Solutions 8(h)

|Complete solutions to Exercise 8(h)
-
1. (a) Which substitution should we use to find Ib(b2 ~3)db?

Let
u=h?-3, du _ 2b
db
We need to replace db.
db :d_u
2b
We have
> oV b= (07 Y = L furqu = (&
jb@)—3)db_jm156_2judu_2(8 +C
by (8.1)
b? —3)’
=( ) +C (Remember u=b? —3)

(b) Let u=5s—1, then
d_u=5 gives ds:d—u
d 5

Substituting u =5s—1 and ds = % gives

_f(5$ —1)9ds =|u® d?u [Substituting

=%Iu9du

1 ulO

e L S
5[10]
ulO

=—+C
50

55-1 w0
= —( ) +C
50
(c) Differentiating «’ —2a” + 6 with respect to a gives 3a’ —4a,
which is the first term in the bracket. So use u=a’ —24’ +6,

du =3a’-4a
da

da du

"3’ 4a
Using these substitutions we have

I(Sa2 —4a)u4(3azd—f4a): Iu“du

us (a3—2a2 +6)5

=—+C= +C
5 5

(8.1) '[u”du:u””/n +1
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(d) The integral I21q21/7q3 — 5dq is of the format (8.53). Which substitution should
we use?
Let
u=7q9°*-5
then

du . du
— =210? gives dq =
dq 49 q 21q?

. d
Putting u =74’ —5 and dg = 21u2

J.21q2\/7q3 —5dg = J'Zlq

3 3

3 5
= du= uzdu——+C— 2+C: 2+C
i 2; 2(7q3 5)

e) To find | ——====dp we can use the substitution z = p’ —3p. Then
( ) jm P P P

d—u:3p2 -3
dp
_du du Taking Out a
- 3p°-3 3(p-1) Common Factor of 3

Putting u = p’ —3p and dp =$ gives
3(p —1)

-1 |, (p 1} du
I{Jp 3pJp I 3(p*-1)
:%Id—\/%=%juZdU:%[UMi;}C:%u”%C
2_
=30 )+

(f) Let u= o’ — 20 +10 then
d—u=2a—2 gives da = du
da 2(a-1)

We have

I[(oﬂ —2;10)2 ]da ) I(a“:lj 2(2“_1)

8.1) [(u)du==
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g
29 u?
_1le o
—Eju du
-1 _
L C=—1u-1+<:=—1(a2—2a+10)1+C
2| -1 2 2
—
by (8.1)
2. Let u=1-0.2r then
W_ 52
dt

dt =—9% gives dt =—5du
02

We also need to replace the limits:
t=0, u=[1-(0.2x0)]=1

t=5 u :{1—(0.2x5] =0
—

=1

We have
MTTF = [ (1-0.2t)"*dt

= Iloul's (—5du)

257° _
= 5[ u**du =-5| - :—5{E}=2
1 25 25

So MTTF =2 years .
3. Let u=x’ then

du = 2xwhich gives dx= u
dx 2x
We also need to replace the limits of integration:
x=0, u=0*=0
x=1, u=1=1
We have
x<L( 2 ety du
Joale o= e )50
10, .
=Ej0e du (Cancelling x)

=%[—e‘” }2 = —%(e-l —gj] ~0.316

=1
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4. (a) Which substitution should we employ?
Let u = cos(6) then

g—gz—sin(e)
du
do=-
sin(0)

We also need to replace the limits. Thus
When =0, u=cos(0)=1

T T
f=—, u=cos| — |=0
When > (2]
We have

["sin(6)Jcos(@)d0 = [ sin(6) (a&gJ

:_LO\/Udu (Cancelling sin(6))

= —Lou’/ 2du

U3/2 ° 2 3/2 2 3 2

__ __ 0¥2 192 %

[3/21 3[“ ]1 3|: :' 3
/2 . 2
jo sin(6) cos(@)d9:§

The integrals joﬁ/zsm )/c0s(8)d6 = j cos(@)/sin( )d@z%

Evaluated in EXAMPLE 33

(b) Let u = cos(0) then differentiating gives:

du . du
sin(&) which gives sin(0)

Replacing limits into u = cos(6):
When =0, u=cos(0)=1
When 0= 7, u=cos(z)=-1
We have

J/7sin(6)cos* (6)d6 - u“_ilsin<9ﬁ{-sifk’eﬂ

Ao 5] g

_[”sin(@)cosS(@)de =0
0
5. (a) Which substitution can we use?
Let u =sec(p) then by (6.22):
du

@:sec(ﬂ)tan(ﬁ)

!

(6.22) [sec(x)] =sec(x)tan(x)
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We have
du du

~sec()tan (5) e Utan(f)

u=sec(3)

Substituting u = sec(f) and df = A into
utan(ﬂ)
jsec tan /3
gives
du
"t °d
J.u an('g)utan( Iu u
7
Y e
Z
[sec ,B)}
ﬁ)
(b) Let u = tan(A) then
j—: —sec?( A) which gives dA= seccjle)
Substituting u = tan(A) and dA = ( ) produces:
du
jtans(A)secz(A)dA:ju sec’ A)SeCZ(A)
t 6
:Iusdu 5 +C [tan(A ] +C:tan6(A)+C

(c) If you use u = cot(A) the integration is lengthy whilst if you consider
u = cosec(A) the solution is obtained in a few lines. So let u = cosec(A)
du_ —cosec(A)cot(A), therefore dA=- du
dA b, G2s) cosec(A)cot(A)

Substituting these we have

J.cot3 (A)cosec(A)dA= j cot’(A) cosec(A)[— du J

cosec(A)cot(A)
:—jcotZ(A)du
=—[(cosec’ (A)-1)du
by (4.66)

= —j(u2 —1)du (Because u= cosec(A))

3 3 3
:—(u——u}c —u-L+4C= cosec(A)——CoseC (A) +

3 3 3

(4.66) 1+cot’(A)=cosec’(A)  (6.23) [cosec (A)], = —cosec (A)cot(A)



