loday

I. No class on Wednesday (Advising days). There will be (optional)
class Monday, Dec 14th.

II. Last Time

II1. Wave-Particle Equations and Schroedinger
IV. The Infinite Square Well

II. Last ime we discussed Bohr's model of the atom:

We used classical centripetal acceleration, Newton's 2nd law,

Coulomb’s law. We also used two important quantum nputs:

h
De Broglie’s p = VL Bohr’s input: 2zr = nd, n = 1,2,3,--

El
En — _2, El = — 13.6 €V’ n = 1’2,3,...
n



II. Today we will continue to draw inspiration from the wave-

particle duality that Bohr was so interested 1n.

Vv

Return to our study of waves e
. 2r 2r
E(x, 1) = Eje"™ ) here k = R W = - = 2xf.

Notice the temptation to think of de Broglhe

h h
hk =2n— = 2np or p = —k = hk.
A 27

From Einstein we also have E = fAiw. Let's write a completely
general plane wave 1n the form

W (x, 1) = AeiTTR) = AentPED,

ho

i Ox

: h o : noo i
ﬁ\ypl(x, H=p AernCP—ED) — 75 < Ae%(xp_Et)> — 7 AernP—ED | E p = p\{fpl(x, t)

Let's probe this wave with an “operator” p =



II. Let's write a completely general plane wave 1n the form
W (x, 1) = AeCi—w) = Aen@P—ED,

. . A0
Let's probe this wave with an “operator” H = lhE:
2 T A~ (xp—Ef) _ 0 L (xp—EY) : E
H‘Ppl(x, 1) = HAen = zh; (Aeh > = ih —l% ‘Ppl(x, ) = E‘Ppl(x, f)

We call this the “Hamiltonian" operator, but we see here that 1t 1s

an "energy'" operator.

Schroedinger said the following: classically we have
2

| p
H=E=—mv"+ V(x) =— + V(x).
2 2m

Schroedinger suggests that we write down the operator equivalent

of this equation:
A2

A p A
H‘Ppl(x, Z) — % pl(x, t) + V(x)‘Ppl(x, t).



II. A big leap! Sch. says this should hold for every quantum wave:

A2
AY(x. 1) = g;qf(x, A + VoW (x, 1),
m

I also need to tell you what the potential energy operator 1s:
XW(x, 1) =x - WPx, o).
With this in had we can define
V) P(x, 1) = VOW(x, 1)

With all the operators defined we can write out a differential
equation, the Schroedinger equation,
LY h* 0°P(x, 1)

ot 2m  0x?

FV(x)W(x, ).

We are going to use separation of variables to attach this

equation. Guess that we are interested 1n solutions of the form
P(x, 1) = y()e).



I1. With all the operators defined we can write out a differential
equation, the Schroedinger equation,
0P, h? P (x 1)

A VOOW(x, D).
o om ox2 (¥ 1)

We are going to use separation of variables to attach this

equation. Guess that we are interested 1n solutions of the form

P(x, 1) = ().
Putting this guess into the Sch. equation we have

; do e diy

iny —— = — |

4 dt 2m§0 dx? 84
Divide both sides by ¢,

1 dp 1 diy

" -
o0 dr . 2m u(x) dx2

+ V(x).



I1.Divide both sides by ¢y,
1 dp 1 diy
o) dt  2m w(x) dx2

From this equation, which sets f(r) = g(x), we see that neither the

ih

+ V(x).

lett or the right hand side can depend on their respective variables!
Then

1 diy
2m w(x) dx?
or

h2 d2l// . .
_ + V(x)y(x) = Ew(x) (time-independent Sch. Eq.)
2m dx?

+ V(x) = const. = F

We also have
1 do do Et iEl

in =Forih— =FEdt orlngp = —i— + const or ¢ = Ae™»
(1) dt 7 h




