Problem Set PS02
IssuED: 9/6/01 Due: 9/13/01

Prof. Darin J. Ulness Name

Instructions. Complete all questions before class on the due date. You are encouraged
to work together. Be sure to struggle with the problem before seeking help. Many of the
exercises are very similar to problems in the book. Understanding the solution to these
problems will be helpful in completing the assigned exercises.

Mathematical Exercises

1. The zeros of functions are important points. The zeros of wavefunctions are called
nodes which you have probably heard about in freshman chemistry.

(a) Find the values of a,, such that f(z) = e *sina,z has zeros at x =0 and = = L.

(b) How many zeros does the function f(z) = (22 — 1)e~2*" have? Where are they?

(¢) Find the value of a, such that f(z) = (22 — a,)e 2" has zeros at z = —2 and

xz = 2. How about at x = —L and and z = L.

2. Verify by direct substitution that

yp = Asinkz,
Yo = DBcoskz,
Yys = Oeikwa
and A
Yg = De—lkwa
are solutions of
d2y 2
@ + k*y =0, (1)

where k is a positive real constant.

3. Equation (1) above is called a second order ordinary differential equation (O.D.E.) and
the theory of O.D.E.’s states that there are n and only n independent solutions for
any n'" order O.D.E. Here n = 2, so we expect two independent solutions. Therefore
Y1,Y2,y3 and y4 can not all be independent. Show that y; and y, can be written in
terms of y3 and y,. (Hint: remember Euler’s identity.)

4. Verify by direct substitution that any linear combination of the independent solutions
of Eq. (1), Y = ayy + Pys, is also a solution of Eq. (1). (Note: « and 3 are constants).



Exercises

5. Suppose some crazy operator, Oxp is defined using the position operator £ = x and the
Dy = —z'ha% such that O, = Zp,. Which of the follow wavefunctions are eigenfunctions

of Ogp. That is, for which of the following is O,pth(z) = Mb(z), where the eigenvalue,
A, is a number and not a function of = (give the eigenvalues when appropriate). .

6. Suppose a different operator from the one in the previous problem is defined as Opw =
Dz Does Opth(z) = Ogptp(x) for any of the wavefunction is the previous problem?
Guess first then work your answers. Did you guess correctly?

7. The wavefunction that describes a tunneling electron in the “forbidden” region (0 <
x < L) is of the form ¢ (z) = e~**, where « is a positive constant which is proportional
to the energy difference between the potential energy of the forbidden region and the
energy of the electron. What are the units for a? Normalize this wavefunction over the
forbidden region. Find the probability that the tunneling electron has tunnelled less
than a distance x = 1/« away from the nucleus. Does this probability depend on L7
One concern in the push for smaller and faster silicon based computers is that when so
much circuitry is packed into a small region electrons might well tunnel from one place
to another thus causing the circuit to behave incorrectly. The barrier between inde-
pendent conducting pathways should be such that the probability of tunneling across
it is very low. Calculate what L should be in units of 1/a such that the probability
of an electron tunneling half way into the forbidden region is < 0.01%. One thing to
note about this problem is that by normalizing over the forbidden region we are con-
sidering only those electrons that are tunneling. This is quite likely only a very small
percentage of all the electrons.

8. Often one is interested in extracting the average value of some property from a wave-
function. This is done using the average value theorem which states that the average
value of some observable, O, is given by

(0) = [ ¥iomOiorn: (1)

where the angled brackets denote averaging. Considering the tunneling wavefunction
given above, find the average value of & and 22.

9. The variance or uncertainty of the average value of an observable is denoted as 6O and
is given by

60 = 1/{02) - (O)". 2)

Find éz for the tunneling wavefunction used in the previous two problems.



Conceptual Problems

10.
11.
12.

Can you every know ezxactly where your PChem notes are?
Use the uncertainty principle to explain why atoms are stable.

How does knowing the variance (or standard deviation) and average value of a physical
property improve ones picture of what is going on versus only knowledged of the average
itself?

Computer Problems

13.

14.

Use MATHEMATICA to plot the family of functions f(z) = sinnnx, wheren =1,2,3---
from 0 to 1. Do all your plots share x = 0 and = = 1 as common zeros?

A quantum object is confined to the range 0 < z < oo and is described by the set of
wavefunctions v, (z) = 2" K, (z), where K, (z) is the n'® order modified Bessel function
of the second kind and n = 1,2,3 - --. Use MATHEMATICA to plot ¢, (z) and |4, (z)[?
and to normalize 1, (z) for the cases of n = 1,2 and 3. (Hint: Look-up how to use the
BesselK function in the MATHEMATICA book or the online help.)

Reflective Exercises

15.

16.

Please read the attached article by M. Singham which appeared in the June 2000
edition of Physics Today. The article is directed at physics teachers and students, but
applies equally well to chemistry.

(a) What are some reasons to accept what I teach in PChem as true?

(b) What are some reasons to not accept what I teach in PChem as true?

Write a short response to the letter to the editor which appeared in the Fargo Forum
two years ago. Your response may be in support of, in opposition to, or neutral with
regard to the author’s opinion.



Not all of us worship
at the altar of science

In order to graduate from Fargo-Moorhead col-
leges it is necessary to study at least one year
of natural sciences. Six credits of natural sci-
ences are required to satisfy the liberal arts re-
quirements. This policy applies to all majors re-
gardless if you study nursing

or philosophy. Why should stu. Letters to
dents who are not interested in The Forum

sciences be forced to study sci- e e e

ences?’ ,
Why is there so much emphasis on sciences in so-
ciety? Why do universities, which are independent
_ from other institutions, follow the path of “admira-
tion” of science and force students, who have other
_values, to conform?.. .. _~ '
It is possible to graddate from college without
ver having taken a-philosophy class. Wouldn’t it
‘be more-logical to make students think in .order
o become responsible citizens than force them
t ce? Isn’t -our world ruled by scien- -

times when other parts of culture like
d art had equal value with science peo-
le bit broader world view than we
sn’t it time to think of the conse-
IO 3-science in all parts of our -

come aware of the value that
eings and to start thinking

Susanne Steinfeld
Moorhead




| Psoa Chen 5571|

psozeot | |

50 SHEETS

27.142 100 SHEETS
22-144 200 SHEEYS

22-141

®

)-

5 oz Coufl L

/of 4

Wa-*

X

& Y new a0 - S0 we owd need fo Bgos

~ o Hle Qi gy X "

SinapX e alwu s zese ot x=0

fe Swapx B be Zew &f KTL, @b I AT aeny
= [an = 2l 22
%'L

® e B bt 2 o ftos om K- y

Bt e be e@.r,w x4 = (’*‘)CX?“[) A
= zewms at -/x-' i'l(

© wet Fenfa):o
T

«ga i 5 v 2u8 se codiifa X a,
K- An f £ 4 -an =9 —->/am=1/

x<t2 -
XI* a, l‘—"’i‘L - lz‘“» :'D o A L) ‘

o
‘;_%%f,t’(y,: ~EPAsER +#?I45/h/tk = CDI/
A
Ix
2
GeFE R

é\-/z‘#’kz‘/v

- £ Bcoskn +EIBeosky = O

h

AR

c kP e’ ™

f ke co

- —/zzﬂc—/kxf}czlgv’k;—’o W

SO SHEETS

22-142 100 SHEETS

22-144 200 SWEETS

232-14%

®

@

o)

G

o= Lo oKX i a2l
POk = o [ - et
3
LA ouqcI‘": O‘p' o
. . - C_ZL
PCoky = ET__;:_—,-L < 0,000]
L > 920 (Metimabaa) -
L
“ A ] - xx . -yl ‘)....., =
(xB:Il:fm- MCOM IR S
- o :

® i
N

s d]

Ze “:lx* 2“—% ¢

A rA
4 x') - %(Lfoe'dxx
L7 7T Lj\
2t saicaaten)

fet o (_(‘;,.g?"-vzal.)2 raaet it (17

Con 0;5 %}tm:*_wk yowr PCle. 5«":5 19
On 1o s o [ &% co¢.7¢’
vncerfutn a!’» Mfw Iho...uJA.u. 750 e X! ns

Yo~ wodd  La. wo sdem  w b Plasy ore.

If He eckon cp/é/su fo o aoctewss i word e
Contr [P CJ("NM"‘) ol regrm o 5ZG(¢ end F
we, ke e ehcfe 3 stk Ko &4_ ZUL e we

lom. SO /t'.uw/eo‘f,t, o s o e ot Pl

wha 13 .//ou»pql b}. Pl Ve ,{,LA) /]r,h:?’[@,,
Uiy rtn Lt ol ruy o . 4, ’,
amot s :3»1”% Frin an 7 ?'“4 kP

50 SHEETS

22-142 100 SHEETS

22-14%

®

@ bon.  Eolurs bk B
Cosix :_i(cl'bl+¢-lff.ﬂ) ,
- As/ kX = A ;‘IK_ - kX ‘ = _ LA
e O N ke

Y2 CS-Coskx :r,ff(d‘m* cﬂm) - -f(yé_ *—,Vé) /

g
H
H z
z
3 @ j’% tEY s -l Asinicx -k-z/eﬂco‘bv\ + E¥(nAsn ek - RBush]
§
507
@ ® Sxe:ex R (".t‘g; )ex = ".#’(eay\ Mo eigen orchom
®© xe ™" 2 % C"'*jg Yae™ = piwwxte™ L x e pok
€15
© o kX" 2 xRkt 2 VFERT ejulchen
. ._/\: -2/

@ @ 3px e = "‘ﬂj;( xe” StxeX et
A X ~KX XX
@ /Okkae, = 'I“T% Kle ,
© By ex® < s exd e ahan?
Nore. of tese o HL St 48 (f)

. ey .
Wik xte ~a'fxe

@

X has werfs o)& /’L:,ﬂ(
. ~®Xi 2 - -
N—Jﬁe '“/p(_x = e ™

. %{wy - KA * -

==t Plxesh) = ""'ﬁl_p: of e
. o

x

= 2o (k<)

:»Q.;—f:}ﬂ\

unied+ PSO 2 L‘-J" ‘

%«7“/1 E’
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In{l146} = ROImS -!lbl.[!nmtltl[(lcllnll[n. x] x4n) 42, {x, 0, Intinity}], (n, 1, 3})
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Infid2) = )Ioz[lv.lu-u[’.hblc(lIlqrt[m:n-([n]]] BesselK([n, x] x*n, {n, 1, 3113,
{x, 0, 8}, Frame + True]

Out{142)= »Graphics«

Inf143):= llet[lvlhut.[!d;l.[(lI!qxt(nom[h\]]] BesselK{n, x] xn) 2, {(n, i, 3},
{x, 0, 8}, Frame -+ Trus)
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