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.11 SCHROEDINGER TIME DEPENDENT WAVE EQUATION

Schroedinger describes the wave nature of a particie in mathématical Jorm
nd is known as Schroedinger wave equation. There are two types of wave
quations, ViZ

(i) Time dependent wave equation.

iy Time independent wave equation.

TIME DEPENDANT WAVE EQUATION:
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According to classical mechanics. if “x” is the position of the particle moving

with the velocity ‘v’, then the displacement of the particle at any time ‘r’ is given by
- yer—iw(l—x/v)
where @ is the Angular frequency of the particle.

+ Similarly, in Quantum Mechanics the wave function ¥ (x,y, z,f) represents

the position (x, y, z) of a moving particle at any time ‘s’ and is given by

Wl o 2 ) == T = 2)  €2)
We know angular frequency w = 2mtv

Equation (2) becomes
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We know E = hv (or)v—-; | o (@) |
Also, if ‘v’ is the velocity of the particle behaving as a wave, then the |
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Substituting equations (4) and (5) in equation (3), we get,
. E x
Y(x,y.z.0)=A e‘z’"[w":] --- (6)
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If p’ is the momentum of the particle, then

the m the de-Broplie wavelength s

given byl=‘,;;:; .. (7)
Substituting equation (7) in (6) we get
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Differentiating equation (8) partially with respect to ‘x’ we get
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Differentiating once again partially with respect to ‘x' we get

22 2
Since W (x,y,2,1) = Ae:j'_r e and i =—- 1, we can write
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Differentiating equation (8) partially with respect to ‘', we get
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Substituting equations (9) and (10) in equation (1), we get,
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Equation (11) represents the one dimensional (along ‘x' direction)

Schroedinger time dependent equation. It is called time dependent wave €q
beczuse here the wave function ¥ (x,y,2,1) depends both on position (X, Y.

uation,
z) and

ume (7).

Similarly, the 3-dimensional Schroedinger time dependent wave equaiion
can be wnitten as

| > %;‘-’: ‘,_%Vzé . (12)
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here, V2= —
where axz+?+a_zz

Equation (12) can also be wrtten as
EY=HY

..(13)

! d
where E is the energy operalor given by E =iﬁ5; and

2
H is called Hamiltonian Operalor, given by H= V"’ﬁ v?

4 12 SCHROEDINGER TIME INDEPENDENT WAVE EQUATION
convenient to use the time independent wave equation rather than using
time dependent wave equation, because of the following reason.

In Schroedinger time dependent wave equation the wave function ‘¥’
depends on time, but in Schroedinger time iqdependent wave function y does not
depend on time and hence it has many applications.

We know that time dependent wave function
-4 (Et-px)
¥ (x,y, 2 1)=Ae "

It is

the RHS of this equation into two parts, viz, (i) Time dependent

Splittin
s Time independent factor, we get

factor and (ii)
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where 1 represents the time independent wave Sunction (1.c., : =
Differentiating equation (1) partially with respect 1o ‘' we gel
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Differentiating equation (1) partially with respect to “x" we get,
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Differentiating once again partially with respect to ‘x’ we get
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We know the Schroedinger time dependent wave equation (one dimensional)
is
W 2 Ny
W _ M”07 . (@)

LA e~ 3

We can get the Schroedinger time dependent wave equation, just by
substituting equations (1), (2) and (3), which has relation between the time dependent

wave function (‘) and time independent wave function (y), in equation (4).

Substituting equations (1), (2) and (3) in equation (4) we get
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Equation ( 5) represents the one dimensional (x- direction) Schroedinger time
in this equation the wave funtion Y is

quation, because,
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