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Without solving the equation, determine a cubic equation whose roots are (a + 2),
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and r are integers to be found.

C))

8558
st
Doty ~ Sob
Podet ~

%

S
$55 X
S
S bo%e.
%
SREEK
Py St
IR SN
K )
J
<A 5
>
FRXRRKS & R
R oSS
& SREIX
SR S
XRRREE S
SRR KK
SRR SRS
R ﬁg@%‘
et 2
258
SRRLR L
Patotele!

:‘0’:
$9.0,0.0.0.9,
O teotetetete!
%6%620%%




S0RALRL pototototetdl ¢ \
ZRLR SRS

R S0

KRR QALK

SRR BRI

2R 0L

KIRREK LKL I I
RIS QREEKELE uestion continue
IR IS

ZRER SREIRELS

R SIS

SR SRR

RG0S SR8

GRRKS Desasesesest

a8
XK
be%e%5e%

e

K]
XX

XK
KRR

220!
0

RN

oot dotetedetsl

CWRIT

A ;02:':":’00'“*0
9620562656256 %%6%%0%!

%
%
X X X
Y

XX

S0
O-NOE-W
PR NI W
L ANMNT A WW,
SO0 00090999,
$26%6%%6%26% %% %"

oo
‘B
A
e
KRS

OO et atetetetetetetotetototetodet
X
3%
o
o2

XX

X

oot otetetetetotetotetototetotetototetode ok

%
CRKK

QIS

%0t}
RRRIKS
CRLLLLLLS
o6

25K
%
oo
%
o2

OO

otodetotetototetote!

S tetotetetetotete?
CISRIKIKKK,

%5
RRRKSSLLLRRKS

b%!
R
deodetotetel

SRR

.:’

oot ot tetetetatetotetete!
QKKK

35S

ﬁ;
&
25
5
059
25
8
o5
25
8
&
&

25
5
&
92
9
25

S Tesseseseteetetetetetetete oo tols

%
L

&
0%

207
XX
2%
20583
9388
38
o0
2K
9388
938
2%
XK
388
XS
2%
3K
XK
3%
o2
3K
9388

%5
3095

%
o8

KRS
OO0
é%?}
2R
SR
L

e
%
KRR

OO

e doteted!

ERsssss

i totes
X
ot

o0
KRR
o205

1929
K5
P
%
XX
50

5
et
& s
X
2R
o%
D0

(<X
K XX
XXX
2%6%6%

205
5
oo
S
SXRKS
DoenrIges
Sy
qﬂsﬁvup
S0 ool
55
dogaaatel
5
0T
SRS
%
K
X
G
205w ~ 1083
050" ~ 2%
SRS
& ]
X I
SIS
ogaaate%l
SPPRS
050 1,390
dog-loget
%
<
>
%
IRERIKS
2RI
CHLRIKS
CRIRI:
KRR o
ZLRES o
KRS
355 55
SRS
SRR
2RI &5
5% K5
SRR KRR
SRR SRR
2RI 25555
255 5
SRR KK
SRR SRS
SRS 250K
SRR LIRS,
SRR SRS
ZHLREK SRERELS
RS SRS
RS 50K
SIS K888
HLXREL LR
dog-ratotet S
0 v 1% PSS, — 9,
R o
53 S0l
.:’ ..3'
%, A

XX
0.0
A

CXXAAK
196%%
~

%%
o%%
.0.

XX
CRIEX
e
o

-
3
2R

5

K
KK
XX
Qﬁﬁ?
03‘
LKA

0%
000
K

K
9K
QIR

0902000099

SRR

(Total for Question 1 is 5 marks)

X RIIELIIKRELKY

1902000009009 %%
%%

0902000009009 0%

So%e%s
K
0208
40208
&
258
b99%s

%%

o0
KX KKRLERKKRKL

000005020 %0 %0 %

3
| N Turn over »



QRLLLK
B35
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3. In this question you must show all stages of your working.
Solutions relying on calculator technology are not acceptable.
z, =-4+4
(a) Express z, in the form r(cos®@ +isin®@), where reR, r >0 and 0 <0 <27
(2)
( 1770 . . 17ﬂ)
z,= 3| coS—— +isin—
12 12
(b) Determine in the form a + ib, where a and b are exact real numbers,
i =
ZZ
(2)
(i) (=)'
(2)
(c) Show on a single Argand diagram
. z
(i) the complex numbers z , z, and —
V4
2
(i1) the region defined by {z eC: |Z - Z1| < |z - z2|}
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-
+5 +4 -3
5. The line [/, has equation =2 3 =Z 5
The plane II, has equation 2x + 3y —2z=6
(a) Find the point of intersection of / and 17,
(2)
The line [, is the reflection of the line [/, in the plane 17,
(b) Show that a vector equation for the line /, is
-7 10
r=| 2|+u|l 6
-7 2
where p is a scalar parameter.
)
The plane II, contains the line /, and the line /,
(c) Determine a vector equation for the line of intersection of /7, and 11,
(2)
1
The plane II, has equation r.| 1 | =b where a and b are constants.
a
Given that the planes 71, I, and I, form a sheaf,
(d) determine the value of a and the value of b.
3)
2
n
; %ﬁ Sk
i‘\ o S \
ome o
3 \} %%
q J &5

12
OmC .



35
35

bo%ees
basesesss

o%
3
3
ol

%
XX

%
o%
o%
XX
O
o%
%

< g
KPTES
SRS
o aes
O - o0
RS
SRLEE
bosessseses
K3
SRR
besesesees
K3
SRLLE
Sesesesetes
K3
SRRLEE
Sasesesees
KRR
HLXHKIKL
SRRLXKS
SRXLLS
SRRXKS
4050505050
SRRLES

o2
XX
55
%

%
QLR
KR

o
55
29595958,

Soreotes

KN

SRR
betee!

0%

o
X
X

096909:9:9:%%
s
0000::00

KK
QL
%!
p9eS

< O
URKKL 3
KK

3626502

25

QRIS

GRRRR
<X

S tetotetete!

35

<
QKL
096%0%6 %% %%

150707050050 % %
X%
S
55
KRS

X
296%%
0902090290 %.% %%

KK
9%
3L
SLRRR
boseseses
SRRRRES

o20%
4 ]
3Q>
00
%%

Q>
X
o)
2

5%
0%

v
S
%

0% % %% %%
18NS
il G <Y o
v%&

A
KKK
RS

v<
3
KL

RHXRR

oY% % %%
KKK
‘00?

%

<

é%é:
5

L
o0

%5
XX

0002000200000 %0 0 %0 %
%%

05050%% % % % %%
Stotetotetetotets!

X KKK KK KK
doodetotetetotetotet
RIS

o
SR
<X
RS
XK
b99%s

%%

o%
X
X
X
O

X
%%
q&

<

5%
5

5

OO
@%%?»,
%ﬁ? ook

0000000,

<
&

e

O
Satatetetotetotototetels

%

%0000 %%
pe%8%%
N

potasetetotetetes
BRaae oty
LS
g
/4
SRS,
LS

<
00
2555
o%0%e!
2L
%!
290

SORRLS
pteteetetotetetet
QIR
St otetetete!
RRLRLRLKS

XS
35
5

0>
et s o totetetede!
oo toetetetotetets!
OO
oSotetetotetetototets!
oSotetetotetetototetets
SSIRLKS

2
200
XXX
%)

SRS
4“?

0:00000000

BaSasesesesereseteteteet

KK

28R

258

G055
ZRRRRLRLRS:

09020900090 0.900. 09,99
o0

%
QIR

OO
SRS
oo

2555

boseseses
KK

O 00000,
) hoes
XX
<X
Qp

X

IIIIIIIIIK
R IRRRLRRLLS
\

%%
XX

7

Question 5 continued

13

Turn over »



4 \ BB B8
SRR SRR
2R 2R
LIRREK K,
QLR SRIRREL
R Sotetotetel

I I KRR K,
uestion > continue SRAHLLRS  SILLRS
QLR QIR

QRKKKK KKK

R 2R

&% 25

HERHLRL KR

5% SR

<
o
020
ot
o2
S

9
03,
R

DeseTe%etose’
Jogs:ee 60!
g
<l
XDEXK
LA

<

6

R

e
e

03X
e
5]
MR
oded
KK

3
ZRIRRLK

XX
58

<X
L

L
praval

¢
58
TR

Oe%

i

O

%
o v
S

8

%
00

%
be%

¢
ote%
M
o
oS

batetetets
X
b8 v
XK
%

S050%9
22
<
S

e b |
X

9%
&

<
o

o
S

%%
CREIKAL

K
XXX
25
R
0%0%

%050

<
X
35
S
bo%es
55

RIRILLKKKIKK,

X2
o
%
0%
bt

555
o0 %%
0%
o2 %%
<5
betetet

XX
K

%!
<
9
<
O%
bt

X
o

%
o2

QEKL
25

X
0o
o2

<
3
0
X
5
5
00

%
X

o9 %
296%%
095959
RS

X
%

%

30305

&

oS

3555
QIRL
RIS
202!
deloe!
QR

353
pooy
P
3
&
&
&5
S
o9
b9t
%5
%S
%S
o9
%5
S
%S
35
%5
S
%S
35
%5

0009000200000 00 90090909090 %
LRI

O
X

IR AKX AIHKIKHKAIHXHHKNKN

o0
IIERIIIRIERILIKELRLE

XX
R KKK
Solotede!
RRKRK
2555
oS
ARRRRRIRRLLLLLLE,

335
XX
e
Yoo
RS
S

<

T,
20%

DoSorarlteds
005 & atgds
SRS
0SS
Posoraiet

v —

=

ovas
SR
008 e

)

-~
oov %ﬁq?ﬁ?
SN
Kot
Do%e X e
0%0%% %%
SRS prase S otet
SETRSS KON
QSR 9% B 1%

SN

<A 5

>
e %

SRRRS B
QRS 25
SRR IR
XK 2RI
ERRRKL LKL
SRR LI
KRS KRS
ZLRKRS 355
SRR SRR
SRR SRS
LR 2RI
LILRKRS 25
SRR SR
KRIRRRL R
SRS KKK
SRR SRHRRL
LR RIS
LILRKRS RS
B KK
SRR SRRRL
<R RIS
LILRKRS RS
RS KK
SRS S
Dogaravotet S
oS v 90 00— 198
'0‘0&’0’:’ < ‘)’:
SN R
Do%e & )¢ Dogs et
SIS
LS

oo
D e
Pose. — 08

0%«
508,
XS
SRS
XK
doga-atatet
S5
PLose: edes
SRR
D08 palete
AKX
oSt ates
DS a0l
SEDES,
SRELNCS
SIS

b

DOTeT00

B0 %

SO 008

SRS

XS

R S,

QRKKKK KKK

e ootete! e Setotelel

LRLRKKK K,

QIR SRILRL

e ootetel 2R
3 &%

RS KK

QLIRS SRR

RRKS SRS,

0
0K
X
Sl
X
K
o
o
s
X
P
%S
1%

14



SRR XL M \
90%6%%% 10 90%0% %%
096%%6%% 096%0%%%
SRHLRR RRERIR
SRR RERRLS
096%%6%% 096%6%%%
SRHLRK QAR I I
KULBLLL KK uestion > continue
2% Sotetotode!
90%6%%% 10 9096% %%
096%%6%% 096%6%%%
IRHLRK RRERIR
SN

G
oo
-
3,
%
5

o RS
SRS
(9.9, o5
X X XX
[ o
fose, X
é#: 3
:0» KK

%
) A
28
e’

SRS
oo le%
S 05

000
0%
Ll
K]
KR
XX
S

e
%

-
<
X

%%

s

X&
!
|
b
L

OO
I'N
AN
5K

K

Q0
ofetytetet

<

%S

%
|

<
0%

48 =

- fase=—20
X SRS
X sl foss 5oty
UL, SIS
SRR S
958, & ZOYs

<
A
R
383

9%
%%
N

) -

oo%e?

R
‘N
3,

betes

X
~
1@
o
%

X

q@t’
;

KK
¢

|

0.0

,
8
23
%
b%e!

OO
.
53

o2 44
2%
o
020
5

RS SREIRLS
2K Sodetotoe!
KRR KRR
ootetess LK
2R Sodetoote!
KRR KRR
SRR SRR
2R 2L
KRR KRR
IR SRS
2R ZRIL
KIRRXK KL
2R 2L
KIRREK KL
SRR S5
1958 o 93
RIS el
o Sl
> &
=
038, € oo B0 1 1059,
b y
2% %
o5 S
= SRS
Z L
5 S
Ko RIS
)5 RIS,
o
5 KRS
XK Dodeataloe!
55 5
B e

<]
24,0

%05
SRR

2985

SXRKS
OO
e
PR
Sl
Suvavs
5
SRS
SRS
%
dogeTasesst
G
05 ~ %]
SRS
5 %5
X I
ogaaate%l SRS
SITRSS O
SR S
02e” - oo TR ee"~ s
X -
IRERIKS o
o eotee! e
SRR KRR
SRR RKRRLREL
K KKK
CHXRIKS XKL
SRRLRRS SRR
SRR SRR
deSetotetel ZRL
2% RS
SLRIRS SREREKS
CRRXRRS S8
SRR SRR
S Setotete! Sotetotode!
2% 28
SRR RS
SRR SRS
KKK KKK
SRR LS
GRULRL RS
SRS SRS
39243090 St
5 S
R o
2000~ 03¢ HRRS
050~ Soro TS i U [o5e!
058, & X8 Dos0r=i= 00
SN S
8 o 508!
5 QTS

696%%%%
0%6%%%%
CAT

o
>
b K
oo
RRKS

>
RS

oSotatetototet
0000008
O 000000
(00,0 0. 0.0,
SRRIRIKK,
ERIIRLS

(Total for Question 5 is 12 marks)

0000 %%
RRRKKS

XRKKRRKL
%%

o
SR
<X
RS
XK
b99%s

%
O

15
N Turn over »



(

6. Water is flowing into and out of a large tank.

Initially the tank contains 10 litres of water.

The rate of flow of the water is modelled so that

» there are V litres of water in the tank at time # minutes after the water begins to flow

XY j litres per minute

e water enters the tank at a rate of (3 — "
+e

« water leaves the tank at a rate proportional to the volume of water remaining in
the tank

Given that when 7= 0 the volume of water in the tank is decreasing at a rate of 3 litres
per minute, use the model to

(a) show that the volume of water in the tank at time ¢ satisfies

GKKRK v

mioNoa

d—V =3- 408t - 04V
dt 1+¢”
3)
. d 0.4¢
(b) Determine E(arctan %)
(2)
Hence, by solving the differential equation from part (a),
(c) determine an equation for the volume of water in the tank at time z.
Give your answer in simplest form as V= f(¢)
(6)
After 10 minutes, the volume of water in the tank was 8 litres.
(d) Evaluate the model in light of this information.
1)
. J
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In this question you must show all stages of your working.
Solutions relying on calculator technology are not acceptable.
(a) Explain why, for n e N

n

i(—n’ f(r) = Z(f(2r) ~f(2r - 1)

r=1

for any function f(r).

(2)
(b) Use the standard summation formulae to show that, for n e N
2n
r 2 2
E P21 4 2¢) = n(@2n +1)(8A* + 4n + 5)
r=1
(6)
(c) Hence evaluate
50
» 2
r((—l) + 2r)
r=14
4)

20
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8. A colony of small mammals is being studied.

In the study, the mammals are divided into 3 categories

N (newborns) | 0 to less than 1 month old
J (juveniles) 1 to 3 months old

B (breeders) over 3 months old

(a) State one limitation of the model regarding the division into these categories.

(1)
A model for the population of the colony is given by the matrix equation
N, 0 O 2 \(N,
J ., |=|la b 0 | J,
B 0 048 0.96) B,
where a and b are constants, and N , J and B are the respective numbers of the
mammals in each category n months after the start of the study.
At the start of the study the colony has breeders only, with no newborns or juveniles.
According to the model, after 2 months the number of newborns is 48 and the number
of juveniles is 40
(b) (i) Determine the number of mammals in the colony at the start of the study.
(i1)) Show thata =0.8
“4)
(c) Determine, in terms of b,
o 0 2
0.8 b 0
0 048 0.96
3)
Given that the model predicts approximately 1015 mammals in total at the start of a
particular month, and approximately 596 newborns, 464 juveniles and 437 breeders at
the start of the next month,
(d) determine the value of b, giving your answer to 2 decimal places.
3)
It is decided to monitor the number of newborn males and females as a part of the study.
Assuming that 42% of newborns are male,
(e) refine the matrix equation for the model to reflect this information, giving a reason
for your answer.
(There is no need to estimate any unknown values for the refined model, but any
known values should be made clear.)
(2)
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