3.012 Bonding-Structure: Recitation 2

1 Spherical Coordinates

Recall
e volume of a spatial region Q: [q dv

e integrals in spherical coordinates:

Sipace FPVAT = [T557° [0 [9207 £(r, 0, ¢)r? sin(6)drdOdg

e orthogonality condition in spherical coordinates:

fspace QPZ(?)%(?)d? =0

Tmin < T < Tmaz
e In 3D, the probability of finding an electron (7)) in the spatial region Omin < 0 < Omax

(bmin < ¢ < ¢maw

is given by the integral [/ fam‘”” f maz ¥ (1,0, ) (r, 0, §)r? sin(0)drddd (1p must
be normalized; that is, [ 1* ($)¢(73)d? =1)

space

Problem I

Which of the following statements are true? Explain.
Tmin < T < Tmagz

(a) The volume of the spatial region Omin < 0 < Opmar s given by ( fr:zl:f 2 dr) %
¢min < ¢ < ¢maw

<f00m‘”’ sin(@ )d9) X (fqi’:l‘;” d¢)
(b) The volume of a half-shell of outer radius R and thickness  is given by ([, r2dr) x
(S5 sin(6)d0) x (f/* dg)



(c) Two Wavefunctions a(r) and 9 (r) (which do not depend on € and ¢) are orthogonal
if the integral [;"°° 4% (r)3p(r)r2dr equals zero

(d) The probability of finding an electron of normalized wavefunction 1 (r) (which does
not depend on € and ¢) in the spatial region r,;, < r < Ty is given by the integral

Jrmex p*(r,0, )3p(r, 0, $)rdr

Tmin

2 Expectation Values

Recall

e correspondence principle (measurable quantity — operator): x — x, py — —z'ha%,
etc...

e cxpectation value of the measurable quantity A: (i) use the correspAondence principle to
transform A into an operator (ii) calculate (A) = [, P (P){AY(P)}dT (3 must
be normalized)

e Hamiltonian (energy operator): H = —%Vz +V(7)

e In spherical coordinates,

V2 (r,0,0) = 5 & (12 £ (r,0,8)) +rsby p (Sn0) 3£ (1,0, 8) )+ sy e £ (1,0, 6)

(you do not need to remember this formula, but you have to know how to use it)

Problem I1

Which of the following statements are true? Explain.

o FEzpectation Values in 1D

(al) The expectation value for the position of an electron in the normalized quantum

state 9(z) is (z) = [T2° zn(z)dz where n(z) = 9*(z)(z) is the electron density

(a2) In classical mechanics, the potential felt by an electron in the state posItion = Zo }
momentum = pg

is equal to V(zp). In quantum mechanics, the potential felt by an electron in the nor-

malized state {wavefunction=1(z)} is equal to V({z)) where (z) is the expectation

value for the position of the electron.



(a3) In classical mechanics, the kinetic energy of an electron in the state {zo,yo} is
2

equal to 2 . In quantum mechanics, the expectatlon value for the kinetic energy of an

electron in the normalized state ¥ (x) is equal to ( = [T y*(z {— 2 ( ddw P(z))? } dz

(a4) The expectation value for the kinetic energy of an electron in the normalized

state 9(x) is equal to ( ) f+°° P (x )% {—zhdﬂc (—zhqup( ))}da:

(a5) In classmal mechanics, the total energy of an electron in the state {zg, yo} is equal
to B = —(L + V(zp). In quantum mechanics, the expectation value for the total en-
ergy of an electron in the normalized state 4 (z) is equal to (E) = [72° * (@) H(z)dx

(a6) The expectation value of the measurable quantity A (quantum operator A) for
an electron in the normalized state 9 (x) is always equal to the expectation value of
A for an electron in the normalized state e'®1(z) (where « is a real constant).

Ezpectation Values in 3D

(bl) The expectation value for the distance from the origin for an electron in the nor-
malized state 1(r) (1) does not depend on 0 and @) is given by (r) = 4 [;7* rn(r)dr =
4 fo7° rp* (r)p(r)dr

(b2) The expectation value for the kinetic energy of an electron in the normalized state
1(r) (¢ does not depend on 6 and ¢) is given by (%) = _2mh? ap*(r )WT drqp( r)dr

m



3 Spectrum

Recall

o cigenvalues of a electron in the presence of the nucleus of a hydrogen atom: E, =
—2.179 x 10718 J/n? = —13.60 eV/n? (where n=1,2,3,4,...)

Problem III

What is the meaning of the following diagram?

Figure removed for copyright reasons.
Source: Fig. 5.7 in Carroll, Bradley W., and Dale A. Ostlie. An Introduction to Modern Astrophysics. 2nd ed.
San Francisco, CA: Pearson Addison-Wesley, 2007. ISBN: 0805304029.

(http://burro.astr.cwru.edu/Academics/Astr221/Light /spectra.html)



