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f
1. The cubic equation
X =7 - 12x+6=0
has roots a, £ and .
Without solving the equation, determine a cubic equation whose roots are (a + 2),
(B +2) and (y + 2), giving your answer in the form w’ + pw’ + gw + r =0, where p, ¢
and r are integers to be found.
(5)
b w=ox+2 3 c=w-2 (V)
? 2
(m-?.]s -FHw-2) -12(w-2) +6=00
(w? - bw? + 12w - 8) ~F(w?-Yw+4) -12(w=2) +6=0
bt 2 -8 - P+ 728 - 12w +24 +6 =0
w3-13w2+23w-6=0 0
q Ji
2
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( )

2. (a) Write x° +4x — 5 in the form (x + p)’ + ¢ where p and ¢ are integers.

(b) Hence use a standard integral from the formula book to find SO
=
1 =
Vx® +4x -5 S
e
(2) =
(c) Determine the mean value of the function - g :
1 =
f(x) = 3<x<13 m
&) VXt +4x =5 e
giving your answer in the form AInB where 4 and B are constants in
simplest form.
3

o) At+Yx-5 = (x+2)*-Y4-5 = (x+2)"-9 O

b) L dx from booklet:

J(x+2)*t -9

l dx :&rcogb\/i.\
\a/

(D @ v 2’,"—-0\"
= arcosh [ X+Z )
. 2 ) set "x" = X+ and o' =3
13
¢) meon value = __ ! ' | g ()
%-3 Vaa?rYy+S
= 1 [ arcosn [ X+2) .
- 3/
= _| (Q_rco'cln [15] _accosn/ S) | 0 :_Erg\
0 L \3) \3) a3
i
- | of5+20)\C &
0 3 7 E\
>
\ J

AR A o
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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, >0 and 0 <0 <27
(2)
( 17z . . 177r)
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) (z,)’
(2)
(¢) Show on a single Argand diagram
(i) the complex numbers z , z, and il
z
2
(i) the region defined by {z eC:lz-z|<|z- Zz|} T
N “4)
. - 2 z _
0‘) Z‘: 'L{"'L“. lz|l~\/(—q) +Li "L,\rz_. arazl
N~ v Re

org Z, = Tr~6a/1"(1"i) - %@

Z = U2 (cos%“ +LS)A%T) 0

b) () 2, : dwide moduli, Suldkrack OcquMents
= 4z ( Cog(?ﬁ—ﬂ'_ﬂ') +'LSH\(3_1T’EI)) 0
3

q 12 4 A

=.2¥2 _2\6 | ()
3 3

(i) (2,)"+ raise modulus to power of Y, mutkiply
ogument loy 4

P 7 2 7 9 4 A 0 6 2 8

OmC .

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

Y3dY SIHLNEILIIM LON Od



PhysicsAndMathsTutor.com

e )
Question 3 continued

(21 = 3" (cos(ux13m) +isnfyxzm)) O
z \ 17/ \ 12/
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Question 3 continued
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o 7l )

4. Prove by induction that for n e N

(5)
Bose case n=|:

[ '2\!=/" “2x1) 5o tre whean=) Q)
\6 1/ \o |

Assume Erve for n=k:

[t -2\ =1 -2
o v/ Lo 1)

Show e foc n= k+):

S doNod

B RIS

10

G
A0 A R0 O 0 ——
P 7 2 7 9 4 A 0 1 0 2 8
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+5 +4 -3
. The line l1 has equation xl =Y 3 :Z5

The plane 77, 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 7, is
-7 10
r=| 2|+u|l 6
-7 2
where u is a scalar parameter.
()
The plane 17, contains the line /, and the line /,
(c) Determine a vector equation for the line of intersection of /7, and /1,
(2)

1
The plane 77, has equation r.[ IJ = 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 .

S ' ~S+N\ O
o) Veckgr €gvakon of (; E:(—9)+/\(‘3 = -4-3)
3 5 3 +5)

sub ks T2/ — g4 ) 2
-Y-3) " 3 ) =6
3 +S5A) \-Z

2(-5+A)+3(-4-34)-2(3+5)) = e@
17h -2 =
A

-
-

y - g(z

sub ko L jnkersechion ’(
3 +5(-2

) coorohnokes: ( 3,2,-

Pp 7 2 7 9 4 A 0 1 2 2 8

-1)
®
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Question 5 continued

c) Mekhod: find two painks on . P (J; 2, ’?.) wil beon

Qs (ks 0 11

(ﬂ SI-LI) g) /2

ped
(xz/

T N whie

[-s) [ /-5 42tk

e[ 3] =[-y+2t | O

= | -y
\ 3 \-2/ \ 3-2¢

Bad where (& inkersecks TT

/-S+2L—‘ A

[ _y+36 |+ 3]=6

3-26 ) \-2
- E)+3(-Yy+3€ )- -2t ) =6
t=2
il -5\ 2 /-5 [2)
(-9 ]+2] 3 | reaches TI_)HAen Yy |+y4/ 3 reoche) (5.
\ 3 \-2 3 \-2

( ®

L
(

mv‘rOrPaml— =/"5+& - /

[ -4 +12

3
=/ 3 |
\3-%8 /) \-s5/

.

J

o AR 0 T Tum over »
Pp 7 2 7 9 4 A 0 1 3 2 8
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Question 5 continued
/-7 [ 3-(-%) -

lz-' r = 2 +MI -1 0, 8
\-%/ " \-5-(-3)/ ‘Ej

o2l [0 =

c= 2 )+ml 6 | O :
27 (4 éiﬁ\

5

ond P.

-7 /-5 [z [ -\
P=[ 2 X = -4]+2[3 | = 2 -
\ -7 \ 2 \ -2/ \ -
[~ [-1-(-%)
equokion ofF Line: g:/ 2 |+38] 2-2 0,
\-F/) \-1-(-%))
/-3 [
= 2]+S[0o]|@®
\ -7 \ &,
A m <) wi
be nside Tl
/6\ A A
[ 0] 1s perpendiculor bo A, = | Y T
\6 | ! \0. </

(6} (1)@ /
\6/ (o -

\\\\\

14
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( )
Question 5 continued
~F)
2 | 15 0n the Une 9oing Haroug Tls, s0
\- 7 7
AR
2 |1 ]=lb
\-3/ \-1/
b= -7+2 +7
=7 @
(Total for Question 5 is 12 marks)
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. 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

1 + eO.St

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

« water enters the tank at a rate of (3 — j litres per minute

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

dr 1+ ™™

7 _ 3 t 0.4V

(b) Determine %(arctan ™)

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(¢)

After 10 minutes, the volume of water in the tank was 8 litres.

(d) Evaluate the model in light of this information.

o) d\_): 3—“(‘_+kv ®
dt

sooin £=0, V=10, dV =-3:
o\t

-3=3-_4 10k O

[+
Ok =-Y4
= -0.4

d - 3_ 4 -0.4V_(

— N7

dt |+ %

3

2

(6)

)]

YIHV SIHLNIZLIHM LON Od V3HVY SIHL NI ILIHM 1ON Od
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Question 6 continued

) 4 arctan(@ )= | x 0.4e°% ~
dt | + (02 ¥5)? =
L J
- O-L‘I QO.UI: @
“_eo.?e

) dV+gyv=3-_4H
foyde oyt

Inteqrakion fackar = @ e

| e Aoy =277 - ye Ot

dt | +g0 %€

4 (V™) = 37 e

dt - ' | + 0%
Ve()-ﬁr: : [?386“‘7" Lleo.iu:\au: ®
N | +g°% )
Ve = 3 ¢ -i0arckan(e )+ ®
0.4 0

subin £=0, V=10:

( )

10e’ = 2.5¢° ‘IOO\/'CE'OJ\(QG) +C
(O = 2.65-2.S +C
c=25(l+m)D
= 3.5 -10e %" HE)+ 1SN O
- J

17
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Question 6 continued
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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

2n n
Z(—l)’ f(r) = Z(f(2r) - f(2r - 1)
r=1 r=1

for any function f(r).

(b) Use the standard summation formulae to show that, for n e N

2n

Zr((—l)r +2r) = n(@n+ DB +4n+5)

r=1

(c) Hence evaluate

“ Zn-) 1sodd, S0
Zr((—l)r + 2r)2 (_n?m—\ z -)

r=14 \

0) D (-0 F(r) == BQ)+ £(2) - £(3) + () - - (l2a=1)+ (o)
= = £(2)+ f(4) + -+ flan) - [£)+ £(3) + - E(2n1)]

= > (#2) - flzr-1)) @

lo) z b ((—[)r+2r)z =Z r((-l)u +‘~1r(-l)r+L{r7‘)®

r=\ \_(—!)Zr

n
=Z(r ¥ L{r'l(—l)r“{rs)
rzy

=| Foraur.

n
- (2 Xan+) 44D () L) () O
Z r=\

20

P 7 2 7 9 4 A 0 2 0 2 8

2

(6)

4
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( )

Question 7 continued

n - ;o )
ok f(r)=r% S (Ot =5 ((20)°-(20-1)
r=1 r=1

2
(S

0

()" - (2 -1)* = (20 + 20 -1\ 2r - (27 1))
= Yr-|
{'('—Ir 1) = 4n(n+l) -n

—

Z

@
n

f (1) +2¢) = 1 (20 ) 2n+1) + 4 [ B0 (nt1)-n o 1 (2n)zn+)
= y 2 Y

-

2

= 0(2a+1) # Un(Zn+]) +U4n?(2n+1)* O

=n(2n+l) | L+ 4+ ‘M(Zn’r'):

= n(Zn+1) (8% +Un +5) as required (1)

50 50

” 13 \
S (0 2e) =T (G0 2e) e 5 (e eae)t @
lneusedaSZn

N A Z:ran%a)+§”(m)dﬁ 0

r=1 A r=13
sphEEne syrmoaiion

-~ 50sZn hegysonsocvally T

, 13 V2
51Xs105) ~ 6(13)X317) - 13((-1) +2(13

= 650385 - 24726 - ®125

= 6416024 O

\. J
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Question 7 continued
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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.

A model for the population of the colony is given by the matrix equation
N, ., 0 0 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 that a = 0.8

(c) Determine, in terms of b,
o o0 2
0.8 b 0
0 048 096

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.

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.)
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Question 8 continued
OL) Ene mammals wil] slfgp breedm% po;&l: a_ Certaun Q%g @
b) () when =g, Nz='~{8 andt T, = YO
when n=0, N,_\ =0 ond J, =0 . Lek Bfk
/‘Nm-l‘ /0 o 2 ‘\’Nﬂ\
( j-ﬂd-l :l a b @) Jn
\B(H'l \O 043 O-QB/ Ba
/o o 2 o ) /Zk ‘ /n:\
\o oy oas/\ k/ \0.abk
nz2
[o o 2 /2 \ [2Zx0alek) “
o ¢ o Jo |- 2 | ©
\o ouz oaw Noack/ \ 04°k
componing Rirsk row: 2% 0.96k = 43 @
K=25
- twere ove 25 mammols ak bhe stortof tne study ®
(it) Comparing second row 7&(2‘5) =60
a=0.%2 O
/O o 2
¢) det|02 o o |=z0-0+¢2][08 b
o o0M3 04 / 0 o043
=033 (D
Makry oF Mnors:
/oo Jos of Jos | ) \
/ 0.43 036 o 0% 0 OM3 \ /0-%!o 0.3 0.38Y \
o 2 0 2 o o :l -0.96 o @)
048 096 0 0.9 o 0u8 K -2l ~1b O
l o 2 0 2 o © )
\ |b o0 0% O 03 b | /
§ J
25
amm 0 T 0 0 O Turn over »
P 7 2 7 9 4 A 0 2 5 2 8



PhysicsAndMathsTutor.com

r

Question 8 continued

makrx of cofockors: /O.QGb -0.768 0. 34
[ oA © 0
\ -Zb 1.b 0
Eromslpose,i /O:(%lo 0.96 -210‘
[0.78 © 6 |
\ 0.384 o 0
/o o 2 \" l /0.9 0.96 -2b
(08 b0 | = [oms 0 6 | (O
Lo o4 08 / OM| g o 0 )
d) [596\ /o o o \[%)
[ued |2 /03 o || 9] z+yrz=(0[5
\ 433 L\o 043 0.6 J\Z!
/[ x /0.9 0.95 -2b\/ 5%
[9]=_" |08 © L6 | uet | @
\2 /] 08 losgy o o )\ yz

A+y+2Z = .25 x 5496 +[.25% YLy - %5_10 X433 - 5%4-125x‘484+292
v 2

105 = FY5b +530 - [|38b - 596 + 4104 +228 (D

b=0.45I3...

b=0.Y5 (25£) O

e) sepacoke N inks NM , and Nfs

3 o
s
: .:u\
s

SIS
A
R
)

SRS
\>//\
s
\\/ //\
\_\\\":t _/"":Q

P 7 2 7 9 4 A 0 2 6 2 8

/NMY\H\ /O O O A \/NMn
/ NF N = O 0 0O B ’N‘Fn
Tner | 7 2 045 O || Jn |
By / L0 00w 0%/\ B,/
. J
26

OmC .




= DONOTWRITE INTHIS AREA oo

DONOTWRITEINTHISAREA = =

PhysicsAndMathsTutor.com

r

Question 8 continued
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Question 8 continued
(Total for Question 8 is 13 marks)
TOTAL FOR PAPER IS 75 MARKS
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