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① (a) look at expectation value
Ln >= Pdx#G) EYE) = 1%+4%1×44)

-

•

After a parity transformation
Ln>→ 1) dx 4*1-+1×41- x )
write y= -× . Change of variable !

S? → 5+-5 ✗ → -y -✗ = - dy

<n> → ftdy)4Hy ) 1-g) 41g)
<⇒→ sÉdyY*y)y%I= -1*9×444×441
⇒ → -⇔
We could have also written

an> → 1%4%44%117441
from which we conclude 1T¥ IT = - ✗ = -I



Now for P
page 2

<p> = - ih-f.TT#dz4G)dx
Lp> → - ik 1%1%1 ¥41-× ) d-
Do the exact something as before , i -e change
of variables y = - ✗ ,

and use % = -¥ ,
and

then deeuge variables ogein b- ✗ = y

Lp>→ + it 1%1%1%4G) dx =
- sp>

Again ,
we could have written

<p> → - it 1%4%-1#¥1T )4Hd✗
leading 6- Itf IT = -↑

(b) Scalar operator 0s : 11-+4 IT = 0s
act on both sides with it

11-11-+0SIT-- Ios but 11-11-11

BIT-- IT0s ⇒ [art] =0



Pseudoscalar operator Op page3
TFOPIT = - Op _ Acting on both sides
with IT : Opt = -Top ⇒ { Op IT } = 0

(c) this is exactly the same as part /b)

(d) scalars : x2
,
F, electric charge _

Pseudoscalars : dot products of vectors and pseudovectors

leg F' Ñ
,
f.I

② to [↳ V±] = [↳ * ± :[↳ Vy]
[↳ VET =ihvyt-iE-ihrif.tk/Vx-i-iVy)-LLz-V-if--+-hV

±

To find [L2 V±] lets find µ Vx] end [Elly]
[livid = [LE -142-14-2 Vx] = [LF Vx] + [LÉ KD

-

= Ly [↳ Vx] -1 [↳ Kitty + ↳[↳ Lift [↳Etz
=Lytihvz) t titi VA ↳ + Lzlihvg)+ ihVybzih (Vylzt↳Vy - Lyvz - Vz 4)



Similarly (using cyclical properties] page 4
[L2 Vy] = it / - Vx Lz -↳Vs + ↳Vz + Vz#
[L2 V±] = [Evil ± i [try]
[E V±] = it Ivy↳ + Livy : ↳ Vz - Vzly]

th (Ks↳ + Lzvx - ↳Vz - Vz ,↳]
[it V±] = K 1+-4 + ivy )↳ th Lz / ±Vx + ivy )

- k / ±↳ + ily ) Vz - hrvzl ± ↳ + i ↳ I

[i V±] = th V± Lz ± b- LzV± th L ± Vz th VzL±
But V± Lz + Lz V1 = [↳ VI] + 2 LzVI

VI 4-+ LzV± = Its V1 + 2LzV±

Therefore

[like]
= tTV± t-2hlz-V-i.TK/L=Vz+VzL±]

But ↳ Vztvz↳ = ↳Vz + Vzlx ± i 14kHz4)
= [↳ Vz] + 2VzL× ± iffy Vz] + 2 Vzly)
= - ihvyt 2VzL± 7- A Vx
= -+kV± + 2 Vz↳

[Evil = ÑV±±2hLzV±T-hf+hV± -12 Vz L ±)



It V±]=ÑV±±2hlzV±±hY±= 2kg4 Mes

[EV±]=2KV± -1=241+-4-+24%-4

this was a huge pain in the neck ! )
(b) EH = [evil + kit =
EH = 2h74 +2kV+ Lz -24%1++1+12
Then let's see what the angular momentum

is for the state V+X given that

little-1114-24 and 12-4--44
and 1+4=0
VIV-141=[24+24%+4%1411](1+4)
121441 -- hi -126+11+1141511441
tilkitthlltzlll-1114+41
↳
01=44 is either zero or
on eigenfunction of L2 with e'=L-11



Now let's checkout 4-14-01) po⑨
Lzv-1=[4-4] + V+Lz=kV++ViLz
Therefore
b-(kill -1k -11414+44=(1+114144)
£

10=11+4 is either zero or on

eigenfunction of ↳ wilt m -1+1

③ lot Ilus=% I>Cut = 's
Isluuu)z%

{ ⑦{④ 1-2=(1+00)⑦ 1-2=(1×01)-101-2
= 32+0%-01×2

Since Izfuuu) -32 I cannotbe%
⇒ 1st-17=1%37

(b) 1St > =/ % %>

IPF> = 1%35110> = FETE :> - Fsk 's>



Init
"7-14-4711 D= THE E) + Falk 's>

⇒ Since only the I --% final states contribute

page7.E%É:¥→=ʳ¥=r
P:Y%¥:¥→=2

④ or -- I :) oil! ;) % --1: ;)
Hoi --1%11%1=1: :)
%:L: :X:# % ;)

"--1%11%1=1: :)

(b) orator, = 1%11! :/ +1: ;) /: ;)
=L : :) -11: :) = ◦ ✓



Foster, -1: :X: :) -11! :)/%) poses

= 1 : :/ +1: :/ = ◦✓

⇒ •soil : :X: :/ +1 : :X:
= 1 : :) -11: :') = ◦ ✓

(c) R= eisñ% = e.
iñé

'

we need to expand in a Teyler Series
Look at ( ñé'T
(ÑE F-HOT-1454353 ) (no, + neat BB)

= him{QQ } -1 An} {905} + nznz {% 63}
+ nioi-nioi-n.rs '

= nitnitns since {oig } = ◦ for i=r
and Ñ=

But This auntvector
,
so nitnitn }



⇒ 1nF ): I paged

and all even powers of ñÉ are = 1

Therefore all odd powers of ñÑ are = ñÑ

Thus
,

the Teyler expansion of R gives
R=E inn-erenn.TL?T+inEEin-ihoddhTz-Jh
mum mm

= cos% = SinDz

⇒ R = cos + is in ñ

(d) write ↑ -

-

I:) ↓ --191
sin --1 cos{ = 0 ⇒ R = i ño→

ñix R=io×= /%) ñ=j R=iq=l: :)
R↑= 1%1111=1!)=i↓ R↑=E

, :X :/=L:/ = - ↓
r↓ -

- 1%11:) -=i↑r↓= 1%141--111=+4


