roll Number waaldl) a8

Please answer all questions

1. You are given that the state ‘ J,=Lj, =LJ =2, M =0 > for two p electrons is
given by:
Jo=1j, =LJ =2, M =-1 >=%{\jl =1, m, =0)|j, =1, m, ==1)+[j, =1, m ==1) j, =1, m2=0>}

Find the state ‘jl =17, =1J =2, M =-2 >
You are given the lowering operator for all different types of angular

k,mk> = h\/k(k +1)-m, (mk - 1) k,m_- l>. Also for

two particles the lowering operator is K =K' + K’

momentum (K =7, j, [, s): K_

(10 marks)

Solution:

17|j1 =1,j, =LJ =2,M=—1>=h\/J(J+1)—M(M—1)|jl =1,j, =1J =2,M=—2>=

h\/2(2+1)—(—1)(—1—1)|jl =1j, =LJ =2, M==2)=2h|j, =1,j, =1,/ =2, M=-2)

(a)

Final Exam PHYS 505_FALL 2017 Page 1 of 6



(ll+l_2)%{‘jl =1, m, =00 j, =1 m, ==1)+|j, =1, m, ==1)|j, =1, m, = 0)} =

1

=

%{lf‘jl =1, m =0)|j, =1, m,==1)+L|j, =1, m =0)| j, =1, m, ==1)+

j=1m ==, =1, m,=0)+L|j, =1, m ==1)|j, =1, m2=0>}=

%{z}\jlﬂ, m =0)|j, =1, m, ==1)+[j, =1, m = 0)(2| j, =1, m, ==1))+

I =1 m ==1)|j, =1 m,=0)+]j, =1 m =—1>(l_2‘j2=1, m2=0>)}=

L{f‘z\/1(1+1)-0(0-1)\jl =1, m==1)|j,=1,m,=-1)+0+

{2

0+ 11+ =00- 1|, =1, m ==1)| j, =1. m2=—1>}=
%{hﬁ‘jl =1 == 1), =1,y ==1) 2 =1, =<1, =1,y ==Y} =
28| j, =1, m ==1)| j, =1, m, = 1)

Comparing (a) and (b) we must have (a)=(b) thus,

28| j, =1,j, =1.J =2, M ==2)=2h|j =1, m =-1)|j,=1, m,=-1)=

iy =L, =LJ =2, M ==2)=j =1, m ==1)|j, =1, m,=-1)
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{(11+z_2)\j1 =1, m =0)j, =1, m, ==y (I + 2]y =1 m ==1)|j, =1, m, =0>}=

(b)
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2. Three particles with spin s =5, =5,=1/2 make up a system. A)

Calculate the total spin of the system. (Hint: consider that the three particles
are combined as follows: first you combine the two of them and then this
system with the third one). B) If the three particles interact with the

Hamiltonian H = A[s1 S, +8 S +8, -s3], where A is a given constant. Find the

possible energy eigenvalues. (Hint: start with the total angular momentum
2
S’ = (s1 +s, + s3) . You are given that for any type of angular momentum (K =],

il s): K? k,m> =’k (k +1) k,m>.

(10 marks)

Solution:
A) We combine first the two spins s, s, and we get:

sl’2=‘sl—s2‘...‘sl+s2‘= =0, 1.

1 1 (1 1
———||=+=
2 2 2 2

Then we combine this with the third one:

1 1| 1
i For s, =0 we have S=|s,, —s,|..|s,, +5,|={0-=|...[0+=|==.
) 12 ‘ 1.2 3‘ ‘ 1,2 3‘ ‘ 2‘ ‘ 2‘ 5
. 1 I 1 3
ii) For S, =1 we have S=‘Sl’2—S3‘...‘S1,2+S3‘=‘1—5‘m‘1+5‘=53 5
B)  For the calculation of the energy we have that:

2
Sz=(s1+s2+s3) =S =5"+5, 48] +25,°s, +25, 'S, +28 '8, =
) . e Q2 _2_L2_ 2
2s1 s2+2s2 s3+2s1 s3—S §, =8, -8, =

1 2 2 2 2
s1-52+s2-s3+s1-s3=5(s -5 —sz—s3)

Thus the energy eigenvalues are:

A’

H 5 [S(S+ 1)-s, (s1 + 1)—s2 (32 +1)—s3(s3 + 1)] . So we have:

i) For S=1/2 we have

l l+1 —l l+1 —l l+1 —1 l+1
212 2\2 2\2 2\2

ii) For §=3/2 we have

2
H=Ah
2

2

AR 3 34w’
2 4
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AR*

=— 3 E+1 1 l+1 L l+1 1 l+l =
2 [2\277) 227 2127 ) 212

Ahz(ls_g_g_g) 341’

2

3. We know that for a simple harmonic oscillator the unperturbed eigenfunctions

1/4
and eigenenergies of the system are: z/J’EO) =(m(;;) 1 H, [Jmhwx]e""“’xz%
ps

\/Z"n!

and E’EO) = (n + %)ha) .

We add a small perturbation to the system given by V' (x) = /lzd(x). Find the

first order corrections of the energy eigenvalues.
You are given:

£ = (upol)= (ol rllas, S reals)ac=ro).

. (2n)!
H, (0)=(-1) (ni') (0)=0.

2n+1

(10 marks)

Solution:

0= Tl ) vl e () () 220l )= 220l o) -

2 [ (x)ul) (v av= 220

But for the wave-function we have:

/4 1/4
(0) mw 1 \/% o2k ) (o) _ [ M 1
0)-(2) el = (2] o=
2 1/21 )
of -[22] S f. (o]

e

BV = p2

oof -#[52) gl ol

i) If n is even (let n=2m, m =0, 1, 2,...) the energy shift is given by:
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-

wﬁo)(O)‘ _ Az(m_h) 11, (0)] -

5]l ) (Jm) sz{’f,ffy

ii) If n is odd the energy shift is zero.
Thus only even states experience a first order correction to the energy.
4. A)For the scattering in the spherically symmetric potential V' (r) = Aé(r - R) ,

(where A > 0 a positive constant and 6(r - R) the 6 function, calculate in the

Born approximation the quantities f, (6) and do/dQ.

(8 marks)
You are given that:
jf(r)d(r—R)dr = f(R)
d 2 2 .
d_g=‘f(6)‘ , f(H)——q% [ PV (r)sin(gr)dr, q=2ksin(6/2)
(10 marks)

Solution:
f(H) = —2—nZ}rV(r)sin(qr)dr = —2—nZ}rA5(r - R)sin(qr) dr =
gh™ gh™*

_W : r(S(r—R)sin(qr)dr =-

2
do 2 2mA4 . . am*A* .,
—=‘f(9)‘ =—(WRs1n(qR)) = v R’ sin“(gR) =

Am* A*
4kh* sin (6/2)

R’sin’ (2kRsin(6/ 2))
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