All together now:

Vnim (7, 0, ¢) = R (r) Y/* (6, qb)(é)

!

Replaced by nimssm, = nlm/3%
Now we need 5 quantum numbers to represent
the state of one electron in a H atom.

Comment: The total magnetic moment arises from the
sum as vectors of L and S. This will be discussed in P412.



Returning, againl, to the general combination:

X = (i) = ax++bx-

What is the probability that the spin points
say along the positive x axis?

To answer this question, first you have to diagonalize the
2x2 Pauli matrix "x". Turns out the “eigenspinors” are:

/ ) _ 2 B\
X-:([:L") — ﬁ , (eﬁgenvaluc—}- -2-) _XE") — f , (ei.gen‘.va]ue — 5)



The general combination ...

X = (i) = ax++bx-

... can how be written as:

| a+b) (x) (ﬂ—b) ()
= — | X< = -
~ (ﬁ ] T V2 )"

(1/25a + bJ?

is The probability of measuring spin up along x.
(1/2)la — b

is The probability of measuring spin down along x.



Review for Test 3 begins: Yy, (7, @, ) = Rpi (1) Y;”'(f?_, @)

Ry =2a73" exp(~ria)

Ryy=-Y5_ g3 (] ! ﬁ + L(L)z) ﬁexp (—r/dar)

Rys = _IT a2 (1 — % E—) (i)ze'}'{p (—=r/4a)

Already normalized!



Ynim (T 0, ¢) = Rur(r) Y*(0, )

r9=(32)" = (35)  sint e
Y[():(-fj—t-)mcosfi Y“—(I;)”‘(500539—3c059)

v =% (2 )" sin et P =% (50) sin0 (5 cos?0 - 1)e
Yy = (%) > (3cos2@—1) Y= ( 05)“' sin” @ cos fe 2214

o —(15\12 . .. Ca o ea
y;! =+(— sin ¢ cos Pe=1¢ Y =% ? <in3 ge 230

641

Already normalized!



Consider an electron in the Hydrogen atom potential, located in the state with
guantum numbers n=2, |=1, m=-1.

(a) Using the tables of R and Y provided, construct the wave function ‘¥, , ,(r,0,¢).

(b) Find the expectation value <r> in this state.

(a) ~Chyou -l ~{
R, =1 63’/2(_[)@ i >/1 - 13 <me &fs
e &
| ~%h _r/m‘ . -L?{
xl/u_k(v,a—, 4) = % & 6 re  smee
(b)

A n

1_5‘1—(‘/0- - .3 _3_‘-@[_'-‘/5| i-—D
Ly y- LO&Sre rrdvgsvwadﬁgdyﬂ—m# 0~3 -15a

P o
Y/a ! e ®e*t gives 1

o..
g rle dr=5'a Integrals in formula sheet
Check length unit “a” is correct



Consider an electron in the Hydrogen atom potential, located in the state n=2, |1=0, m=0.
(a) Using the formula sheet tables, construct the wave function ¥, , 4(1,6,9).

(b) Make a crude sketch by hand, as in the book and as in one of the lectures, of the probability
|'F, 0,0(r.0,0) |* describing the nodes and the angular dependence in the plane (x,z).
__r/w_ l

(a) &{/U)Q _ Q’Lo(j“) >/0(Gz fb) = "'rl"_i_‘\’ C—E/L(l“ %}) < _EETh

)7\'—' =29 ol e am

’T!AVS/ I\Hz WA have 2

PP MES

(b) T only W2 > ot

%Q_C)}JJ}L -Q"—'\:‘; e Ll/'20° g,gq\onef;\"\i é&c:*a.

‘ C weesh
:S'l' "\"AE o ?«\n 3 et 89‘” ‘ Yaeht s Qﬂq‘ Cercier 4ot §=2, 2 ax Ve
¢ y Vhom e Yher safd W

.'.;{Q'\nejv\j:\)l_ﬂ% ‘[\ 0. No W?wbr

T'_'. ZQ,M

be (e e ©

dogerdoma Yo caian Q=w-o .




Rfr)

Y06, ¢) = 1//4n
2s orbital

|R31(r')|2 |y10|2

3 \IN
0_{2 ,
Yl _(41:) cos @

3p, orbital



Calculate the following two commutators, as in a HW problem.
Do not memorize, because my focus will be on the procedure.

(a) [L,y] (b) [L,,p,]

(a)
CLZ, \/] = E(P\/“' Y Px ?’] = [x v, \/] - [)’%,Y) =

= 7 Loyl - Ly vd - [ih x|

v 9
—h

(b)
[sz?%] = [X ??“yﬂ)"/ ?*} = [X?)’x?"l _[\7' ?’U‘FKE =

=% Do) =y Wupd =[Sy

L% =9




Consider a hydrogen atom.

(a) What is the degeneracy of the level with quantum number n=37
Provide all the quantum numbers of each degenerate level.

(b) What are the possible values of the angular momentum square, in
units of h?, that you could find as an outcome of an experiment if the
electron is in an equal-weight mixture of all levels with n=3?

(¥) 1£m-.q thew Q= 2,,0 . C=Z by m= =27\, 0, +1,+2

Q=1 b m="=1, 0+
R W3y m=9O

Ths, TotL s 5+3+1=[3]

Not enough to say n?=9

?.(2.+0= 6
() LY/ {l(lh): 2

0 {_OTI) =10

10



Consider the following linear combination of eigenstates of the hydrogen atom:

Y= AN 000 + 1 Woaard . = P (g + L)

(a) Find the value of A so that ¥ is normalized to 1. Only use the orthonormality
property of the eigenstates W_, (r,0,0), not the explicit states.

n,l,m

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

This entire problem should be done in just a few lines. Do NO write explicitly
W5 ,4(r0,0) and W, ,4(r,0,0), just keep the notation as it is.

(a) <N/\14?r Ao A R@ﬁ“wzi)(%ﬁri%m) 4P -

. 2 2 . —-‘I
R N (N OR e S (o)
Q o

2!

£,

.b
Ll/C\“"B-,ﬁ—E): L’f [q/3” ~ & +4 kt/'v_cm S < ]
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