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3.4 Postulate 4

When a given system is in a state ¥, the expected mean (&) of a sequence of
measurements on the observable whose corresponding operator 4 is given by

[wAvdy
a=—F7——""———

[¥*¥du

There will be more detailed discussion about this in later unit.
3.5 Problems

Problem 3.1

Show that [X, p,.| = ih
Solution: p, = —ihaa—x
[2, P, =—ih(Z— — = 2)¥
=—ih(9?2—i’ - :—x (x¥))
=—ih(22- - ¥ — x2)= —ih(-¥) = ih¥

[X, D] = +ih
Problem 3.2

Show that if 1,1, [, denote the x,y,z components of angular momentum

—_
A

Solution:L = # X P f=1%+jy

i J k
- |lx y z
ax dy 0z

o . d d
lx = —lh(ya - Za)
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. d 0 . d d .
= |0 (v —255) (i) (25— x )| = [ (=ih) (25 -
d . 0 d
x5) i) (y5, 23]
0 0 0 0 0 0 d
=—h2(ya—z—zay)(za—x )+h2(za—xaz)(ya—z‘za)
0 0 0 0 d 0 0
= Ny 2 Y Y X T 2,25 T 2N Y I Y, T 250,
0 0
2275z T %5:% 5y
A~ 62 2
[lx'l] h?(— ya 9z0x 2aya _Zxayaz+
2 2
O+zyaa —0—2z2 azay—0—xy—+x—+xzajay)
=h2(xg—y3)
But [ —ih(x——ya)
0 0 [, ~ I, h
( E‘Va) —ih [lxl] hz—lh_—ilz
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Problem 3.3

A particle is moving in a potential V(x)=% mw?x?

a- State the energy operator.
b- Verify that W(x) is a stationary energy eigen function where
Y(x) = Nexp(— %xz)

c- What is the energy eigen values corresponding to W(x).

Solution:
. A h? 92 1
a- Energy operator isH = —s-s + - > Mmw 2y2

b- If W(x) is a stationary energy eigen functlon

H W(x) = const. ¥(x)

h? 62+1 w h? azw +1 2y
T mw? (x) = %2 (%) Zma) x“¥(x)
But
‘P(x) = Nexp (——hx )
—N[—(—) 2x exp (—x )]
ik —Mmw —Mmw mw mw —mw
_ — x2) 42 2
I > P(x) = N[( )exp( oh )+ T 2xexp ( T )]
=—N [1 —@xZ]T exp (—x )
A ¥(x) = —h—a—tp(x) +V(OP (%)
mw o -mw - 1 2.2 -mw o
H¥Y(x)= N(l — X )2 hexp(?x )+5wa x“exp (Tx )

H¥Y(x)= (1 Tox2 4+ 22 2) Zh Nexp (%xz)
ie M ‘P(X)Zw?hlnu(x)

. wh
c- Energy eigen value = —
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problem 3.4

A particle m in one dimensional box 0 < x < a is in the ground state ¢ (x) =

\E sin (”T:C). Find the expectation value of position (x).

(x)=J_J:<p*<pdx= La\/gsin(%x)x\/gsin(%) dx

a 1-—cos (a%x)

=§j0ax(sin(%x))2dx=2f x ( > )dx

0

1 ra 1 ra 21X
=—["x dx—={ xcos(—) dx
a-0 a”0 a
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