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1. What is Operators?

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

function.

2. Types of operator

1. Simple operator

A=x Py = X3

Examplel: -

. PN . & i
Find Ff(x) if F = X

Ffe)=2

ox

%,
ox

0
—(l-l'.x a )[(.X)

0 o,
x =1l+x
ox ox

x f(x)

=f (x)+x — f(x)

F=
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Example 2: -

: ~ e & _ 9 o
Find Gg(x) if G = X

~ g .
Gelx)=—x 'y
g(x) > glx)
og(x)
=2x g(x)+x?—="—=
xg(x) e

:(Zx +xz%)g(x)

—x1=2x +x*1—
ox ox

> Physical observables and their corresponding quantum

operators

1-position X X

2-Momentum Dy = MX Dy = —ih—

3- kinetic energy T =— T =

4- total energy E=T+V E=ih—

] pz — —flz 62
5- Hamilton | g = o+ Vo | H= T T 465
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2. Properties of operators

1-liner operator
) A (p100) + 02(x)) = A 1+ A @2
i) A(ao(x) =adox)
2- Commutation
¢ =|[A B]=AB-BA
i)ifC=0 - [4,B]=0
then AE = EA commutation
i) if C = 1
C = Unit operator
i) ifC #0 - [A,B] # 0
AB—BA#0

then AB # BA not commutation

Example 3: - prove that [:—x,x] IS unit operator

C<px=[axx(<px) X—= (wx)]

0x . 00w _ 99w
— + —
PO T Tox X ox

6(px = @x

Then C=2x then C =1

Px
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Example 4: - prove that [X, p] = iA

[2,9] ¥ = [ e - puX] ¥ =[- Xih— - (-ih=-X)] ¥
W 9
[xps — pex] ¥ = —ih [ng— iy (X‘l’):l

[xp_r — p,‘-x] Vv =ih¥
[£,9] ¥= ih ¥ - [&P] = ik

Example 5: - Find

x"p, ()

o op ey =—ine L ip L ny
- dx dx

x".p, [f (0)=—ihx" dﬁ(")whn Y7 ()i L)

X dx

x".p, |f (x)=ihn ¥ (x)

H.\W: - Find 1.

. py]=[z. p]=in
2.

[z, p?] = 2ihp

3.

[pox" |7 ()

L
1
N
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3. Eigen functions and Eigen values

When an operator on a function the outcome is another functions.
Af = kf

Example 6: - prove that the function

w=Ae “F

Is an eigen function of the operator

d? 2 d 2
+ +

F="—
dx x dx X

Solve:

Fy=a’4e™™
Fy =a’y

H.\W: - by using the eigen value equation show that the function @n(X)= e

. . . ~ 0
is an eigen function of the operator A = P

H.\W: - by using the eigen value equation show that the function @n(x) =

2

. . . . ~ 0
sin(6x) is an eigen function of the operator A = 522
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