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Problems that may be demonstrated in class :

Q1. Evaluate [ f(x)dx for different functions f(z) as below:

(a) zv/x —4; (b) #;i%; (c) 3¢"+le?, (d) sin® 2;
(e) sin® x; (f) tan z; (g) tan? z; (h) tan® x;
(i) secx; () ;H; (k) sin 7z cos4x; (1) %
Q2. In this question, we study the behaviour of the indefinite integral [ mdx

where P(x) is a polynomial and a,b,c € R with a # 0.

(a) Find the discriminant of the equation 22 — 5z + 6 = 0. Find real constants A
and B such that 2 g +6 == 2 + - B . Hence evaluate fmd:v

(b) Find the discriminant of the equatlon 22+ 2z + 1 = 0. Find real constants A

342 _ A |, B _ 37+2
and B such that 575 = 45 + @2 Hence evaluate [ o L

(c) Find the discriminant of the equation 2 + 2z + 2 = 0. Evaluate [ 223 dz.

224+22+2
. 23322 —3x47 _ Cx+D
(d) Find real constants A, B,C, D such that %% = Ax + B + 7=

x3—3x2 73z+7dQj

Hence evaluate [ —3%— %

db
sin #—cosf—1"

Q3. Let t = tan %. Express sin 6 and cos§ in terms of ¢. Evaluate [
Solutions :

Q1. (a) Let u =2 — 4. Then du = dx.

2
/x\/x — 4dx = /(u+4)\/ﬂdu = /(ug + du2)du = gu% + gu% +C
2 5
= (@-4)i+ g(x — 42 +C.
(b) Let u = 22 — 52 + 36. Then du = (22 — 5)dx.

du
/xzi%xi%dx:/u=1nlu!+0=1n|x2—5x+36!+0-

(c) Let u = €®. Then du = e*dzx.

e?+1 x u+1 u 3u+1 36Z+1
3 efder= | 3" du=3 [ 3%du = +C = + C.
In3 In3

1 in 2
/sin2 xdx = /2(1 —cos2z)dr = g - 51114 Tio



(e) Let u = cosz. Then du = —sinzdz.

/sin3 xdr = /sin z(1 — cos® z)dx = /sin xdx — /sinx cos® zdx

3 3
:Cosx+/u2dU:C08$+%+C:cosx+coz o)

(f) Let uw = cosz. Then du = — sin xzdzx.

i d
/tanxda::/smxda::—/5z—1n]u\+0:—ln]cosx]+0.

CosT

/tan2 xdx = /(sec2 x—1)dx =tanx —z + C.
(h) Let u = tanx. Then du = sec? zdx.

/tan3 xdr = /tan z(sec? z — 1)dx = /tanaﬁsec2 xdr — /tan xdx

2

tan2
:/udu—ln]cos:z|:u2—1n|cosa:|+C': o

— In|cos x| + C.

(i) Let u = tan x+sec z. Then du = (sec? z+tan z sec v)dz = sec z(tan z+sec x)dz.

t
/secxdw:/secx( anz+secx / = Inju| +C
tanx + secw

= In|tanz + secz| + C.

j) Let = 2tanf, —7/2 < < 7/2. Then dx = 2sec? 8d6.
()

/ d B 2sec? Odo B sec? 0db B
V2 +4 Vatan?6 + 4 Vsec2 6

+In2+C =z +va2+4|+C.

sec 0d0

= In|tan§ + secf| + C' = In +C’

T T\ 2
(ORT
n2+ 2+

(k) sin 7z cosdz = 3(sin(7 4 4)z + sin(7 — 4)x) = 1(sin 11z + sin3z). Thus

1 11 3
sin 7z cos dadr = = [ (sin 11z + sin 3z)dx = _cosllz cosdw
2 22 6
(1) Let v = arctanz. Then du = xgil'
/mmdaﬁ—/udu—ﬁ-kc_(arcmnw)?_,_a
2 +1 D) 5



Q2. (a)

(d)

The discriminant is (—5)? — 4(1)(6) = 1 > 0.
-9 r—5 _ A 4 B
(x—=2)(x—3) 22-5x+6 zx2—-2 -3
A(x —3) 4+ B(x — 2).

8
|
ot
Il

Putting x = 2, we get A = 3%5 = 3; putting z = 3, we get B = 5=5 = —2.

=95 3 2
T g = _ dz = 31n|z — 2| — 21n|z — .
/:62—5:134—630 /($_2 x—S) x = 31n|r — 2| njz — 3|+ C

The discriminant is 22 — 4(1)(1) = 0.

w
ot

[\

3x+2 _ 3x+2 A . B
(x+1)2  2242x+1 z+4+1 (z+1)%
3xr+2=A(x+1)+B=Ax+ A+ B.

Comparing coefficients of z, A = 3. Putting x = -1, B=3(—-1)+2 = —1.

3z 42 3 1 1
/(m—f—l)de /(x—i—l (m+1)2>d$ 3ln|z + |+$+1—|—C

The discriminant is 22 — 4(1)(2) = —4 < 0.

2x + 3 2x + 2 dx
————dr= | —————dz+ | ————.
%+ 2z + 2 x? 4+ 2z + 2 (x+1)2+1

Let u = 22 4+ 27 + 2. Then du = (27 + 2)dz.

2 2 d
/Hda::/u:ln|u]+C:ln|$2+2$+2|—|—C.
x? + 2z +2 u

Let z = tanf — 1, —m/2 < 0 < m/2. Then dx = sec? 0d6.

2
/ ( dx = / sec” 0df /d0 =0 =arctan(z + 1) + C.

z+1)2+1 tan0 + 1

Therefore,

2 3
/Hdac = In|z? + 2z 4 2| + arctan(z + 1) 4 C.
z? + 2z + 2

We can perform long division.

r +2
2 —b5x+6) a®—32% —3z +7
— 23+ 522 —6x
2e2 —9x +7
— 222+ 10x — 12
r —5
Then
3 2
z° —3x° —3x+7 r—>5
= 24+ ——-——.
2 -5 +6 T +:B2—5$+6



Therefore, A=1, B=2,C =1 and D = —5. By part (a),

/x3—3x2—3x+7dx/ I x—5 .
2 —-5x+6 - 22 —5x+6

T —9
= 2)d ——d
/(z+ ) x+/a:2—53:+6 o
2

:%+2x+3ln\x—2|—21n\m—3\—|—C’.
Q3.
2tan 2 2tan ¢ 2t
sin0:2singcosg: 02: 29: 5
sec? & l1+tan?s 1+¢
9 2 2 2 1—¢2
cosf=2cos’~—-1=—— —1=— 1 =—"_ 1="_)
2 seczg 1+tan2g 1+ t2 1+ t2
dt = & sec? §d = 5df. Hence df = 224
/ do _/ s _/ 21
inh — -1 2t 1—¢2 - — (1 —#2) — 2
sinf — cosf — 1 2, - -1 2t — (1 —1t2) — (1+1¢2)

t
= td—1zln\t—1]+C:ln|tang—1|+C.



