Lecture 23
Spin, problem solving.

During the previous lecture, we derived expressions for the three spin matrixes:
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sz'Jg(T;), Sy = g(f :) S%:Z(z-ﬁ

We write for convenience
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where
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are called Pauli spin matrices.

Question 1

If you measure S% on a particle in a general state

Y=axy + B}l_ = a,(é) + L[,o)

what result will your get?

Answer: N +
Y_ and X4 are eigenfunctions of Sz with eigenvalues 2 and 73 . Therefore, you
get % with probability \a|? or =% with probability 1b\”.
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Class exercise 9

Question 2

If you measure Sx on a particle in a general state

Y=y + by - alo)+ b(?)

what result will your get?

. o . . + (o |
Hint: need to find eigenvalues and eigenfunctions or SX = >\l o
Solution
To find eigenvalues, we solve characteristic equation

det (S.-2I) =0
- A 'Hz. 0
W, =2
%
%l-f=o =7 9\=i2.
L.i
: o . ) (x)
Next, we find the corresponding eigenfunctions 7( . )( _
_ _k (X 'lT (x)
@y A»’z S< Yo = 3 Xy
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Summary: the normalized eigenfunctions of d x are ¥
N T

with corresponding eigenvalues i and "5

Vector 7( = 01,)(4. + E)(-

can be expressed as a linear combination of these eigenfunctions:
(x) (x)
7( = C }( + + CJ )( —_
To find the expansion coefficients c and d, we as before need to find the

c=<xdlyxy L=< x2lyy
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c= XYl gy
L=< x2 1y

) e= <k T lpr = 4y g, + byo)
= 'LQ (1 1)(;)—? v—i—E(i i)(i)

' 2
-1
,Y_Z(M\o)

(2) A:47<Lf)\7<7= <]<(f)|[m)<++)>)€-)7
:\}—_Zm (4 -4)(> v: b (1 -1)[40> =é(4-lo)

Then, % - (ﬂ,‘f‘b) 4 (ﬂ'—b)

2 7(+ 2

Answer:

la+bl”

If you measure S, you get ‘g with probability
2

la-bl*
— -

and ’; with probability
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Class exercise 10

\ |+~
LoL . . - —
Suppose a spln-2 particle is in the state 7( Ve 9 ) )

What are the probabilities of getting ‘_f._ and —.J'.T

2
o) S; K=Yy + b)c_ = étz\ﬂ\(é) +

|+

A= — ar\A \D= & )
e Ve

Therefore, the corresponding probabilities are

|0\|L= (\—LZ(H&) ) é i ‘LE_

+
b1 dor -3

=

6'\1_5

2

3
{ 2 _

Cheaw  lai+ |blP= g3 =i o=

@ S, _laebl®. (-i+2)(3¢w) %
2 26 G

pfo\odz'\@i{"a 0# T/ veswlt
la- bI® _ (c1=3) (<1 44)

1
Q 2 B 26 6
Pfo \OQ\OIK\*(’) 01, "_k/j_ rlsku.
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if you measure S5 and Sy ?
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