
à Gamma@n, a + b xD âx

� Derivation: Integration by parts

� Rule:

à Gamma@n, a + b xD âx �
Ha + b xL Gamma@n, a + b xD

b
-
Gamma@n + 1, a + b xD

b

� Program code:

Int@Gamma@n_,a_.+b_.*x_D,x_SymbolD :=

Ha+b*xL*Gamma@n,a+b*xD�b -

Gamma@n+1,a+b*xD�b �;
FreeQ@8a,b<,xD

Integration Rules for Gamma Functions



à xm Gamma@n, a + b xD âx

� Derivation: Integration by parts

� Rule: If  m Î Z ê a > 0, then

à xm Gamma@n, a xD âx �
xm+1 Gamma@n, a xD

m + 1
-
Gamma@m + n + 1, a xD

Hm + 1L am+1

� Program code:

Int@x_^m_.*Gamma@n_,a_.*x_D,x_SymbolD :=

x^Hm+1L*Gamma@n,a*xD�Hm+1L -

Gamma@m+n+1,a*xD�HHm+1L*a^Hm+1LL �;
FreeQ@8a,n<,xD && HIntegerQ@mD ÈÈ PositiveQ@aDL

� Derivation: Integration by parts

� Rule:

à xm Gamma@n, a xD âx �
xm+1 Gamma@n, a xD

m + 1
-
xm+1 Gamma@m + n + 1, a xD

Hm + 1L Ha xLm+1

� Program code:

Int@x_^m_.*Gamma@n_,a_*x_D,x_SymbolD :=

x^Hm+1L*Gamma@n,a*xD�Hm+1L -

x^Hm+1L*Gamma@m+n+1,a*xD�HHm+1L*Ha*xL^Hm+1LL �;
FreeQ@8a,m,n<,xD

� Derivation: Integration by parts

� Rule: If  m > 0, then

à xm Gamma@n, a + b xD âx �
xm Ha + b xL Gamma@n, a + b xD

b Hm + 1L -
xm Gamma@n + 1, a + b xD

b Hm + 1L -

a m

b Hm + 1L à xm-1 Gamma@n, a + b xD âx +
m

b Hm + 1L à xm-1 Gamma@n + 1, a + b xD âx

� Program code:

Int@x_^m_.*Gamma@n_,a_+b_.*x_D,x_SymbolD :=

x^m*Ha+b*xL*Gamma@n,a+b*xD�Hb*Hm+1LL -

x^m*Gamma@n+1,a+b*xD�Hb*Hm+1LL -

Dist@a*m�Hb*Hm+1LL,Int@x^Hm-1L*Gamma@n,a+b*xD,xDD +

Dist@m�Hb*Hm+1LL,Int@x^Hm-1L*Gamma@n+1,a+b*xD,xDD �;
FreeQ@8a,b,n<,xD && RationalQ@mD && m>0

Integration Rules for Gamma Functions



à LogGamma@a + b xD âx

� Derivation: Primitive rule

� Basis: 
¶ΨH-2LHzL

¶z
� logGHzL

� Rule:

à LogGamma@a + b xD âx �
PolyGamma@-2, a + b xD

b

� Program code:

Int@LogGamma@a_.+b_.*x_D,x_SymbolD :=

PolyGamma@-2,a+b*xD�b �;
FreeQ@8a,b<,xD

Integration Rules for Gamma Functions



à xm LogGamma@a + b xD âx

� Derivation: Integration by parts

� Rule: If  m > 0, then

à xm LogGamma@a + b xD âx �
xm PolyGamma@-2, a + b xD

b
-
m

b
à xm-1 PolyGamma@-2, a + b xD âx

� Program code:

Int@x_^m_.*LogGamma@a_.+b_.*x_D,x_SymbolD :=

x^m*PolyGamma@-2,a+b*xD�b -

Dist@m�b,Int@x^Hm-1L*PolyGamma@-2,a+b*xD,xDD �;
FreeQ@8a,b<,xD && RationalQ@mD && m>0

Integration Rules for Gamma Functions



à PolyGamma@n, a + b xD âx

� Derivation: Primitive rule

� Basis: 
¶ΨHnLHzL

¶z
� ΨHn+1LHzL

� Rule:

à PolyGamma@n, a + b xD âx �
PolyGamma@n - 1, a + b xD

b

� Program code:

Int@PolyGamma@n_,a_.+b_.*x_D,x_SymbolD :=

PolyGamma@n-1,a+b*xD�b �;
FreeQ@8a,b,n<,xD

Integration Rules for Gamma Functions



à xm PolyGamma@n, a + b xD âx

� Derivation: Integration by parts

� Rule: If  m > 0, then

à xm PolyGamma@n, a + b xD âx �
xm PolyGamma@n - 1, a + b xD

b
-
m

b
à xm-1 PolyGamma@n - 1, a + b xD âx

� Program code:

Int@x_^m_.*PolyGamma@n_,a_.+b_.*x_D,x_SymbolD :=

x^m*PolyGamma@n-1,a+b*xD�b -

Dist@m�b,Int@x^Hm-1L*PolyGamma@n-1,a+b*xD,xDD �;
FreeQ@8a,b,n<,xD && RationalQ@mD && m>0

� Derivation: Inverted integration by parts

� Rule: If  m < -1, then

à xm PolyGamma@n, a + b xD âx �
xm+1 PolyGamma@n, a + b xD

m + 1
-

b

m + 1
à xm+1 PolyGamma@n + 1, a + b xD âx

� Program code:

Int@x_^m_.*PolyGamma@n_,a_.+b_.*x_D,x_SymbolD :=

x^Hm+1L*PolyGamma@n,a+b*xD�Hm+1L -

Dist@b�Hm+1L,Int@x^Hm+1L*PolyGamma@n+1,a+b*xD,xDD �;
FreeQ@8a,b,n<,xD && RationalQ@mD && m<-1

Integration Rules for Gamma Functions



à Gamma@a + b xDn PolyGamma@0, a + b xD âx

� Derivation: Primitive rule

� Basis: ¶GHzLn

¶z
= n ΨH0LHzL GHzLn

� Rule:

à Gamma@a + b xDn PolyGamma@0, a + b xD âx �
Gamma@a + b xDn

b n

� Program code:

Int@Gamma@a_.+b_.*x_D^n_.*PolyGamma@0,a_.+b_.*x_D,x_SymbolD :=

Gamma@a+b*xD^n�Hb*nL �;
FreeQ@8a,b,n<,xD

� Derivation: Primitive rule

� Basis: ¶Hz!Ln

¶z
= n ΨH0LHz + 1L Hz !Ln

� Rule:

à HHa + b xL!Ln PolyGamma@0, 1 + a + b xD âx �
HHa + b xL!Ln

b n

� Program code:

IntAIIa_.+b_.*x_M!M^n_.*PolyGamma@0,c_.+b_.*x_D,x_SymbolE :=

HHa+b*xL!L^n�Hb*nL �;
FreeQ@8a,b,c,n<,xD && ZeroQ@a-c+1D

Integration Rules for Gamma Functions


