Problem Set PS05
IssuED: 9/27/01 Due: 10/4/01

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 determinant of a matrix, M, is notated as |[M|. For a 2 x 2 matrix M =

mi; M2 . ..
, the determinant is given by
mo1 MMa2
myy Mi2 — mam Mo
= M11Ma2 — M12M21.
Moy Ma2

evaluate the determinant for the following matrices (simplify your answers).
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2. The determinant of a 3 x 3 matrix is given by

()

(@) |

miy; Miz M3
o Moz Mag ma21 Mag Moz Mag
Mo1 Moy Mag | = M1y —m + ma3
mgsa 133 ms3; Mgss3 mgzg 133
mg3p Mgz 133
evaluate the determinant for
7T 2 2
7 3 6
0 6 7

3. Determinants have the property that if any two rows or any two column are exchanged,
the value of the determinant changes sign. Verify this for a general 3 x 3 matrix,

a b c
d e f
g h 1

You may want to use MATHEMATICA.



4. Determinants have the property that if any two rows or any two column are the same,
the value of the determinant is zero. Show that this is verified for the following deter-

minants
ey 2]
(a) | a b (two rows are the same)
- a b -
[ a a z ]
(b) b y | (two columns are the same)
z

Exercises

5. Consider the three electron systems Li and Be™ whose first several energy levels are
shown in the tables below. The only difference between these systems is the nuclear
charge. Graph the energy levels for each system, comment on how they differ. Are the
subshells equally effected by the change in nuclear charge? Note: the energys are given
in wavenumbers and give the energy below the inonization energy. The best way to use
these numbers is to set the ionization energy at zero then simply take the negative of
the entries as the energy for the level. Note: for Be' the 2p and 3p states have been
broken out into two levels each. Just graph the J = % levels for each.

From’ Atowmic E‘“‘?‘f states : Be I Z=4
g E BQ&LI( wd §. Grov ".5"‘“4’ 3 electrons 152 25 28,
Greemwnd Press, VP 196¢ ' Tonization potential = 18.12 volts

These term values of the beryllium spark spectrum are from
the work of Paschen and Kruger.

LiI Z=3 Reference
" 3 electrons 1s2 25 28, ¥. Pascuen and P. G. KRUGER, Ann. d. Physik 8, 1005 (1931).
First ionization potenqial = 5.37 volts Configuration | Symbol | J  |Term value| Ar
The classification is taken from Fowler and Paschen-'Giitze. 18225 28 + | 146881.7
Only the first term of the p series has been resolved into a
doublet. Its separation is 0.34 cm.™1. 2p 2p° 3 114968.9 | o o
Two types of tables are given: first, one containing only the 13 114946.3
lowesi_; terms, second, one containing the complete set of terms 2 . N 58650.5
in series arrangement.
] 3p 2pe ) 50885.8 | 4 o
Configuration | Symbol J |{Term value 1% 50383.5 '
28 1§ 3 43486.3 - 3d D 14,23 | "48828.5
2p 1p° 3, 13 | 28682.6 45 28 3 31416.5
3s 28 H 16280.5 4p 2p° 13| 28122
3p 2p° 4, 13 | 12660.4 i 4d 1 %D 13,23 | 27459.5
3d 2D 1%, 2% | 12203.1 - 4 2F° 24, 3% 27437 .1
43 28 ] 8475.2 bs 28 s 19545.6
4p 2p° 3, 13| 7018.2 5p *P° L1 | 179116
5d :D 14,23 17570.4
4d sp | 14,24 | 6863.5
) 5f 2f° 24,33 176569.8
4f 2F° 24, 3% 6856 .1
(] 8 3 13322.6

81



6. In the notes we obtained the ground state of helium which was

Uy = 1,(1)¢1,(2) [(1)B(2) — a(2)5(1)] -

As a short-hand representation of this state one uses the notation (1s)? which is read
as the product of two 1s hydrogenic states. Also, it is automatically understood that
the Pauli exclusion principle applies and the electrons have opposite spins. This is the
one and only ground state, so one says the ground state is a “singlet.” Let us consider
one particular excited state (1s)!(2s)!. This is an excited state of helium where one
electron is in the 1s state and the other is in the 2s state. The spatial part of the
wavefunction for this state could be

1/112 = ¢15(1)¢2s(2)

or
?/121 = ¢2s(1)¢1s(2)a

but neither of these are symmetric or antisymmetric. So we must make linear combi-
nations of these two wavefunction as,

7/’12 + 7/’21 - ¢1s(1)¢23(2) + 1/’23(1)1/’15(2) - 7vbsym

and
VY1g — hoy = wls(l)%s@) - wzs(l)d}ls@) = Yanti-

Verify that these wavefunctions have the denoted symmetry. The spin part
of the wavefunction for this state could be

a(2)5(1).

The first two possibilities are symmetric but the last two are neither symmetric nor
antisymmetric. The properly symmetric spin wavefunctions are

(Der(2)
(1)6(2) + (2)6(1) -
B(1)5(2)

The properly antisymmetric spin wavefunction is

Xemti = (1)5(2) — (2)5(1).

«
= «

Xsym -

Now, according to the Pauli exclusion principle the total wavefunction must be anti-
symmetric. This leads to

\Ill = rLpsmeanti



and
U, = wantiXsym’

Write out these wavefunctions. W, is a single state just as the ground state was. It
is therefore called a “singlet” excited state. W, is actually three states. It is therefore
called a “triplet” excited state. Use horizontal lines to represent the 1s and 2s states
and use arrows to represent the electrons and their spin state. Draw all the possible
ways that you can have one electron in each state. Do this first by labelling the electrons
and then do it again with out labelling the electrons. How does labelling the electrons
affect the number of states. Can you correspond your pictures to the wavefunctions?

Using mathematical exercise number 2 write out the ground state wavefunction for
B2?* from its Slatter determinant.

Conceptual Problems

8. Iron can be made into a magnet if the spins of the unpaired electrons for the iron atoms

in macroscopic regions can be made to more or less align. The alignment process can be
done by melting the iron in a magnetic field which aligns the spins and letting it freeze
into place. Show via an energy level diagram that iron has the necessary unpaired
electrons to be useful as a magnet. (Note: a rule of thumb is that if electron are not
in the same subshell they tend to fill spin parallel.) Could one make a magnet out of
nickel? How about zinc?

Pretend that the allowed values for magnetic orientation quatum number, m, are
0,1,2---,1 instead of 0,£1,£2---, 4+l and that all other quantum numbers behave as
they really do and all filling rules remain the same. Draw a new periodic table.

Reflective Exercises

10. List the major journals in your field of interest (e.g., New England Journal of Medicine,

11.

Journal of the American Chemical Society, Physical Review, etc.). Go to the library
(or the internet if applicable) and find an article that deals in some way with physical
chemistry. If you simply can’t find anything to do with physical chemistry then find
something to do with chemistry. Write down the citation information; you do not need
to turn in a copy of the article.

Use the internet to find out more about the stuff your intended career field expects new
people to the field should know. For example, if you want to be a forensic chemistry
for the FBI, what does the FBI expect you to know.
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? 5 4d -6863 -27459 20596
-1 4 -6856  -27437 20581
5s -19545
cl...o1:- Dat[{{Exp[Ia/2], -Exp[Ia/2]}, {Exp[-Ta/2), Exp(-Ta/2]}}] 5p i ~17911
outfs)- 2 ) 5d 17570
: 5¢ -17559
Inf91:- Det[{{7, 7, 2}, {1, 3, 6}, (0, 6, ] . 6s -13322
outisl- -364 .
@ Inf12):= A=Detl{{a, 5, a}, {4, #, £}, (3, B, 411} ’ L-0e”
Outfl2)~ -ceg+bfg+cdh-afh-bdisaeli ’
In(131:= BaDetl{{d, e, £}, {». b, ¢}, (9. B, i}}]
outi13)~ ceg-bfg-cdh+afh+bdi-asi
In{i14]:~ A =zw =B

outfl4j= True

25 2p 3s 3p 3d ds 4p 4d 4f

In[18):~ ¥ =Det{{{b, s, ¢}, (e, 4, £}, (h, g, 1}}]

outf18]= ceg-bfg-cdh+afh+bdi-aei
In{19):= Awex =¥ g » ‘ N ‘(?. e e e
JaR 2 ’ A ;

= B G 1A R

oue[19)= True »n

@mua;:- Pet[{{x, ¥, 5}, (s, b, ), (a, b, €}}] ‘ # ) %g(‘z‘)f ?;J'lﬂ;g(?‘)

!

outfz0]= 0

’%. Lo o

\,
o8
3
~
~
A

. L 600
Iai21) 1= Det[{{n, &, x}, (B, b, ¥}, {e, &, 5}}) PN ﬁ;’/(” %e

PR . . « v

Outf21]= O NS = i . ;
¥ E (%(r)ﬂ;,(n) ALY %s;(z‘j)‘(w')u/?p:‘)— hl?}’la(/l) . KN 4 U3t ea) Oced
o 8 By gy O RE) 20 ) OB ACTAN R
~ /18 £ . AT :
. RIS SR : ' D)
o = G0 Ao AORD V99, E) ~ 0@ ) - BOROBEA
7N

O ut < 7 v
(T + - as a
K4 :(%0) B@ -G Z‘i(a)(ﬁ(")/rz)*d(t)/’(/)> @ Re 3 ekd Lo
. A1) Bz .
» ‘ 4 (D0 5 jR0) () # ek, £ %03 730)
W, < GUDEORBE) - i, 02952 aeIaE) FOOHOL fCD 30 € ) S Loty w2/

2 G000 f (30t - 4 008 A Fs @) WY 4 0) pe) %, 102)

i , AT LD,
Y, _.@,sm 54020 = G2 ) (odsre) #ei (T 5 As(30a03) hsB) B %
v}
= Bl YD) - P 0 B, KOV B OB y30) - OB K2/ .
5013 $is(23 03023 = Yol 14 o WL 0YR | H (i pr) Ks(R) A 402> oAC2) %, Ce) dite)
~ R OR0) F K02 &) /__ %{’)/3(/)

. (€383 =4 ook} B, (23/302) # Hs0)B0) eI ne)
I g O M) OB 5 10 T G330 b 3) AB) (3 Aic3) % (3) A

?z‘ :(}1{9(')2,&) -8, }fs(z))_ﬂf’),ﬁ(«‘-/

‘ g ora6d Hs(DBe) |
- ; - 0l30) £ED 52D N Oy A0 /
= sl PO R~ BT : 4’;5 W (s5403) Fo(3) pCv)
e r yr o fioWb 42 \
VIR AR L. . 3 |
. Tg:" T T TF Yt vt Wl ' - 9’5(,) A (2;(?)/3(:) }f$(3)0/(3) - $03) A g?)(g)p‘(, ))
: C | Ped
é £ v . - 4;50),&7)(9,&5(%(:) %, (5) A5 — %5 (3)A(3) %02 :)
S Ty el e |
W ’ JE R + (1 A0 (%Jz)d&) B (30 303 ) = g (DDel0) A /SQD)
13

@Fe: [A']@s)’C?J_)‘ 39 ot L L
yeo L o

YN (Y A B | 3 L magredrc.

. p. T 1o 3)& ” 7‘
n AT S 3g B a0 maghe
A



22-142 100 SHEETS
22-144 200 SHEETS

®

5

¢
N
hd

—FNi;(ék a’l Te' _i XC‘MCS

Lo, Al a tR[AC SL_E\*

Y THTTTE T »
fmiYo\LulupiTal W
Z LN
T1 | Fu] M MofL qu




