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ANSWER FIVE QUESTIONS

1. Describe the Schrodinger and Heisenberg 'pictures' and the "
mathematical relation between them, using the notation HP, A,
By, ess for Schrddinger state function and operators and f a,
LB, ... for Heisenberg state function and operators.

Formulate the transformation from the Schrodinger picture
to the interaction picture, and explain the meaning of the in-
teraction picture,

2. For a case in which there is elastic scattering only, the
statement of the ‘'optical theorem' is

=/|f|2 da = %‘ Im [f(O)]

State the theorem for the general case in which inelastic scat-
tering and absorption occur in addition to the elastic scattering.
For the case of elastic scattering only, suppose that all
you remember about the partial wave formula is that it has the

form

£0) =) F(8) (e*%-1) By(coso).

£
By applying the optical theorem, determine the coefficients F(d).

3. For a single electron in a central field, we can take as
‘orbital' wave functions f(r)Y$(e,¥); these are eigenfunctions
of L2, L, with the eigenvalues l(Z+1)ﬁ ui. The %2 are nor-

malized
/|Y ?da =1

As the spin wave functions we can take

((1)> and (?)
which are normalized elgenfunctlons of 82 S, with eigenvalues
L(% + 1)R2, 38 and (5 + 1)K2, -34, respectlvely.

Any wave function can be expressed as a combination of
products of orbital and spin functions. A function of the form

a Y4
f(r) L

u+l
b %L

Y
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is an eigenfunction of LZ, J, = (L + §), with eigenvalues
2(4+ 12, o = (u + ¥)A. Find a and b so that this func-
tion is a normalized (Ja|2 + |b]2 = 1) eigenfunction of

-5 -»
J2 = lL + S|2 with eigenvalue j(j + 12, j = £+ %. Also
find the a and b that give the function for j =/£-%.

4, A system with angular momentum quantum number j = 3/2

is in the eigenstate of J, with eigenvalue mh = 3/24. Find
the probabilities that a measurement of Jz1 for an axis 0Oz!

at angle 0 with Oz will give the various values m'i, m' = 3/2,
%, -%, =-3/2. Check consistency of your answer for the values
6 =0and 6 =1,

5 In Dirac's discussion of the connection between bosons
and oscillators he considers a symmetric operator

Ur = E: Ur
r
which is a sum of one-particle operators Ur(ELKq 2), and ex-
presses it in terms of matrix elements of U (?U(q ) between
one-particle states and the operators n (more commonly written
a*) and % (commonly a). State this expression for Up. How
is it written in terms of the 'operator wave functions®

Y =Z aj uj(q)
1

and

¥ e T ar® uo)

i

From the relation of a* to the appearance (emission, crea-
tion) of a boson and of a to its disappearance (absorption, de-
struction), show how the probabilities for emission and absorp-
tion of photons depend on the number of photons present in a
given state.

6. State all of the selection rules for electric dipole radi-
ation from an atom with Russell-Saunders coupling. Which of
these rules are rigorously valid, and which are only approximate?
Under what conditions are there appreciable deviations from the
approximate rules? How do the rules for a one-electron system
differ from the rules for a many-electron system?

The terms that can arise from the configuration (ls)z(Zp)2
are:
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em? s, ¢em? 3, @ep? b

What terms arise from (1s)2 2s 2p? From (1s)2 2s 3s? What
transitions among all of these terms (of the three configura-
tions) are allowed by the selection rules? For the cases with
terms that are triplets, what transitions are allowed between
the individual energy levels?

Final, May 1961
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Fhvsiecs 251ib Prohlem

165}

bl

O
1. Aﬁoly the trans£Cfmatlon fL“vtign ©Vip!) to calculate
‘xiP ) from XA[ Py o= xPs(xt . 1),

2, Show that the trace (sum of diagonal elements) of the matrix
of an observabie is independent of representation, i.e,, that

1 1) = iRt

NS RN AP
! !

{
and that this sum is equal to the sum of the characteristic
values F', weighted by their degeneracies (multiplicities),
3. Show that 1f F anticommutes with on2 of the complete set
of observebles €, i.e., if Fy, + {,F =0, with ¢ = (

le

; :
i

then

1—!!F|'!l = 0 unl Tl = oo Y
(xtiFet) unless %! £

40 Consider a set of m states (ﬁ\qk’ k = l, eno M énd a set
of m states ¢“ak’ k = 1, «os m reldaced to the first set by a
unitary transfdimation,

m
\' .E « a"mak
Twak L, ‘f%aj (? J;J )
j=1
Consider also a set of n states C& Kk? k=1, ,.. n, and another

set of n states ®,.., k=1, ... n, related to it by a unitary
transfermation, Show that

n
ailalebi (0., ai bijy|2
3 s arjelih)2 - § Y [ 2L [E| D))
1 j=1 i=lj=1

N%E

('Principle of Spectroscopic Stability!)
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Phygics 251b Problems, 1961

5+ Show that when the method of partial waves is used, the
formula
& = AT In (f(o))
k

gives the same result as was obtained in lecture by integrating
the differential cross-section,

G Show that £(0) is purely real in the firs:t-order Born ap-
proximation, for a static force-~field V(r). Obtain the result
sin2k {F-r!|

kzif-f'{z

6_.. - _Ln_%- fi‘d?d?l v(r)V(r‘).
Al j

(a) by intesrating the differential cross-section of the

first-order Born approximation; Averasa evec adl directions
ofF sceaCtlerang

(b) by using the second order of the Born approximation
to calculate Im (f(o)). Average over all directious
OF micidence,
7 For the case

V=0, r)ry; V=V, rir,

IV |«E, kr,«|

calculate the total cross-section (a) by the method of partial
waves; (b) by the Born approximation,

/4'/‘3'"1.32. = "é‘? fflad N 4 e .

g Sawme us:o( (1“ c’(?‘ﬁc‘{wn«s sulic e U(’L\ sf'llenc;a_”:}
SW wmal trie.



4301 .amaldoxd JIES sakuzdl

orl3 (hoew et esveow Isidrsg Yo borldom od3d msrdw 3s8d3 wod2 .2
A p siumrol
((0)1) mI 12 = %,
\ / S
cnidsynaint yd syuissl nt Renipido aerw es 3fuesy smna odt esviy
fr0f3nsz-gecys lsiinei9ilib erdl

-an mrofd wohyc-i2¥il sd3 mi Isex yIotwg 2t (0) 3edl wode ~ D
3lvest 543 nisz 0 J(X)V bistl-sni6} sliiedas s Yo}  nmcllsmixorq
q:-_sm. = )
{.( Aﬁ'n’

LIRSS I

vV hsh
Soqy S5 | -

74

orl3 Yo molisee~=20vs IRE3me¥ol2ib odd aniisyraint wd  (s8)
inciismixoxqgs mycd yehio-3exlld

not3smixcrqqs mxod edd o yebro buoosse o3 2nieu wd  (d)
: ()Y, mI s3slusind o3

sass ol 107 " 1

XY V=V ex{1 O =V

POIP £ BT )).-i OV[

Int3teq 1o bosdtem ady yd (s8) noliose-zeoxs Isltol sd3 sdslusiso
Jotirmtxcrgas mred adl yd (d) jeevaw

()

N




$Ste ewl # 2 Pesdl| & s o
Probleses &— 7 DEAP- &
P > e
3 Y6/
Review o/ the| Mettwd of | Partal Waves
o A F| e HOIRESERFEIV A CRINON
" ’ ‘
(2) | Copsider  Hhe| pplontial Licld of | He| septferes
S (2VLen. &1'3 Ca'lMM o g v (e 5 7‘ ﬁ":
rapidly | wiet r cveh i sowme | |
Vo= ol > A e | | ce Ve write e
d

M%ﬁ_u_&z_&' . ; av | lag A 2 é_kc_gtjrm at | Yhe p

T

&" 5',, BJQ Pr (es 119-3 (1)

wheve | | i (4) =0 I R I A EL TR
@) For | Hree |(2) Slentes lali- | expaiidre bio (A s -
Bree ((2) |=| | |20 Ce |PA (ot u) [ A2
jrre- Ae (7] =0 " ' ¢ (1 t- ﬂf“‘"’” AT 2 A3 | 1

4 {2} v | le| lexpdaided! | 4 H., Ae demolve| | o

] () = Z_;J e | B (¢ag2f)
aLCO

(=) L. ] =_|B s )| Zolp)| = [ Q2| P (cosd) &2
'j_ 7 i =
- . P 27 B I O O I A B
+| | Zae B |(cbsp] (& T B
» /U SN === __,-<r— r
4, F o L [>7? Jul b > e | ool egule A,
| becine
Ve ¢ A5l £a | ¢ Vo |~ | s (#n o+ Ea + de
Uy + A e B & i e | s v (% f—é.n.])
bere “Yhe @‘M_se faecters | |& _7 & are | shosen
) ﬁé& /L(_Lfo’l (J) el l
>y g by 7 Azaly A=
() | 2] BB ) e T T4 e T 1 18
= ~ : 21 R J
o /4 /2 )
= L Cel B e 1t T P il il
~ D P | A

=t Fl y =5 D S S SHEUN S DE S L-.-F—L-—{ =




| s
8 E"Ub‘; 9 e 'l < hb'& Y
banL
B I Cz (X
Bad 1™ =l |delelfT TH hd
iz 3
0, e (ea|+2d2)| | c gxém i
2 ] 24
ot = [ e lefT T def™ AN | [ &, [eTT°
a4
(9) Now - =00 R (cols )| St (hin |+ o) =
7A- Y4 P a Ll | d>na.
Us =3 @r— 3 al 7‘.;, | decesdr L
!
/}_ Z Sy | (hal+ e - g‘ 1 /
22 s J
! (
10) I 17T Lo (w) Au 1= i § e 1" Pl (
& Lka 1L 120
(
= il e AT (Bl Ll
=1
- { A A | 1 ( | w R 7
= — e Pallat) || | — || e 2 () |
E GO = R [ =
pf - N
n Wi A ) 6. r” A)
- |
/‘u'( ler | /dew Tes!: 2 -—,.L) = (1)1 (4 A
i : -
R e 171 Al dle] |= Ll | [letHr4 Poin) L (
_ <% e % 3
' C—Ichc _A»;L,""
W) Qo | g0t (Fen +€R)| |= 244y [T "< di)]e |
244. —L -
Q'\
= 24+ k st AL “
P Cae N 'e )
. C:EF = 28 +) L ever | €e = o
= 2 L2 H\ odd | Lo = A
= i
Aot |0y =] [z [P oL Tem
t




cs1opwment %2 Fadl [ drhdt
Contivnee ’ DERP- AP -G
P 25l
3|- 24 -6 /
Pro blesn
T inved:
[2) L’ L) = 7 :?'Q:' O @ T T 1T guke fa) |Pd (lesls 48)
+ | e (2 TF LA [l & AT
s 5
() | el =1 [{leeo) dn| [~ ; P (L) Sendt dP Ay
)
= 2 ) g‘*(”) 'wa‘ S 4 A = 2 ‘)(-g_*_u. .’ﬂ(.u.) 4
e RN ' 7 | (bale) (e )| e T 874" dud £2 lsdn £4
3 s —
5o (u)| P’ (u
ol
e w % (] Po” (o) d = = Lo
- 22+
o) | qgr £ if; 2 (2 8+)) | gun® Sy

/“ )Oan) ‘/40‘ Sare rcs-'//%' A %__ 444 _elS O{ 7‘4: ornu/
i 4 3 o = ?’r [ 2,0
T = _1% ey £ L || 2 NN IR
(17) (o) & : = [(zev) e T swwbe| ld)|
. ol et L % . g gl 14 | 2
(’9] P { (o) |=| " ;‘f E- ?«QH) (leop IS0 +| & unf& ) lsm (S
4 A =7 n 2
= 4:__'_»_42_.’:_(12_4-(-)_ Csudde il /,,
- -7 ’l..
f/.q,é “a = £;_1;. ;.:\ 24 '*‘ﬂ_ v f L | u__)___lé_,-héﬁflﬂ r & /
. 7
A__AL.% L/




6. Keview 4 Borm 41 rpiineeTi ot |2
N (1) Scaltferrer | /-//_g’,%«/ﬁ) = | W 4 (g)
(| (§) | are *he| |scatterer elgem Luvetioms | | W L A A1
\J 953/;«1/4/&‘ ; o d /‘7/'4) v/‘ ol «u/ ¢ XM
Gl | Particle Syme Fra re/ug N P 4441“ corers
1= K 2L w, = > 4 %p-2
2| ne 1
Lol Hy wo = [T or. Ve 4+ hiede =l o
%3 s = j.%'l\ &lé' Y A
A% 5 Shex — e I Sl ws = o s |= | e
— ’édﬂn'ﬂ— g b5 = 1“;—*#:*_10‘4-
(2) | Dhrteaction | pertdr balts il ¢ V('l'?“)
(#) 74 axnperforbed wave 'du Pl Fer He | Lornd |chstasi
/ 7‘,:4,1.’:-*14. s He oo ec 2 A separate s s [Fe,
ave| furet
A = @" i M (?) 3 whnere | g |15 |He 1417/[1_2
5/fate VAR rca ftelrelr,
e
/57 WE 7‘515.3 oL 7uré<‘4_/ wave e?ul_a.,‘uu i ¢ : 1
¥
=W et B L (W) Y [+ (o
! 2 na 3
(e We | hwake | wtdual | | pertorbatiee exXpamsient | o
vhe r 0 late vave | fome i
PERVEEPEENAMN Hed e .
We s dev vk M-ﬁ\—\:»u\"u% V'iz;gﬂ as | od fr;T'
ocder e ,ct c.‘ik
& e bhe | fins? lorndec|:
S0 [ Hlig) = (wae ) Gl (= TV ) e ®
or, o ¢he Y order :
S S O T L PR 1 VD il
¢ "rusrﬂr the | M ¢ e X parided s igh ol | the ‘/\___
+ie - ave | foteetioal:
Plas ) £ N 1Wﬂ—) Al (f)
Nole| |#hait"| cmern | s | lcrgenved v:Fi W |+ T = lergtamd




#5316 t #2 %2 solkosits
ritinuie DEAP - AP IG
g e T
Sr24rG@/
17N Pro blep] €
C oty
(9) De Tie: _;A ( Wawu = Wi +T =| tx 1
Wie £ = L I @ L > =)
1V P J () | tmi(g) = | E VlA,g] 2 Ve, () dw
Q v T YT e %
| le) YEers VA orthamornnl “'-1 £ v s 3
{ VAR L':\L;M% v (A = et | A 1]‘_\::-?)111) :4. (3) V(rq) Y. (§]
~ [S] - A
(i) Defane the, PHS| o Gel S 123 7‘“; £
) vt 43 )| 4 ()
- )
| |
(12 e | chnlsArdet | phel |solbotirn'| Vhtodsh | fhe| Lsle | b4l Kobries
Framsforins | lamd apiprio prtat G veends [uaelion:
N 4 . =A :
T) Feaql= ROl = 1] < T s ddi
= \‘ 6»’ '/Z'}i Cj.])
J
1 - < (ER ¥ 3P E =
!Ll‘-l L= = %Er‘g _,{S( E,A_qg-,__c.r;fj L_C. X OtgdLPJI
| o A= sl el T fl(p) dp il
3 23—+ <
T Y (S| sl J-Z;’%?’ Lh!‘:‘l‘fs_ﬁ-__é/_g_“ B ) P [ Rt [N (NG TR NS (VU0 A =
| T 7T “),(p,). . Wiy \-\)i) 11 —-—:;‘ = W (P)
;,._+1Lm+.=‘ __1.: s t‘n‘h\-
] I I I T O _ L L L]
. o™y = | { Pt /-1 O I
= I [ 2?” ,_1.4_ ,_4/3’1‘ .-,‘F ‘_ﬁ'.‘_".i'f_ = S [ O P A},,_q,
e e P e e R ]
1 U LB = :‘W\ N LN - I |
. | e Dttt 72D ol l 1
A [T a =[] [T oot o ¢ dedr
7 LA BTS2 i e .5 S O S
—t ¥/ n—i) <os @
h’ -z |/ = 7 o A (cdett)
o to| [ - [2.3] d
S— Cp 4 -+ — .
i = 97 swe pla-a o 4
EEC LAY i r L
. il O ol ikt B 5 O




S L o4
0+ ] si plla-ar 4, o I suvn p \R-RY1[ o dia
/o oF. L Eoe 2l \/57— = sl
/0 - ’/?. '/L
(,w—z (p-4) At - A,
(7 s p|A-n') ] ("1 ¢ kA 'ﬁr |7+ A
! J L kL P4 ao'D = - J )Mﬁ‘ﬂ—ﬂ ,4 T b Wﬂ
ARW TN T T T T A%
+ -G : L
| - | |
@ g | o 1 @ | |
- | | | f | "LJJ
| | N
| T P,
S Ala=al I o\ li-atl
) |.€ dp \| e T b
—-—ob J? -+ " = 2 I
RS —AW-I'-“_IE
3 AT e o A A
= 41 [=4
= Jﬂ'(capsﬂtl!—.zSMiH) 3 =l (Co 1 = la s )
® = méos Hlasn| ® =| T costiarnil
- @ p fr-nt) '
i5) 1., | le ;Q' - L oS LA | 4 8 = 2175 eos
{ Tt L4 AT -7
(%6 Becavsle | we re | wtedested 1w | e Sleattere
w @ 7b}ura o f' e 'JV a*auf/ e 2 x.;,voaq,'l"a. 2 r-7!.
the ledsure ol btalo -
@ —- Tt L “n ):; ?:r'!
S ed—ﬁm/ J?j_ = ZTrz s [
o \/?7’ = ‘mt\n. é Iﬁ"JZ."
a3 QAZ qu'rr'a'/rqw 3 {LF%S- ;[:«MgJLrW-,
= =i}
/7) I 7 (o) (ﬂ—) =] 0 | 4‘1(’5') R PYE I B A g
/ \a-')
where | hia) = 2;'1- : v wy Mo (3) | Vin)2) Mn|(2) ig
T m /
/3) o w, | vz, ) epemals‘ m/q | A we ye ;4;'4 a e
qy_ctuo m»ld-u\d o; whe
hiz) [ = | 22 Vi) [23™]" ta)
; . s Fw  {R-2t}
NEEALZIREIRSECNE D ARZINZ SIS '
4r y | A -2t




HAss

(G MWe

w

Fibree

E A

238

W9 o M

— 2

£ |2 |vle

G

+h

e | fivsH

Bor

{ 1'10-“

(ot~

(I
\t

(N

ir)

(

da Via

(2

ASSw e

Via)

V4

lurge|

La

és 1‘}'4 / g

#s

'f'ﬂrf

A

N8

i‘l/

e | A

] T‘Q%—

A\ =

3|

)

L re

111

s

£

-,

Via')

&)

Ay

1S9

(o)

L9 w

1%

Yhe

/S

\\

fe

Y

e —

27

il
1

V(2

c o3

/s

o —

0

=

A 3]
Al
N[

?b' |

B

|

N

1%

-l
ol ¢

b

/¥

/5

18

< A

‘hH

PN

H—




-Iﬁq‘- v‘ - - ‘Z’IM.. ( ﬂ.?. V Al < At S z.‘ "‘M -t'l}
i’ Z oA SLaE 2
¥ [~°° [
el () |=| [—2we V| 44t ' ViR) /
K N /
ch 15 aéga S Ay req ! '
= B T pe f = & {0— :I] 7
qsv/ o e) = ] - } Y V/ﬂ'} <
r7) 17
| _
M= TZm [ Ui | vial) |&* [*7%71*
WAt |
- , , - 20 E-A W IFLI 8 ]
fle @) = | [ Zitdan ) Via) e :
2 1
Howp  averase ne v /. directinds | aof mwic devce
_ l
= T ’ This | ecoam | b M| givice
] : all dire etiohs - wied ducle
y are | @quivalewt | duel 4o V(4)
: e :"'-:u
p ol dev | \ ‘ . A [ Re - (T T KL R
SN J
L YT TH - T Y] =
— |~ 2T e T ' d (cos 4 s sur o | A/ -0
4T % to 1A=
ped o ravs - -
= INADINEENESE= VAR o V@) N (a") s un [hol[Al-A"
fy-v z & ) = ey
J ‘ ! v hol 1L+
m
( VRS-, - LA W N P T B
b — y 2 a3 f (= ¥ { -ﬂ_\
e | -
9 4-’ At = o J7A] ! 11=7 raiza|
1 u| '—r_A- A 2 e = V=N A i
/ L)

Il

Bact S ce e S d.a:{' tevud

.,
—
e
-
I
»
.

LS lastie

an

\jy.x..S: 7

5

N
H

o Ve Viwd) | et R

(A

Hlly
=h




_)5“/6&'"&" # 2 Paull | Grduwk
Orntinve PERP- AF— |16
Plzesib
-2 -6
B VN Pvo ledan
quv.‘a ve
G Rle ol | Kvbrmn | led4dv o | e lastic caFrervng
= g7 ;
¢~ e* T (gl v | Jer et )
4 7 Rl
oo rp o eed Yo Yhe ordey :
. T i N
? . "i&_?o _"_/uu) } (z)
& Sy,
A il B == Upe [ (A) | M@ 1
@) Fyowt 0 =9 okl (8D 4
AN+ t)
v &l | [ Z2yel || g [ Vil puey] ] T 1
A et
= 2 2.
739 =] | L2z del V(e c.’*’“"ﬁ e =TT
T ] te) /= - w5 8 7 ik T3P e 2 P e R D REY
(&) 4. PR = v (Ao d2” ve) vi2l) e >
AT ) Zrafl A=
() | Mekwas | He Sassc ) s§ o map tiohe] | albou |7+ &' WS | a
al. (2) e ha.w;:
% £ 4,’:2(":“7#% At a
AA) (= | e w [ datdar NeN(R) c 5
| B O A I B S INEEN &|-A"|
s ck S - e - . " "{_ zl‘\ -7
| =) | 18 = = { Zdion | Vie)) v (af) e’ “Tel* T
sre ke )l et -7
—-—4— R e e - —-1 - — - B
(6) [Mgus forl |Dte=le] the | sceattered | puve Ls o | S|t
L ld et as | he LA+L£ ot ve.;j_.__..é.,ih},,,,J,,ﬂuf-__‘ﬁ ,
. : - L. v, =)
.f(o) + AT rr -t — \/(Al) \/(n")_ AH (K- L o (|
g /1 i ==&
@) Averagumss | gvev all | ddirectiner £ | mcidece ( equiv lewt | dbe Bo| V{4)
s 1
- ‘-\L" ~x % A > S = | oy %.—‘ -”"-'!
e L =] =1 e
— T = J
—l%
TR TRE Ao - Lo ]
i o S B _; Sw ’A. = l 3 C A’lb = \%
%o |- A" 4 |zi=z] |
EREEY IS e O S e | SRS IR PSR, IS BRI 1 =" o8




R M K{'ﬂ' (4") s w l“{l-i”l l
= 1z4-J"||*
5 = ) ; ere fars -
"H“

—

'S
|

N720) V(‘NT qdun |ar-A
| )

> l ==

b e




Assi i nie 7 Phoill | & +
trmoed DIEAPL PP |¢
Plzg/ |b
: 324
' ] .
1~
¥y L -
_7,;< ) F 1Vean |y ,Va << E 3 = i &
Pl
o = 2m E
fo =
Ao VA
a. kL \LL ,;ro o ¥ ew | & o ‘”’: Zl' (2441) st 84
The | @r L_/?_g: 1 ere;,éa_p:g_‘ #s ;fw L Sa
- (z) Eolr < Ro ! ria) + (e —1\ i~ L1 +\l? y(n) =
*F | 1T AR
Aot | (A & iiﬁ: E - _-:_’]PM:I L >0n) =_5
where| vir) = 4R vite) 20, |
1 (3) or | el (<€ IE and| el del 1| [ Hhe [pdrhidle] |alt| A
o For A & A se provcipaly | a.ﬁ‘p;g‘-fg.
P i&vb"’tbl amd | does ot | A gpro Va seatetrer.
2 P oth [ e gouatiovns (2) be e | SAet € aa +he
1 4 hace | |differesme betuw shelr lotuons| | ¢ {aosT”
ZeYro | aa 1§ | wee Lieibl However | for L =0 1"AF_ re
! W) ‘(’h !_‘4.‘ @ teitio g | ‘o ta e B
Poteanall |e 4\’: Y +tervm s | Zemuer- be
&fle-"..a - w.e YLAQ% <etﬂa~_ e ‘,’,4”' //ﬁwd— /r}"‘ 2l;
N LA VAl (v xTvila) 20 | '
TPl adaed Tt [ 4wl pe T 1 L1 P T T[] I
g— ) __4'__—{ — b S S, Sh —'L—’ i " — :"—' :-_ .
kv H = Vsl (Rt vedl | .| W= || EXE
v ) v U LS
L@ For | Adpae , the | seloTion | dhect] satis fles | Hhe | boondary
d@/ it ] (A=0 is |t
111 1 v = A kuk e 11T T 1111171t N
|
| The Zet ¢ Seo lotron Co nA2Ne| 15 L ’U'(:—J‘i:é— SMAJ (ber + 4—\9
| | )
(d £ V"A e we [_.2 - £ Mtw A Y '{’2 4'\»&4. +l 3 s ﬁ G
- .Tf w\.c."’;krwsr__a_) T na-ve 3: e yor Mvovs| | ac 8's
I = No .
R | | HA core (hro |+ 50y | | |
|| St K2p | | 19 *|la, 4| &4)
il \‘Jr N = ‘r' e
B T O I I s < _ P 1l T2 lFgeirpe) | [ ]
< =




- | l |
(@ Since Wel. ¢<|E| | /b | Ab Z2AR75EARIERARPHN
thvs o must | b s wralll,| a be| seen| {re
Fockt | Mt Hie | Juwp | splotine i bou -y ol
? €g0u . ere A ,/o//fayr 7/rm~ Hhos aa A
w.au:f Viat Tp <41 tH lwe! e 2 ol |4he 7
A .JD b oth a oA el el 7[/ ¢ 7 /’ew
erwmns L yrde b Los ,'hﬂa\g %
H ol + A‘(’ﬂol/‘ +H - = ( Ao +‘&\) + ( Sl +“fa s 4| e
V.4 3
*
or: |No + ‘.i‘ﬂm-/&g = Na +H '§,3“ + J;'i' ‘Lﬂ—ﬂaa
a =
ch = ...l—-- ﬂ"—\ L) P
“h| -1
So | = - (I - 124) See motte| At | eawd| o |probl/em|!
) 0 Al Al e 27 {2V ) w2 | 4 | |2k L
W 7 : =
4 \
o = ek Vo = | -2 (23] (|
ik 3 )
(8) qa #I ;: (22+) |sut Xg = 7::_ slwl S L4
B \
Hote | thet t| 4o = dzeel (4% (el = -5 (ka) (2]
“ue
o;i'/e,/!- 5 '7‘#/ p L<| | Se !‘4-»2."' < = ,C, b ey ,‘
A
A C- = 4”— (‘k-w!a\(‘ (-%—\h = /6 '1»1(,1 VO Ao ‘ ¢
% \ &/ ? %! ,
A Fhdt 2 v d Vhe | alel, Fieres | f WA; pre [ /. 2, fe ¢t o
\j does - +' “-;L :e “' ‘HML yf,sUZ'LL,
b.|(t) B o the, results sl Jectur M sl sde MF < G;
Hid e [0 | thE coe 7y, F At I a sphers VZ
s? e Q: Yo L [ odeder Yhle or (% X (wdaXi e 2
Ve i L
Q}(ul e LIV T TTT T Ve
n
which | reduces | fo | ywndar| 1 e %J gheirical r —‘4#:
2 b Tiie .gbr*obL?u 4% |
e r *3 -
() =] 4 25 A af] VT ] s o= T A
“ % =
Ll [®e %
I -




Ass 'HJLJ;.JL* TREr C ™
Contrnogd DEAP- pP-|IG
Plzgsl b
324 — ¢l
AN\ | Probilbuh |7
T Ceortu !
b, &) o \J = \p 4 £ Vie lT Mo | ¢
o
{ ()= "'z‘"_’"v" ( ' | cln lho k)| 2/
W e — & %
(s) Jf PREVNIARNY
a
[ ] . T\ . T 1T 13
-t kz ‘&L = N = swa (4o =
= ldd’ B \ (,{‘_} "
“4hoth ‘ |
| — Ne | \WP i
Tl 1A ¢es -t |a + tol bRl atn’
14, %) [Ho-hl /o
= | L T Ll il |« s %%l
1o~ | ‘ |%a —% |
) Coviscder | #hel |vellahne | hetwe ve | 4 | vectrt | o
| #h smeadett &M & 1”_1%5:4 ayves
=k q; /; . -{
—T Y
Jmwee 1“ 54 a.f’ rivt 5 !f:[‘f i [1'uf1= “.!_ 'i.a“ t 13 ‘,I
4ot h ordl of L lave | ad lwe ve | Wrpm e
‘Q'Fl -JC“‘r J}—
11 TR = 24 e g | [ |
— — s 4 —1 | L : o o
] -] () = F2dwiVe Ao s (2 »-‘*‘Eﬁ — | (2% S0 S e B | o5 (Lo sl ) (‘j
i 1] { Arig_qu/.zn}
. M P S 0 W 55 P O O e |
M T
A lp {
(e -+ |if )~ 4 g el fd AP
| ) |
i AL 1 1A ] | |
B ALE E@)" swmur A = 27 ||| |F(zhesa %) | sk dob 7!
(] ol 1
| bl
6] | et e i s b EENE |
i = |Alre gos |V AV AR | Sttt ditt
T Swn |Vert*
P st 4zt | = 2 QA- N
B (ire)® |
| 4
C P T 1= %




'44110
= [ 25 L )™ -
L Mo }0
‘i‘kla
3 2T i 2o Sl 1 \ [lspm¥ml + (24t semm cosan |+ 4% cos e || L
(hro)® ( = [N [N US /

‘/ew Sowrée ’VAA.MAFG LJLIM.
¢ 2hAo e
\ ( - \ F = { ~ - St Hrke L swm* Ut ro
Ja ¥ (2dhe) TR
[ Aend *
[ B | Swr BX 2 st X
< * N % x| @
re o Il X erbivk | 2 % 4a byt
118 fies Ay |24 {]¢
- ! d - (4X A ZX) =] 3 S %7 s T 3
= 2 X I L _ | (x- & F] -& )f?( R
X X
b =+—1 - M- & | + = Bty EEE { x 27 4
T T R 2 x> 2 X Lxe 57 =

N A N o 14 1 | L ! L I L Ll

% i P S s M e e | g T3at T i
— 2 - | & L [l | = L - s L =
Ved ¢V S T =g =
T /

— 2 T homF Vtﬂa ) Al of = /G Tt Vol No | /'

hie K| 15 | vhe

sarnc rads we __f@ﬂ - tae 2 vas,

" | A (4 /s

~
)
(%8
(]
1A

cte / Mt

\
P-
® s
~
F
N
o~
n
X
oy
>

Lollowinae!: Sluce | Vol ceE e "

e

W
N\

Jﬂ.’/.o o= | ke .y eguatio] a. (s be ¢ rwe

o [Vhin - | 4 M.(L/Lo-\'go)

So ’[’or‘ X3 o | he | 4ree ve wust | lave Jo 4¢| |1,
3 +hat S¢- Ao an dsto)™ Lo re U# {ess
¢ (klna) @, )
\\ -
// J
(200
87

l-\ \




Physics 251b Problems, 1961
Gfidt |as

8, Beginning with Vs

jmaximax and using ladder operators and

orthogonalization, construct all the ij

ducts up; Vp, for the case j; = %, jp =71,

in terms of the pro-

9. Using the relations for infinitesimal rotation operators,
E,x = -y, Ezy = X, etc,

and the fact that these are essentially operators of differenti-
ation, so that
Ekuv = uEkv + kau

show that when we start with the function xy just four more func-
tions are required to express all effects of the operators Iy
within the set of functions,
“rite the 5-rowed matrices ﬁkﬂ that express the effects of
/a‘

the rotations on the one-column matrix i j of the coefficients in

the expression
axy + byz + czx + d(x% - y2) + e(z2 - x2),

Find the products B/ [oqE iy IE pouhx,, Hh o Ezjl, etc., and
verify that the values of the commutators are those required by
the identification i
uk = -}- Mk °
10, A system with j = 2 has been previously found to have mag-
netic quantum number m, with respect to the z, - axis. Find the
probabilities of the various results mh, if the component of
angular momentum along the z-axis (angle 0 with zo—axis) is
measured:

(a) Form, =0, © = 45°

(b) For m 90°

o

1, ©

(¢) Form 2, 6 = 90°

o
Which of these results shows most clearly (by itself) that a
measurement of the component of angular momentum along an axis
in general disturbs the value along another axis?

l1. The component of the spin angular momentum of an electron along
the z,-axis has been previously found., Find the probability
that the value of the component along the z-axis will be found to
be the same, and the probability for it to be opposite, for angle
0 between these axes:
(a) By the matrix method used in Problem 10,
(b) By using the operator for a finite rotation as found in
class,
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