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Calculus

Limits and continuity

Sometimes the value of a function f(x) at x = a may not be
defined, but f (x) may get close to certain value L as x gets
close to a from both sides of a. We say L is the limit of f(x) as
x approaches a. This idea is expressed by the notation,

lim f(x)=L or limf(a+h)=L,where h=Ax.

If x approaches a from the left, x - a~, & is a negative value.

If x approaches a from the right, x — a*, & is a positive value.

Example 1

Hissin point (-1,1.5)
o 3
— >

The above function f(x) is undefined at x =1, i.e. /(~1)
does not exist. However, as x — —1 from either side of x = -1,

flx)>15... lim f(x) =1.5 or lim f(-1+4)=15,
x—-1 =0
i.e. the limit of f(x) exists as x approaches —1 and it is 1.5.

The function is discontinuous at x = —1.

Example 2

\. (1,3)
2 Missin g point (1,2)
0 \

-2 o 2 )
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The function f(x) is defined at x=1,and f(1)=3. However,
as x — 1 from either side of x=1, f(x)—>2. .. linllf(x) =2

or }qlng f(l + h) =2, i.e. the limit of f(x) exists as x approaches
1 and it is 2. The function is discontinuous at x =1.

Example 3

y=3 for interval [2,5]

The above function f(x) is defined at x =2, and f(~2)=3.
As x — =2 from the left side of x =-2, f(x) — =2, and as

x — -2 from the right side, f° (x) — 3. The left and right limits
are different, .. }Eg f (x) or }11_{13 f (— 2+ h) does not exist, and

the function is discontinuous at x = 2.

Example 4

-5

The limit of f(x) exists as x — -2, i.e. lim f(x)=-3. The

value of the function at x = -2 is defined, i.e. f(—2) =-3.
Since lirgf(x)z f(=2), - f(x) is continuous at x=-2.

In general, a function f (x) is continuous at x = g if lim f (x)

and f(a) both exist and lim f(x)=f(a). (

Differentiability of a function at a point on an interval

A function f(x) is differentiable at x = a if it is continuous and

there is no abrupt change in its gradient at x = @ , i.e. the section
on the left of x =a is smoothly joined to the section on the right,
and the curve appears to be a straight section (local linearity) in
the immediate neighbourhood of x=a .

A function f(x) is differentiable on a closed interval [p,q] if
f (x) is differentiable at each point of the open interval ( D, q)
S(x)-1(p) f(x)-1(g)
X—p xX—q
A function is not differentiable at an open end point.
Calculus 1
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Example 1 Discuss the differentiability of the following
functions at x =a

(@) (b)

v
v

(c) ) A/

(e)

v

(a) The function has an abrupt change in its gradient at x =« ,
*. it is not differentiable at x =a .

(b) The function is not continuous at x =a , .". it is not
differentiable at x=a .

(c) The function is not continuous at x =a , .. itis not
differentiable at x=a .

(d) The function is undefined at x =a, .. itis not

differentiable at x=a .
(e) Itis an open end point of the functionat x=a, ..
differentiable at x=a .

it is not

Example 2 Discuss the differentiability of the following
absolute function f(x) on the unbounded interval [-3,0).

5

(-3,-2)

(-2,-4)

f(x) is not differentiable at the vertex. ... f(x) is differentiable
on the interval [— 3,-2) or (-2,).
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Graph of f '(x) from graph of /(x)

£'(x) denotes the gradient function of function f(x). f'(x) is
undefined at points where f (x) is not differentiable.

Steps to follow in sketching the graph of f° ’(x) from the graph
of f(x):

(1) Look for stationary points where f’ ’(x) =0. They are the x-
intercepts of f”(x) graph.

(2) Check the gradient (+/—) on each side of a stationary point of
f(x). The f'(x) graph is above the x-axis for +, below the x-
axis for —. If the two sides have opposite signs, the f '(x) graph
cuts across the x-axis. If the two sides have the same sign, the x-
intercept of f ’(x) graph is a turning point.

(3) f'(x) has the same vertical asymptotes as f/(x).

(4) The horizontal asymptote(s) of f (x) corresponds to the
asymptote y =0 (i.e. the x-axis) of /"(x).

(5) An oblique asymptote of f (x) corresponds to a horizontal
asymptote of f'(x).

The graph of f '(x) remains the same if f (x) is vertically
translated.

Example 1

Asymptote

y=f (x)
0

Asynptote

y=£' (x)

Domain of f(x): R, domain of f"(x): R.

Calculus 2



Example 2

:::::::::

Domain of f(x): (~4,0), domain of f"(x): (—4,).

Example 3

Domain of f(x): R, domain of f"(x): R.
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Example 4
£ (%)
Sharp corner Smooth joint
(-1,2) 2 (2,2)
/_[I \
/4 -2 0 2
(-5,-2/3)
nnnnnnnn
X)
‘7 0
&/ 4 -2
/
/
/
L b
/
/
/
/

/
/Closed end point

Domain of f/(x): [— 5,0)

>

domain of f'(x): [-5,~1)u(-1,c0).

>

Rules for derivatives of x" for n e Q

The general rules are:

Good to remember the

1
derivative of x?, (x/; ):

Bl s B[ B s

(xn ) — nxn—l ,

(ax" )= nax™"

)

>

(-b))=n(x-b)y"

(alhex = bY' )= knalloc — b)Y

Calculus
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Example 1 Find the derivative of

3 1
1)2 2
2l x+— 2 x+— 1
( 2} 3 ( 2) ( 1)2
— ==x =|x+—| .

dx 3 2 3

Example 2 Given y =24/3x-5, find Z—y at x=3.
x

dy _ 2x3 3 3

dr 23x—5 Bx-5 A3B)-5

3
>

Example 3 Find the gradient function of f(x)= =l !

\/;_2x+3'

1

5 1 - _
f(x)=T—m=5x 2—(2x+3)1.

X

1 L 5 2
f’(x):—EXSX 2 1x2(2x+3)™ =X 2 4+2(2x+3)7
or — 3 +#2.

2x5 (2x+3)
3x? +5x—1

Example 4 Differentiate >
x

3x*+5x—-1 3x* 5x 1 .
— =+ ——=34+5x" —x~
x? x> x* X’

2

i(3 +5x7 =x7? )= 0+ Ix5x2—"2x7 =—5x2 +2x°

dx

I
xr X X

—Sx+2

3 .

Example 5 Find the gradient of the tangent to the curve

2
y :M at x:i.
2 15
Gradient = d—y:’3>< 2x 5(1 —3x):, 15(1 —3x): -3.
dx 2

Example 6 Find the rate of change of the volume of a sphere
with respect to its radius when the radius is 2 units.

Volume V

Radius r

Volume of a sphere V()= %ﬂT} .

2

Required rate = CZ—V =4 = 47(2) =167 sq. units.

i

© Copyright 2005 itute.com

Rules for derivatives

The general rules are:

of ¢ and log, x

Q
=
~—
Il
Q
=

I}
Q
T
~—
Il
g
Q
=

SR
=T ™
() =
T &
é_ S~
~— Il
Il
=
g &
Q
=
&

d 1
(] =—

% flog, 1)=L.

d
4 fatog, )= 2.

x

d 1
A fog, ()=,
d ka
4 (qtog, k1) = 2
d a
E(aloge k(x-b))= b

Note: The above rules are for exponential and logarithmic
functions with base e only. See examples below for other bases.

Example 1 Find the d

% (3el’2x ):’ 2x3e™

Example 2 Find the gradient of f (x) =1-2log, 3(x + 1) at

x=0.

/)=~

X+

erivative of 3e'™.

_ _66172):

2 1.Gradient =f'(0)=-2 at x=0.

2t+1 _ 1-2¢
Example 3 Given x = =
e

with respect to ¢.
i e2t+1 1_7tel—2t _ eZHP(PI) _el,zp(lft) _ e3t _e*t .

e
ﬂ = 3e3t +e.
dt
Example 4 Differentiate log, (2x+)(3;—1) .

X

log. (2x +21)(x -1) _ log. (2x+1)x-1)

x° -4 (x—2)x+2)

= 10g€(2x + 1)+ log, (x - 1)— log, (x - 2)— log, (x+2).

1

d (loge (2x+1)x-1)
dx

x* -4

2 1
2x+1 x-1 x-2 x+2°

Calculus
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Example 5 Find the gradient function of f(x) =3log,, (x + 1). Example 1 Given y = —gcos 37(x+5), find dy
3 ’ dx

3log,(x+1)
()= 2toetel) .
og, 10 ay
3 dx

Change to base e: f

f’(x)z (

x+1)log, 10

= 3z x Tzsm 372(x +5)=27sin37(x +5).

3sin(2x — £
Example 2 Find %[MJ

Example 6 Find the gradient of the tangent to the curve X 5
y:a><25 at x =3 in terms of a. 3sin(2x — = 2% 3cos(2r— =
i sm(x 3) _ X cos(x 3):§cos T
o dx 5 5 5 3
x 2.2
log, 23 382 B

Changetobasee: y=axe =" =ae =ae .
dy log 2 ™32\ log,2 s
G082l e st =282 03 | sin = (x +1)
dx 3 3 Example 3 Find the derivative of y = 67[— :

2alog, 2 2cos—(x+1
Atx=3,gradient=&. 6( )

Changeto y = %tan[% (x+ l)j .

Rules for the derivatives of sin(x) , cos(x), tan(x)

The general rules are di(sm( )= cos(x),

d

d_(a sm( )) ka cos(kx), Example 4 Find the derivative of
=10" sin’ (72x) +10'* cos® () +10".
di(sm( )) cos(x - b) , g sin’ () €8 (7zx)
. . _ 10 - 2 10 2 10

i(a sin(jx b)) = kacos(kx—b), Simplify, y =10" sin®(zx)+10' cos® (x)+ 10

(fi =101°(sin2(7zx)+ cosz(mc)+l)
d_(a sin k(x — b)) = kacosk(x —b). =10"(1+1)=2x10". It is a constant. Hence, y'=0.
di(cos(x)) = —sin(x) > Example 5 Find —z < x < 7 where the gradient of the curve
; y =3cos(2x)—1 is —6.
o (a cos(loc)) =—ka sin(loc) ,

x

ody L dy _

di(cos( b)) = —sin(x-b), Gradient = e 2% 3sin(2x) = —6sin(2x). Let e —6.
d ' S—=6 sin(Zx) =-6, sin(2x) =1.
d—(a cos(kx b)) = —kasin(kv - b), Solve sin(2x)=1 for x, where —7 < x < 7, i.e. 27 <2x<27.
i(a cosk(x —b))= —kasink(x —b).
dx

d 1 ,"\ 2x
= (tan(x)) = sec(x), | sec(x) = , :
dx cos(x) \ /
di(a tan(kx)) = kasec? (kv),
L (tan(x - b)) = see’(x-b),
“ NN S
d—(atan(loc b)) = kasec* (kx —b), YTy T Ty
a4
dx

(atank(x —b))= kasec® k(x —b).

© Copyright 2005 itute.com Calculus 5



Derivatives of linear combinations of functions

Example 1 Find the stationary point(s) of y = loge(Zx)+ ZLZ .
X

The implicit domain of the functionis R".

At the stationary points, z—y =0.
x

xz—l_

—=0,..x’-1=0and x>0.

—=—-—=0, ..
dx x x X

Hence x =1 and .. y =log, 2 +% . The stationary point is

1
l,log, 2+—|.
(102,24

y=1n (2:)+1/ (2x"2)

1 (1,1n2+0.5)

Example 2 Find the x-coordinates of the stationary points of

y =2x+\/zcos(2x), where —7 <x< 7.
D _ 5 22sin(2x). Let L =0,
dx dx

- 2-2425sin(2x)= 0 and —27 < 2x < 27.

< sin(2x) = L .
V2
- A
dyo_JE _3® m 3o Tr 5% ox 3%
4° 474 4° 8’ 878 8

y=2x+(2*0.5) cos (2x)
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Example 3 Find the stationary point of y =2e* +3e™ —5x.

LA =2e¢" =3¢ —5=0.Multiply by e*.

dx

2(@* )2 - S(e" )— 3 =0. Factorise.

(2" +1)e* -3)=0.

Since 2e* +1#0, .e* -3=0, .e* =3 or x=1log, 3.
Ly =203)+ 3(%)—510&, 3=7-5log,3

The stationary point is (loge 3,7-5log, 3).

4y

y=2e*x+3e” (-x) -5x

(1n3, 7-51n3)

The chain rule

The chain rule is used to differentiate composite” functions.
(" See ‘Functions and graphs”)

Given y = f{u(x)), %:j—yj’T £)xu(x).

Example 1 Find the derivative of v4 — x* .

Let u=4-x" and y =+u

dy dy du 1 —X
—=——x—= —2x)=—.
dx du>< dx 2\/;X( x) 4_ 2

Example 2 Given f(x)=sin(x” +1), find /().

Let u=x"+1and .. f(u)=sin(u).
£'(x)= £"(u)x u'(x) = cos(u)x 2x = 2x cos(x2 + 1).

Example 3 Differentiate ¢**"*"(*) with respect to x.

Let u = cos(x)+ sin(x) and y=e".
b _dv du
dx du dx
= (cos(x) - sin(x))e“"s(’“)“i“(’“).

= ¢" x(~sin(x)+ cos(x))

Calculus



Example 4 Find the derivative of log, vx+1.

It can be done without applying the chain rule.
o]
Re-express: log, vx+1 =log,(x+1)2 = Elogg(x +1), where

x+1>0,1e x>-1.

d d(1 1
E(logﬂ/x+l)—E(Eloge(x+l)j = 2(x+1)'

Using the chain rule:

Let u=+x+1,
%(loge «/x+1):

1 1

i(log u)xﬂ:lx = .
dx " °° dc u 2Jx+1 20x+1)

210ge(x2+1) f. d dy

Example 5 Given y = e
dx

Re-express:
21 241 1 24 2
y:e ng(x+):€0ge(x+)z:(x2+l) :x4+2x2+1,

ﬂ:4x3+4x2 :4x2(x+1).
X

Using the chain rule will involve more steps to get the same
result.

The product rule

Use the chain rule to differentiate products of functions.

_ DLy
If y = u(x)v(x), then T _vdx+udx or y'=vu'+uv'.

Example 1 Find Z—y ,given y = (3x - 2)4 (1 - 2)6)3 .
X

Rather than expanding the expression, use the product rule with
u=(3x-2)" and v=(1-2x).
u'=3x43x-2) =12(3x-2)’,
vi="2x3(1-2x)" = -6(1-2x)".
sy =(1-2x) x12(3x - 2) +(3x—2)'x6(1 - 2x)°
=12(1-2x)’(3x - 2)’ —=6(3x—2)* (1 - 2x)’
=6(1—2x) (3x —2)*[2(1 - 2x) - (3x - 2)]

=6(1-2x) (3x—2)’ (4 - 7x)

Example 2 Differentiate (x —1)’ sin(2x).

Let u = (x - 1)3 , V= sin(Zx),
u'=3(x—1)", v' = 2cos(2x).
y' =sin(2x)x3(x —1)* +(x = 1)’ x 2 cos(2x)

= (x = 1)’ (3sin(2x) + 2(x — 1)cos(2x))

Ly=uv.
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Example 3 Find the stationary point of y = 2xe*"

* u'=2and v' =2e*.
2 =2e(1+2x).
2™ (1+2x)=0.

Letu=2x and v=e

Yy =e* x2+2xx2e
At stationary point, y'=0.

Since 2e** #0, . 1+2x =0, x:—% and

AECIIE . "
y= 3 e ' ?) =—e”' =—— . The stationary point is
e

1.5

(172, -1/¢)%:5

The quotient rule

For functions of the form f(x)= % , fx)= LZ”V’ This
vlx v

is called the quotient rule. It can also be expressed as

du dv
V— —u—
ﬂ: dx dx

dx V2

Example 1 Given f (x) = tan(2x) , show that
£'(x)=2sec?(2x).

Re-express tan(Zx)z sin(2x)

.Let u =sin(2x), v = cos(2x) and

cos(2x)
flx)= Lows= 2cos(2x), v' = —2sin(2x),
v
(v = cos(2x)x 2 cos(2x)— sin(2x )k 2sin(2x)
/)= v cos”(2x)
B 2(0052 (2x)+sin? (Zx)) 2,
- cosz(Zx) - c052(2x) = 250’ (29).

1
Example 2 Find i( 98 xj.
dx\  x

d d
d (log, x :xxa(log(,x)—logexxa(x)
dx X x?
! 1 1
_XX;_ 08, X _1-log, x
- x° X

Calculus



2
X

V1i+x

Example 1

Example 3 Given y = , find y'.

Let u=x”>and v=+/l+x.u' =2x,v = !

2Wl+x
1
VI+xx2x—x2 %
,ovu'—uy' 21+ x

= = . Multiply the
YT T+ Py
numerator and denominator by 241+ x .
. 4x(l+x)—x2 3x® +4x B x(3x+4)

3 -

21+ WI+x plaxfiax)s  214x):

Example 4 Find the derivative of x *e*.

Use either the product rule or the quotient rule.

e’ !
—.Letu=e",

X

To apply the quotient rule, re-express x “e* as

r x

u
v=x"and y=—.u'=e", v/ =2x and
v

2

X

v —w e"—e'x2x  xe"(x-2) e'(x-2)

v x* x* x’

Anti-differentiation

Standard notation for anti-differentiation of function f(x) is
. S Example 2
j f(x)dx . Anti-differentiation is the reverse process of

differentiation. They undo each other.

d d
T ekis)= 1) ana I[E ( f(x))jdx ~ #(5)+C , where C
is a constant. The inclusion of C in the second expression is due

to the fact that -(£(x)+ €)= -2 (£ (x).
dx dx

d
fx)+C —(f(x)+c)
dx
x% =1000000 2x
x2 2x
x% +1000000 2x

Relation between graph of anti-derivative function and
graph of original function
. d .
Since d_(I f (x)dx): f (x), ..the gradient of the graph of the
X

anti-derivative function gives the value of the original function.
This is the same relationship as the graph of f (x) and the graph

of f ’(x) discussed earlier (page 2).

There are infinite number of anti-derivative graphs that
correspond to the graph of the original function.

© Copyright 2005 itute.com
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Approximate area ‘under’ a curve by left rectangles and

right rectangles

Right rec

tangles

© Copyright 2005 itute.com

Example 1 Estimate the area bounded by the curve
y=—-0.05(x+2)" +4, the x-axis, x =6 and x = 6 by left
rectangles 2 units wide. (See diagram on the left)

The first left rectangle has y = f (— 6) = 3.2 as its height, the
height of the second left rectangle f (— 4) = 3.8, the third
f(=2)=4, etc.

Area =3.2x2+3.8x2+4x2+3.8x2+32x2+2.2x2
=(3.2+3.8+4+3.8+3.2+2.2)x2=40.4 square units.

Example 2 Estimate the area bounded by the curve
y= —0.0S(x + 2)2 + 4, the x-axis, x =—6 and x =6 by right
rectangles 2 units wide. (See diagram on the left)

The first right rectangle has y = f (— 4) = 3.8 as its height, the
height of the second right rectangle f (— 2) =4, the third
£(0)=3.8, etc.

Area ~3.8x2+4x2+38x2+32x2+22x2+0.8x2

= (3.8 +4+38+32+22+ O.8)>< 2 =35.6 square units.

Note: The average of the above two results give a better estimate

of the required area, i.e. LJf% =37.9 square units.

Using graphics calculator, evaluate j f (x)dx = 38.4 square units.

Example 3 Use right rectangles 1 unit wide to estimate the area
bounded by the curve y = 0.1x(x + 4)x —3)’ and the x-axis.

The given function is in factorised form, the linear factors
indicate the location of the x-intercepts: x =—4,0,3. Itisa

turning point at x = 3.

For -4<x<0, f(x) <0, ..the height of a rectangle = |f(a]
for 4<a<0.

x | 3] -2]-1]0 1 2 [ 3
lfG) | 54 | 5 |24 ] 0 1 | 06

Area ~(5.4+5+24+0+1+0.6+0)x1=14.4 square units.

Calculus 9



The fundamental theorem of calculus

If F is any anti-derivative of f'on interval [a, ], i.e.

Fx)= jf(x)dx, then jlf(x)dx = F(b)-F(a).

This statement is known as the fundamental theorem of calculus.

b
I f(x)dx is called a definite integral, and I £ (x)dx , an anti-

derivative of f (x) is also called an indefinite integral.
Example 1 Given the anti-derivative of f(x) is

2
evaluate j £(x)dx.
0

% 2 2
If(x x:(sin£+ﬂ—+4j—[sin(0)+lj=1+7[ 4 1
0 2 20 5 20 5

2

=T 41,
20

. x> +1
sinx + ——,

1 1
Example 2 Given the anti-derivative of g(x) is Lx;—)
X+

1
evaluate I g(x)dx

_log, 1

| =%log92 or loge\/z.

0 log 2

[ glx)a

0

In practice an intermediate step is added before the substitutions
b

of a and b. J‘f(x)dx =[F(x) = F(b)- Fla).

Example 3 The anti-derivative of /(x) is

t

sin” x ————, evaluate I h(x)dx , where 0 <t <.

cos” x 0 2
t t

. 1 . 1 1

Ih(x)dx=[s1n2x— > } =[sm2t— > j—(O— 5 ]
0 cos” x |, cos” ¢ cos” 0
=sin’ ¢ - 12 +1

cos” ¢

Properties of anti-derivatives and definite integrals

IAf(x)dx = Ajf(x)dx
J ()£ glw)lx = [ £ (x)ar + [ glx)ax

jif(x)dx-i-jf(x)dx = j.f(x)dx
Flekte =~ plekis

Qe Q> R

f(x)dx =0

© Copyright 2005 itute.com

Rules for anti-derivatives of x", where n e Q

For n# -1,
n+l
jx"dx— +C
n+l1
n+l
Iax"dx— @ _Lc
n+1
n+l
[x-b)a (=)™ |
n+l1
J‘a(loc_b) d a(kx_b)nﬂ
k(n+1)
For n=-1, i.e. x™' or l,where x#0,
X
J‘ldx:
X
jidxz a
j dx = +C
x—b
a
——dx=— C
jk(x—b) * "
kxa 5 = +C.

Rules for anti-derivative of ¢
J.exdx =" +C

Rules for anti-derivatives of cos(kx) and sin(kx)

jcos(x)dx =sin(x)+C

ja cos(fox )dx = %sin(kx)+ c

Icos(x —b)dx =sin(x —b)+C
Iacosk(x —b)dx = %sin k(x-b)+C

Ia cos(kx —b)dx = %sin(kx - b)+ C

sin x)dx = —cos(x)+ C

asin(kx)dx = —;cos(kx)+ c

asmkx bdx——%cosk(x b) C

J
J
[sin(x = b)dx = —cos(x —b)+C
J
J

asin(kx —b)dx = —%cos(kx b)+C

Calculus 10
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Example 1  Find an anti-derivative of ———-.
5(2x+1)
-2 -1
I -3 dx:j_3(2x”) _—3(x+1) NPT B
502x+1) 5 5(-1)2) 10(2x+1)

Choose any real value for C, usually 0 for convenience.

Example 2 Find F(x)= J dx such that F(1)=1.

Fx)=2

.‘.%loge(l)+C =1,C=1. ..

3x—-4

+C, F(1):§10ge|— +C=1,

Fl)=3

+1.

Example 3 Given f'(x)=cosz(x+1)-
that £(0)= 2,
r

f'(x)=cos z(x +1)-2e™,

2¢™, find f(x) such

s flx)= I(cos z(x+1)-2e™ )dx

:lsinﬁ(x+1)—£e’“ +C.
7 7

f(O):lsinﬁ—ge0 +C:—£
V4 V1 V1

f(x):lsinﬂ(x+l)—£e’“.
V4 Vid

. C=0.

Example 4 Evaluate j(xQ —1)x’ +l)dx.
1 1 5 !
I(xz —1)x? +1)a'x='[(x4 —l)a’ 2[%—%
-1 -1 -1
:(1_1]_(__1+1\J:_§'

5 5 5

log, 2 2x _ 2x

Example 5 Evaluate I +dx.
0 e
log.2 ox  -ax log, 2 log, 2
= Zf dx = Jl—e"”)d :{x+le4x}
0 ¢ 0 4 0
loge2+ et 10+ —e° :log€2+l><i—l
4 16 4
15
=log 2——.
8¢ 64

12
Example 6 Evaluate I al +11 dx .

0

L2 1 2 !
jx +1d)c:J.(x—1+ 2 jdx:{x——erZloge(xH)}
x+1 x+1 2 o

X+

0 0

z(%—l-i-Zlog(, 2)—(0):210&2—%.
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Integration by recognition

dx .

Example 1 Find I
cos” x

I—zdx = jsec (x)dx = tan(x)+ C by recognising that
cos?(x)

L (tan(x)) = sec”(¥).

dx

Example 2 Find the derivative of xlog, x . Hence find the anti-
derivative of log, x

Let y = xlog, x, apply the product rule to obtain

a = (log, x)1)+ ({1leogex+l,
dx x

slog, x = %—1. Iloge xdx = j(%—ljdx = J%dx—jldx

=y—-x+C=xlog, x—x+C.

Example 3 Find f ’(x), given f (x) = sin(x’l ) Hence evaluate

2

b -1
cos!x '

J. > dx.

2 X

T

f(x) sin(x’1 ), use the chain rule to obtain

fx)=—x2 cos(x’l )

— e T
o
o
w2
NE
&
Il
— o
|
~
—
=
o
Il
|
~
—
=
-
B
)
—_
w2
@
5
—
S —
ST

2 2
= (— sm(zj] - [— sin(— —D =-1-1=-2
2
Example 4 Given y = xe ", find - and hence evaluate
X
1
Ix *dx
0
y= )( 2e” 2‘) 1)( ZY) 2xe P +e
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