Fourth Lectuer
Linear Operators
Types and definition of linear operators

Operators: refer to the physical quantities which are if entered to
other quantities turned them to new quantities or if affected on
the wave function convert it to a new function.

If A: physical quantity
~ Aor A,y IS a operator
Such as the physical quantity linear momentum (13) » Pop
2.1.1 linear momentum operator
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2.1.2 Kinetic Energy operator
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2.2 Properties of linear operators
Let a: linear operator
Y1 ,Y,:wave funetions

a(Py,YP) =ap, +ay,

For example if ; = x% , 9, = x
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s The Rule is truth
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 cx Y = C(ay) = Ca Y where Cis constant

* if a,f are operators < |if «,f are operators]

* caf@) =alfy) =apfy =[x )] = (BY) =« By
e af #+ fa

* The commutator
* if aand 3 are operators

* Then [aﬁ] = af — Pa

 *Example:

. d
* Find the commutator [ﬂ’ x]

a,p] = af — pa

a, Bl = apyp — pac
:dx x| = %aw —x =1
:jx,x: Y = x—+1/J —x%tp
= x| =1
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If 1, (x,t): is a wave function that describes the system in a
certain state and Y, (x, t) is another wave function can
describe the system in other state and 1, Y, are constant.

~ P t) = Yymy Y (x, t)....2.2
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*Example: prove Pozp = (Pop)

Solution:
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We have Pyp = e

62
(POP)2 = —h*— Pozp — (POP)2

dx?

*Test your understanding
Find the commutators [P,, x], [P?, x]



