2.3.8. Electrostatic interaction III: Quadrupole in an
external electric field

Consider the following classical model for a nuclear quadrupole
moment in a crystal lattice: A rectangular parallelepiped (height
A, length and width B) carries a charge e at each of its eight
corners. At the center of the parallelepiped is a homogeneously
charged spheroid (charge @), semi-axes a and b). The symmetry
axis of the spheroid forms an angle 6 with the A-axis of the
parallelepiped. The center of the spheroid is fixed, but the angle
0 can vary. Let A > a, B> b.

a) Calculate the electrostatic interaction energy U of this
system to quadrupolar order. Show that U can be expressed
in terms of e, the lattice constants A and B, and the
quadrupole moment ()33 of the spheroid in the coordinate
system of the lattice.

Calculate the quadrupole moment Q%5 of the spheroid in its principal-axes system, and then calculate
Q@33 by transforming into the lattice system. Express U as a function of the angle 6.

hint: In general, lining up the principal-axes systems would require three Euler angles. However, due to
the symmetries of the problem Q%; and (33 in the present case are related by only one angle, viz., .

Find the equilibrium positions of the spheroid. Make sure to distinguish the cases of prolate and oblate
spheroids (a > b and a < b, respectively), as well as between the cases A > B and A < B.

(15 points)



p-3.2.8-1

2.3.8.) a) L1 £T16 » lovde U polul diw bo e & Soven

1
)
k
lbe

‘{J (P(X ¢) = € C 'J(n, = € ﬁ‘/%*la‘/(l ’A7*Z§LL.

14 (4 |4

¢ I
% 1- - Sl
LP(X] &‘% Sml Wl : i(

“& W\AtL

' 0 0 L ot Twe
?t¢.13k)x f)l g g)«{o i QA 4(/
) e 0 o7ty Pott. 15e ')
- UL\.\.
2 8 fod IL;.!;‘ : N
0 = 5 ( L)
$=Hee.= 5% e & = TR
\". x| ALY it s "(41 e ly
'F\M (0 IA. q ";\ —z
& | %
l6e
AN .
2 £,
1t _ — o
LSl ((wuf Y |
LY b \ QC S L U, At ';: BRI
.) = &Y:: ;,;-8(; dyro)- Y,kah -4 -0 = :—‘)




p-2.3.8-2

h"«Q"’: M‘l-—u (.-X':P va M«. ’3_00/'—\,{3.)'(\ PRI 0',' Ao ;;'3""4""‘)/(
[

I N ~ / (

~ U Ledt o
A Uy (2, 2T ST N Y

!
) .

kY ) =
n) e M a’)\»\-\‘sv( -y v\\);(\, o(f N \(:-(vahv( Un ‘r‘ﬂ/‘-»',sv"((,

hewer L U 0 0 0 A
wr Lo d’"‘w Q'{-}-r— ‘1(; 3 )
) " o)
; QT?--:N(‘.\M,. b e  folliw v:\x(% ‘3 Vncal Grom o/ rodoll s

e o \l\'\l\,\-vg i\ Q(/\(\vw- e O‘:” Ld/l) ) x
2 "- = k_ XLL\ A B("\.

) ! ! )
53y * lu&iﬁﬁi +\Auau\)z *B}:&::B::

(;'\“31 - + 0’5 {h)z )1 -2% (hn )L

@ = 0:? ((53( (\JL) (h): (W

1 l
o e et e s B

vl N wend ol

./‘"‘\) (! M"'v {_’—QH:‘ \h‘(,( L(,LL - C)(l;, ~> Ellt me’

r T ~ ]
~> Qg = % ’;I’Bhl —\Lﬁmll = ‘_l—;m(ua
\F\L JA / Pm‘lzf(“ lO u'\.(,( % z ’% (SI'QL)

U gl = () g ()

Qi 8& Fg (A“Q1) (o™ &) (Yw'f -L)

ij s T




p-2.3.8-3

3 l 4 . .
-.kL-'_ ta bvvxwxwx %\;J ‘Z'!O \
&> Fe T \\

e A vaJ ‘—L’--(—
=> S - 0, %

(s (& Q> 0] ~> B G westen of ”fo
&

S-E o (Rl 0

Fe0 (4% ) (e5") <O
va(c,!m s(.xim\h'o( (0’5) 'l ‘
SN I N ——~— —— | ‘/\

0:10(«. (Q<5 ) : ,‘lf(/\lk a\-s. {'\rO Covey

N —

(0(’.\’51, )

6 & <O . t/&/\; L‘(\-\ “'\J\) (e 3 G&lr‘. X





{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}





