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Quantum Mechanics
By
Eman Ahmed Abdulmunem Abdulkadhim

>
—
o 8
— (V)]
2 T
2 =
1 e
-

L

rmrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

L L L




T

Operators

Any mathematical entity which act on a wave function and change it to another

function.

Example:- 4 = x

(px:x3

Ap, =x.x3=x*=0

Observables | Cla. Mech. Rep | Qua. Mech. Rep.
1-position X X
: 0
2-Momentum Px = MX Dy = _lha
2 2 2 2
3- kinetic energy =P F_ P _ _h" o7
2m 2m 2m 0x?
4- total energy E=T+V( E = ih%
2 2 2
) . p ~ —h°o0
5- Hamilton H = > + Vi | H= T + Vi

Eigen functions and Eigen values

When an operators on a function the outcome is another functions.

Example:- by using the eigen value equation show that the function ¢,,(x) = e** is

an eigen function of the operator A = :—x

A ]
A=—
ox

Pn (x) = !X

A<pn (x) = anen(x)

Awn(x) =
=i4e"™

=a,¢n ()

%(e i4x)

a, = i4 eigen value

@, (x) = e**eigenfunction

I_Ll_I_I_I_LI_LI_LI_LI_LI_LI_LI_LI_LLLLLLLLLLLLLLLLLLLLLI

rrrrrrrrrrrfrrrrrfrrrrrrrrrrrrfrrrrrrrr e

errrrrrirrrrrrrirrrrrprrrrrrirrrrrirrrrrrrirrrrrrrrrrrrirrrrrrrrrrrren



I_Ll_I_I_I_LI_LI_LI_LI_LI_LI_LI_LI_LLLLLLLLLLLLLLLLLLLLLI

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrirrrrrrrrrrrrirrrrrerrrrprrr el

By using the eigen value equation show that the function ¢,,(x) = sin(6x) is an

eigen function of the operator 4 = % H.W.
Properties of operators
1-liner operator
i) A(@1(x) + @, (x)) = Ap; + Ag,
iA(apy)) = adey
2- Commutation

¢ =|A B]=A4B - BA
)ifC=0->[4B]=0
then AB = BA commutation

iiyif ¢ = 1
C = Unit operator
iii) if ¢ # 0 — [4,B] # 0
AB—-BA+0

then AB # BA not commutation
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Example:- prove that [— x] is unit operator

¢ =[4,B] = 4B - B4
C= 0 0 ltiplyed
= x—xo—  multiplyed ¢,

A 0 d
Cor = [5=x = x50

A d

C(px X((Px) - X ((px)
=g”<x)$+x ox " ox
é(px = Py
Then Cz% then C =1
**show that [X, p,] = ih H,W.

. _ip 0
Hint p,= lhax

Hermitean operator

Operator 4 is said to be hermition when satisfying the relation:

(o] (o]

f @i AQndt = f om(Apy,) dr

Properties of hermitean operator
1) the eigen value correspond to any hermitean operator are real quantities.

2) eigen function correspond to different eigen value are always orthogonal i.e.

(0]

f PnPmdt =0

— 00
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Example prove that P, is hermitian operator ?

A=7p;
j @i AQndt = j om(Apy) dr

— 00 — 00

(00]

0
| n-inIgmds

(0]

. .0
—ih fgonagomdx ——————— 1

— 00

(00] oo

judv=uvf°oo|— Jvdu

— 00 — 00

U= @, dv = —x<pmdx

= .[ Pm (px(pn)*dx

— 00

[P«] is hermitian operator
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