3.012 Bonding-Structure: Recitation 1

1 Wave-Particle Duality

Recall

e de Broglie Relation: A X p=nh
e h=6.626 x 1073 J.s

e h="h/(21) = 1.054 x 1073 J.s

Problem I (P12.10)

What speed does a Hs molecule have if it as the same momentum as a photon of
wavelength 280 nm?

2 Solving the Schrodinger Equation

Recall
o Time-dependent Schriodinger Equation:

h?

2m

V2U(7,t) + V(7,1)¥(7,t) = ihaa—\f(?,t) (1)

e Stationary Schriédinger Equation (Eigenvalue Equation):
h2
—%V%(?) +V(7)¥(7) = BEp(7) (2)

(useful when the potential V' does not depend on time)



o Laplacian:

9? 2 .
V2 = i %’g(w;y) + %%(w,y)z in 2D
gT’lé)('xayaz)+871§(xayaz)+?9712p($7yaz) in 3D

Problem 11

Which of the following statements are true? Explain.

e Free Electron in 1D: V(z) =0

(al) (x) = 4e™*® and 1p(x) = 4e**® (where k is a fixed wavevector) are solutions of

the S.S.E. with the same energy
(a2) (z) = 4cos(kz) + 2¢°7 sin(kz) is a solution of the S.S.E.
¥

(a3) 9 (z) = Ae™*® 4 Be~?* (where A and B are complex constants) is a solution of
the S.S.E.
(ad) 9(x) = Asin(kz) + B cos(kz) is a solution of the S.S.E.

(ab) 9 (z,t) = Aetkr—wl) | Bei(—ka—wt) ig 5 solution of the time-dependent Schrodinger

equation (T.D.S.E.) on the conditions that £ = hw and E = (k)

2m
e Free Electron in 2D: V(z,y) =0
(b1) (z,y) = (4 + 2i)e?*+3Y) is a solution of the S.S.E.

(b2) 9(z,y) = Acos(kzzx)sin(kyy) (where k; and ky are fixed wavevectors) is a solution

of the S.S.E.

+oo ifz <0
e Electron in a 1D Infinite Box (Infinite Square Well): V(x) = 0 if0<z<
+oo ifa<z

(c1) The S.S.E. can be rewritten as:

‘(ii—?é(m)z()for0<x<a
P(0) =0
$(a) =0

= Asin(®22) is a solution of the S.S.E. with energy E = (h?n?)/(8ma?)

a



0 f0<z<aand0<y<b

e Electron in a 2D Infinite Boz: V(z,y) = { 400 elsewhere

(d1) ¢¥(z,y) = Asin(l%w) sin(*5¥) (where I and m are integers) is a solution of the
S.S.E. with energy:
R (12 m?
E=2 (L4
4m, <a2 + b2 (5)

o (eneral Properties of the Schrodinger Equation

(el) If 94(z) and 4y are solutions of the S.S.E. with different energies E, and Ej,
A (x) + Bepp(z) is also a solution.

(e2) If 4(7) is a solution of the S.S.E with energy E, ¥(7,t) = ¢(7) x e iR isa
solution of the T.D.S.E.

3 Electron Density, Probability, Normalization

Recall

e The electron density n(7) is related to the electronic wavefunction 1(7): n(7) =
P (T)D(T)

e In 1D, the probability of finding an electron in the spatial interval Tpin < £ < Tmag
is given by the integral [ ¢*(z)(z)dz (b must be normalized)

Tmin
e Normality condition: [ 33 *(x)p(x)dz =1
o [osin®("I2)dy = &
Problem III

(a) Why is it necessary to impose the normality condition on the electron wavefunction?

(b) Normalize the wavefunctions 11 (z) = A; sin(ZZ) and ys(z) = A sin(%Z2).

(c) Plot 91 (z), ¥e(z) and the corresponding charge densities. What is the probability
of finding an electron of wavefunction % (z) in the spatial interval 0 < z < a/2 7 Same
question with 1s(z) and the interval a/3 < z < 2a/3.



4 Spectrum

Recall

e The eigenvalues and normalized eigenfunctions of a particle (mass m) in a 1D-box
(width a) are E, = (h*nr?)/(2ma?®) = (h*n?)/(8ma?) and 1, (z) = \/gsin(%)
(where n=1,2,8,4,...)

Problem IV

What is the meaning of the following g aph?

yy(x)
15.0

10.0

y3(x)

E in units of h?/8ma?

Yy (x)

vy (x)
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