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2- Time independent Schrodinger equation (TISE)

We can separate the variable in Eqgn. (9) [ih Z—l‘: =- % V2W+V (r,t) ¥ (r,t) ]and
obtain two equations, one depending on the variable (t) and the other on the variable
(r). We can write ¥ (r, t) as the product of two functions W (r) and ¢ (t). Where

Y (r) a function of space is coordinates only and ¢(t) is a function of time only.

SWr ) =W () () (10)

In one — dimension
¥ (x, t)=A e%(pxX—Et)
VY (x’ t):A e(%)x e_(iTE)t =¥ e_(iTE)t

ipx)x

Where ¥ = A e(T

o . . . 0¥ _  h? 9%y
Substituting this value in Eqn. (8) [ih ekt V (x, )Y (x,t)]

we obtain:
ih = (tpe‘(i?E)t) =. B 9 (w e‘(i?E)t) vwe (5

| E

ih [kp e (F)t s _("?E)] . 07 (Lp e‘(i?E)t) + v e (B
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iE
+ oo Jemnt sSle ) Alalaall Ui e ()8 o il Julall it
2 2
E¥=-220 +VV
2 2
Or E‘P+2h—m%—V‘I’=O
2 2
Or Zh—m%+(E—V)‘P=O

;L;;dmi—rz"‘g__,m;mqu\‘;ﬁg)@

2m  h?¢ 9%y 2m

W amaw T e BT V=0
0%y ) .
0 + zh_rzn (E-—V¥=0 In 1- dimension ... (11)
0°Y  0%W 9%V 2m

o2t oz T o2t 2 E-1M¥Y=0 In 3- dimension

or V2W+ Zh—T(E—V)‘on .................. (12)

2 2 2
Where V2= 2 4% 9

-Expectation Values

In quantum mechanics, physical quantities are not described by definite values as in
classical physics; instead, they are described by a wave function y(X ,t) that contains
all the possible information about the physical system.
When a measurement of a given physical quantity is performed repeatedly on an

identical system, the results may differ from one measurement to another.

2
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However, it is possible to define an average value of these results, which is known
as the expectation value. This quantity represents the statistical mean of the
measurement outcomes and provides a direct link between the mathematical

description of the wave function and experimentally observable physical quantities.
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Sn gall Al a1 G 1) ) pile Uiy 535 el peilind San ) Jons i) 40 038 (Jias
Lot Lgihaa e (S A 400 il cilpesll

-Expectation Values of Basic Physical Quantities

1- Expectation Value of Position
The position operator is defined as: x = X

The expectation value of the position is given by:

<x>=J U (x,t) x (x,t) dx

This quantity represents the average position of the particle obtained from a large

number of measurements.
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2- Expectation Value of Momentum

In one dimension, the momentum operator is defined as:

. 'hd
P = ldx

The expectation value of the momentum is given by:

<p>= j P(x,t) (— ih%) U (x, t) dx

This expression gives the average momentum of the particle over many

measurements.

3- Expectation Value of Energy

The energy operator (Hamiltonian) is defined as:

The expectation value of the energy is given by:

<E >= jdx Y(x,t) H U*(x,t)

This value represents the average energy of the quantum system.
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-Example:

A particle limited to the x - axis has the wave function i) = ax between x = 0
andx =1 ;Y = 0 elsewhere.

(a) Find the probability that the particle can be found between (x = 0.45) and
(x = 0.55) .

(b) Find the expectation value (x ) of the particle’s position.
Solution:
(a) The probability is
2 2 * 0.55
JoWPdx= 7@ Ydx=f,° (ax)(ax) dx
0.55

0.55
j (ax)(ax) dx = a? J x% dx
0.45

0.45

_ 23055
—-a [?] 0.45

0.553 0.453

(,l2 [x_3] 0.55 (lz {T — T} =0.025 az

31045

(b) Find the expectation value
1
< x >= j 0 U (x,t) x g(x,t) dx
< x>= f(l) x (ax)(ax) dx

4
X

=a2 fé x3 dx = a2 [I]é
aZ

4 4
S U
4 4 4



