
SEMESTER-III 

COURSE 8:  SPECIAL FUNCTIONS 

Theory                                                        Credits: 4                                                 5 hrs/week 

Learning Outcomes 

After successful completion of the course will be able to  

1. Understand the Beta and Gamma functions, their properties and relation between these 

two functions, understand the orthogonal properties of Chebyshev polynomials and 

recurrence relations. 

2. Find power series solutions of ordinary differential equations. 

3. Solve Hermite equation and write the Hermite Polynomial of order (degree) n, also      

      Find the generating function for Hermite Polynomials, study the orthogonal properties   

      of Hermite Polynomials and recurrence relations. 

4. Solve Legendre equation and write the Legendre equation of first kind, also find the 

generating function for Legendre Polynomials, understand the orthogonal properties of 

Legendre Polynomials. 

5. Solve Bessel equation and write the Bessel equation of first kind of order n, also find the 

generating function for Bessel function understand the orthogonal properties of Bessel 

unction. 

 

Course Content 

Unit–1 

Beta and Gamma functions, Chebyshev polynomials 

Euler’sIntegrals-BetaandGammaFunctions,ElementarypropertiesofGammaFunctions, 

TransformationofGamma Functions. 

AnotherformofBetaFunction,Relationbetween BetaandGamma Functions. 

Chebyshevpolynomials,orthogonalpropertiesofChebyshevpolynomials,recurrence relations, generating 

functions for Chebyshev polynomials. 

Unit–2 

PowerseriesandPowerseriessolutionsofordinarydifferentialequations 
Introduction,summaryofusefulresults,powerseries,radiusofconvergence,theorems on Power series 

Introductionofpowerseriessolutionsofordinarydifferential equation 

Ordinaryandsingularpoints,regularandirregularsingularpoints,power series solution. 

Unit–3 

Hermitepolynomials 
HermiteDifferentialEquations,SolutionofHermiteEquation,Hermite polynomials, generating function 

for Hermite polynomials.OtherformsforHermitePolynomials,RodriguesformulaforHermite 

Polynomials, to find first few Hermite 

Polynomials.OrthogonalpropertiesofHermitePolynomials,Recurrenceformulaefor Hermite 

Polynomials. 

Unit–4 

Legendrepolynomials 
Definition,SolutionofLegendre’sequation,Legendrepolynomialofdegree n, generating function of 

Legendre polynomials.DefinitionofPn(x)andQn(x), 

GeneralsolutionofLegendre’sEquation(derivationsnot required)toshowthatPn(x)isthecoefficientof 

h
n
,intheexpansionof (1− 2𝑥ℎ + h

2
)
-

1/2
OrthogonalpropertiesofLegendre’spolynomials,RecurrenceformulasforLegendre’s Polynomials. 



Unit–5 

Bessel’sequation 
Definition,SolutionofBessel’sequation,Bessel’sfunctionofthefirstkindof ordern,Bessel’s 

functionofthesecondkindofordern. 

IntegrationofBessel’sequationinseriesform=0, Definition of Jn x Jn x  

Generating function forJn x orthogonally of Bessel functions. 

Activities 

Seminar/ Quiz/ Assignments/ Applications of Special functions to Real life Problem /Problem  

Solving Sessions. 

 

Text Book  

SpecialFunctions by J.N.SharmaandDr.R.K.Gupta,KrishnaPrakashan, 

ReferenceBooks 

1. Dr.M.D.Raisinghania, Ordinary and Partial Differential Equations, S. Chand & Company Pvt. 

Ltd., Ram Nagar, New Delhi-110055. 

2. Shanti Narayan and Dr.P.K.Mittal, Integral Calculus, S. Chand &CompanyPvt. Ltd., Ram Nagar, 

New Delhi-110055. 

3. GeorgeF.Simmons,DifferentialEquationswithApplicationsandHistoricalNotes,Tata 

McGRAW-Hill Edition, 1994. 
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