SUMMARY OF SECTIONS 4-5 2B22 QUANTUM PHYSICS PROBLEMS:
See one / Do one problem:

18.) An atom is in a superposition of normalised eigenstates of hydrogen %Z,., (> = Raa ¢ Vim 0:8)
given by:

w(b):%%u+fj?%3/o+”/% %I—/+J§W4U+%-U

a) is &£’ () normalised? If not give it in normalised form.
b) What is the probability that , in a single measurement, we will measure L to be equal to € h™ ?
C) What is the probability that we will measure the value of Lz = % 7

d) What value for L= will we obtain by averaging many measurements on identically prepared atoms?

e) What is the expectation value of 7
ANSWER

~ —~2 7
The 3 eigenvaluesof I, X7 K2 are

— 7 2
En= /-’m:‘) Lg+1)H S, m P respectively.
a) NO. The squares of the coefficients add up to 4 rather than 1. To normalise, multiply
all the coefficients by /59 = 2 -
b) This means that {(4+1) =< 5™ s0 £= 2 . The only component with 4 2 is (//,,, with

coefficient ¥ so the probability is = 1/4
c) This means the components with m=/ (ie the ¥4, , ¥4n , %4z +). The total probability is

the sums of those coefficients so = 240 + /& + % = 2/5,

d)<&>= Z 1<, | * An e the expectation value of the operator is a sum of eigenvalues weighted by the respective
probabilities. Here= % -[%o0+©° ~ S50 T3 T %0) =20 % .

e) In this case it is the weighted sum < T 2 = Zyon ) Coawl = < 3, 0f the expectation values

obtained from each term, where < t>um = S\FHen| ™ 1 . F*Ar Sins do A .

lb) A quantum particle is in a superposition of normalised eigenstates, ¢/ (>
of the QHO ( for which the eigen-energy, £,, = (n+ % h w ):
Q@=L Qoo+ [L (P oD+ e+ %YL GO

a) Check the normalisation and give &’ in normalised form.
b) Here co= 4. What is the probability that , in a single measurement, we will measure the energy to be = 10% ?

d) What value for the energy will we obtain by averaging many measurements?
e) Give the expectation value of x (at least explain the maths you need , even if
you can’t solve it) . But in fact you can write the answer if you consider the symmetry of the ¢/ ¢ .

Q.4c of Homework 3 :
We have a wavefunction



C(O8>= 2 (o1 20 AN D
Work out the probability that a measurement of 4= will yield the value 2 5 ~.
ANSWER: We know that

C0,p>= 5 ot 20 4= Z_ Cyp Ve (38D

What we need to calculate are the Cen .

Now if we measure the eigenvalue £(£+/) h* = 2 %* then we know that £ =/ -
fr all terms in the expansion Z Cem Y., .

Hencem ==, 0,1 -

So we can have Y, (©,&) , V/, (8,8, ¥, t9#) in our expansion. We know:
Com= S5 Yii(s, ) Y (o@) sine dodp

and we want C; , Cio, G- .

Cio = S Xb* L/U (6, ) Lnododg =

= "SB o Fir o) 20 40 do TS hm@Fdp = O
since TS 4n 8 d g =0

Chu= SY>X Q@ ) wmede df

Cyy = ~GEge) 7> TS0 a0 4inte 4o TS 4ing 0Fd g = C\
\_,.Jv\_/ w
W4 T/

Probability =<1 )2 + 1 C- |* = 93g9¢ T

ANOTHER example
An electron is described by a wavefunction U (s, ) = §&& A *6 (o 18 . Work out the

probability that a measurement of Lz 1) that will give the value 2% . 2) that it will give the

value 0 . and 3) It will give the value =2 % .
You can use:

Y lof) =[5 (sw’e—1)
Vo1 (0 )= 2 B ino o 07
557 P = [Fy A’ 057

Useful integral : =S An o do =175
(HINT: do the ¢ part of the overlap integral first. The answers should be

1) probability =% 2) probability=0 and  3) probability =% .)



