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Assumptions
All functions, variables and constants are real valued.
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Limits, Derivatives and Integrals

f is a function. v and u are functions of a common independent variable.

x is a real valued variable; a, b, ¢ and n are real number constants.

Limits

Cameron McClintock

x—0

sinx

X

1

Iiml—cosx _0

x—0 X

lim

x—0

X x—0

e-1 |im(1+1

]

=1

|
=
53
VR
=
+
> |
N
@
1>
D

Derivative Definition and Properties

Definition

Properties

Chain Rule

L’Hépital’s Rule
Suppose f and g are differentiable functions on an open interval containing a, but not necessarily at a, and
lim f (x) =limg(x) =0 or +co and in the interval g'(x) = 0 except possibly at a, if lim[ f'(x)/g’(x)] exists, or is +oo then

General: f'(x) = Llng

f(x+h)—f(x)
h

At the pointa: f'(a) =Ilim

f(x) - f(a)
X—a

X—a

(cu)' =cu’ (uiv)':u’iv’

(uv)' =uv+uv

!
ul _uv-uv
v v?

[f(ue))] = £/ (u0)u'(®)

lim f (x)/g(x) =lim f'(x)/g'(x) . Moreover, this holds for the limits: x—>a~, x —>a" or x — too.

Derivative of Basic Functions
If x is replaced with a function in the derivatives below the chain rule must be applied.

Constant, Power, Exponential and Logarithmic Functions

c'=0

")

_ n-1

() -

(b") =(inb)b* b>0

ro 1
(In|x|) =2 x#0

' 1
(log, |X]) =i x#0,b>0

Trigonometric Functions

(sinx) =cosx

(cos x)' =—sinx

(tan x)' =sec’ X

(cot x)' =—csc? x

(sec x)' =secxtan x

(csc x)’ = —CSC XCOot X

Inverse Trigonometric Functions

sintx) = costx) = ——
| 1ix2 | 1—1x2
(tan”* x)’ = 1+1x2 (cot™ x)’ = 1;12
(sec™ x o1 (csc™ x o1
|x|v/x* -1 |x|\/x2 -1
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Functions as Limits of Integration
Given functions f, g and h are integrable and function F is an antiderivative of f the Fundamental Theorem of Calculus tells us

[t @t =["" f e[ f @)t = F (g(x))~ F(©) - F (h(x)) + F(0) =F (9()) ~ F (h(x)) .

h(x)
Applying the chain rule of differentiation gives,

d X d d ’ '
™ :(())f(t)dt——[F 9(x))- (h(x))]=&[F(g(x))]—&[F(h(x))]=f(g(x))g(x)—f(h(x))h(x).

Integrals of Basic Functions

Constant, Power, Exponential, 1/x and Logarithmic Functions

n+l
jcdx:cx+C J'x“dx: +C, n=1 Iidx:ln|x|+c, X #0 Iexdx:eX+C
n+1 X
_[bxdx: b* +C b>0 Ilnxdx=xlnx—x+c, x>0 jlogbxdx:i(xlnx—x)JrC, x>0, b>0
Inb Inb
Trigonometric Functions
_[cscxdx:ln|cscx—cotx|+c
J'sinxdx:—cosx+C _[tan xdx = In|sec x|+ C
=In|tan(x/2)[+C
_[sec xdx = In|sec x + tan x| + C
Icosxdx=sinx+C Icotdx:ln|sinx|+C
= In|tan(z/4+x/2)|+C

Inverse Trigonometric Functions

jsin’1 xdx = xsint x++1-x* +C .[cos’1 xdx = xcos t x—y/1-x% +C

J.tan‘1 xdx = xtant x—Inyx? +1+C J‘cot‘1 xdx = xcot ™t x+Iny/x? +1+C
'[sec’l xdx = xsec™ x— In‘x+\/x2 —1‘ +C _[csc’l xdx = xesc™t X+ In‘x+\/x2 —1‘ +C

Some Functions containing x?+a’ and a’> —x’

1 1
—dx:ln‘x+ x> —a?|+C —dx:ln(x+ x2+az)+C dx =sin” —+C——cos Xic
I == [ — v == :
1
jﬁdx=—ln X4, c .[ 21 2dx=ltan‘1§+C:—lcot‘11+C
X" —a 2a [X+a X“+a a a a a

j\/xz —azdx=§\/x2 —a? —%az In‘x+ x* —a?

2
+C j\/az—xzdx:%sm’lz+§\/a -x* +C

Trigonometric Reductions

. -1 n-1¢. 1 . n-1
.[sm” xdx = —sin"™ x cos x +—.[sm”’2 xdx Icos” xdx = =cos" ™ xsin x+—jcos“’2 xdx
n n n n
n 1 n-1 n-2 n _1 n-1 n-2
.[tan Xdx = ——tan"" x— J' tan™* xdx I cot” xdx = ——cot"™ x— Icot xdx
n-1 n-1
-1 n-2 1 n-2
jcsc” xdx = ——csc"2 xcot X + —— | csc™ % xdx j sec” xdx = ——sec" 2 x tan X + —— [ sec™? xdx
n-1 n-1 n-1 n-1
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Proof of Limits

Proof lim ﬂ.
x—0 X
In the diagram to the left quadrant | of the unit circle is shown with two triangles and
)/ l_Jnit\ a sector drawn on the same angle 6. Since it is a unit circle the lengths OB =0D =1.
circle c The blue triangle ~OBD has area (sin#)/2 . The dotted triangle sOCD has area
o = (tanx)/2 . The sector formed by the arc BD has area 7 6/(27) =6/2

The area of AOBD is a subset of the area of the sector which in turn is a subset of the
area of AOCD . This allows us to write,

sm¢9sgS tan@

2 2 2
We need to consider a negative 6 in quadrant IV so we can take the two-sided limit as
68 — 0. Since area is taken to be always positive, we add absolute value signs to each
area to ensure the area remains positive in quadrant 1V,

s‘§‘< tan @

2

sin@

2

2

Multiplying this equation by |2/sin 6| gives,
0

sing

1

1< —_
cosé

<

In quadrant | and 1V cos @ is positive and both 8 and sin 8 have the same sign. This means all terms in the inequality are positive and
the absolute value signs can be removed,

1< i < L .
sing cosé
Taking the reciprocal, we reverse the inequality signs.
sin@

1>——>cosé
0

Apply the squeeze theorem with the limit x — 0.

. .osinx _ .
lim1l>lim—— >limcos x

x—0 x-0 ¥ x—0

. sinx
12lim——2>1
x—0 X

. sinx
lim——=1
x—0 X

a
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1-cosx
X

0.

Proof lim
x—0

.ml—cosx 1-cosx1+cosx

li =lim
x>0 X x>0 X  14+cosx
. 1-cos’x
=lim————
x>0 X(1+ oS X)

. sin? x
=lim—-
x>0 X(1+c0s X)

sinx sinx
x>0 X (1+cosx)

. sinx . sin X
=lim lim

x>0 X x20 (14C0SX)
=1.0
=0

]

X

Proof Iime =1.

x—0 X
Use the definition

X
eélim(1+1j — e=lim{+ )Y
X X—>

X—>0

to write,
X
o (Iim(1+x)”x) 1
lim = |im =2
x—0 X x—0 X
X
(@) -1
:L|_r;rgf
e (Qax)-1
_L|_r;rgf
_“m1+x—1
_X~>O X
. X
=lim—
x—0 ¥
=liml
x—0
=1
m]

Proof Iim[l+lj =1,
Xx—0 X

o] <156

x—0 X

Focusing on the exponent on the right
above and utilizing L'Hopital's rule we
have,

In {Iim[u ij ] =lim In[1+ lj
x—0 X x—0 X
=limxlIn (1+£J
x—0 X

@

=lim

x—0

=lim
x5014+1/x

=0.
Replace this result for the exponent in the
original equation,

Iim(1+1j =g’
Xx—0 X
=1

m]
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Proof of Derivatives

Derivatives of Power Function
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ForneZ andn>0:

d . . (x+h)'=x" _— . " .
—x" =lim , use binomial expansion for (x+h) to write
dX h—0
n n n
X"+ X" X" e xh"™* +h" —x"
_lim 1 2 n-1

h—0 h

n n n
=lim X" [X"Phee 4 xh"? +h"?
h-ol {1 2 n-1

=nx""*
For neZ andn<0 let m=-n som >0 and the previous result can be
used along with the quotient rule:

_ 1
X'=x"=—
X
d o_0x" —mx"*-1
dx X"
— _mxm—l—Zm
— _mx—m—l
=nx"?

dx

differentiation after taking the logarithm.

x>0 or x<0 andn
evenso x" =|x" >0.

y=x"=|x
Iny=In|x'
Iny=nin|x]
ldy 1
ydx  x
dy n-y
dx  x
_n-x"
X
=nx"?
[m}

d L
—(x”),where neR and n=0. Use implicit

X <0 and n odd so
x"=—-|x" <0.

dy n-y

& x

dy n-x"

dx X
=nx""
[m]
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Derivatives of Logarithmic and Exponential Functions
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x+h X

d /oy -
(&) =tlim=—p
i e*(e"-1)
h—0 h

h
=¢" Iim(e _1)
h—0 h

Euler’s number e can be defined by the limit: e = lim(1+1/n)".

n—o

Substituting this for e above in the right side gives,

o ((monyy )
d—x(e )=elim -
(@)™ 1)

By substituting h =1/n this can be rewritten ase = Lin3(1+ h)”'.

Use implicit differentiation:

y=Inx
e =x

d . do
5P )::a;(e'b)

- e
=e""Inb
=e"" Inb
=b*Inb

m}

i(k)g X) — i(ln_Xj
dx* P dx\ Inb

1d
1

~ xlInb
O
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Derivatives of Trigonometric Functions
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sin(x+ h) —sin(x)
h
m sinxcosh +cosxsinh —sin x

d, . .
&(sm X):L'_T)

h—0 h
._sinxcosh —sinx . cosxsinh
=lim +lim
h—0 h h—0 h
. . (cosh -1 . sinh
=sinx-lim—————~+cos xlim——
h—0 h h-0 h

=sinx-0+(cosx)1

cos(x + h) —cos(x)
h

d .
&(cosx): Ll_r]g

im cosxcosh —sinxsinh —cos x

h—0 h
. cosxcosh —cosx . sinxsinh
=lim —lim
h—0 h—0 h
. (cosh -1) . . sinh
=cos X lim——Z —sinxlim——
h—0 h h—»0 |h

=cosx-0—(sinx)1

=COS X =—-sinXx
m} [m]
d d ( sinx d d (cosx
—(tanx)=—| — —(cotx)=—| —
dx dx \ cos x dx dx \ sin x
d . . d —sin? x —cos? x
COS X - — SiN X —Sin X— COS X S
_ dx dx sin” x
2 -
cos™h —(sm2x+cos2 x)
cos? x +sin’ x = —
= sin? x
cos® X L
1 ——
=— sin’ x
cos2 X s’ x
=sec? x
O
O
d d 1 d d 1
—(secx):— —_— —(CSCX):— -
dx dx \ cos x dx dx \ sin x
0—(-sinx) _ 0—cosx
~ cos’ x sin® x
1 sinx 1 cosx
T CoSX COSX sinx sinx
=secxtan x = —CSCXCot X
[m]

O
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Derivatives of Inverse Trigonometric Functions

y=sin?x — cos’y=1-x° y=cos'x — siny=1-x y=tan'x — sec’y=x*+1
siny =x Cosy =X tany =x
dy . dy . dy
cosyazl —smyazl sec y&_l
dy 1 dy -1 dy 1
dx  cosy dx siny dx  sec’y
cos y is always postive on the range siny is always postive on the range _
ofsin'x, y e[-7/2,7/2]. This of cos ™ x, y € [0, z]. This C1x
allows us to place the denominator in allows us to place the denominator in o
absolute value signs. absolute value signs.
dy 1 dy -1
dx |cos y| dax |siny|
1 -1
1-x° 1-x*
O O
y=csc'x — cot’y=x"-1 y=sec'x — tan’y=x"-1 y=cot'x — csc’y=1+x°
cscy =X secy =X coty = x
—cscycotyﬂzl secytanyd—yzl —csczyd—yzl
dx dx dx
dy -1 dy 1 dy -1
&_cscycoty &_secytany &_csczy
The domain of x =cscy is The domain of x =secy is -1
y €[-7/2,0)U(0,7/2]. On this domain y €[0,7/2)U(x/2,z]. On this domain 1+x?
cscy and cot y are always the same sign secy and tany are always the same sign O
so their product is always postive. This so their product is always postive. This
allows us to place the denominator in allows us to place the denominator in
absolute value signs. absolute value signs.
dy -1 dy 1
dx  |escycoty] dx |secytany|
— _1 = —l
XXt -1 X|\xt -1
O O
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Proof of Integrals

Integral of Trigonometric Functions

du du
N _E(ju+1_jﬁj
1
= —E(In|u +1]-Inju-1))
u-1
u+1
u-lu-1
u+lu-1

(u-1)°

u?-1

(cosx—1)°
cos® x—1

(cosx—l)2

—sin?x

_in {(cosx—l)2 !

2

. H =2 =2
_— : using |—sm x|:sm X
sin? x

cosx—1
sin X

; use | | to maintain postive root

=In|cot x—csc x|+ C = In|csc x —cot x|+ C

0

snx osx
tan xdx = cot xdx =
] [ J Fanx
. X
= sinx d_u ; u=cosx — du=-sinxdx jﬂd—u; u=sinx — du=cosxdx
u -sinx U Ccosx
1
=—j£du :'[—du
u u
=—In|y| =In]y
=—Injcosx|+C =Injsinx|+C
=In|secx|+C o
=]
Icscxdx: _de jsecxdx: de
sin x COS X
J‘ sin X J‘ COSX
sin? x cos’ x
I sin x J- COS X
1-cos® x 1-sin? x
:J‘smﬁ—-_du; u=cosXx — du=-sinxdx ICOSX du —— u=sinXx — du=cosxdx
1-u® sinx 1-u” cosx
1 1
=t I v a
= _—1/2—_—1/2 du; using partial fraction expansion I du; using partial fraction expansion
u+l u-1 1+u 1—

1 du du
—z(fm*fm)
=%(In|l+u|—|n|1—u|)
1, |1+u

nl=—-=
2 |1-u
1, [Lruteu
1-ul+u

2
1n(1+u)
2 |1-u?

(1+sin x)2

1-sin?x

(1+sin x)Z
cos? x

[(1+5in x)2 ]M
=1In —
cos® X

1+sinx
COS X
=In|sec X+ tan x|+ C

; use | | to maintain postive root

0
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Integral of Inverse Trigonometric Functions
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) _ _ -1
IS'” XdX—IUdV—UV_IVdU '[csc’lxdx:.fudv:uv—jvdu; u=csctx, dv=dx — du:—\/z_dx, V=X
where u=sin"x and dv = dx XVx* -1

X
= xcsc’1x+f—dx
so that du = dx and v=x X /Xz 1
1—x2 1
. . =Xcsch X + dx
J'sm’l xdx = xsin~ x—j\/x_zdx I./XZ 1
1-X
— _ _ 2
let Welox®—> dw=—2xdx Let x = cscu so dx = —cscucotudu and cotu =+/x* -1
t
Ism xdx = xsin™ x — _[ :XCSC&XJF.I. —
ZXJ_ Jescu? —
ay cscucotu
=xsintx+= IJ_ = XCse I cotu
= xcsc’lx—jcscudu
= xsin’lx+—2\/w
2 = xcsc™ x+In|cotu +cscu]
=xsintx+41-x*+C
= xcsc‘lx+ln‘x+\/x2 —1‘
O
O
-1 _ _ _ 1
ICOS xdx—judv—uv J.vdu _|‘sec’1 xdx:judv:uv—jvdu; u=sec'x, dv=dx — du:—Jz_dx, V=X
where u=cos™*x and dv = dx x¥x* -1
- =xsect x— dx
so that du:—zdx and v=Xx X% —1
1-x
_ 1
jcos‘lxdx=xcos‘1x+jJX_dx - xsec”x- xz—lcIX
1-x°
X =xsect x— f secutanu X =secu — dx =secutanudu
see jsin’1 xdx for solution to IJ_zdx Jsecu? —
1-x
B 1y secutanu
J'cos’1 xdx = xcos T x—/1— x> +C = XSec .[ tanu
o = xsec‘lx—Jsecudu
=xsec " x—In|secu +tanu|; x=secu — tanu =+/x2 -1
= xsec’lx—ln‘x+\/x2 —1‘ o
-1 _ _ . -1
jtan de_JUdV_UV_IVdU’ jcot’lxdx=judv=uv—_[vdu; u=cot’x, dv=dx — du:1 ~dx, v=x
+X
where u=tan?x and dv=dx
4 X o ) . .
= xcot x+I > dx, see jtan xdx for details on solving this integral
so that du:1 ~dx and v=x 1+x
+X
y =xcot i x+Iny1+x2 +C

tan™ xdx = xtan™t x — dx
I Il+ x? -

Let w=1+x* - dw=2xdx
X
jtaln’1 xdx = xtan ™ x — [ ——dw
2XW
= xtan’lx—ij‘idw
27w
-1 1 2
= Xtan x——In(1+x )
2
=xtan "t x—Iny1+x* +C
m}
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1
jmdx

Letx=acscu — dx=-acscucotudu

and cotu =+/x*-a’/a, ue[-7/2,0)U(0,7/2]
J- 1 dXZJ 1
X% —a? avesc?u -1

1
= —j—cscucotudu
cotu

—acscucotudu

=—jcscudu
=—In|cscu—cotu|+C,
2 2
x Jx*-a
=—In|*- +C,
a a

x—+/x? —a? x+\/x2—a2|

a x+\/x2—a2|

+C,

1
dx
I
Let x=atanu — dx=asec’udu and secu=+x*+a’/a,
Ue [0, ﬁ/Z)u(O, 7z]

1 1
——  _dx=|—————asec’udu
'[\/x2+a2 J.a\/tanzu+1
1 2
= | ——sec“udu
secu
:fsecudu

=In|secu +tanu|+C,

xi+a?+x

a

2 2
=In|yx* +a +x‘—|na+Co
=In|Vx? +a? +x‘+C
=In(\/x2+a2 +x)+C

+C,

]

1
'[\/az—_xzdx

Let u=x/a — x=au and dx=adu

1 o= 24
j/az_xz X_.[ /az_azuz u
1
:I du
1-u?
=sin?u+C

=sin" x/a+C
Since sin™ @ =7z/2—-cos™ @,

Jai-x?

j 1 x=sin® x/a+C =-cos " x/a+C
O
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J'\/x —a’dx o J.\/az—xzdx

Ix+a

Ixziaz dx

Use the partial fraction expansion

1Y) yea)

x*-a? x-a X+a
_[ 21 dx:i( de— dej
x- -1 2a\’ x—a X+a

:i(ln|x—a|—ln|x+a|)+C
2a

T

2a

X—a

X+a

+C

]

1
Ix2+a2 dx
Let u=x/a — x=au and dx=adu

Ix+a -[au +a’

== u
aju2+1
1. 4
=—tan"u+C
a
1, 4
==tan"x/a+C
a

Since tan" @ =z/2—-cot™ @,

e

:ltan’1 x/a+C ——lcot 'x/a+C

J'\/xz—azdx

Letx=asecu — dx=asecutanudu and tanu =

J'\/x2 —a?dx =I\/a2 sec’u—a’ (asecutanu)du
= _[(atan u)asecu tanudu

= aZI secu tan’ udu
Rewrite the integrand using the Pythagorean identity,
sinu _ 1-cos®u
cos’u  cos’u

I\/xz —a’dx=a’ (J.sec3 udu —jsecudu)

secutan’ u= =sec’u—secu

2
a 1
=—secutanu—§a2 In|secu +tanu|+C,

2
2 2 2 2 2
a“ x+4x—-a 1 X" —a
=— = — ~a’In|=+ +C,
2 a a 2 a a

= Z\x? -a? —%a In‘x+\/x -a’ +ga2 Inja|+C,
= Z\x? -a? —%a In‘x+\/x -a’|+C

1 1
=3a? (Esecutanu +5In|secu +tanu|—In|secu + tan u|j+C

J\/az—xzdx
Let x=asinu — dx=acosudu . This means
4 X
u=sint=
a

2 2

— X
a a
J\/az —xzdx=f\/a2 —a’sin*u(acosu)du

= I\/az cos?u(acosu) du

= az.[cos2 udu

. X
sinu=— and cosu =

Use identity cos® u = %’

2 2

:a—de +a—J0052udu
2 2
2 2

=—u+—sin2u
2 4

Use identitysin 2u = 2sinucosu,

a2 2

=—u+—2sinucosu
2 4
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Integral Reduction of Powers of Trigonometric Functions
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jsin”xdx = _[sin”’lxsin xdx

Let u=sin"*xand dv=sinxdx — du=(n-1)sin"?xcosxdx

and v=-C0sX
jsin”xdx:judv

:uv—fvdu

=—cosxsin"™* x+_[cosx(n—1)sin”’2 X c0S xdx
=—cosxsin™™* x+J.cos2 x(n—1)sin"2 xdx

= —cos xsin"™* x+.[(1—sin2 x)(n—l)sinH xdx
=—cosxsin"* x+(n —l)jsin”‘2 xdx—(n—l)jsin" xdx

nJ'sinn xdx = —cos xsin"* x +(n —1)jsin"’2 xdx

_ -1
J'sin“xdx:Flcosxsin”‘l +ujsin“‘2xdx o

I cos" xdx = _[cos”’l X COS Xdx

Let u=cos"* xand dv = cos xdx —
du =—(n-1)cos"? xsin xdx and v =sin x

J‘cosn Xdx = _[udv

=uv—jvdu

=cos" ' xsinx+(n- 1)IS|nxcos xsin xdx

=cos" xsmx+(n 1)I5|n xcos"? xdx
“xsinx+(n- 1)J'(1 cos’ x)cos™ * xdx

=cos" ™ xsin x+(n—1)cos xdx—(n—l)jcos”xdx

nJ.cosn xdx = cos"™ xsinx+ n-1 _l'cos”’2 xdx

1 a n-1 _
Icos” xdx = =cos” 1xsmx+—.[cos” 2 xdx o
n n

I tan"xdx = I tan""? x tan? xdx
= J.tan”’2 x(secz x—1) dx
= J'tan”‘2 xsec® xdx — J' tan" 2 xdx

Let u=tan"?x and dv=sec? xdx —
du =(n-2)tan"* xsec” xdx and v = tan x

J‘tan”’2 xsec? xdx = .[udv
=uv-— jvdu
=tan"" x —Itan x(n—2)tan""* xsec? xdx
=tan"* x—(n— 2)J'tan“’2 xsec’ xdx
(n —1)'|‘tan”’2 xsec® xdx = tan"*

——tan"*

jtan”’2 xsec? xdx = X

1
j'tan” xdx = —1ta1n”’1 x—J'tan”’2 xdx o
n_

I cot"xdx = jcot”’2 x cot? xdx
= J‘cot”’2 x(csc2 X —1) dx
= j cot"? xcsc? xdx — j cot" 2 xdx

Let u=cot"?x and dv=csc?® xdx —
du =—(n—2)cot" xcsc? xdx and v =—cot x

J'cot”’2 X csc? xdx = J'udv

uv—jvdu

(n —1)'|‘cot”’2 xcsc® xdx = —cot"™*
-1
jcot”’2 xcsc® xdx = ——cot"™ x
-1
J' cot" xdx = ——cot" ™ x— Icot”’2 xdx o
n-1

—cot" ™t x —Icot x(n—2)cot"* xcsc? xdx

—cot"t x—(n— 2)j cot" % xcsc? xdx

Icsc” xdx = J.csc”‘2 xcsc? xdx

Let u=csc"*x and dv =csc® xdx —
du =—(n-2)csc"? xcotxdx and v=—cotx

jcsc” xdx = .fudv
=uv— jvdu
=—csc"? xcot x—(n— 2)jcot2 xcsc"? xdx
= —cse"? xcotx— (n—2)  (ese’~1)esc™? xdx
= —csc"* xcotx —(n-2) (I csc” xdx — _[csc”’2 xdx)
= —cse™? xcot x—(n—2)| esc” xdx+ (n—2)  csc"* xdx

(n —l)jcsc” xdx = —csc" % xcot X+ (n — Z)Icsc”’2 xdx

-1 n-2
jcsc” xdx = —=—csc"? xcot X + —J'csc”’2 xdx o
1 n-1

J'sec" xdx = Isec "2 xsec? xdx

Let u=sec"?x and dv =sec’ xdx —
du = (n—2)sec"* xtan xdx and v = tan x

jsec” xdx = judv
=uv— I vdu
=sec"? xtan x—(n— 2).[tan2 xsec" 2 xdx
=sec" 2 xtan x—(n— Z)J'(secz—l) sec" 2 xdx

=sec"? xtan x— (n—2) (_[sec” xdx — _[sec”’2 xdx)

=sec"? xtan x—(n— Z)J‘secn xdx + (n— Z)J‘sec“‘2

(n —l)jsec” xdx =sec"? xtan X+ (n— 2)fsec”’2 xdx

1 n-2
jsec” xdx = ——sec"? xtan x Jr—jsec”’2 xdx o
1 n-1

xdx
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Derivative, Area and Integral Relationship
An intuitive explanation of the relationship between area, the derivative, and anti-derivative or integral is given below.

We are given a function f that is continuous on some interval. Let F describe the area of the region bounded between f and the x-axis
over the interval.

Chose a point x and a nearby point x + h in the interval. The area of this region if then F(x+h)—F(x).
This area can also be approximated as f (x+h)-hfor small h so,
F(x+h)—F(x)~ f(x+h)-h
F(x+h)—F(x)
h
If we take limh — O the approximation becomes exact, the left side becomes the F'(x) and the right side f(x): F'(x) = f(x).

~ f(x+h).

This shows that the derivative of the function that describes the area under a curve is the function that describes that curve.
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