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X = atanu
dx = asec® udu

a° + x? = a%sec’ u

4tan? u 8tan? usec? u
2sec? udu :/du

2
X
7dX: _—
/\/4+x2 V4 +4tan?u V4 sec? u
8tan? usec® u 5
= | ——————— ~du=4 | tan“ usecudu

2secu

Jiwen He, University of Houston



Trigonometric Substitution
Example

Tangent Substitution: Va2 + x2

1 +tan2 u=sec’u

X = atanu
dx = asec® udu

a° + x? = a%sec’ u

x? 4tan? u 5 8tan? usec® u
————dx= | ——2secCCudu= | ————
V4 + x2 V4 + 4tanu Vi4sec?u

2secu
finish as in Example 12, Section 8.3
substitute in terms of x [lll

8tan? usec? u
:/du:4/tan2usecudu

Jiwen He, University of Houston



Trigonometric Substitution
Example: Completing the Square

Tangent Substitution: /a2 + (x — ¢)?

1+ tan’u =sec’u

X —Cc=atanu
dx = asec® udu

7 A= af =5y

Jiwen He, University of Houston



Trigonometric Substitution
Example: Completing the Square

Tangent Substitution: /a2 + (x — ¢)?

1+ tan’u =sec’u

X —Cc=atanu
dx = asec® udu

7 A= af =5y

/X\/16—|—X2—6XdX

Jiwen He, University of Houston



Trigonometric Substitution
Example: Completing the Square

Tangent Substitution: /a2 + (x — ¢)?

1+ tan’u =sec’u

X —Cc=atanu
dx = asec® udu

7 A= af =5y

[ V165 —6xdx = [ xy/16 -9+ (x2 — 6x+ ) dx

Jiwen He, University of Houston



Trigonometric Substitution
Example: Completing the Square

Tangent Substitution: /a2 + (x — ¢)?

1+ tan’u =sec’u

X —Cc=atanu
dx = asec® udu

7 A= af =5y

[ V165 —6xdx = [ xy/16 -9+ (x2 — 6x+ ) dx

:/xmdx

Jiwen He, University of Houston



Trigonometric Substitution
Example: Completing the Square

Tangent Substitution: /a2 + (x — ¢)?

1+ tan’u =sec’u
X —Cc=atanu
dx = asec® udu

7 A= af =5y

[ V165 —6xdx = [ xy/16 -9+ (x2 — 6x+ ) dx

:/xmdx

= / (\ﬁtanu+3) V7 sec? uv/7sec? udu

Jiwen He, University of Houston



Trigonometric Substitution
Example: Completing the Square

Tangent Substitution: /a2 + (x — ¢)?

1+ tan’u =sec’u

X —Cc=atanu

dx = asec® udu

7 A= af =5y

[ V165 —6xdx = [ xy/16 -9+ (x2 — 6x+ ) dx

:/xmdx

= / (\ﬁtanu+3) V7 sec? uv/7sec? udu
Finish it! [Fl

Jiwen He, University of Houston




Trigonometric Substitution

Secant Substitution: x? — 1

Secant Substitution: x2 — 1

sec?u—1=tan?u

X2 1 X = secu
,1_\ dx = secutanudu
sec ‘x 5 5
1 x“—1=tan“u

Jiwen He, University of Houston



Trigonometric Substitution

Secant Substitution: x? — 1

Secant Substitution: x2 — 1

sec?u—1=tan?u

X2 1 X = secu
,1_\ dx = secutanudu
sec ‘x 5 5
1 x“—1=tan“u

1
—dx
/ x2y/x%2 —1

Jiwen He, University of Houston



Trigonometric Substitution

Secant Substitution: x? — 1

Secant Substitution: x2 — 1

sec?u—1=tan?u

X2 1 X = secu
,1_\ dx = secutanudu
Sec ‘x 5 5
1 x“—1=tan“u
Example

secutanu

1
du
/ x2\/x2 — sec2 uv/tan2 u uvtan? u

Jiwen He, University of Houston



Trigonometric Substitution

Secant Substitution: x? — 1

Secant Substitution: x2 — 1

sec?u—1=tan?u

X2 1 X = secu
,1_\ dx = secutanudu
Sec ‘x 5 5
1 x“—1=tan“u
Example

secutanu
du =

1
dx= | ——MM—
sec? yv/tan? u secu

1
_— du
/ x2y/x%2 —1

Jiwen He, University of Houston



Trigonometric Substitution

Secant Substitution: x? — 1

Secant Substitution: x2 — 1

sec?u—1=tan?u

X2 1 X = secu
,1_\ dx = secutanudu
Sec ‘x 5 5
1 x“—1=tan“u
Example

secutanu d 1
_— u =
sec? yv/tan? u secu

:/cosudu

dx = du

1
/ x2y/x%2 —1

Jiwen He, University of Houston



Trigonometric Substitution

Secant Substitution: x? — 1

Secant Substitution: x2 — 1

sec?u—1=tan?u

X2 1 X = secu
,1_\ dx = secutanudu
Sec ‘x 5 5
1 x“—1=tan“u
Example

secutanu d 1
_— u =
sec? yv/tan? u secu

:/cosudu:sinu+C

dx = du

1
/ x2y/x%2 —1

Jiwen He, University of Houston



Trigonometric Substitution

Secant Substitution: x? — 1

Secant Substitution: x2 — 1

. sec?u—1=tan?u
x? — 1 X = secu
,1_\ dx = secutanudu
Sec ‘x 5 5
1 x“—1=tan“u

secutanu d 1
_— u =
sec? yv/tan? u secu

:/cosudu:sinu+C

dx = du

1
/ x2y/x%2 —1

2_1
:X7+C

x Jig

Jiwen He, University of Houston



Trigonometric Substitution

Secant Substitution: /x? —

Secant Substitution: v/x? — a2

sec’u—1=tan’u

N X = asecu
u dx = asecutan udu
2 x? — 2% = 2% tanu

Jiwen He, University of Houston



Trigonometric Substitution

Secant Substitution: /x? —

Secant Substitution: v/x? — a2

sec’u—1=tan’u

N X = asecu
u dx = asecutan udu
2 x? — 2% = 2% tanu

1
/ x(x2 — 4)3/2 o

Jiwen He, University of Houston



Trigonometric Substitution

Secant Substitution: v/x2 — a2

Secant Substitution: v/x? — a2

sec?u—1=tan’u
> 2-4 X = asecu
u dx = asecutan udu
2 x? — 2% = 2% tanu

/ 1 d / 2secutanu d
—— —dx = u
x(x2 — 4)3/2 2 sec u(4tan? u)3/2

Jiwen He, University of Houston



Trigonometric Substitution

Secant Substitution: v/x2 — a2

Secant Substitution: v/x? — a2

sec?u—1=tan’u
> 2-4 X = asecu
u dx = asecutan udu
2 x? — 2% = 2% tanu

/1dx—/ 2secutanu du—l/ 1 du
x(x2—4)327" | 2secu(4tan2u)3/2”" 8 ) tan2u

Jiwen He, University of Houston



Trigonometric Substitution

Secant Substitution: v/x2 — a2

Secant Substitution: v/x? — a2

sec?u—1=tan’u
> 2-4 X = asecu
u dx = asecutan udu
2 x? — 2% = 2% tanu

1 2secutanu 1 1
T dx= du=>[ = d
/x(x2—4)3/2 x /2secu(4tan2 u)3/2 ! 8/tan2u !

1
:8/cot2udu

Jiwen He, University of Houston



Trigonometric Substitution

Secant Substitution: v/x2 — a2

Secant Substitution: v/x? — a2

sec?u—1=tan’u
> 2-4 X = asecu
u dx = asecutan udu
2 x? — 2% = 2% tanu

1 2secutanu 1 1
T dx= du=>[ = d
/x(x2—4)3/2 x /2secu(4tan2 u)3/2 ! 8/tan2u !

1 1
:8/cot2udu:8/(csc2u1) du

Jiwen He, University of Houston



Trigonometric Substitution

Secant Substitution: v/x2 — a2

Secant Substitution: v/x? — a2

sec?u—1=tan’u
> 2-4 X = asecu
u dx = asecutan udu
2 x? — 2% = 2% tanu

1 2secutanu 1 1
—— —dx = du=—- [ ——d
/x(x2—4)3/2 x /2secu(4tan2u)3/2 ! 8/tan2u !
1 1
:8/cot2udu:8/(csc2u1) du

:%(—cotu—u)+C

Jiwen He, University of Houston



Trigonometric Substitution

Secant Substitution: v/x2 — a2

Secant Substitution: v/x? — a2

sec’u—1=tan’u

N X = asecu
u dx = asecutan udu
2 x? — 2% = 2% tanu

/1 x—/ 2secutanu du—l/ 1 du
x(x2—4)327" | 2secu(4tan2u)3/2”" 8 ) tan2u
1 1
:8/cot2udu:8/(csc2u1) du

1
:§(—cotu—u)+C
1

g (\/)% + secl(x/2)> +C [ll'l

Jiwen He, University of Houston



Trigonometric Substitution
Example: Completing the Square

Secant Substitution: v/x2 — a2
sec’u—1=tan’u
X
N X —Cc=asecu
u dx = asecutanudu
2 (x —c)®> — a® = a’tan’u

Jiwen He, University of Houston



Trigonometric Substitution
Example: Completing the Square

Secant Substitution: v/x2 — a2

sec®u—1=tan’u

N X —Cc=asecu
u dx = asecutanudu
2 (x —c)®> — a® = a’tan’u

/de
Vx2+2x—3

Jiwen He, University of Houston



Trigonometric Substitution
Example: Completing the Square

Secant Substitution: v/x2 — a2

sec®u—1=tan’u

2 -4 X —Cc=asecu
u dx = asecutanudu
2 (x —c)®> — a® = a’tan’u
Example

X

X
= [
/\/x2+2x—3 V(x2+2x+1)—-316 -1

dx

Jiwen He, University of Houston



Trigonometric Substitution
Example: Completing the Square

Secant Substitution: v/x2 — a2

sec®u—1=tan’u

2 -4 X —Cc=asecu
u dx = asecutanudu
2 (x —c)®> — a® = a’tan’u
Example

X

/mdx_/\/(x2+2x+l)—316—1
:/\/(Xflm,dx

dx

Jiwen He, University of Houston



Trigonometric Substitution
Example: Completing the Square

Secant Substitution: v/x2 — a2

sec®u—1=tan’u

2 -4 X —Cc=asecu
u dx = asecutanudu
2 (x —c)®> — a® = a’tan’u
Example

X

/mdx_/\/(x2+2x+l)—316—1
:/\/(Xflm,dx

2secu—1

B V4tan? u

dx

2sec utan udu

Jiwen He, University of Houston



Trigonometric Substitution
Example: Completing the Square

Secant Substitution: v/x2 — a2

sec’u—1=tan’u
X
N X —Cc=asecu
u dx = asecutanudu
2 (x —c)®> — a® = a’tan’u
Example

X

/mdx_/\/(x2+2x+l)—316—1
:/\/(Xflm,dx

_ 2secu—1
V4tan? u

Finish it! [l]l

Jiwen He, University of Houston

dx

2sec utan udu




Trigonometric Substitution

Summary

1 —sinu=cos’u

asinu

X
Il

dx = acos udu

82 — X2 = 22 COS2 u

. X
Sinu = —

L

cos u =

tanu = ———
2 _ X2

Jiwen He, University of Houston




Trigonometric Substitution

Summary
1 —sinu=cos’u 1+tan?u =sec®u
X = asinu X = atanu
dx = acosudu dx = asec® udu
2 2_ 2 2
a° — x° = a“cos” u 22+ x%2 = a%sec?u
sinu i X
= — siny = ——
a a2 + x2
> —x? cos U 2
cosy = ———— = > 5
P N
X
tanu = —(—— tanu = —
2 _ X2 3

Jiwen He, University of Houston




Summary

1 — sin?

u

sinu

cosu

tanu

Trigonometric Substitution

COS2 u

asinu
acos udu

22 COS2 u

XL

2 _ X2

Jiwen He, University of Houston

1+tan’u
X

dx
a2 + x2

sinu

cos u

tanu

sec2 u

atanu

= asec® u di

= 82 sec2 u

o — T T

/

— a

sec?u—1
X

sinu

cos u

tanu

tan2 u
asecu
asec utan

= 82 tan2 u

u



Trigonometric Substitution
Outline

@ Trigonometric Substitution
e Sine Substitution
o Tangent Substitution
e Secant Substitution

Jiwen He, University of Houston
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