PROBLEM 1: Consider an electron in the Hydrogen atom potential, located in the state
with quantum numbers n=2, |=1, m=-1. Using the formula sheet tables, construct the
explicit wave function ¥, , ,(r,0,¢).
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PROBLEM 3: Consider the follow
linear combination of eigenstate:
of the hydrogen atom:

W=A[2Y¥,,0r0,0) +i¥,,,(r0,¢

(a) Find A so that ¥ is normalizec
to 1. Only use the orthonormalit
property of the eigenstates

Y, m(r,0,9), not the explicit state
from formula sheet.

(b) If the W given above is the stz
at time t=0, write the state at an
arbitrary time t. For the energies
simple use the notation E,, not t
explicit values.

This entire problem should be dc
in just a few lines. Do not explicit
write ¥, ;0(r,0,0) and 'Y, ; 4(,0,9,
just keep the notation as it is.
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PROBLEM 4: Calculate the commutator [Lz,y] by the
procedure in one of the HW problems and in a lecture
i.e. using simpler commutators such as [y,p,].

Ly, LaT= Ty, xpy=ypxd = Dyxtyd -Dyyead-
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PROBLEM 5: Choose the correct answer. No
calculations allowed or needed, but you should
provide a simple *brief* reason for your choice.

(i) If we only know that a wave function is zero at the
origin of coordinates r=0, what can we conclude with
certainty about the angular momentum |? Explain.

(@)I=0 or (b)I#0 or (c) I=27

(ii) Of the R, functions with quantum numbers given
below, which one has two nodes located at different
values of r? Use formula sheet.

(a) (n,)=(3,2) or (b)(nI)=(3,0) or

(c) (n,1)=(4,3)

(iii) If we only know that an eigenstate of the
hydrogen Hamiltonian, as those we have studied in

Ch. 4, is independent of the angle ¢, what can we
conclude?

(@) m=-1 or (b)I=0 or (c)m=0
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(iv) Consider a hydrogen atom. Make

the list of all possible states with (iv) For M=y the sllowed volis «& P axc 01,2,2
n=4, namely write all the possible /
:gzntum numbers (I,m) allowed if Fou Q=7 N —3,-2,-1,9, |, 2,3 +
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(v) What is the full degeneracy of the For 0 -0 - O 1
level with quantum number n=37? / 16 = 4 =m

(v) n=3 means|=2,1,0: 543 4| -_-.l?

(vi) What are the possible values of
the angular momentum square, in S
units of h?, that you could find as an (Vi) 2 (2-"' )= 6

ment i LU=/
outcome of an experiment if the _ h 1 Ci+)= 1 2
electron is in a Hydrogen atom o(om) = O
orbital with n=3?
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