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Pl0.3) wmm)1s v (1,2)=1s(1)a(1)ls(2) f(2)+1s(2)@(2)1s(1) B(1) an cigenfunction of
the operator .S““? If so, what is its eigenvalue Mj?
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The function is an eigenfuiction of S, with the eigenvalue Mg =0.

P?0O. ¢) ) W rite the Slater determinant for the ground-state configuration of Be.
Is(e(l) is(1)B(1) 2s()a(1l) 2s(1)B(1)
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Is(4)a(4) 1s(4)B(4) 2s(4)ex(4) 25(4)B(4)

P (9?} TESE) 1 this problem, you will use the variational method to find the optimal 15 wave
function for the hydrogen atom starting from the trial function d)(r) = e “ with o as the
variational parameter. You will minimize
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with respect to .

a) Show that
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We start with =-—qge ™ and 3 =2re™ —ar‘e™. Using these results,
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b) Obtain the result [¢> H® dr = 4::] O Gddr =1 __¢

using the standard
2m,a 460652 =

tegrals in the Math Supplement.
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¢) Show that [®'®dr =47 [F® @ dr = ?:;_ using the standard integrals in the Math
o

Supplement.
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d) You now have the result E (&) = ——— . Minimize this function with respect to
2m, 4nE,

a and obtain the optimal value of c.
d [hlal ezaw_ e ha
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equal to or greater than the true energy? Why?

E (aop,m,) is equal to the true energy because our trial wave function has the same form
as the true wave function.
P10 /) WY ) [0 this problem you will show that the charge density of the filled n=2, /=1

subshell is spherically symmetrical and that therefore L = 0. The angular distribution of

the electron charge is simply the sum of the squares of the magnitude of the angular part
of the wave functions for /=1 and m;=—-1, 0, and 1.

a) Given that the angular part of these wave functions is
2

¥2d (9.¢]=[-£-r—} cosd
Y (6,¢) :(8%] sin @ e
n"{e,¢)=[—83;j sin@ e

write an expression for |Y,° (9,¢}r +|}1‘ (8, ¢)|1 +|yl-' (9,45)'2 .



|}’,° (9,{9)‘: +1Y,’ [9,¢)r +l}’," (Q,gb)r =-f;cosz 8+ é‘:_-sin2 9+§Esin2 6

b) Show that |¥? {19,gﬂ'}|2 +r! (8,@)}‘2 +r (9,¢}|2 does not depend on & and ¢.

—S—cos’(9+—3—sin26+—3—sin36=.E_(coszei»sinzﬁ] =-3—. This is not a function of
ar ar 4r

i 8
¢ and ¢@.

c) Why does this result show that the charge density for the filled n =2, / = | subshell is
spherically symmetrical?

If a function is independent of & and @, then it has the same value for all & and ¢. This
is what we mean by being spherically symmetrical.

Pl0.14) 22MW) Two angular momenta with quantum numbers j; = 3/2 and j, = 5/2 are added
together. What are the possible values of J for the resultant angular momentum states?

J=l+ 0] Mo+ -1,
1.

Jy+Jy=2|,e |4, = ;| giving possible J values of 4, 3, 2, and

PO, /‘f} M What atomic terms are possible for the following electron configurations?
Which of the possible terms has the lowest energy?
a) ns'np' b) ns'nd' ¢) ns*np' d) ns'np?

a)ns'np' L can only have the value 1, and S can have the values 0 and 1. The possible
terms are 'P and *P. Hund’s Rules predict that the ’P term will have the lower energy.

b) ns'nd" L can only have the value 2, and S can have the values 0 and 1. The possible
terms are 'D and ’D. Hund’s Rules predict that the *D term will have the lower energy.

¢) ns°np' L can only have the value 1, and S can only have the value 1/2. The only
possible term is *P.

d) ns'np® A table such as the table in the text for the p? configuration will have three
columns, one for each of the electrons, for M; and Ms. Each of the fifteen states for the p*
configuration can be combined with m, = i—% for the ns electron. This gives a total of 30

states. Working through the table gives “D, *P, P, and S terms. Hund’s Rules predict
that the ‘P term will have the lowest energy.

.
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