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1. fz) = z* - 62° + az” + bz + 145

where a and b are real constants.

Given that 2 + 51 is a root of the equation f(z) =0

(a) determine the other roots of the equation f(z) =0 =

() 3

\

(b) Show all the roots of f(z) =0 on a single Argand diagram. S
(2)

&) (F 2+51 | €, 2-5S01 €

let A= 2450 a+tf=4 > z'-Y4z+79=0 ()
B=2-5i xf=29 ()
@

o F(2)= (22 -4z +29)22+cz+d )= 2Y - b23 ro2% *bz+I45

vV SIHLNIZLMM IO

=5

f(2) =(22 -4z +79)22-22+5) O

©0)
£ 2¢-72+5=0, 2= 1+2¢ ()
b) Tm
’ - -(1,5)

-(1,2)
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Question 1 continued
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2. The roots of the equation
2%’ =3x" +12x+7 =0
are a, ff and y

Without solving the equation,

(a) write down the value of each of

atpf+y aff +ay+ By afy

(b) Use the answers to part (a) to determine the value of
(1) E + 3 + E
o p oy
(i) (a—1)(p-Dy-1D

(i) o’ +p>+y°

(.8 + = 3 + + ::IZ—_-, = ~F
2

ey

\ i 0
b) ) 2 + 2 +2 = 2(xB+A¥+0x) - 2 x b = -24
X A ¥ 2% ~-?/2 7
(i) (=1 XB-1NT-1) =(ag -k~ g+ 1)T-1)®
=B -AB -G+t -8 + 47 - |
= xBY - (XB +LY +¥x )+ (x+L+¥) -1 ()
= -7 -6+3 -1=-9(0)
2. 2
i) 2+ B2 +5™= (x+B+1)*- 2(xB+AY +5ak)
y)
=3\ -2(6) ©
\2)
=z -39 (D
q
R 0 o

) 88K











PhysicsAndMathsTutor.com

2

%
35
doss

2 M

0
bo%es
R
2
o0’

850 coconcec
.~ DONOTV
St

XX
0%

o96%% %%
0902090002090 %0%6%9%4%%
Jototetotototoretet s te’

oY
o9e%
o5
%
%

0.0....
0.0‘0.0
Satosetets

S8
S

¢
%
5

9.0
SRKL
35555
XS

w&&%&
RRRKKS

%%
%%
0% %
‘ﬁ%

o%

%
0%
0ed%

o5
3353

Y088

XXX
B
AR

XX
0“0

0.0 0%

RREXK
o
%!

D

o
%
RRRKKS

%%
K
XX
ol

35S
]
)

oS

095 < W
SIS
SRS
LXK
BO%8 V' 008

0 00009999,
$9:0.0.0,9.9.9.9.9, XX
e

2NN
CXIHK I I K
SRR

0>
%!
J
*
039

ol

RN
ORI
3 %

A
000

oo%%
D
3

OO0
S8
oSoteteteted
RKEL
SRR

oo
LY

X XXX

SRS

P6%6%%!

XX
335
X XK
XX

XS
8%

% ﬁ%&
o

Question 2 continued

BOEw

P 7 5 6 8 2 A 0 7 3 2

7

Turn over »



PhysicsAndMathsTutor.com

7

Question 2 continued
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In this question you must show all stages of your working.

Solutions relying entirely on calculator technology are not acceptable.

C

bm

Figure 1

Figure 1 shows the design for a bathing pool.

The pool, P, shown unshaded in Figure 1, is surrounded by a tiled area, 7, shown
shaded in Figure 1.

The tiled area is bounded by the edge of the pool and by a circle, C, with radius 6 m.
The centre of the pool and the centre of the circle are the same point.

The edge of the pool is modelled by the curve with polar equation
r=4—asin3f 0<0<2n
where a is a positive constant.

Given that the shortest distance between the edge of the pool and the circle C is 0.5m,

(a) determine the value of a.

(2)
(b) Hence, using algebraic integration, determine, according to the model, the exact area
fT.
’ (6)
o) Mox r IS whea sin%6=-), r=4 +a
H+a =552 a=1.5 O
2
b) Area of poo{ z z’ J‘(‘{- 1.55i230)"dB @
o
VR0 00RO
P 7 5 6 8 2 A 06 1 0 3 2

OO

YIHV SIHLNIZLIHM LON Od V3HVY SIHL NI ILIHM 1ON Od

V34V SIHLNI 3LIYM LON Od
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Question 3 continued

(Y- 1.55in30)"

= |6 - 25sin30 + 2.75<in* 30

1}

b -125in3%D + 2.25 [ - cOSLO \
\ 2z )

)

127 1251030 - 2 cosé® ()

g 3

O

(137 -12510%D - 4

1370 + 4eas2d - 3<inkd

I s 3

cos 60 ) a8 =

8 16

YA\ ) _ow
st (U -1.Ssin3B) =0 [ 1270 + Ueos D - 3 sinkd
7 2| % 16 o
0
= Bt ()
s
—_ rd @ @
Prea of T= Txb - 1337 = IBSITI' m*
N 3
I
ocean C oreo P
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Question 3 continued
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( )

4. The complex number z = ¢“, where 0 is real.

(a) Show that

1
Z"+ — =2cosnd
z
where 7 is a positive integer.
(2)
(b) Show that
5 1
cos’ O = E(cos59+ 5cos36+ 10cosb)
(5)
(c) Hence, making your reasoning clear, determine all the solutions of
cos50+ 5co0s30+ 12cosf=0
in the interval 0 < 0 < 27
: . 3
n, | nd 0 | 70 o ¥
o) Z + =@ t __ e =€
ZV\ inwo

LW

o) (/z + | )’ - (7cosnd)” =22 cosnd O
Z /

using binomial eXpansion:

14

NN K T D A arom
P 7 5 6 8 2 A 0 1 4 3 2
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L
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S
Dede-avidy
Pode ! XK
SRS
PoYe
L8
Botatetess
K& \/\
i w
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SIS
e
S
::x‘:n,(-\
=
:'\\\:%/ //\
\\ /” \

0V 225 524 1) e 10231 ) 2+ 10240 )

( z) (z) (z) ‘z)
b s 1S
+5z/ 1\ + /1]
\z) (2)

=22 +52%+/0z2+ 10 + 5 + 1 ()

O z3% zs
L J
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Question 4 continued

=25+ \+5f23+J_\+lD/z+ )
z2s) | zz) | z]
| 22¢65%0 = 2¢0550 *+ 100530 +20c0s0 O©
o= | (cosSO+ + |OcosB) os i

16

DONOTWRITEINTHISAREA ===

¢) cosSO + 5cos3b +10cosH = - 2cosB
[bcos®D = -2¢cosB O
2c0s0 (RcosB + 1) =0 @

RRRRRRRRRRHKIKAIRRRRRRAK : s

. DONOTWRITEINTHISAREA = = D ;

cos'®=-1 no solsbions
8

- cosB =0 D= .’?T ®
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Question 4 continued

16

P 7 5 6 8 2 A 0 1 6 3 2

OO

S S
o
KL
AR
SIS
KPR
c=
KO

%
S
SRS
[96%7071%
RS
oSS
DosereTLiet
Sme
poovetatetet

B
kS
R
%
5%
X5

(>
o5

E9SOL9sOtets v o=
e

5L

<)
< XY
%
5

25
%
K5
boses
Doses
Posess
Botees
2%
3K
SRR
3
35
SRR
255
00
355
%
35

dedotetetotetote?

Nave 9
)
SR RIEX
R
7%

SRXXXS
550508



PhysicsAndMathsTutor.com

%
R
190 %%
1%
28

a N

2R
%,

posetetetete!
S55s
CRRLLLLS

o
XX

XX

%!

Question 4 continued
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. A raindrop falls from rest from a cloud. The velocity, vms ' vertically downwards,
of the raindrop, ¢ seconds after the raindrop starts to fall, is modelled by the
differential equation

(t+2)%+3v:k(t+2)—3 (>0

where £ is a positive constant.

(a) Solve the differential equation to show that

4(2 -k
v=5(t+2)—1+ ( 3)
4 (t+2)
)
Given that v=4 when ¢ =2
(b) determine, according to the model, the velocity of the raindrop 5 seconds after it
starts to fall.
3)
(c¢) Comment on the validity of the model for very large values of ¢
(1)

&) Q\l’ + __3,\/__ < K- _:3_
dt E+2 E+Z

3
feg 3 (k+2) 2
ntegrating factor = € = =(E+2)” (O

(e+z)3§{%/ r3y(E+12)%= k(Hz)g—g(ew_)Z
d (v(E+2)3) =k (k+2)2-3(k+2)"
b ,
V(Hz)@:f(k(uz)g—g(uz) Jdt O
VER) = Kk (2+2)1 - (£+2)% #c O
Y ;
v:_5(6+2)-l4-c(E+2)3
stk in £20, v=0:

0= _E_(O+2) - | + C(O‘*‘Z)-g
g
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Question 5 continued

k- +< Sc=3-4 @
?

L) subin v=Y4,E=2:

y=k(2+2) -1+ 4(2-k)

q (2+2)%

H= K -] + -UK

64

=K-J+1 -1k
? Ib

K=5.72 ©O

when 625, V= 5-2 (6+2) ~| +4(2-5-2)5+2)" O

Y

= .06 ms™ (3sF) @

f}: |'r\o\eEn'ml:e!y ua,l/\ S on
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J
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Question 5 continued
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6. Prove by induction that, for all positive integers n,
zn;(Zr - l)2 = %;1(4;12 - 1)
- (6)
{
bose case n=li LHS: ?:.(Zr—l)z = (2-1)% =]
RHS: L (XYx12=1) = |
3
£ A
Assome brve for n=k: = (2r-1) =§'k(l{k1—l)
r=|\
Show Erve &r nN=K+|:
R+ K .
1) = 1)t (2(k+1)-1)°
r=| r=|
= r(ykr-1) + (2k+1)
3
= 1 (2k+1)[ K (2k-1 1)+ 3(2k+1) |
3 _
=1 (2ke))[ 2k? -k +bk +3
3
= 1 (?k+l)(2kz +5k +3) (D
3
| (k+1)(2k+3)X2k+1) O
3
= 1 (k+)(4(k+D)?2-1) ©
3
rn=k+
=K+ S = r0tl
positive inl.—e%ers Nn. ()
§
22
AR 110 0000 K 0 n =
P 7 56 8 2 A © 2 2 3 2

=
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e
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B )
3

e e et e e et L S A Lot Lot ted X
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O 00000
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Question 6 continued
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7. The line /| has equation S
r=i-2j+3k+1Q2i+j-4k) 8
and the line /) has equation : 3 :
q X
r=5i+pj— 7k + u(6i + j + 8K) §
o)
where A and u are scalar parameters and p is a constant. s
=%
The plane 7 contains / and /, G
T
(a) Show that the vector 3i — 10j — k is perpendicular to 77 - % %
2) S
(b) Hence determine a Cartesian equation of I7 s
(2)
(c) Hence determine the value of p
(2)
Given that
* thelines /, and /, intersect at the point 4
» the point B has coordinates (12, —11, 6)
(d) determine, to the nearest degree, the acute angle between AB and 171
“4)
a) /3
-10| s perpendiculor ko T i ik is perpendiculo '
VL direckon vectors
[-10]*[ 1 |= 6-10+4=0 o
\-1 [ \-u/
/3\ [6 - z
[-10]+[1 ]=18-10-3=0 @ a
- =
\-1/ \§ i
S
. .Z;\
S
-10] is pecpendicvlar 6T O 2
- C
* s
. y, \i:‘,;/‘?’?\\

NN K T DA arom
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Question 7 continued

bb) usinc\xj ren=00: . &jsqpointo one
[x) /3 1\ /3
[ g ][-10]={-2|[-10]=3+20-3=20(D

\z/ \-1/ Vi3] \-}

2x -!O&j ~z=720 ©®

¢) s

s in T 5(3)-10p-(-%) =20 (D

p
\-#/

15 ~10p +F=20

p=020

d) finding A+ setting Li=(,

|+2 A S+ bu |
-2+ A 0.2+ M

1\

\3-4r/ \-72+8

| +2) =546 22X -bu=Yy (

0)
2+ 3=02+;m > A-m=22Q

check with third row: 3-Y4(2.3)= -2+ 3(0.1)

/-

) -6.2=-6.2
[ s\

s0 A= 0.3 |

\-6.2 /

o) [s6\ /ey

AB=|-111~lo03 |=/-13]| @

6/ \-62/ \12.2/

.

J

o NN O DR
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Question 7 continued

g le between AB ond TT: cemember o use sinD
for angles bekween o

/!': y /3 line and o plane
{-il'.g Py {-io (D

Slne = \ 19 » \ 1 }
L2\ =1/

Jo.4 +11.3%412.22 /3240242

O = 40° (nearesk o\egrea] ©)

O
‘ X Q0%
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Question 7 continued
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. A scientist is studying the effect of introducing a population of type A bacteria into a
population of type B bacteria.

At time ¢ days, the number of type A bacteria, x, and the number of type B bacteria, y,
are modelled by the differential equations

(a) Show that

(b) Determine a general solution for the number of type 4 bacteria at time ¢ days.

(c) Determine a general solution for the number of type B bacteria at time ¢ days.

The model predicts that, at time 7 hours, the number of bacteria in the two populations
will be equal.

Given that x =100 and y =275 when =0

(d) determine the value of 7, giving your answer to 2 decimal places.
(e) Suggest a limitation of the model.
a) fram (: y= 2 -2% 3 CJ='3C-9'C®
sioinks @: 5% -z =3(x-x)-220 ©
X -% = 3X -3x -7
x ~4x +5x =0

A2 -4 dx +5x =0 os requiced (1)

dez  dE
© 0,
b) auillary equakion: M*-Ym+5=0 S m= 2xi

. 7€ :
eneral seoblon: A = @ (ACOSE + Bsmi—)
gener ) @

P 7 5 6 8 2 A 0 2 8 3 2

&)

C))

2)

C))

(1)

OO

YISV SIHL NI ILI-IM LONOd V3HVY SIHL NI ILIHM 1ON Od

Y3dY SIHLNEILIIM LON Od







































. DONOTWRITEINTHISAREA DO NOTWRITE INTHIS AREA

DO NOT WRITE IN THIS AREA

PhysicsAndMathsTutor.com

( )

Question 8 continued

C) 31 dx - 0 need to find dx

dt o€
dize“‘ coSE - A sl \*' ¢t st + Bt )
dt
) o 0
o ~Asint + st +7Bsint) +e t +Bsint )
Y = % ((A+ B)cos(: + (B -A)S'ml: '®
d) subin €20, o= I00:
00= e° (AcosO +Rsind)
A =100
sub in E=0, Y= 275, A=100
= e° ((B +100) cosO + (R-100) sin0
275 = 3 +100
2=175 ()
set A=y
i d + k) = 6% (235 cost +?#5sin
[00 cost + 175 sink = 275 cost + #5sint
[O0%ink = |#5¢cost @
Eant=1.75 (U
€= 1.05...
® ®
Buk Tisin hoors so T=24x1.05 = 25.24 hous (2dp)
. J
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Question 8 continued

e) Bobn Ipoou(o.k'\ovxs become N
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Question 8 continued
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Question 8 continued
(Total for Question 8 is 15 marks)
TOTAL FOR PAPER IS 75 MARKS
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