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Question 1
(i) e* and e~%* are positive for all real values of x.
~ f'(x) = 2e* + e~ 2% is positive for all real values of x.

= f(x) has no stationary points.

(i) fCx)

=J2ex+e‘2xdx

e~ 1
=2e*+——+c=2e"—se P +c
At (0,2),

f(0) =12

2e° —Eeo +c=2
1

‘T2

1

o f(x) = 2e* —le‘zx +=
2 2

Question 2
. d
(i) &(In(cosx))

1
= (—sinx)
cosx
= —tan x (shown)

. d
(ii) &(xtan X)

= x(sec?x) + (1) tanx
= xsec’x + tanx

(i) From (ii),
xsec?x +tanxdx = xtanx + ¢
fxseczxdx+ftanxdx= xtanx + ¢
fxseczxdx= xtanx—ftanxdx+c

=xtanx+J—tanxdx+c

= xtanx + In(cosx) + ¢

NE

s
sec?x dx = [x tanx + In(cos x)]3

I

= [Etanz +1In (cos z)] — [0 + In(cos 0)]
4 4 4
r+11] (n1)
=[-+In—|—(In
PR
T im2zz="— 12 (shown)
7t =7 3n shown



Question 3

() Giveny=—x2+4x—6
dy

2= _2x+4

dx x +

At P,
y=—(1)?+4—-6=-3
Y a(1)y+4=2
dx -

Equation of tangent:
y—(=3)=2(x-1)
y=2x-5

At 4,
y=0

2 5=0> —5
x = x—2

AtB,y=-5
~ Area of triangle AOB
_ 1(5)(5) _ 25 52
= 5\2 = 7 units
(i) AtQ,
dy 1
dx 2



Question 4

@ () 1+x)?°
- Nz 4 (N3 + ...
—1+9x+(2)x +(3)x +
=1+ 9x + 36x% + 84x3 + -

(i) 1 +z—-2%)°
=[1+@E-2)P
=1+9(z—2%) +36(z—2%)?%+84(z — z2)3 + -
=1+92—-9224+36(z>—223+ ) +84(z3 + ) + -
=1+4+9z—92%2 4+ 362%2 — 7223 + 8423 + ---
=1+9z+ 2722+ 1223 + -~

= Coefficient of z3 = 12
(b) () Tpyq term
_ (10 10— L)
- ( r ) (2x) (3x3
s

— (1r0) (2)10-7 (%)r 5 10-T =37 _ (1r0) (2)10-" (%) 5 10-47

T

(i) Power of x = 10 — 4r

(i) Let 10 —4r=2=>r=2
= Coefficient of x?

= () v (%)2 = 1280



Question 5
() b3
2\/§+l
_ 11W3 (2v3-1
S 2vV3+1 <2\/§ - 1)
_22(3)—11V3
(2v3)" - 12

66 — 113
=—-1 6V

(i) AC? = BC? + AB?
BC? = AC? — AB?

2
113 2 2 2
= -(V3+1) =(6-v3) - (¥V3+1
() 08+ = (6-v3) - (3 +1)
=(36-12v3+3) - (3+2V3+1)
=35-14V3
(i) Let x be the length of each side of the square base.
x? +x% = BC?
, BC? 35-14V3
xX°c = =
2 2

Volume of cuboid

=()E)(V3+1)=x2(V3+1)

= (ﬂ) (V3+1)

= %(35x/§ + 35— 14(3) — 14V3)

= %(21\@ — 7) = %(3\@ — 1) units3



Question 6

(0 y=25
dy (x—1)(4x) — (1)(2x?)
dx (x — 1)2
B 4x?% — 4x — 2x?

(x — 1)?
_2x%—4x  2x(x—2)
-1 (- 1)2

At stationary points of the curve,

x=0o0rx=2

When x = 0,
y=0

When x = 2,
_22? _
=51~

8

~ Coordinates of stationary points of the curve are (0,0) and (2, 8).

. dy  2x?—4x
W dx (x—1f
d?y  (x—1)%(4x—4) —2(x — 1)(2x% — 4x)
dx? (x—1)%
4(x —1)% — 4(x — D(x? — 2x)
- (x — 1)
4(x — D[(x — 1)? — (x? — 2x)]
- (- D*
4(x? —2x+1—x%+2x)
- (x—1)3
T @-D?
When x = 0,
Cy__t 4o
dx? (-1)3
~ (0,0) is a maximum point.
When x = 2,
dzy = =4>0
dx? (2-1)3

~ (2,8) is a minimum point.



Question 7
(i) The x- and y- coordinates of the centre of C are of the same value.

Let the centre of the circle be (a, a), where a < 8 since it is below and to the left of
(9,8).

Radiusof C = a

Distance from centre of C to (9, 8) = Radius of C
J@-92%+@-8)?%=a

a’ —18a + 81 + a? — 16a + 64 = a?
a’?—34a+145=0

(a=5(@—-29)=0
a=50ra=29(NA~a<8)

Equation of C:
(x—5)2+(y—5)2=25

(i) Gradient of line passing through centre of ¢ and (9, 8)
9-5 4

8—-5 3

Equation of T
3
y—8=-7(x-9)
3 59

= ——Xx+—
Y=T3 T



Question 8
(i) Letf(x)=2x3-3x2-5

Remainder required

1)

(i) Let g(x) =2x3—3x%2+1
By trial and error,
g1)=2-341=0
~ (x —1) is afactor.

2x%> —x—1
x—1]2x3 —3x2 + 0x + 1
—(2x3 — 2x?)
—x?% 4 0x
—(=x%+x)
—x+1

—(=x+1)
0

Lg() = (x-1D2x*—x—1)
=(x-Dx-12x+1)
=(x—-1)>2%2x+1)

.. 4—5x—8x?
) 2.
2X° —-3x°+1
4 — 5x — 8x? A B C

S G2t D) -1 -2 Zx+1

4—5x—8x2=A(x—-1)2x+1)+BQ2x + 1)+ C(x — 1)

Letx =1,
4-5-8=0+BR2+1)4+0=>B=-3
Letx:—l,
2
4-5(-2)=8(~2) =owosc(-2-1) sc=-2
2 2) 2 B
Letx =0,

4=A-1D1D) -3 +2(-1)2=>A4=-5

4-5x—8x* 5 3 N 2
T2x3-3x24+41  x—-1 (x—1)2 2x+1




Question 9
(i) From triangle ABD,

'H—BD:BD—SO'H
sinf = =5 = 80 sin

= — =
CoS CoS

~L=AB+ BC+ AC + BD
=80+ 80+ 2(80cosf) + 80sind
=160+ 80sinf + 160cosd (shown)

p =160, g =80, r = 160

(i) Let80sin® + 160cosf = Rsin(f + @) = Rsinf cosa + Rcosf sina
~Rcosa=80 (1)
Rsina =160 (2)

—() t = - =t 12—1101
— = — =1.107
() an a a an

(D2+(2)2 R?=280%+ 1602 = 32000
R =+/32000 = 805

~ L =160+ 80V5sin(6 + 1.11)

(i) L = 310
160 4 80V5 sin(6 + tan~1 2) = 310

in(6 + tan™! 2) 15
Sin an = —
8v5

15

O+tan 12 =1 —sin"l—

85

15
0 = (rr - sin‘l—) —tan"12
8v5
= 1.04



Question 10

(i a+ﬂ=—(_?6j:3
5
a’ﬁ—z
a’+B?=(a+p)?-2ap
5
=@ -2(3) =4

(i) o« + p3
= (a+B)(a*—aB + %)

=(3) (4 — ;) = ; (shown)

(iif) Sum of new roots
= (@*+B) + (a +B?)
=(@*+p)+(@+h)
=4+4+3=7

Product of new roots

= (¢’ + B)(a + B?)

=ad+a’p?+ap+p3

= (@®+B%) + (af)* + ap
9 /5% 5 53

=27 (2) 273

New equation:

53
x2—7x+7=0=>4x2—28x+53=0



Question 11
(i) V=x(@x*+q)
V

L px2
x px®+q
x? 25 100 225 400
%4
— 35 65 115 185
X

Plotting on a graph paper:

(41.7,41.7)

p = gradient of line = 0.40
q = vertical-intercept = 25

(i) When the cuboid is a cube,
V=x3
x(px? +q) = x°
x(0.4x? + 25) = x3
Since x # 0,
0.4x% + 25 = x?

;125 15 _
xc = 3 x = 7 —©

(iif) When the cuboid is a cube,

V=x3>—=x?
x

-~ By drawing v =x* onto the graph and finding the coordinates of intersection of the
X

two lines will give an estimate of x? when the cuboid is a cube. And hence by finding
the square root of x? will estimate the value of x when this happens.

From the graph,
coordinates of intersection = (41.7,41.7)
L x% =417
x = 6.46, which is similar to the answer found in (ii). (verified)
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