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L. Bas/es +Logistics
DAccording 1o the Cnline Schedile, Final is in 101 LSA
at Bi0DAM , Tvesday, December 1974 !

@ Basic Info - Final /s 5-6& ,;roblems, most iavelve 1itle
computation - mostly conceptual ) physical. LT covers. .
wave wiechanics, wncertainly privnciple , ame-dimensional
problems (1b - sHo, iafinite square wel l) » cwgtdar wiomentum /
Hudvrogen Atom , 4 perfurbation theory. Il cover the FrrsT
thvee Topics Today + the last 7we along with solutions fo the
review problems next Sunday.

@ fhere ewill cwﬁ«l«!g ve a cheat cheet allowed.

MM@&MI:é‘_% nger’s £gq%
Time depevident Schrédinger's Eguation: th5s = Y
. describes the tfime evolution of any state /wave —function
which describes some physical system. 7wo very :‘mpor'/mdﬁde
@ 7his equation (s linear s Thus , iF Waud X are both
This =5 selutions, so [s: aP+bX For a,be L. D particular,
is why e suppose I have « sef ot solutrons Z%E which, at
Gae” of  time 170, form a complete 4+ erthovorma | set of functions,
states js  ( je. _S"-H.‘,*(X,tw>1-}f,‘,(x, t29dX = Sum ond T (% =i, for
a veclor any YOOy, W = "2; <y Yy x, t=0> ) ) then For anyg
space. This  Mitial condition Y, t=0) , we can Fivid 1T time evelution:
jo equivete (@) Expand V4 t=0Y in. ferms of the e
Yhe superpositio Vit =0) = 2a¥ (X120 , where o= JHH(X =0 W, T=0>d
sringiple ! (b) The time Aepenclent solution with initial condition
V=0 /s then just:
, W, t)= > an (Lt =30 ﬁ'nd:‘n@ a set §%h% allows us, '.';? solve
@5ggo‘al (ase: 5”:;Poﬁe H is time independeut . Tren, N o pltes
we can use separation of variables + the Yme ivdependent
Schréds equation 72 Find and solve for a parficular
. set of solutions SV,8 which ave complete + orthonormal ,
and by @ abore, weve solved our problem! Note: This
will net work i His time dependent 2
 In particulay, letls work #ns oul. We make the B
ausdts that TlGE) = YalB)WE) => HRE = BaBE, Xult)=€
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Thus, we sec that 175 complete set $B )= Yie Pt }
/5 juﬁ?" the set of gormwml’eed er'gmﬁmcﬁons of 1tHhe

| framiltomiant) Thos, we Gnd: Given V(x,t=0) , H , weshadd:

@ Solve HUWG = E, G o chiain L¥t) = W (e Bt L
a complete set of ogfhonormal eigentunctions ot H

@ E’YP‘M‘{ W(x/f:a):% S Yn (0 Cu = L EX0O W, t=0)clx

(@ Wewe done! Oar solution rs: YT =2 Cn%(x)e"ﬁﬂ/ﬂ

T FMT Measurement, Observables, U»f(fr‘;%rhfy .
Observables in (M are represented by Hermitiar operaters
0, acting on 14e vedtor space (00 ~dinn'€ Hilberfr spa ce) of
Stafes of 1he physical systewt. For exgmple

X, H= Ea tV0O = B 1v0d | p=-disg, [=FxF

L= (Xpy—YPx) = ~th (x%* *ﬂ%}{ = —-lﬁ?"
The fuct fﬁz:f 97“/7c=) are derg'f/}:‘qm)mmﬂs ﬁm!‘ "=,
cohere 07 1o defined by the condition That'
ov/x> = S xde E [ v (o)dx =<¥/ "X >
\ e wsed bra-ket wotdtion here: X0 ¥ /7(> while
[%0 « dw —> <Pl so <YIXD> = TP XY dx !
Given an observable (O, we'd ke to know what values it
Cant fake in a given stare, how probabl cach of them are
‘and the averaqe value of (D for any qiven stafe. 7o de
this , we do twe Following ! ,
O Fird a complete set of eiqemvectors of O, /c. S, 0)F (or £l1d0>.
57 @ﬁ (X) = Ay ¢an> . The set f/lwf /o The set of all
ssible puteommes of a measurement oF & (For any possible eikcetstate)!
(2 For a T}/eﬁ state @ YXt), (or /"/")), The }arabqbf‘/ft}z ot
. mea;uw‘ﬂq the value /\,1 for the observable (9 15 g/kﬂ iy
PO = KW = [ Taeasetdx [*
@ The average value ( expectation value) o7 O wt a state P s just.
<YIO P> = SPew) OVetdx = 2 POy = <85>
e wncertainty m O iz given by
&(@-—«9))5 =Ko - = <c9>%=“~é’\c9>
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IV, Fundamentajs [T: Wave Fackets, Dispersion , Hesenbery Uncertainfy
Tt 15 worthwhile reviewing Budker's HW3 , problems 142 .
T Free partiele: VI0z0  Hwdts =EV, k= FE -
The solatrons are W) =Ac® + Be TR we get #orme dep by adding e’ /f
= Yixt) = A e Lik(x— Bey) + Bexp (e (x +E )
,,%maw‘mg wave T meving WavVE .
Apparently, these are meving at the velocity W= + 45 (phase v’c/oa'fq>
But this wuakes no sense! Therr kinetvc cne y ig
, E-‘—“l(,E.'—'”f;i,;,:—*:-;f:mv" =% =4k 2 pkfoy, P __
What's ﬁm‘ng ew { Finst, note that 1his thave 4 /s _NOT normalizable
= 5-'7.//‘*'4/‘ = &0 ’ Thus i 1sq'ft a physic. veulrzable stafe !
We need to constryct a uave packel ; 4 sam of these digustates!
Vo, t) = Tor 5 Ple) e Px~580 4 -
Which ;s sormallzable for an appropriate choic€ oI Pk
T¥ tuns auf 1Pl a particle 15 fepeseqted by a [ocalized
cave Torm; and the speed oF the partscle should be yelated
s To the spedd of the motwn of the wave 1orw
[}%Q?r/, e BF MLI Par"?‘fcl/df B D) dopyy |
i this superpos/hon.
Q! What 15 the speed of the wave +orm 7
A Prinaple oF Stationary_pmse Tells us that
an integral of the 1ovm T ¢y expli pad)de is domimated
b/ the vegion of The inteqral where B is stationary
Ecther minmpm or m&)qimw’z)- Why ?IF B is near a
men. or max., =0, s0 B.Is vearly constant, s Thus,
The integratoesnt cnteqrand rsn't oscillating very mech
- las it would any wheve that [B 15 vary ing Y, and won't
camcel aut fo O. T our case, we have'

Wixre) = Foz § dlie) exp (ikx -wiest)) die  w(d="
= dopinated by $e (kx-0oWt) =0 => X - 3et=0 DF=5%
Thus, YOut) 15 derwiacted by values @& where T 23_“;3—-:-___\/@
and thus Jooks ke a wave Form? Baveling al qroup velotty
:\@:%%_, varher than e phase velodfy ,4;_% . .
Tn particular, in GM, we have For 2 e particle wlk)= %5

= ik - ik
= \/é'—ia'a?f o VpEam, S0 a caye packel moves at
The speed cwe'd __€prd,’
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Q. What are the group ¥-phase velocites for a rektivistc

particle of wwess m s

Al Tn s case ET= pPct 4+ wmret = #rrc +mc Tt

A P ,

S0, vsing The velahons E = #w | p=tik, «e Have
W@ = 477 et = wk)=c Rt BRE

s - eSS MR T L v - f e ¢ i

) VP k k while Vq=Z Vst (may VRZF /¥

. Does a relativishe wave packel qenem//g A rsperse ¢
What about an alfra-relafivihe wave packet  p>> me 4
AL The dispersion of a wave packet /s related 7o
The questhon of whether he Growp m/aa‘;‘ff /5
constant as a funchort of k!“IF the group velocrhies
of wave - forms wiBETE o/t different values of

B are diferent, then teatures with size ~ /k,
and those withh size Yk, will mmove at aifferenl

; ,\@L@éﬁtﬁzﬁ and e wave packe% will tall apart!
Vi A

)

| 2
Thus, we requice e g roup »/eé:iahj yVg 72 be' constanl
as a Fncton of R! Y

No Drrparsiond=—=> B =0 &> 50 ]
ECleaE}'g, a. rElativisti gave packel A1Sperses

a5 L8 = Vorody  Gertmgie = /) O Yk
Hewever, in the wltra relatiistic limf, k3> @)™,

%——;.O/ so we expect [iffje or no dArspersion !




