Physics 451 Sect. 1 Exam llI

Fri., Nov. 21DTues., Nov. 24 Class ldentification number:

Instructor: Justin Peatross

Time limit: 3 hoursD 1% penalty per minute over; Closed book

Instructions: Write your |.D. numbeabove and on each sheet of your work. Please donOt write
on the testingenterOs cover page; it will be discarded before returning your test. Make sure to
put your work in order. Staple it well. Your best 5 problarhthe 6 will be scored; your lowest
problem will be automatically dropped. Each complete problem, including the collection of true
and false, is equally weighted. Good luck!
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Spin in magnetic fieldfi =1 "$#. Adding angular momentd= § + §2

Included: Figure 4.6, Table 4.3, Table 4.7, Table 4.8

1. (a) Using tables 4.3 and 4.7rite down the wave function,,, (r,",#) for the

hydrogen atom.
(b) By direct substitution into the tiriedependent Schridinger equation, find the energy
4" #,) 2

me?

eigen value for this state. Note!

2. A wave function isn the normalized superpositictate
| 1 & =t %521)
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(a) Compute(r). Show time dependence if applicable.
(b) Compute(L, ).
(c) ComputéL?).

Useful integral: #"¢ "/2dr = n1a"**
0



3.In Fig. 4.6, examine the depictions|gf,[> and|! ,,,[*. (!, looks the same as
lv,[*) We want to construct a wave function that looks identical,, > except

oriented along the-axis instead of the-axis. That is, we want a wave function with the

1

form! 7%, =R, (r)%z%‘(g‘2 sin) cos* . (Note thatd!6=sin" cos#, which is the cosine of an

angle referenced to theaxis.) Find the coefficients,, and¢, such that
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4. The Hamiltonian for electron spin in a magnetic field¥is —8,8,. Let the electron be

. " % L
in state! =3 Z ;&( att=0, where for simplicitya andb are real and?®+b?=1.
(a) What are energy eigen valuesandE, (which are needed to write the general state

"'E*t "'E"t
L({t)=aPe n +p (e ),

(b) Compute(§,), (§), and($).
(c) Compute(&)+(&)+(&) explicitly and show that it equals what you expect(fi).

5. An electron is in a stataf hydrogen with» =3 and! =2. If the overall angular
momentum is given bys m):‘l;’%> (ignoring the nucleus),

(a) By consulting table 4.8, finthe probability 6that the electron has spip.u
(b) Given that the overall state m) :E’l;’> corresponds to the mixture

2oL 1) Lo 2t i g » &) 4 &2 i
J§|22>‘2 ! 2>! \/§|2]}‘22>, use thdowering operata § " €9 + §? to determine the
representation gfsm) = E’%> :

: § 1033 d) 4 2 1o 2 ‘l l> 1 ‘ll>
HINT: Apply 4 to‘22> and applydf) + 49 to Z(22|2 1 21 i2p[22).



6. You start with two points. Each correct response adds a point up to ten points; the first
incorrect response is free (to hefpver instructorOs ambiguity); additional incorrect
responses subtract a point. Unanswered questions are neutral. Please circle your answers
on this page.

T or F The angulamomentum ladder operator, when applied to an eigen state sy¢h@asto
a spin eigen state, causesor s) to change.

T or F When the angular momenta of two particles are added to form a combined system with
overall angular momentum, the overall angumaomentum must equal the sum of the individual
angular momenta.

T or F When the angular momenta of two particles are added to form a combined system with
overall angular momentum, the overalt@mponent of angular momentum must equal the sum
of the individual zcomponents of angular momentum.

T or F Two spin ! particles such as electrons can form a combined system with overall spin !.

T or F The overall angular momentum for an electron in a hydrogen atom aanife
evenif! =0.

T or F When performing the Stei@erlach experiment, a uniform magnetic field is ideal.

T or F The eigen functions of spin (an analoguerBf! ,")) can be written down.

T or F The spherical harmonicg™(!,") are eigen functions af, andL,, in addition toL> and
L,.

T or F Within the context of Chapter 4 our text book, the energy levelstime hydrogen atom
depend on the quantum numbersand/or! .
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