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Partial Fraction Decomposition Integrals of Partial Fractions

Rational Function
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Jiwen He, University of Houston



Partial Fraction Decomposition Integrals of Partial Fractions
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Rational Function

o Rational function: R(x) = 2&) where P(x) and Q(x) are
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Partial Fraction Decomposition Integrals of Partial Fractions
Rational Function

@ Rational function: R(x) = PE;() where P(x) and Q(x) are
polynomials.
- Vs 2x 3x* — 20x% 4 17
x2 —x—-2’ x3+2x2 -7
1 X241
e No: W, T
o If degree(P) > degree(Q), then, by division,
P(x) _ p(x) + r(x)
Qlx) Q(x)
where p(x) is a polynomial and % a proper rational
function (i.e., degree(r) < degree(Q)).
P
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Partial Fraction Decomposition Integrals of Partial Fractions
Rational Function

@ Rational function: R(x) = PE;() where P(x) and Q(x) are
polynomials.
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Vx' Inx
o If degree(P) > degree(Q), then, by division,
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Partial Fraction Decomposition Integrals of Partial Fractions

Partial Fraction Decomposition

@ Let the denomlnator Q(x) factor as
- 2T 0" [0 + e+ )"
where the quadratlc factors x? + fBix + v, are irreducible (i.e.,
ﬁjz — 47; < 0, they have complex zeros).
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Partial Fraction Decomposition

@ Let the denomlnator Q(x) factor as
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where the quadratlc factors x? + fBix + v, are irreducible (i.e.,

5.2 — 47; < 0, they have complex zeros).
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@ Proper rational function R(x) = Q) can be written as a sum

of partial fractions of the form:
A Bx+ C

(x — )k’ (X2 + Bx + )k
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Partial Fraction Decomposition

@ Let the denomlnator Q(x) factor as
- 2T 0" [0 + e+ )"
where the quadratlc factors x? + fBix + v, are irreducible (i.e.,

5.2 — 47; < 0, they have complex zeros).
P(x)

@ Proper rational function R(x) = Q) can be written as a sum

of partial fractions of the form:
A Bx+ C

(x — )k’ (X2 + Bx + )k

o Each power (x — )" of a linear factor x — « contributes:
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Partial Fraction Decomposition Integrals of Partial Fractions

Partial Fraction Decomposition

@ Let the denomlnator Q(x) factor as
- 2T 0" [0 + e+ )"
where the quadratlc factors x? + fBix + v, are irreducible (i.e.,

5.2 — 47; < 0, they have complex zeros).
P(x)

@ Proper rational function R(x) = Q) can be written as a sum

of partial fractions of the form:
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Partial Fraction Decomposition Integrals of Partial Fractions

Partial Fraction Decomposition: Example

@ Each power (x — )" of a linear factor x — a contributes:
An Ao A1

(x—a)"  (x—a)P?  x-a

@ Each power (x2 + Bx + )" of an irreducible quadratic factor
x? 4+ Bx + 7 contributes:
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Partial Fraction Decomposition: Example
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Partial Fraction Decomposition: Example
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Partial Fraction Decomposition: Example

@ Each power (x — )" of a linear factor x — «v contributes:
An Ao A1

(x—a)"  (x—a)P?  x-a
@ Each power (x2 + Bx + )" of an irreducible quadratic factor
x? 4+ Bx + 7 contributes:

B.x + C, Box + G Bix+ G
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Partial Fraction Decomposition: Example

@ Each power (x — )" of a linear factor x — «v contributes:
An Ao A1

(x—a)"  (x—a)P?  x-a
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3B(x2+1) x3  x2 x  x2+1
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Partial Fraction Decomposition: Example
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Partial Fraction Decomposition: Example

@ Each power (x — )" of a linear factor x — a contributes:
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Partial Fraction Decomposition: Example

@ Each power (x — )" of a linear factor x — « contributes:
An Az AL

(x—a)"  (x—a)?  x-a
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Partial Fraction Decomposition: Example

@ Each power (x — )" of a linear factor x — « contributes:
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Partial Fraction Decomposition: Example

@ Each power (x — )" of a linear factor x — « contributes:
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Partial Fraction Decomposition: Example
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Partial Fraction Decomposition: Example
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Partial Fraction Decomposition: Example

@ Each power (x — )" of a linear factor x — « contributes:
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Partial Fraction Decomposition: Example

@ Each power (x — )" of a linear factor x — « contributes:
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Partial Fraction Decomposition: Example

@ Each power (x — )" of a linear factor x — « contributes:
An Ao A1
(x —a)" (x—a)P? x-«

@ Each power (x? 4 x + )" of an irreducible quadratic factor

x? 4+ Bx + ~ contributes:
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Integrals of Partial Fractions

Partial Fractions:
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Integrals of Partial Fractions
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/ A dx
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Partial Fractions: (
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Integrals of Partial Fractions
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Integrals of Partial Fractions
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Partial Fractions:
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Integrals of Partial Fractions

Partial Fractions:
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Integrals of Partial Fractions

Partial Fractions:
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Partial Fractions:
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Integrals of Partial Fractions

Partial Fractions:
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A A 1
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Partial Fractions: —2—
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Integrals of Partial Fractions

Partial Fractions: —2—
(x—c)
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Integrals of Partial Fractions
Partial Fractions: 2
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Integrals of Partial Fractions
Partial Fractions: —2
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A A 1
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Integrals of Partial Fractions
Partial Fractions: —2
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A
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A A 1
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Integrals of Partial Fractions
Partial Fractions: —2
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X -«

A A 1
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X2 X2
/ (x2 —9)2 dX:/ (x—3P(x 132

B 14 112 1/4  —1/12
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1 3 3
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Integrals of Partial Fractions

Bx+C
x2+Bx+y

B
2 x

Partial Fractions:
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Integrals of Partial Fractions

Bx+C

Partial Fractions: A Bxt
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Integrals of Partial Fractions

. . BxtC_ _ B _2x+8
Partial Fractions: m_im
Bx + C B c-8 x+58
/2X+C/X:|n‘x2+,3X+’Y‘ + —2—tan! 2
X%+ Bx +y 2 R 3
s 7 v %
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Partial Fraction Decomposition Integrals of Partial Fractions

Integrals of Partial Fractions

. . BxtC_ _ B _2x+8
Partial Fractions: m_im
Bx + C B c-8 x+58
/2X+C/X:|n‘x2+,3X+’Y‘ + —2—tan! 2
X%+ Bx +y 2 R 3
s 7 v %

/ 2x+ [ d
————————— ax
x2 4+ Bx 4+

Jiwen He, University of Houston



Partial Fraction Decomposition Integrals of Partial Fractions

Integrals of Partial Fractions

i .. Bx+C _ B _2x4f C—23
Partial Fractions: m = 5 iy A m
Bx+ C B c— 2 x+ 8
/Z—Fdx:ln‘x2+ﬂx+’y‘ —Fizﬁtanfli2
x2 + Bx + 2 _® Nz
Y ) Y )

Proof.

/ 2x+ [ d
————————— ax
x2 4+ Bx 4+

Set u = x*+ Bx + 7, du = 2x + B dx.
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Partial Fraction Decomposition Integrals of Partial Fractions

Integrals of Partial Fractions

i .. Bx+C _ B _2x4f C—23
Partial Fractions: m = 5 iy A m
Bx+ C B c— 2 x+ 8
/Z—Fdx:ln‘x2+ﬂx+’y‘ —Fizﬁtanfli2
x2 + Bx + 2 _® Nz
Y ) Y )

Proof.
2
/X+5W:/1M
x2+ Bx + u

Set u = x*+ Bx + 7, du = 2x + B dx.
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Integrals of Partial Fractions

i .. Bx+C _ B _2x4f C—23
Partial Fractions: m = 5 iy A m
Bx+ C B c— 2 x+ 8
/Z—Fdx:ln‘x2+ﬂx+’y‘ —Fizﬁtanfli2
x2 + Bx + 2 _® Nz
Y ) Y )

2 1
/wadx:/duzln|u|+C
x% + Bx + 7y u

Set u = x>+ Bx + 7, du = 2x + B dx.
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Integrals of Partial Fractions

Bx+C _ B 2x+B C-2p
S22 4

Partial Fractions:

xX2+Bx+y 2 x2+B8x+y x2+Bx+y

Bx + C B c-£ +4
/HdX:In‘x2+ﬂx+’y‘ +725tan71X72
x2+ Bx + 2 / 32 / B2
Y7 Y7

2x + (3 _ 1 B B ,
[ gt do= [ Ldu=tnlul+ C=nx+ px-+1] + C

Set u = x>+ Bx + 7, du = 2x + B dx.
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Partial Fraction Decomposition Integrals of Partial Fractions
Integrals of Partial Fractions

. . . BxtC _ B _2xtB =50
Partial Fractions: 5= = 55755 + 25
Bx + C B c-% x+5
/2+dx:ln‘x2+ﬂx+7’ L 2 2
X —|—ﬁx—{—’y 2 B2 52
T 7 R

1
/x2+5x+'ydx

Jiwen He, University of Houston



Partial Fraction Decomposition Integrals of Partial Fractions
Integrals of Partial Fractions

, . BxtC_ _ B _2x48 C-28
Partial Fractions: x2—:ﬂx+7 = 3 4pxty T X2+/3>2<+7
Bx+ C B c-3% x+ 3
/2+dx:ln‘x2+ﬂx+7’ L 2 2
x2 + Bx + 2 B2 B
T 7 Y7

1
/x2+5x+'ydx

Note x2 + Bx + v = (x + 3/2)%> + v — 3%/4.
Set t =x+ 3/2, a> =y — 3%/4. [lll

Jiwen He, University of Houston



Partial Fraction Decomposition Integrals of Partial Fractions
Integrals of Partial Fractions

, . BxtC_ _ B _2x48 C-28
Partial Fractions: x2—:ﬂx+7 = 3 4pxty T X2+/3>2<+7
Bx+ C B c-3% x+ 3
/2+dx:ln‘x2+ﬂx+7’ L 2 2
x2 + Bx + 2 B2 B
T 7 Y7

1 1
/dx:/dt
x2+ Bx + t2 4 32

Note x2 + Bx + v = (x + 3/2)% + v — 3%/4.
Set t =x + 3/2, a> =y — 3%/4. [lll

Jiwen He, University of Houston



Partial Fraction Decomposition Integrals of Partial Fractions
Integrals of Partial Fractions

, . BxtC_ _ B _2x48 C-28
Partial Fractions: x2—:ﬂx+7 = 3 4pxty T X2+/3>2<+7
Bx+ C B c-3% x+ 3
/2+dx:ln‘x2+ﬂx+7’ L 2 2
x2 + Bx + 2 B2 B
T 7 Y7

1 1
/dx:/dt
x2+ Bx + t2 4 32

Note x2 + Bx + v = (x + 3/2)% + v — 3%/4.
Set t =x + 3/2, a> =y — 3%/4. [lll

set atanu = t, asec’ udu = dt, t> + a°> = a®sec’ u.

Jiwen He, University of Houston



Partial Fraction Decomposition Integrals of Partial Fractions
Integrals of Partial Fractions

, . BxtC_ _ B _2x48 C-28
Partial Fractions: x2—:ﬂx+7 = 3 4pxty T X2+/3>2<+7
Bx+ C B c-3% x+ 3
/2+dx:ln‘x2+ﬂx+7’ L 2 2
x2 + Bx + 2 B2 B
T 7 Y7

1 1 1
/dx:/dt:/asec2udu
x2 + Bx + t2 + a2 a%sec?u

Note x2 + Bx + v = (x + 3/2)% + v — 3%/4.
Set t =x + 3/2, a> =y — 3%/4. [lll

set atanu = t, asec’ udu = dt, t> + a°> = a®sec’ u.

Jiwen He, University of Houston



Partial Fraction Decomposition Integrals of Partial Fractions
Integrals of Partial Fractions

, . BxtC_ _ B _2x48 C-28
Partial Fractions: x2—:ﬂx+7 = 3 4pxty T X2+/3>2<+7
Bx+ C B c-3% x+ 3
/2+dx:ln‘x2+ﬂx+7’ L 2 2
x2 + Bx + 2 B2 B
T 7 Y7

1 1 1
/dx:/dt:/asec2udu
x2 + Bx + t2 + a2 a%sec?u

1 1
:/du:u+C
a a

Note x2 + Bx + v = (x + 3/2)% + v — 3%/4.
Set t =x + 3/2, a> =y — 3%/4. [lll

set atanu = t, asec’ udu = dt, t> + a°> = a®sec’ u.

Jiwen He, University of Houston



Partial Fraction Decomposition Integrals of Partial Fractions
Integrals of Partial Fractions

, . BxtC_ _ B _2x48 C-28
Partial Fractions: x2—:ﬂx+7 = 3 4pxty T X2+/3>2<+7
Bx+ C B c-3% x+ 3
/2+dx:ln‘x2+ﬂx+7’ L 2 2
x2 + Bx + 2 B2 B
T 7 Y7

1 1 1
/dx:/dt:/asec2udu
x2 + Bx + t2 + a2 a%sec?u

1 1 1 t
Z/C/UZU-FC:tan_1
a a a a

Note x2 + Bx + v = (x + 3/2)%> + v — 3%/4.
Set t = x + 3/2, a> =y — 3%/4. [lll

set atanu = t, asec’ udu = dt, t> + a°> = a’sec’ u.

Jiwen He, University of Houston



Partial Fraction Decomposition Integrals of Partial Fractions
Integrals of Partial Fractions

, . BxtC_ _ B _2x48 C-28
Partial Fractions: x2—:ﬂx+7 = 3 4pxty T X2+/3>2<+7
Bx+ C B c-3% x+ 3
/2+dx:ln‘x2+ﬂx+7’ L 2 2
x2 + Bx + 2 B2 B
T 7 Y7

1 1 1
/dx:/dt:/asec2udu
x2 + Bx + t2 + a2 a%sec?u

8
1 1 1 t 1 X+ 5
Z/dU=u+C:tan_1: tan~! 2
a a a a B2 B2
Y7 Y— 7
Note x2 + Bx + v = (x + 3/2)%> + v — 3%/4.
Set t = x + 3/2, a> =y — 3%/4.
set atanu = t, asec’ udu = dt, t> + a°> = a’sec’ u. [lll

Jiwen He, University of Houston



Partial Fraction Decomposition Integrals of Partial Fractions

Integrals of Partial Fractions: Examples

2 fhee _Bx+C B 2x+p
Partial Fractions: m = fm
Bx+ C B c-£ x+ 2
/X—’_ dx= —In ‘x2—|—ﬁx+7| + 2 tan~! 2
x2+ Bx + v 2 3 82
7_7 Y= 4

Jiwen He, University of Houston



Partial Fraction Decomposition Integrals of Partial Fractions

Integrals of Partial Fractions: Examples

2 fhee _Bx+C B 2x+p
Partial Fractions: m = fm
Bx+ C B € == x+8
/2—’_ dx= —In ‘x2—|—ﬁx+7| + 2 tan~! 2
x% 4+ Bx + v 2 32 32
7_7 Y= 4

/ i s &

Jiwen He, University of Houston



Partial Fraction Decomposition Integrals of Partial Fractions

Integrals of Partial Fractions: Examples

z c . _Bx+C _ B 2x+p C—%B
Partial Fractions: P Bxin = 2 2 Bx —+ Bty
Bx+ C c-& x4 5
/2d —In‘x —|—ﬁx+*y|+ 2 tan~! 2
X%+ Bx +

/X2dx—1/ 1 +ﬁ dx
(x+1)(x2+4) " 5 x+1 x2+4

Jiwen He, University of Houston



Partial Fraction Decomposition Integrals of Partial Fractions

Integrals of Partial Fractions: Examples

z c . _Bx+C _ B 2x+p C—%B
Partial Fractions: P Bxin = 2 2 Bx —+ Bty
Bx+ C c-& x4 5
/2d —In‘x —|—ﬁx+*y|+ 2 tan~! 2
X%+ Bx +

Example
x? 1 1 4x — 4
__ _dx == ——+——1d
/(x+1)(x2+4) X 5/(X+1+X2+4) X

1/ 1 L 4x 4 d
== — Ix
5 x+1 x24+4 x2+4+4

Jiwen He, University of Houston



Partial Fraction Decomposition Integrals of Partial Fractions

Integrals of Partial Fractions: Examples

: : . _Bx+C _ B 2x+p C—%ﬂ
Partial Fractions: Rtfty = 2 Pt fxty 4 oG
Bx+ C c-& x4 5
/2d —In‘x —|—ﬁx+*y|+ 2 tan~! 2
X%+ Bx +

x? 1 1 4x — 4
X k= [ (X" g
/(x+1)(x2+4) X 5/(X+1+X2+4) X
1/ 1 L 4x 4 d
== — Ix
5 x+1 x24+4 x2+4+4

1
:g(In]x+1]+2|n(x2+4)—2tan_1§>+C

Jiwen He, University of Houston



Partial Fraction Decomposition Integrals of Partial Fractions

Integrals of Partial Fractions: Examples

Bx+C
x2+Bx+

B 2x+p
2 x24+Bx+y +

Partial Fractions: Bty

B B c—£ x+ 2
/2X+C dx= —In ‘x2+ﬁx+”y| + 2 tan~! 2
x2+ Bx+ v 2 B B
Y2 Y7

x2 +5x + 2 .
(x+1)(x2+1)

Jiwen He, University of Houston



Partial Fraction Decomposition Integrals of Partial Fractions

Integrals of Partial Fractions: Examples

- .. _Bx+C _ B_2x+f8 c-2p
Partial Fractions: X2—‘:/3x+'y = 2 ihxin + P o
Bx + C B c-& x+4
/2+dx:|n‘x2+ﬁx+v|+ 20 tan~! 2
x% 4+ Bx + v 2 32 32
Y7 Y- 7

x? + 5x + 2 dx_/ —1 | 243
(x+1)(x2+1) x+1 x2+1

Jiwen He, University of Houston



Partial Fraction Decomposition Integrals of Partial Fractions

Integrals of Partial Fractions: Examples

z c . _Bx+C _ B 2x+p C—%/’i
Partial Fractions: Rtfty = 2 Pt fxiy I A Bxiy
Bx+ C €= o x+8
/2d —In‘x +ﬁx+7|+ 27 tan! 2
X%+ Bx +

Example
2
x°+5x 42 -1 2x+3
" dx = —+—— | d
x+1)2+1) /<x+1+x2+1> x

/ 123 Y,
= = Ix
x+1 x24+41 x2+1

Jiwen He, University of Houston



Partial Fraction Decomposition Integrals of Partial Fractions

Integrals of Partial Fractions: Examples

z c . _Bx+C _ B 2x+p C—%/’i
Partial Fractions: Rtfty = 2 Pt fxiy I A Bxiy
Bx+ C €= o x+8
/2d —In‘x +ﬁx+7|+ 27 tan! 2
X%+ Bx +

Example
2
x°+5x 42 -1 2x+3
" dx = —+—— | d
x+1)2+1) /<x+1+x2+1> x

/ 123 Y,
= = Ix
x+1 x24+41 x2+1

=—In|x+1]+In(x*+1) +3tan ' x+ C

Jiwen He, University of Houston



Partial Fraction Decomposition Integrals of Partial Fractions

Integrals of Partial Fractions: Examples

Partial Fractions:

Bx+C _ B_2x+B =3
2

x24+Bx+y 2 x2+B8x+y x2+Bx+y

Bx+ C B c-% A
/de:ln ‘x2+ﬁx+7| + 20 tan~1 2
x2 + Bx + 2 32 2
Y7 Y7

Example

|/
x(x2+x+1) x

Jiwen He, University of Houston



Partial Fraction Decomposition Integrals of Partial Fractions

Integrals of Partial Fractions: Examples

Partial Fractions:

Bx+tC _ B _2x+8 c-8p
2

x24+Bx+y 2 x2+B8x+y x2+Bx+y

Bx+ C B c-% A
/de:ln ‘x2+ﬁx+7| + 20 tan~1 2
x2 + Bx + 2 32 2
Y7 Y7

Example

/ld _/ 1+L_1 d
x(x2+x+1) = x rxt1)

Jiwen He, University of Houston



Partial Fraction Decomposition Integrals of Partial Fractions

Integrals of Partial Fractions: Examples

Partial Fractions:

BxtC _ B_2xtf c-8p
2

X24+Bx+y T 2 xX2+Bx+y x2+Bx+

/de:ln ‘x2+ﬁx+7| + 20 tan—! 2
x2 + Bx + 2 32 2
T 7 T 7

/ld _/ 1+L_1 d
x(x2+x+1) = x rxt1)

/ 1 1 2x 1 1 ;
= - — = - = X
X 2x24+x+1 2x24+x+1

Jiwen He, University of Houston



Partial Fraction Decomposition Integrals of Partial Fractions

Integrals of Partial Fractions: Examples

B/
. . BxtC_ _ B _2x+8 C-—36
Partial Fractions 18ty — 2248y T 2Bt

Bx + C c-58p x+ 5
T k= —Inx +Bx + 7| +——Z tan™! 2
/x2+ﬁx+v e+ x4 7

1 1 —x—1
S SV Y (e S W
/x(x2+x+1) x /(X+X2—|—X—|—1) x
_/ 1 1 2x 11
S \x 24+ x+1 2x2+x+1

:In]x]—;ln(xz—i—x—i—l)—\%tan_l {\2 (x—i—;)} +C

Jiwen He, University of Houston

o3




Partial Fraction Decomposition Integrals of Partial Fractions

Integrals of Partial Fractions

Partial Fractions:

Jiwen He, University of Houston



Partial Fraction Decomposition Integrals of Partial Fractions

Integrals of Partial Fractions

Jiwen He, University of Houston



Partial Fraction Decomposition Integrals of Partial Fractions

Integrals of Partial Fractions

Partial Fractions:

Bx+C B 2xi8 c-58p
5 -

(x2+Bx+7)* (P+Bx+y)k T (xP+Bx+7)*

BX+ C o B 1 2(/(71)
/(x2 T T Tk D R A )R +C./C°S e

Jiwen He, University of Houston



Partial Fraction Decomposition Integrals of Partial Fractions
Integrals of Partial Fractions

Bx+C B 2xi8 c-58p
5 -

Partial Fractions:

(x2+Bx+7)* (P+Bx+y)k T (xP+Bx+7)*

BX+ C o B 1 2(/(71)
/(x2 T T Tk D R A )R +C./C°S e

2x+ [ d
/(X2+BX+’V)k *

Jiwen He, University of Houston



Partial Fraction Decomposition Integrals of Partial Fractions
Integrals of Partial Fractions

Bx+C B 2xi8 c-58p
5 -

Partial Fractions:

(x2+Bx+7)* (P+Bx+y)k T (xP+Bx+7)*

BX+ C o B 1 2(/(71)
/(x2 T T Tk D R A )R +C./C°S e

2x+ [ d
/(X2+BX+’V)k *

Set u = x2 + Bx +~, du = 2x + B dx.

Jiwen He, University of Houston



Partial Fraction Decomposition Integrals of Partial Fractions
Integrals of Partial Fractions

Bx+C B_2xi8 c-2s
2

Partial Fractions:

Bx+ C B 1 5
T dx=— (k=1) ubd
/(x2+ﬁx+v)k ) 2(k—1)(x2+ﬂx+v)“+c/c°s ™

o’

/(X2 erxﬁj:—ﬁ%'y /du

Set u = x2 + Bx +~, du = 2x + B dx.

Jiwen He, University of Houston



Partial Fraction Decomposition Integrals of Partial Fractions
Integrals of Partial Fractions

Bx+C B 2x+8 c-2s
2

Partial Fractions:

(x2+Bx+7)k (x2+Bx+7)k + (x2+Bx+7)k

BX+C o B 1 2(/( 1)
/(x2+ﬁx+v)kdx_ 2(k—1)(x2+ﬂx+v)“+c/c°s e

2x + B 1 1
/(x2+ﬁx+v /d” PRy

Set u = x2 + Bx +~, du = 2x + B dx.

Jiwen He, University of Houston



Partial Fraction Decomposition Integrals of Partial Fractions
Integrals of Partial Fractions

Bx+C B 2x+8 c-2s
2

Partial Fractions:

(x2+Bx+7)k (x2+Bx+7)k + (x2+Bx+7)k

BX+ C o B 1 2(/(71)
/(x2 T T Tk D R A )R +C./C°S e

2x + B 1 1
/(x2+ﬁx+v /d” PRy

= ! +C
N k—l(x2+ﬁx—|—'y)k*1

Set u = x2 + Bx +~, du = 2x + B dx.

Jiwen He, University of Houston



Partial Fraction Decomposition Integrals of Partial Fractions

Integrals of Partial Fractions

c-8p
(2 +Bx+7)*

(PHBx+7)F T 2 (X2 +Bx+ry

BX+ C B 1 2(/(71)
- _ d
/(x2 T T Tk D R T A )R +C./C°S |

—————E——A——d
/(X2+ﬁ><+'7)" *

Partial Fractions: Bx+C BLBV 4=

Jiwen He, University of Houston



Partial Fraction Decomposition Integrals of Partial Fractions

Integrals of Partial Fractions
Bx+C B 2x+3 +

c-8p
(2 +Bx+7)*

(PHBx+7)k T 2 (x2+Bx+)k

BX+ C B 1 2(/(71)
- _ d
/(x2 T T Tk D R T A )R +C./C°S |

—1 d
/(X2+ﬁ><+'7)" *

Partial Fractions:

Note x2 + Bx 4+ v = (x + 5/2)> + v — 3°/4.
Set t = x + 3/2, a® =y — 3°/4.

Jiwen He, University of Houston



Partial Fraction Decomposition Integrals of Partial Fractions

Integrals of Partial Fractions
Bx+C B 2x+3 +

c-8p
(2 +Bx+7)*

(PHBx+7)k T 2 (x2+Bx+)k

BX+ C B 1 2(/(71)
- _ d
/(x2 T T Tk D R T A )R +C./C°S |

1 1
- dx= [ dt
/(X2+ﬁx+'y)" * /(t2+az)k

Partial Fractions:

Note x2 + Bx 4+ v = (x + 5/2)> + v — 3°/4.
Set t = x + 3/2, a® =y — 3°/4.

Jiwen He, University of Houston



Partial Fraction Decomposition Integrals of Partial Fractions

Integrals of Partial Fractions
Bx+C B 2x+3 +

c-8p
(2 +Bx+7)*

(PHBx+7)k T 2 (x2+Bx+)k

gabuls = 5 1 2(k—1)
/(X2+5X+’Y)k *= 2(k—1)(x2+ﬂx+’y)k—1"‘C/COS ujdu

1 1
- dx= [ dt
/(X2+ﬁx+'y)" * /(t2+az)k

Partial Fractions:

Note x2 + Bx 4+ v = (x + 5/2)> + v — 3°/4.
Set t = x + 3/2, a® =y — 3°/4.
set atanu = t, asec’® udu = dt, t* + a°> = a°sec® u.

Jiwen He, University of Houston



Partial Fraction Decomposition Integrals of Partial Fractions

Integrals of Partial Fractions
Bx+C B 2x+3 +

c-8p
(2 +Bx+7)*

(PHBx+7)k T 2 (x2+Bx+)k

gabuls = 5 1 2(k—1)
/(X2+5X+’Y)k *= 2(k—1)(x2+ﬂx+’y)k—1"‘C/COS ujdu

Proof.
1 1 1
- _dx= [ dt= [ ——— _a3sec?ud.
/(x2+ﬁx+’y)k X /(t2+32)k /(a2sec2 ke 1

Partial Fractions:

Note x2 + Bx 4+ v = (x + 5/2)> + v — 3°/4.
Set t = x + 3/2, a® =y — 3°/4.
set atanu = t, asec’® udu = dt, t* + a°> = a°sec® u.

Jiwen He, University of Houston



Partial Fraction Decomposition Integrals of Partial Fractions

Integrals of Partial Fractions
Bx+C B 2x+0 4

c-&p
(2 +Bx+7)*

(PHBx+7)k T 2 (x2+Bx+)k

gabuls = 5 1 2(k—1)
/(X2+5X+’Y)k *= 2(/<—1)(x2+ﬂx+’y)k—1"‘C/COS ujdu

Proof.
1 1 1
- _dx= [ dt= [ ——— _a3sec?ud.
/(x2+ﬁx+’y)k X /(t2+32)k /(azsec2 ke 1

i 1l L 2(k—1
= a2k1/seC2(k—1)udu: 22k—1 /COS( Vudu

Note x2 + Bx 4+ v = (x + 5/2)> + v — 3?/4.
Set t = x + 3/2, a®> =y — 3°/4.
set atanu = t, asec’® udu = dt, t* + a°> = a’sec® u.

Partial Fractions:

Jiwen He, University of Houston



Partial Fraction Decomposition Integrals of Partial Fractions

Integrals of Partial Fractions
c-&p

: i hee _ BxtC B 2x+p
Partial Fractions: 1857 = 2 (ZiBe)F + TR )

/ EalilC Ix = B 1 +c /cosz(kl) uldu
2+ Bx+7)k " 2(k=1)(2+Bx+y)k1 ",

Proof.

Q.
|
—
—
A

2

1
/dX:/(t_z_'_‘az)/(dt:/(azse(:le)l(aseC udu

(x% + Bx + )k
1 1 1 2(k—1
= a2k1/seC2(k—1)udu: 22k—1 /COS( Vudu

Note x2 + Bx 4+ v = (x + 5/2)> + v — 3?/4.

Set t = x + 3/2, a®> =y — 3°/4.
set atanu = t, asec’® udu = dt, t* + a°> = a’sec® u.

) 1 _ . n—1 _
Reductlon:/cos"xdx— Zcos" xsinx 4+ —— [ cos" 2 x dx [lll
n n

Jiwen He, University of Houston



Partial Fraction Decomposition Integrals of Partial Fractions

Integrals of Partial Fractions
c-&p

: i hee _ BxtC B 2x+p
Partial Fractions: 1857 = 2 (ZiBe)F + TR )

/ EalilC Ix = B 1 +c /cosz(kl) uldu
2+ Bx+7)k " 2(k=1)(2+Bx+y)k1 ",

Proof.

Q.
|
—
—
A

2

1
/dX:/(t_z_'_‘az)/(dt:/(azse(:le)l(aseC udu

(x2 + Bx + )k
1 1 1 2(k—1
T g2k I / sec2(k—1) el = 2k—1 /COS <Dy du = -

Note x2 + Bx 4+ v = (x + 5/2)> + v — 3°/4.

Set t = x + 3/2, a® =y — 3°/4.
set atanu = t, asec’® udu = dt, t* + a°> = a°sec® u.

) 1 _ . n—1 _
Reductlon:/cos"xdx— Zcos" xsinx 4+ —— [ cos" 2 x dx [lll
n n

Jiwen He, University of Houston



Partial Fraction Decomposition Integrals of Partial Fractions

Integrals of Partial Fractions: Examples

: P Bx+C _ B__ 2x+8
Partlal Fractlons. (X2+)[37X+7)k = jm
Bx+ C B 1 C o(k-1
dx= — —i—c/cos( udu
/(x2 + Bx + )k 2(k —1) (x2 + Bx + )kt~ 7
_ B
where ¢ = 26 =x+0(/2, a2:7—ﬂ2/4,atanu:t.

2k—1

Jiwen He, University of Houston



Partial Fraction Decomposition Integrals of Partial Fractions

Integrals of Partial Fractions: Examples

. S Bx+C _ B 2x+8
Partial Fractions: m = 3 )
Bx+ C B 1 " (k-1
——— dx— — —i—c/cos( udu
/(xz—l—ﬂx—i—’y)k 2(k — 1) (x2 4 Bx +v)k-1 ,
- gﬁ 2 2
where ¢ = ,t=x+0/2, a°=~v—[p°/4, atanu =t.

22k—1

/3x4 + x3 +20x%2 +3x + 31
(x+ D02 + 472

dx

Jiwen He, University of Houston



Partial Fraction Decomposition Integrals of Partial Fractions

Integrals of Partial Fractions: Examples

. S Bx+C _ B 2x+8
Partial Fractions: m = 3 )
Bx+ C B 1 " (k-1
——— dx— — —i—c/cos( udu
/(xz—l—ﬂx—i—’y)k 2(k — 1) (x2 4 Bx +v)k-1 ,
- gﬁ 2 2
where ¢ = ,t=x+0/2, a°=~v—[p°/4, atanu =t.

22k—1

3x* 4+ x3 +20x2 + 3x + 31 2 X 1
(x + 1)(x2 + 4)2 x+1 x2+4 (x2+4)?

Jiwen He, University of Houston



Partial Fraction Decomposition Integrals of Partial Fractions

Integrals of Partial Fractions: Examples

. S Bx+C _ B 2x+8
Partial Fractions: m = 3 )
Bx+ C B 1 " (k-1
——— dx— — —i—c/cos( udu
/(xz—l—ﬂx—i—’y)k 2(k — 1) (x2 4 Bx +v)k-1 ,
- gﬁ 2 2
where ¢ = ,t=x+0/2, a°=~v—[p°/4, atanu =t.

22k—1

3x* 4+ x3 +20x2 + 3x + 31 2 X 1
(x + 1)(x2 + 4)2 x+1 x2+4 (x2+4)?

1 1
:2In\x+1\+2In(x2+4)—8/cos2udu

Jiwen He, University of Houston



Partial Fraction Decomposition Integrals of Partial Fractions

Integrals of Partial Fractions: Examples

Bx+C B_ 2B e
2 (

Partlal Fractlons: m = (X2+/3X+",’)k m

/ @ dx— — 2 1 +c /cosQ(k_1 udu
(24 Bx+7k " 2(k—1)(x2+PBx+ )t T
B

C -
where ¢ = 32k1 ,t=x+p/2, a° =y —[°/4, atanu =t.

3x* 4+ x3 +20x2 + 3x + 31 2 X 1
(x + 1)(x2 + 4)2 x+1 x2+4 (x2+4)?

1 1 [/
=2In|x+1|+ = In(x +4) — 8/cos2udu

1 1
:2In|x+1|+§|n(x2+4)—R(u—ksmucosu)—FC
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3x* 4+ x3 +20x2 + 3x + 31 2 X 1
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