DEFINITE INTEGRALS INVOLVING EXPONENTIAL FUNCTIONS

Review of integrals involving e*

je"dx=e‘+C Ie“”bdx:%e““b-f-c
[eax=1e+c [ e @ ax =/ +c
Example 22
- 15, . .
Evaluate: (a) J. e dx (b) ( e —e )dx
0 -05
Solution
2 e2x 2
(@) j e dx=| & ]
0 0
-Let-)
)
4
=£ 2_ 1 is the exact value.
=26.80 using a calculator and writing the answer correct to 2 d.p.

© [ (e-e)ax=[er+e ]
=(e1.5 +e—1.5)_(e-05 +805)

= 2.4496 correct to 4 d.p.
(e+1)(e-1)
= 2

It is an interesting exercise to show that the exact value of this integral is
i

Example 23
Calculate the area bounded by the curve y = e'**, the coordinate axes and the line x = 2.
Solution
y=el.5x’},=0’x=2 P
2
Area = I e dx d
0
= [gel.Sx ]2
3 0
2{.35 .0
=—le —¢ 1
3( ) | s
2(e3 - 1)

=— 7 ~12.72 units’
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DEFINITE INTEGRALS INVOLVING LOGARITHMIC FUNCTIONS

Review of integrals involving logarithms

J%dx=log,|x|+c 5 (x)

=log.|[ f(x)]+C P
f(x) axdx=la +C
1 il a -
b = qlog|(ax+b)+C J‘;(( ))dx alog, [ f(x)]+C
Example 24
_ 1 2x-1 x" -1 Y
Evaluate: (a) .[1 i ® [ Elax © —Li d jl 2% dx
Solution
2 3 - 2 1 4 2x 1 2 5
(@ .[1 mdx—3j|x+ldx () 3xt-x-2 s [log((x * 2)]3
=3[log¢(x+l)]l2 =log,10—log, 4
=3(log, 3-log, 2) =log. 25
=3log, 1.5 =0.916
=1.216
x2-1_2* 1 1 ‘x2-1 . 1 . 1 » T
B == —s=x— L = dx=jz(x—y)dx (d) LZ dx = T
1
:[ﬁ_lnx]4 _L(ZS_ZI)
e 2 " In2
=8-In4-(2-1In2) =L.~.10.10 (2d.p.)
=6-In2 In2
=5.307

If question (c) had asked for an exact answer, the answer would be written as 6 — In 2.
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DEFINITE INTEGRALS INVOLVING LOGARITHMIC FUNCTIONS

Example 25

Find the area bounded by the curve y =log x, the x-axis and the ordinate x = 2.

Solution
2
Area = I log, xdx
1
You don't learn how to evaluate this integral in this course. Instead, draw a diagram to see whether there may be
another way to calculate the area.

You require the area of the shaded region BCE. It can be obtained by

y
finding the area of the rectangle ABCD and subtracting the area ABED.

Because y = log x, you can write x=¢’.

10&2 A B loge 2
Atx=2,y=log,2: Area ABED = I e’ dy
D E C ¢
(0] 25 [y ]lose2
/; 2 _[e ]o
=elog¢2_eo
=2-1

=1

Area ABCD = 2log,2

. Area BCE=2log 2 -1
=~ 0.386 units’
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DEFINITE INTEGRALS INVOLVING LOGARITHMIC FUNCTIONS

Example 26 4
Differentiate xlog x. Hence find the primitive of log x and so evaluate I log, xdx.
1

Solution
Let y = xlog x = uv, where u = x and v =log _x.

d d d d 1
Product rule,ayzvau-!-uz": E(xlog,x):lxlog,x+xxy
. d
o Ix—(xlog, x)=log, x+1
Rearrange: log, x = ad;(xlog, x)-1

The primitive of the derivative of a function is the function itself, so:

I%(xloge x)dx =xlog, x+C

Hence: Jlog, xdx = J‘%(xlog,x)dx-‘[ldx
=xlog,x—-x+C
2 2
jl log, xdx =[xlog, x — x|,
=(2log,2-2)—(log,1-1)
=2log,2-1
=(0.386

This is the same answer as in Example 25, obtained by a different method.
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