LECTURE 13-: Properties of the Schrodinger Equation and its solutions

Goals of the lecture: discuss general properties of the
Schrodinger equation and its solutions
in order to acquire the background
knowledge necessary to solve simple
problems
What T expect you to learn:
-why we need continuity conditions
- the conservation of probablility
and the probability current density
-What are expectation values and
how to calculate them
(Roughly corresponds to sections 3.1 o 3.4 of textbook)

(Reminder: Problem set 2 due Friday the 13th)
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ROADMAP (cont.)

To solve the previous problems, and eventually more complicated
potential wells (e.g. the hydrogen atom), we'll need to investigate
some properties of the Schrodinger equation and its solutions

in more details.

So in this part (chapter 3 of book), we assemble the tools and
knowledge we'll need to solve some simple problems

The mathematical space we are exploring is richer than what is

dictated by physics. We need to determine some of the constraints.

For starters, the wave function is constrained by:
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It must be "square integrable



Properties of Schrodinger's Equation (cont.)

We have also seen that the equation is linear:
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We have seen that momentum and energy are represented by differential
operators
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We have seen that the solution can be expressed as a sum of plane waves:



Properties of Schrodinger's Equation (cont.)
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Properties of Schrodinger's Equation (cont.)

Continuity Relations:

#.3&% be  conTimuoes  wrl xw\whw or Q# wil

LZ@G@ — Morclva  wol xrwfnl

/r\# B&Lﬁ be cowliwvous  or | J¥Y will L:\m\un
Ilv

/ WZQ@w ZQH erm_-ma(_
m a e Or\UC\AQ,\L.H. ,\lmwrw m(\LL,._)\b .N+ />>\,.Al \H._.\AQ
IUVFJM.\ M cl& Ze._( Oﬁ ,.me\u e
AT

/\/\Q /Z_: hovae. LQ,W ﬁ\__l_.._\N L_wr\\aﬁ\nﬁ.w/\c_-‘j.ﬂm
For \(r, 1] o d VY Y

SPR4VaVaVAVa




Properties of Schrodinger's Equation (cont.)

Conservation of probablility:
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Properties of Schrodinger's Equation (cont.) @
Conservation of probablility:
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Properties of Schrodinger's Equation (cont.)

Probablility current density:

Note that the probablility current vanishes if the wave function
is real. We'll deal with complex wave functions to describe

non-vanishing currents

The probablility current and the probablility are continuous
with respect to r and t given that the wave function and
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Properties of Schrodinger's Equation (cont.) ®,

Expectation Values for momentum:
2

<p2 =\ @L)7p €l dy

— O J N()\m(/ Qu _..‘L \Ao\\—Q\L\ﬁQ\,\f wvbnf& qu @

/>:>PA. Pﬁoc\ﬂ RTU ?,\ COﬁw_\.th wﬁ»h&iw

—— —

at a1
— <yD = oA d dx UX(xT) x H(xT)

—

AT FLWK\,
e x < does ool @& ot T
|\-| ]

— hﬁv M g XD A XH\Z - \:T«v

. N_\Q\,\kw ot
R\XUH\,\/WGTA vu”.m\%k\ﬁ\« .N**th“* @
LT 2T

~ o

Vs morﬁooflbﬂs_m mﬁ(nﬁﬁ,el Ho _\Q*\_Pmm m;



- Xxmo%ﬁ\ﬁ L 0w <n<_ ves
5e!

m./wc\, @ WwWC

L

hwv uw m o:AoN
>

Ls = ) T,

\ —_—

X > X

P ——

L X

\~+ X Nm — vark NN# v @
A xC L XY
VI\}\ N
g - E R PNX P pﬁ
LA L X
gL
X px N\

= Zx ﬁ (w*y) + HY -
p\“

&&bﬁ 4 Ut LY

Y

TLA.@@.\QLLL .

il Vet

=l

P
L X

ODLDQRW

x4 - YT x w# ﬁxﬁ\v
)

Ty 7

32 LY

ey

AX



m x%mn\#?\ﬁ.ai <m<?®w

-
- —— /

? A wm:iv

@ becones R«V” %o; U7 (1)

— o _

:
L ==
| [
ZQAG \2) PA ™, \S\,QZI_UB f\n«oﬂ " ,,
2] |

x| dp Rl )

-~

— o

— — —_—

—

/ \50\\,9)\\_.(\, OKQ_\N{ oy

Also  wole Thel:
x (%) Hod
hduuﬁv # mﬂ Mwﬂv "

X 9ZL ﬁ o Qﬁ?ﬁﬁm Lo 1041 nok\i\lwlﬂﬁ\
A \50_\.@ 0_)\ Jl/)_fm _“,.L,lm;\w

\Ya!



~ \’u.c.cm o~
_H x»\%_@ GLA\Q <

blacKboard . . .

L4

Ihe



