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Answer all the questions.

Show that 2—54i:%+i' [2]
5 Zth _ lo«200  _ o(lv2g)
2-N 2+ 4 Av G 20

= (l/2+é) wm/

In this question you must show detailed reasoning.

The equation f (x) =0, where f (x) = xt+oxd x4+ 26x+169, has aroot x =2+ 3i.

(i) Express f (x) as a product of two quadratic factors. o 4]
N2+ s o reot, oA =2 -0 18 aOAo o vod .

Sow= 2t3(¢2- =4 A" =13
- Quod/etic (’)ader = AT hor 413
Ofhen quodiodc Soder: (L wcow«13)  Jeas 13xr2=1643
D §G) = (’12— \(')(—Fl%)(?(_?'-&— axu%}
D IDdDon — Pran =26 = o =6
FOWO = (% hn+ 12 AZ+ G !-(’5)

(ii) Hence write down all the roots of the equation f(x)=0. [1]

Roslh: 2+3i , -3%2(

In this question you must show detailed reasoning.

The diagram below shows the curve » =2cos 40 for —k < 0< k nwhere £ is a constant to be determined.

\ N
\_/

Calculate the exact area enclosed by the curve. [6]

r=0 when HQ=£% KL=k

) % 2
Aew = |20 d6
3
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2 (G20 +1) 0 = y_i'fs Co289 + 1 o8

H
Z
%
Draw the region in an Argand diagram for which |z| <2 and |z| > |z - 3il . [3]
I
e
______ /ﬁ il _S\_ ——
/
:' ——*Fa
I'|_ ,"&
I“"h
|
. d/. . 2
(i) Show that —(sinh™ (2x))= ) 2]
dx( ) Vax? +1

A (Sinh "CZ"O}__

4 L 2
g o w2
2

”-I—;(_z-o- |

1
(i) Fi dJ d. 3]
oo \I2—2x+x2 >
-_bj' I 2= 2n+x
Goyer s Gu-1)%4 1

= swh (71-1) +C./

]
N—

X
:

The equation x* +2x* +x+3=0 has roots o, and v.
The equation x* + px” +gx+7=0 has roots of3,By and ya
Find the values of p, ¢ and 7. [5]
20{.—.—2=.—b Sop = | b4 - _
= P<l-c Zxpy=-3-.d4
A o



-peopray s @y = 2ap - [ pridpe
OV‘OLL@Y'P U\@Y-fIXPY = O([%y(oufhy}

e
R = (oxpy )° |
BY = (xpy)-9 =9
g —
= -\ = 6 C = - Ci
° y Y ,
———————————— ————
7 The lines /; and /, have equations x—3:y—5:z+2 and x—4:y+2:z—7.
2 -3 2 -1 4
(i) Find the shortest distance between /; and /,. [5]

VB T )
Distomce. < \-; (> x
AP () SK (E\=<—%>
5

R (< | (%
1) > Dbt (1) 5 e

S
J 2x8%+ I0*
(i) Find a cartesian equation of the plane which contains 4 and is parallel to 5. 2]
5
<‘IO> ,5 “}M\chﬁ'f P@\AMQ)'D botn 9 W'J‘u
-5

Eo\n. = 57(—)03—52 - 4
Sl porn (3,5,—2> S 15 _So+ lo=d
=D A= -

Bx-by-Bz:-25 M-2y-2--5

—
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8 (i) Find the solution to the following simultaneous equations.
X+ y+ z= 3
2x+ 4y+ S5z= 9
Tx+ 1ly+ 12z= 20

2]

(' | | A 'é\
2 N 5 (\5>;(
?z||;> Z 20

(ii) Determine the values of p and k for which there are an infinity of solutions to the following
simultaneous equations.

X+ y+ z= 3 @
2x+ 4y+ Sz= 9 @

Tx+ 1ly+ pz= k @

Me N
(-'f ) 5’) Vet M= b +25+22-29-2,-55
Wwop M s '%\'A&M,-'. Datr™ = 20-2£=0
'=> P: 13

Ib D  no. % Aldioms %/S»\@% J. conwnshut YA -
Swiegy @, o O@: \o;@ y +l2 2 - (@

4‘4!]1-52'1
S S INCINEY
“24y-33.-3
\\;}\-3%%3
70-3
> )‘Y(+7J+7z=21 For Cornrstency
T « 14+ 2 ¢ = Zl-k =204

(~» (~ =
“hy-Cz =2k
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Prove by induction that, for all positive integers #,

[5]

25
\
P@Nu S (N :)%r n=1 > ?_’_/"__ = L
Q% . S 5
QHS:_(__‘-:} .Hk,_gorwi_
5 S =
AsSumna S 1Y g)f n=wx ez 2THC -k
% =( 5f '5_7:

"
2= 2+ 3
Re ( r= r= =k ¢ |
S-4r
oy < - :_;K;__ 4 5—4(((-»1)
D) Rk
- £ + \"le
SL 5&4\-[
= B}L-\-\-—“K
5L~H

-
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10  The Argand diagram below shows the origin O and pentagon ABCDE, where A, B, C, D and F are the

points that represent the complex numbers a, b, ¢, d and e, and where a is a positive real number

You are given that these five complex numbers are the roots of the equation z° —a’ =0.

B

. \ ,
E C8 — Cowmp k& No.
(i) Justify each of the following statements.
(a) A4, B, C,D and E lie on a circle with centre O. 1]
‘ S — S _
M ool alishy 127 = OO S \Vz[=0-
(b) ABCDE is a regular pentagon. [2]

M points w9 disboer a Jom O Bach @t s
"’*Cﬂg 2K-x> heacz A-Pau.o‘ ot e/\\'uvo\h%zﬂ o«rM

Car

2im

(¢) bxes =c

o».fa(bs(@ ) = N'S UO) +afj (C?m)
= ‘1/5‘5'( = ag(c)

&s 2"'1 > Qs<851> e
() atb+c+d+e=0 . [2]
ob e die oot B6sls 8L 2°- =0 .. Sum 5() a,V, ¢,
- -0 _
o\, L= T= 0.
(ii) The midpoints of sides AB, BC, CD, DE and EA represent the complex numbers p, g, r, s and ¢.
Determine a polynomial equation, with real coefficients, that has roots p, ¢, », s and . [3]

A el \home mogq.  aCes

S

1]

(d) b —e
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11 A company is required to weigh any goods before exporting them overseas. When a crate is placed on a set
of weighing scales, the mass displayed takes time to settle down to its final value.

The company wishes to model the mass, mkg, which is displayed #seconds after a crate X is placed on the
scales.

. . . d .
For the displayed mass it is assumed that the rate of change of the quantity (O.Sd—’:l + mj with respect to

time is proportional to(80—m).

2
(i) Show that d_m + 2d_m +2km =160k where £ is a real constant. [2]

0.5 dwm bw} - _
5:\? o\t k(%o m>

OSAM+A_'K‘ = Bol - lLm 5 +Zo\m=\eo\t—2km
It 4t i
5) A m A_Q__J\"’\ 2_l&m=\€,oll_ QAN -
Xt i Ao

It is given that the complementary function for the differential equation in part (i) is

e *(Acos 2 + Bsin 2 ),where 4 and B are arbitrary constants.

(ii) Show that k=2 and state the value of the constant A [4]

AE. - M+ 2ne2ic=0O N = 21 [H-3Br

+ -2k =

o Aecmr2x + B3ua2t =1-2k< O
> Jek-( =2 > k- /2 > XN=-1

When X is initially placed on the scales the displayed mass is zero and the rate of increase of the displayed
mass is 160kgs™.

(iii) Find m in terms of ¢. [7]
2

A" m .|.20_l_”_r'_ +5m = Hoo

At gt
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W m=p = 5‘A=/—!(x) = [‘*=80
o PI. dm Jm

p——

Y dt

= (AC@Z(' + B S(nZi’) + RO
ok -0 m=0 AR=-%0
dn o _ot (L goGs2t » BSm2t) & (UBSn2t ¢ 268Gt )

@t=0 dm _ 160 :\-(-%o)+28:.|(;o = B:ﬁg
e —_—

) m = e't’<£‘fC)Sl-"26— 8OC<9'526)+%O

(iv) Describe the long term behaviour of m. 1]

+> o0 M D Ko

(v) With reference to your answer to part (iv), comment on a limitation of the model.

Moss S%Uoi? IS £Aowon wls m.t@l oo -(_,M

(vi) (a) Find the value of m that corresponds to the stationary point on the curve m = f (¢) with the

smallest positive value of r. 2]
AM = £ '*( Hosndt - Eoceon 2+ ),_, &o
g‘_{‘:_\_ = o -t ( 'Go (12t + \203@24,) -0

> Y=\ 107 D m= )06

(b) Interpret this value of m in the context of the model™—" 1]
The obort & P roruwuum  mo’s
dusplon . -

2
(vii) Adapt the differential equation i—m + 2(:1—’? +5m =400 to model the mass displayed ¢ seconds after a
l‘

crate Y, of mass 100kg, is placed on the scales. 1]
2
O.L"_’l_ + 2dm 4 Gm =S oo
dt-2 Jde

END OF QUESTION PAPER
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