SCHROEDINGER WAVE EQUATION

Reading:

Grifpths QM 1.1, 1.

QM Wiki - ch 6 & spins (TDSE)
Main 15.0, 15.1

oy (x,t)

Hw(x.t)= ik
y(x,t)=1i £y
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Schrsdinger wave equation:

’ (Xt
HP/ (x,t) =i ( )
t
More-or-lessjod-giverQ just like Newtois law F(x) = dp/dt.
It works, and if we can show that it fails, @eet amore repned
version that takes account of the failures.

How do we solve this fop(x,t)? The operatoH (the Hamiltonian
Or energy operator) represents a measu@datity, the energy. So
the energy basis for expanding a general wave function is specia
Note theelgenstatesre NOT time dependent.
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Expand wave function in energy basis; time dependence
comes from coefpcients:

w(x,t) =Y ¢, (t)e,(x)
Substitute n

"I (x,t)
Ilt_

A ¢, (14 (x) = i $ ¢, (14, (x)
$ e, (VEA ()=ing B e, ()4 (

n

H! (x,t)=ih
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Expand wave function in energy basis; time dependence
comes from coefpcients:

wxt) = ¢, (t)¢,(x)

Substitute
;cn<t>en¢n<x>=ihggcnam(x)
(-5 )au 00, (0= 220, %
c ()= e_i%t E
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So we have (almosgolvedOSchidingeld time dependent
equation We know the time dependence, but we@gat know
theeigenstatesnd energies. W@ spend the rest dhe time
doing this, by solving thEigenvalueEquation (Schidingei3
time independent equation - so-called by some)

vn)=Ye "o, (x)

H! (x)=E,[ (x)
B!, =E|,)

n
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H/ (X)=E_,! (X) There are usually many functions that
n solve theaigenvalueproblem, each
H! )=E, ! )  function with its own associated
eigenvalue Label them with indenr.

In general, state of particle is NOT agenstatebut a
superposition oéigenstatesE

E

L xx=$ " (0Ae

Very important that the energy in the exponent
matches the correspondimmenstate
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Example: V(X) = O (free particle)

Bo, (x)=E,p,(x)

h2 d2n (X)
| =E" (X
2m dx’ (%)
.Wx ,.imx

l
IF'(x)=C'e ' +Ce
2mE _E, 2mEx+%t]

l//(x,t)=C'ei[ " h]+Ce_i[ "

1st term is traveling wave (to right) and 2nd is traveling to
left. SameeigenvaluekE - Qlegenerat®
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Note the relationship betweenandk for a free particle
DISPERSION RELATION:

E=!w E= p—2 — ﬁ
| 2m 22m
ik’
I (k)="_
(k) 5
! _ Tk do 1k
k 2m Not the same!!! -
Phase velocity Group velocity
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Now solve the TISE for different potentials and Pnd
examples where there are many solutions with different
energies

VO
T |
Energyu....L.,.....L.,... PRSP PR RPN PP =
!
0 | |
% -a D a — X
'V, x>a
V(x)=
#0 |[x<a
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SCHROEDINGER WAVE EQUATION
REVIEW

Time dependent Sd&dinger equation
Energyeigenvalueequation (time independent SE)
Eigenstates

Time dependence

(Connection to separation of variables)
Mathematical representations of the above
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Schrsdinger wave equation:

T (x,t)
”t

H! (x,0)=1!

As in 1-D non-dispersivegn, use technique of separation of
variables.

! (x,0) =" (x)T(r)

A h* d?
H=1 Py +V(X) is function ofx only
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Eigenvalugoroblem! Solution

H! (X)=E! (X) depends on particula(x). E
y represents the energy of a
o =Eop particle in that particular
eigenstate
~i5
T(t)=Ae ”
8;50 ——|—T(t) (t)

T(t)=Ae ™ ;0= 5

w(xt) = p(X)T(t) = Ap(x)e
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. L du(xt)
Ky (x,t) =ik g

A oTy=it - T
z

T B! (x)=ih! (x) T(t)

L -
@(x) T(t) ot

What shall we call the separation constant?

1 LT _ ¢

L Hemx)=in
o0 T
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