Exercise N.2

Enrico Iacopini

Exercise

The physical state of a particle is represented at
t = 0 by the following wave function

V(z,0) = A(a’?—1z2) for |z|<a
Y(x,0) = 0 for |z| > a

where A and a are positive (real) constants.

a) determine the normalization constant A;
b) calculate the expectation value of z;

c) calculate the expectation value of p;

d) find og;

e) find op;

f) evaluate the product oz 0yp.

QUANTUM MECHANICS 11 settembre 2019 1/5



Solution

Enrico Iacopini
Normalization:
+a a
1 = A? dzx (a® — x°)? = 2A2/ dzx (a? — x°)? =
0

—Q

a
= 2A2/ dz (a* 4+ =% — 2a%z?) =
0
204 1 s 21 3
= 2A (aa—i—ga —2a§a)=

1 2 8
= 2A%05°(1 4 = —32)=2A%°"— =
( Jr5 3) 15

1

= A% = —5a_5
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o A= Y15, s
4
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Solution

Enrico Iacopini

@ Expectation value <  >:
+a
<zT> = A2/ dx (a® — z%)°xz =0
—Qa

because the integrand is an odd function.

QUANTUM MECHANICS 11 settembre 2019 3/5



Solution

Enrico Iacopini

@ Expectation value <  >:
+a
<zT> = A2/ dx (a® — z%)°xz =0
—Qa

because the integrand is an odd function.

@ Expectation value < p >:
+a
<'p>:—7',ﬁ,A2/ dz (a? — )< (a? —a:)):
—a
+a
= —?Lﬁ,AQ/ dz (a? — z°?) (—=2z) =0
—a
because the integrand is, again, odd.
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Solution

Enrico Iacopini

Oz
since < ¢ >=0, 02 =< z% >

+a
<z?> = A2/ dzx (a® — x°)%z? =
—a

a
= 2A2/ dx (a* + =% — 2a°z?)z? =

1
= 2A2%(a* 30, + a a2—a5)=
16
— 24247 25y A2q7 20
( + ) 105

_ §_5716_a2

16 105 7
= 0y = =

T \/7
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Solution

Enrico Iacopini

Op:
since < p >=0, 02 =< p? >

< p?> = ﬁ,2A2/ dx (a? —:1:2)< 5(a? —:1:)>
= —252/42/0 dz (a® — 2%)(—2) =

1 1 2
=4A%hR%(a® — Za3) = 4—5a_5ﬁ2a3— =
3 16 3

_ga_2ﬁ2 = op=a 1h,Ji5
ooy =l —m( .
P V7 14
h

~ 0.598 ~ > =..)
2
QUANTUM MECHANICS 11 settembre 2019 5/5



