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WAVE FUNCTION (ψ)

de✓ In case of electromagnetic waves, the electric and magnetic fields

vary periodically, whereas in sound waves, pressure varies

periodically.

✓ Similarly, in water waves the height of water surface varies

periodically.

✓ Now, one can ask what varies in matter waves.

✓ In matter waves, a quantity called wave function, denoted by ψ,

varies.

✓ Schrödinger described the amplitude of matter waves in terms of

wave function ψ. Wave function ψ (x, y, z) is a complex quantity,

which gives the idea of the probability of finding the particle (to

which it is concerned) in a particular region of space.



27-08-2020 Side 3

Madan Mohan Malaviya Univ. of Technology, Gorakhpur

PHYSICAL SIGNIFICANCE OF WAVE FUNCTION (ψ)

• In the beginning,it wasconsideredthat the wavefunction is

merelyanauxiliary mathematicalquantityemployedto facilitate

computationsrelativeto theexperimentalresults.

• Very soon,it wasrealisedthat it is not reasonable,becausethe

introduction of an isolated mathematical function without

enquiringinto its physicalsignificanceis not justified.

• The simple effort was made by Schrödingerhimself for the

physicalinterpretationof ψin termsof chargedensity.

• The quantityψ2 is the measureof chargedensity. Sinceψis a

complexquantity,therefore,it is usuallywritten asψ* ψinstead

of ψ2 , whereψ* is thecomplexconjugateof ψ.
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PHYSICAL SIGNIFICANCE OF WAVE 

FUNCTION (ψ)

• It has been observedthat in some cases,ψis appreciably

different from zero in some finite region known as wave

packet.

• Now, the natural questionarises“Whereis the particle in

relation to thewavepacket?”.

• In view of the answerof this questionit has beensuggested

thatψψ* = | ψ| 2 givestheprobabilityof finding theparticle

in thestateψi.e., ψ2 is ameasureof probabilitydensity.
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CONDITION FOR NORMALIZATION OF WAVE 

FUNCTION

• If ψis not a normalizedwavefunction andit is thesolutionof a wave

equation, then (N ψ) will also be the solution of the same wave

equation,whereN is aconstantquantity.

• Now, thenextproblem arisesto selectthepropervalueof N, suchthat

thenewwavefunctionis anormalizedfunction.

• For the normalizationof this new wave function, it must satisfy the

following requirement:

Where |N| is termed as the

normalizationconstantandN ψis

known as the normalized wave

function.
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SCHRÖDINGER WAVE EQUATION

• Schrödingerworked extensivelyon wave mechanics,used

to dealwith thematterwaves.

• He suggestedtwo important equationsfor the motion of

matterwaves.

➢TIME-INDEPENDENT SCHRÖDINGER WAVE 

EQUATION

➢TIME-DEPENDENT SCHRÖDINGER WAVE EQUATION
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TIME-INDEPENDENT SCHRÖDINGER WAVE EQUATION

Let ψ(x, y, z) be the wavedisplacementfor the matterwaveat

any time t. ψis the wave function, which is a finite, single-

valued,andperiodicfunction. Theclassicaldifferential equation

of awavemotionis



27-08-2020 Side 8

Madan Mohan Malaviya Univ. of Technology, Gorakhpur

TIME-INDEPENDENT SCHRÖDINGER WAVE EQUATION 

Contd..

➢Whereψ0 is the amplitudeof the waveat the consideredpoint andis

thefunctionof positiononly [i .e., (x, y, z)].

➢Differentiating aboveequationtwice with respectto t, substituting

this value in parentequationandusing the de-Broglie hypothesiswe

get weget

If E andV arethe total energyandthe potentialenergyof the particle,

respectively,thenits kinetic energyis givenas
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TIME-INDEPENDENT SCHRÖDINGER WAVE EQUATION 

Contd..

Substituting this value of m 2 v 2 in  above Eq. , we get

This Equation is the Schrödinger time-independent 

wave equation.
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TIME-DEPENDENT SCHRÖDINGER WAVE EQUATION

Time-dependent Schrödinger equation may be obtained by

eliminatingE from time independentwaveequation

From the definition of ψ we know that

Differentiating the above equation with respect to t, we get
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TIME-DEPENDENT SCHRÖDINGER WAVE EQUATION

Substituting the value of Eψin time independent wave equation 

we get

Equationwe get is known as time independentwave equation.

Sometimeit is alsoexpressedas

Hψ= Eψ
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EIGENVALUES AND EIGENFUNCTIONS

➢In an atom eigenvalues correspondto the energy values

associatedwith differentorbits in theatom.

➢Thus, we can concludethat Bohr’spostulate,according to

which the variousenergylevelsexist in an atom,is the direct

consequenceof thewavemechanicalconcept.

➢The solutionof the waveequationfor thesedefinite valuesof

E gives the correspondingvalues of the wave function ψ,

knownaseigenfunctions.
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EIGENVALUES AND EIGENFUNCTIONS

➢Only thoseeigenfunctionshave physical significance,which

satisfycertainconditionslistedasfollows:

(i) Theymustbesingle-valuedfunctions.

(ii) Theyshouldbefinite.

(iii) They should be continuousthroughout the entire space

underconsideration.

(iv) In otherwords,we can saythat theyshouldbecontinuous

for all possiblevaluesof coordinates(x, y, z), including

infinity.
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Example-1 The wave function of a free particle in

normalizedstateis representedby

Calculate the normalization factor N and the maximum

probabilityof finding theparticle.
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Example-2
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Example-3 Write the Hamiltonian operator of a free particle 

moving in one direction under the influence of zero potential 

energy.
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Assignment Based on this Lecture  

•Describe the wave function ᴪ.

•Give the physical interpretation of wave functionᴪ.

•Obtain the expression of Time independent Schrodinger 

wave equation.

•Obtain the expression of Time dependent Schrodinger wave 

equation.


