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Higher orders in PT

Schrbdmger Picture,.

Here the,  State of the particle s described by a vector |Wstt
This state.  evolves in time but the operators are Constant-

Probability for obtaining the vesult when 2 18 measured ;

P(at) = [KaslWs(t) >’

" The  +ime evolution of [¥(t)> is given by ;

Lk ad_éws(t))= He | WsCt) > —

Hs = 8§ HE 4+ He®)

hod %> = ( He+ Hs ) ) | Ys(t)y
it

If we define o propagator  Us (t,t) by
[Ws )7 = Us (t,t0) | Wslty) >

From @ ; ih—géus(t,t.)s >=  HsUs C+,40) ¥ (4o) >

ik dts = HgUs y this  follows eq”™ © -
d

The propagotor W )

® ulu =4

@ Wit ,'t;)u(‘tz,“:ﬂ = 0 (ts,h)
@ U. (tl 't| ) = 1‘

@ utd¢y) = *ult,t,)



Interaction Picture

Here the both state vector & the operators carry the time
dependance -

Suppose  our He He
Then |

ik dus = Wl ug @ 3 Ug (k,ts) = exp -iHs (t-t)/k

at

The state veckor n this picture, (96> =[ug ct,t) ]t [ YsCt)D

. _ . ot o|— ,

h B> = us' Y 1)> + (@
L gEH’I()} Lﬁda.#_ [V 3> Ue ' 2k %E s>
= —ugtue 1y ¢+ ut' CHot ) 19>
= udtH ey
= usfHg ugugt ye >

= HL (B US| Y,

ihod ey = BRI RO TE——)

<ag ) udlets) UL et T o
= Cowel udlhe) | WiCk) >
= < wile)| YD) >

i

w <oos | Ws b)Y

Time dependent lwrty> is the eigen vector of 4he
time dependent  Operator Licty = ug{'-‘ls Ug
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01 lor k) >

+
ustas udus" s>
-~ udtfagl wster>

= o uttl s »

- o wilery
Coynbmmg A &d ;
itk d0o:1 ® = Uk dus’ QsUs  + ug*n_, ik dug
dt at

£
us' [ ns, Hs ) Us
[ Qr, Hice)]

non

Define a propagator Uslt,ts) in the Tnleract:on  picture ;

‘wl’.(t)) = uL(t)to) ‘.’pl(t\!)>
From & ;
hodus = M ———®  folows eq® O

t
Uz C¢,+0) | Pr ) & Us CHko) USCE,E) | Pslt) >

Ur (&,‘to)

U (k) UsCtts) 3 Once we Find  Uz(t) we can
always go back to Us() .

US (t,te) Uz, te) = Us Ct,te)
B ® solution ;

-t
Ul = ¢ - & j At Hy () u i)
t,

ul( t.nto) = C

I

t
up (b)) = (= ;—J at WD U (Et) ——®

to



To find U to Zeroth order,
Seb H=Ho+ ") = Heo

eq” ® = WrCe,ts) = A4+ OCHD)

To find t> firsk order we can keep only Mr powers Qnly ;

So " .
UrChyke) =4 — 2 "¢ ' Y
1(kto) #tf H(E) at' + O (W)

Transition  amplitude ; de(t) = £l exp iEz(t-to)/k Ug Ce=to) | 22>
de(t) = < £¢exp iMsC-ta)fy Uslh=t) |1 > ; Since Hlliev>=E |i
R

uS." (t )‘to)

= <£2ougfus | ey

[

Uz
de(t) = <fgluglid> . — , |
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For Higher Orders 3
t

Ur Ctte) = 1 - "'Yhf Hg Uy (¢ te) dt’
o

| ¢ . ¢ ]
UrCt,te) =1 ‘a/k([ HIEED (s- Y f HI'(JC"J dt >
. to
1 : t ' ; ~ t‘ — 4 n o
=1- /kf dt u @) + ('4) t dt H1(£)f dt’ H &
to ° to

. +
UsCete) = US(hts) = ¥ f dt' U)W (ENE) e US (We) dt!
to
. + ' ° N , o
SEAN dt'j* db' 08 (k) U2 T (K4 Hy UGCE ) X
t t.
xul” (k) He usCELt) ab! dt" +. .

U Chyto) U2 CE t) = 0 CEAD

-

.- 4+
UsCt,te) = ug (bte) - ¥ L At US(Et)) H US(H'to) At

) 1 -b' 0 | o L} o
+ Qz/h)z f* dt'l ab’ U@ (4+') Hs us ('t He us (')

= On the LHS we have complete Schrodinger picture propagat
- First term Of RHS Says system evolves from 4ot in
response to  ug
- Second term |
System evolves from te=st' in Yesponse +o ug -
There it interact with  perturbation &  thereafter regponse
to ug  alme  until time t



