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8. Can you show that the average value for some
physical quantity A (measurable value for given
quantity) does not depend on time for stationary
solution of full Schrodinger equation

A stationary solution of the Schrédinger equation can be written as:
P(r,t) = p(r)eFM,
The expected value of A at time ¢t is given by:
W = [0 w0 dvteav
Substituting:

P(r,t) = ¢(r)e—iEt/h’ W (r,t) = ¢*(r)eiEt/h7

we get:
(A)(t) = /¢*(r)AeiEt/h flqb(r)e—iEt/h iV

The exponential terms cancel:
W) = [ o waow v,

and we get an equation that isn’t dependant on time.

13. Prove that kinetic energy operator is Hermi-
tian

10

The kinetic energy operator is:

7ol
2mv’

where V2 is the Laplacian operator.
We must prove that

(T = (Te|w).
Left side:

(6|Tw) = /¢*(F) (—jjlv%(m) dr.


mihha
Text Box
20

mihha
Text Box
10

mihha
Text Box
85


oo, .
o [ ¢ OV

/¢*V2w dPr = /w* Vi dPr.

[-]

So:
2
(¢T) = _2% / Vo* (7) - V() d°r.

Right side:
(T¢le) /<;1v2¢(f))*¢(m3r;;/vz o (P67 dor.

I / Vo (7) - Vo) dor.

(Tl = / V6" (7) - V() dPr.

Since: R R
(0| T) = (T'oly),

the kinetic energy operator is Hermitian.

22. Calculate the probability current density func-
tion for periodic motion of free particle in one-
dimensional space. Give a physical interpretation
of the result obtained. 20

free particle with momentum p:
U(x,t) = Ae i (Bt=pz)

the probability density is
p=10P =4 |
and the probability current density is

ih (AU AT
= N A
J QM( )

dx dx
derivatives:
av _ _dpg dYTipg,
de  h dr h
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Substitute:
]2M<h\I!\IJ+h\II\I/>M\IJ|MA|.

Since p = Mv, we get:
j=wv|AP,
which describes the particle moving with velocity v, or the flux of moving

particles. The rate of flow of probability is proportional to the velocity of the
particle.

31. How is the Heisenberg uncertainty principle
related to the error of physical measurements?

The Heisenberg uncertainty principle is expressed as: 15

Az Ap > 27 this is hot a general
expression

where Az and Ap are the uncertainties in position and momentum. The more
precisely we measure the position x of a particle, the less precisely we can
know its momentum p, and vice versa. Even with perfect measuring devices,
it is impossible to simultaneously determine both position and momentum of
quantum objects.

33. Show that for a potential barrier where the
total energy FE is greater than the barrier height
Uy, the flux for reflected particles (reflected from

the barrier) is given by: 20
hk|B|?
Iy = MIBE 1)
m
where JoE
2mkE
b= V20E 2)

The reflected wavefunction is:
Yr(z) = Be ™1 % (x) = Bre™®.
derivatives:

—— = —ikiBe~ " — L =ik BreM®,

dyr dyg,
dx dzr
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probability current density:

i (Y dY
J‘m@ﬂ‘wdx)-

substitute:

jR — 227 (ile*ezklz . Befzklm o B*ezklx . (7“{:13671]@11))
m

= % (Zk1|B|2 +Zk'1|B|2)

ih ,_.

%(2“‘?1\&2)
hk

=~ |BP?

m

So the flux of reflected particles is:

iy

m

jR |B|27

where ky = Y2mE





