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where x, y, z and k are constants. s
Determine the value of x, the value of y and the value of z. ,.:',.,
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2. f(z)=2 +az’ + bz + 175 where a and b are real constants

Given that —3 + 41 is a root of the equation f(z) =0

(a) determine the value of a and the value of b. cz'
4) S
(b) Show all the roots of the equation f(z) =0 on a single Argand diagram. §
@ 5
(c) Write down the roots of the equation f(z+2)=0 3
(1) =
=
2.) Given ok -3+4i is o voot, becamse §(2) is o =
polynomiod witn read coofliciands , e ow@iex Conjuode
-3-4¢ wowkd 0A30 ba o root.
S
s 2\ = (z- (—3-\—'-@)(2—(—3-4'0)(2*- r) g
3 ok must s
()= (P+6z+25)(z+r) be veok , becouse thave | 5
(S odweoduy o complex | =
= (224 rz?+ 622 +6r 2 £ 257 + 25r) coRjugoke poir | =
2
= 2%+ (6+r)2% + (6r+23)z +25r =22 +0+ bz + 178 | ©
2%r = 1175
L4+ =6+7=0 6f—\—2 — + =
oo =\3 b=67 g
5
g
¢—real root r'Eﬂ'
we Know thot £(z) hos voots - 3+4i,-3-ui , r 5
az3+bz2+cz +0=0 :

-0 - produet Ll b voots = (-2r40(-3-40) () =115
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Question 2 continued
(29)r =-1175
r==7
- Drooks Q. -3t4i,-3-Li -7

23 +07%+bz2 +175=0

—o=o+B+Y b=off+ Ry +oCY
-0o= =3L4i-3-H1-7=—|3 b =(-3+ui}=3-4i) +(3- 1) (-7)+ (-a+4 t)(-7)
on=13 Dh=25+2\+28¢ +2|-28i
b =67
A
J?S’ __3 > Re
X oo -y,
9 L(z+2)= 0
< subfrack 2 fvom
£(2)=-2 ebti roek o £(2)
Lot veokk U

-S+4i,-5-4i, -9
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(a) Describe fully the single geometric transformation 4 represented by the matrix A.

2
1 3 0
B=|v3 0 53
1 2 0
The transformation B is represented by the matrix B.
The transformation 4 followed by the transformation B is the transformation C, which is
represented by the matrix C.
To determine matrix C, a student attempts the following matrix multiplication.
1 0 O
1 3 0
0o B 15 0 s
v 2 1 2 0
1 3
o - X2
2 2
(b) State the error made by the student.
(1)
(c) Determine the correct matrix C.
(1)

3.Q) Rototion o 30° ook Hag s¢-oxis
P Becomse C is Mattix A folkowed gy Mokrix &
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Question 3 continued

o) || o [t o o
I R 83|l o 3/2 -1/2
0 0 /2 J3/2

ow

| 2
L(1). « 3(0) +90(0) \(o)+3(6§lt)+ o(\V2) o)+ 3(:l/2\,+0(~\'3/2)
= +0( N3(0) 33(0)+Q N3 §3(0)+0(-\/2 ACYAR B
1) 4 2(0)+0(C 0 +C ) 0 2)

| 3§3/2 -3/2
= | J2 s%3/2 15/2
1 J3 =

(Total for Question 3 is 4 marks)
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4. (i) (a) Show that

253 a4 o
5+1 =
S
where £ is a constant to be determined. s
o
(Solutions relying on calculator technology are not acceptable.) -
3) 2
—|
Given that L
"
* nis a positive integer E
>
2+3i)
. — | 1s a real number
5+1
(b) use the answer to part (a) to write down the smallest possible value of .
(1)
(i1)) The complex number z =a + bi where a and b are real constants. =
o
Given that 2
g
o |2"%1=59049 =
=
=
Carg()=-F m
3 Z
=
determine the value of a and the value of b. é
“4) >
)
m
=
400 2+3ir (59 = (2+3)(-0
S+i x(5-1) (5+L)(5-0)
. . .2
= [0-2u+\S -3
25 +SLHL - &
o
S
= |3 +\3. _— | +L _L(\-l-l.) g
26 2 3
k=L m
pA 2
AN AN g
b) [ 243 = ( Lt \,) 2
S+l 2 0
>
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Question 4 continued

(- 3 o e

(i) |2°|=za0u9

o0

16 Y

(H—LY’, -2+2L  x ok gk
(

+e.\°‘, -4 =-1 . veal

o

2™ = [2\®

of509 =3 o (2")= nuy(2)
\ZL‘-S

org(2°) =\ oy (2) = - ST

O =

G ©
ﬁ
a=3cwT =313
J‘T; —> Re_ 2
bENsz bz—(sg\'\\_)z—}i
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5. In this question you must show all stages of your working.

Solutions relying on calculator technology are not acceptable.

o
A -
4 Q
o !
=
2
c ™
2
s |
. T
o
B
_ =)
- m
0 X >
Figure 1 Figure 2
A large pile of concrete waste is created on a building site.

Figure 1 shows a central vertical cross-section of the concrete waste.
The curve C, shown in Figure 2, has equation 8
2 =
y+x' =2 0<x< V2 o
=
The region R, shown shaded in Figure 2, is bounded by the y-axis, the x-axis and the =
curve C. =
: : 2
The volume of concrete waste is modelled by the volume of revolution formed when =
R is rotated through 360° about the y-axis. The units are metres. %
The density of the concrete waste is 900 kgm E
=

(a) Use the model to estimate the mass of the concrete waste. Give your answer to
2 significant figures.

(6)
(b) Give a limitation of the model.
(1)
The mass of the concrete waste is approximately 5500kg. 8
(c) Use this information and your answer to part (a) to evaluate the model, giving a g
reason for your answer. =
) =
e
S m
5.8 Mass = Deasity  x Volume 2
o =
QT 3 2
00KoMm
Kﬁ =
>
V= 2
ooy m X
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Question 5 continued
Y+ =2 ° b22-%*
=2-(0o)
p & =Q‘—3)i :}
2 . [
V=T J (2-9)) ds
ol
= f 2-y dy

(o]
T °
T[2-£)

_ 1r<2(2\— L%")= 27T

Mant = A00 x 21T
= 5654.9 kg
~ = §700 kg (2sb)

)T swface won't be smooth (May howe bump)
- T pile Mawy nok exackly follow ¥ha shope of Hhe turve

O Tae difference.  berwean e wmadd) (5700 19 & Hhe
achua) mass (S500K) i very iy (2001g),
so nok & o0ad madel..
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-2 3
6. The line / has equation r =| 2|+ A| 0| where 4 is a scalar parameter.
0 1 o
Z
1 3
The line /) is parallel to | 2 §
3 -
2
(a) Show that /, and /, are perpendicular. E'
2 7
B
=
i
The plane /7 contains the line / and is perpendicular to | 2
-3
(b) Determine a Cartesian equation of /7
(2)
(c) Verify that the point 4 (3, 1, 1) lies on 17 &
(1) o
) =
Given that 2
« the point of intersection of /7 and /, has coordinates (2, 3, 2) ;
=}
* the point B (p, g, r) lies on /, ;
« the distance 4B is 2+/5 g
n
* p, q and r are positive integers ;
m
(d) determine the coordinates of B. »
(6)
. \ N
6.0) it Woors ab=0 , Hay've  porpendiunor
To Show L L, are porpondicudar , elewdade dok 0
3 . . 9 o
produick of e direckion vedors of L2 L, =
()]
o]
=
3 ! 2
ol z2]= a3()+o(@)+\(2) =0 i
\ - =
I  »
Pm{/\t on the. plang z
. ) p
QEOL\LOJQOI\ Dllo\p\ml\q, Y N=0>0*N E

vtqm\uk ’(DTW\Q plane
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Question 6 continued

|
The normod o the plane & (2

-3
b oaouse L, g on ploing. , we
! -2 | \Asc,-H/\Lposmon \rwmr

3] € @6 = 2
X +24-32=2
9 o sk § A s on T, plug o eginokion

(?3 | (‘%\ = QW) (@) ()Y - 2

\
SAwWw on T

D) Eqposionoy L, ¢ v = (ﬂ* M(Z\\

2 -3
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r 2 -3 T oh O pOAVROM wethod
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Question 6 continued

|
2+ 3 —l+A c
31-?5&/\\ = (l) = \ 21-2'&\ =215  Modws (ie. | 8
2-3h l | -3 <— oastonee)of & | S
7 2 1 VQW{%\ = ™
J-Le ) 5 (2420 (l-ap) "= c =
Jo*+b>4ct | I
bapqﬁ+4+%p+%W+\—muﬂwelo :
Wpt-\4=0
W=
v =+ |

o<} (3eli)=(3) - 1)

02C0NSe. W'V BV Kok 0,0, r O PONIME  NRAUS

YIHV SIHLNIZLIHM LON Od
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7. (i) Shade, on an Argand diagram, the set of points for which

|z-3]| < |z+ 61|

3) cé
(i1) Determine the exact complex number w which satisfies both g
arg(w—2)=§ and arg(w+1)=% g
(©) e
1.0) lz-3l&lzxei]l indicoder o rRgON On one | I
side. & thae prxrpandisuor
lz= @)l & lz=(=6)| bisetkor 4o wa lns bekwean
Alm L%,Q) 8 (0,—5)
[ / Tho. naguoddy shews | o
~_ 1 //(’ > oL ok s Socked z
\\ /3 oo St be chospr =
o 4 (3,0) o 5
N (0,-¢) .- shade =
-6i % ~ OlooAr, Yo e, |
f
= e 2 enjokon) lnes
X ) >R Ty 0N codendode g poink
ok nturseskion .
To fnd epodion o Une ¢ (yoy = m (- o)) =
~> aroduomk = O - opp. - AL roduilant = town =ﬁ'%
3 by - o0 () —4 T) 5 =
-1 c/f/ =
& _ _ e
y-0={3 ()L—?.\ (~1,0) %

T
3

y-0=B(x-()
— -y B -8 3

(2.0) Y=83y +
22 3
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Question 7 continued

W= 3x-27 =83Bx +{3
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8. (a) Use the standard results for Z ¥ and Z r to show that, for all positive integers n,
r=1 r=1

()
n . 2
> @r-1)y = 5(an2 -1) Q
r=1 :EU
where a is a constant to be determined. r:'n
) E
(b) Hence determine the sum of the squares of all positive odd three-digit integers. é
3) >
n n i
.8 = (2-N" = = (4r2-tr+)
— BAN
=4 Sy Sy S|
r=\ =\ V=1
S
Bar o o B aos M oo o > o =
Ssci=In(ne)(antl) Sn= ln(a+l) Sy = 2
r=1\ [ Y=\ 2 =\ %
=}
2
= & na)2nt) - L)+ 3
(= 2 g
=n (2@&\)(%«-\\ - 6(ne) + ?;) -
E
= 0 (2(20%+20+1) — n- 6 43)
3
=0 Q—H\"-\-Gr\ +2 —60—3\ c:»
> 2
=N (L“\‘L - \) 5
3 =
z
b) SWW e - digtr ndel %
o) Swm of poshe odd 3-digik Undeprs :
= WO\* & (02" +. .. 197% 099" >

Using prNIow, reswkk for suam of (odd. digity)® = (2r-) °

— L N
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Question 8 continued

=9\

. ¥ = 6800

= \+21-...5Q+a+ S%+. ..'4‘\““-@
N —

1oL = 2(&1) - |
909 = 2 (300)—|
+ sum o} (3 digik odd)*
= sg,(zf-l\z
r=51
=
e.0.
split NI~
swwyodion |

sO
S
=1

500 )
2’ (2e-1) = S (20— - S Ay
r=91\ =\ =i

(VSING FORMULA gramn ()

= 500 (4(s00Y™- 1) = So(4te0)-1)

O =

= 16666650Q — 166650

= 16642850

(Total for Question 8 is 8 marks)
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kK -2 7
9. (1) P=|-3 -5 2 where £ is a constant

kK k 4 Cz,
Show that P is non-singular for all real values of k. 9'
) =
=
. (2 - m
(ii) Q= (_3 Oj z
<
The matrix Q represents a linear transformation 7 ;‘
Under T, the point 4 (a, 2) and the point B (4, —a), where a is a constant, are E
transformed to the points A" and B’ respectively.
Given that the distance 4’B’ is /58, determine the possible values of a.
3)
a0 SinqWowr Modneed houne o determinank of O. -
o
To YoM P LS non-singuhos B ol vodues of K we ©
=
MUt show the  dekemwnonk o ¢ +90 i
=
—|
3x3 anb c d & d e 5
e £l _ c @
fs‘eﬂmm{&e; :&\h-L \o%.\'-r q = 2
\N ) >
ANT 3 W i . .
= a(ei-fh) = b (di-qf) +c(dn-eg)
-5 2 -3 2 3 -3 -5
el- o2 2ol 2 2 )| 2 R
o
S
1P| = w (-20-2k)+2 (12 -2K) +7 (2w) 2
D
=
= -0k - 2k?® - 24 - Lk + LK =
1 g
= -2«*- 10K — 24 :
i

Plto \ge Snoguwdour : - 2k*— 10K -24 =0
el \ ; W +5% +1\2=0

28
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Question 9 continued

Vowower \ooking ob e disiminank (- 4oC)
(aY-u((2) = -22 <o
disOAmNonk < ©

mmls&mw:%_\k&'orw\/\mh \Pl=a
- P8 non-Sinoulor

(@) QA=A
(o) - ey - (2
Qe =¢
BN OAR R
AR = distoncr berwean (2a-2 ,-30) 2 (8+a,-12)

didonee = I3 = J@+0- (2a-2)*+ (=12 - 3

SR = (10-0)2 + (-12+3)"

S8 = W00 -200+0Z + \u - 120 ¥a02
002-Q2a +186=0

a=3 VU o= 3\
S

29
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10. In this question you must show all stages of your working.

Solutions relying on calculator technology are not acceptable.

o
(1) The quartic equation 2
S
2 +52-30=0 =
o
o'
has roots p, ¢, r and s. m
=<
Without solving the equation, determine the quartic equation whose roots are E'
"
GBp-1),3B3g—-1),3r—1)and 35— 1) ;
m
>
Give your answer in the form w* + aw’ + bw’ + cw + d = 0, where a, b, ¢ and d are
integers to be found.
(3
)
o
(i) The roots of the cubic equation g
-]
4+ nx+81=0 where 7 is a real constant E
=
are a, 2a. and o — 8 o
=
Determine 5‘
n
(a) the values of the roots of the equation, >
(5) o
=
(b) the value of n.
(2)
10. (i) \
w = 3z-) 2% +52°-30=0
Z=wtl 5 S
3 “ _ - Z
WH)" +3 [wt\ 30 = O S
3 3 =
=
=
wh guprcudrlirl 4+ & (W+2w+1)-30 =0 s
q T
&\ @
=
m
W Yud+ 608 4ol + 45uF + Dt 4G — 2430 =0 z

W+ 4+ SIuF +94 - 2384 =0

R O R =
p 7 2 8 0 6 A0 3 2 3 6
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Question 10 continued

ot tbx3+ ety dw4e =0

e swn o vooks g sum of oM possiale. prodincts of 2 ceaks . XpYo
2oli=-b Zoan=c Snogoxz—d o el ol = &
o~ a T o o

S 0\_ aM possible. produrcts of 2 ek

¥ 4672 -20 =Q

PratraS=0  pgagreps =G  (4F tPO5+prs +qrs=0
+Qr4gs+ 1$

For naw equakion : (3p-N{2q-1{3¢-1), (35-1)
= -b = 3p-l43g-1 30— 1+25-1 = 3(Prqires) - 4
" =2(0)-3 = -4 Lb=4

Saio = & =GR ) + Re-NRe-N + Gp-NRs-) +
(20-0R =)+ (29~0 (3s-0) + Ge-1) (35

=Q (pq+ RO PS v Qr+45 +05)= A (e-l-l-‘L-\-F-\—S\ +6

=9 (5)-9(0)+ 6 =5 Le=sl

Zotolicl, = =0~ (7 )20 @01 + @G- 2q -\ )@s) +

Be—NRe-0@e-1) +(2q-0(3r-1) 25
= 2] (mr b POS +prs +qrs\-I8(pq+ RC4 P+ Qr +45+13)
+ 6(9+qj—r+§\ -4

33
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Question 10 continued

=27 (0)-18(2)+ 610) —4
= - 9qu co d=Qy

Sttt el = & = EpT)a)Rr-Nzs~)

o
=
o
=]
=
2
=]
m
2
=]
&
v
=
A
m
=

= 81 (pars) =27 (o4 ¢ pos prs +qre) 4
q (pq; RCEPS ¥ Or+45+13) "5(?*“\,*"‘*'5\ +1
= Y- 210)+ 5\ =3() + |
=234 e = -238y
w4 An® Bl %W —238U=D

(1) e+ Nnu+R=0
Sum o%mb: -b = O
o

Lo+ 20 +o(—B=9O

YIHV SIHLNIZLIHM LON Od

SN L

Y
. of (200) + ol(ol~R)+ 20( (X -B) = 7

200 % rot®— ol + 20L* - Lolf ={\T

Y3dY SIHLNEILIIM LON Od

50("-50($=§
So(*- 3o (Gol) =N
(4et) ~ 2

R O =
p 7 2 8 0 6 A 0O 3 4 3 6
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Question 10 continued

_10(_7-= n

u

o*= -n

2%
praoluek = —d = —8L
> Y
of (200) (o(—p) = - -8

200%- 2R = —zs\

& —suektudno from - eauer

20(* - 2o(*(tral) = 3

—6e(® = -1

b on fowd N pouct (@)

O =

of“=-n  o(~2
2% Z
q - -n
U 23
:—Qg

P 7 2 8 0 6 A0 3 5 3 6
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