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Figure 1 shows a sketch of the curve with polar equation é\
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000 - 200
The region R, shown shaded in Figure 1, is bounded by the initial line, the curve and the I
line with equation 8 =7 s
Use algebraic integration to determine the exact area of R giving your answer in the :
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2. (a) Write down the Maclaurin series of e, in ascending power of x, up to and including \

the term in x° RS

) o

. :Q‘,\.

(b) Hence, without differentiating, determine the Maclaurin series of g
=y

e(ex - 1) . E\

2\
-

in ascending powers of x, up to and including the term in x°, giving each coefficient SIS

in simplest form. 3

2L 2 3 ) s

{ I o o

2l 3 a8

e“ ! x L 2 o 3 ;

b) ¢ = +(e*-1)+t (1) +(e”-1)7 @
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-2 5
M =
o
where £ is a constant.
Given that
M’ + 11M = al
where a is a constant and I is the 2 x 2 identity matrix,
(a) (1) determine the value of a
(i1) show that k=-9
3)
(b) Determine the equations of the invariant lines of the transformation represented
by M.
(6)
(c) State which, if any, of the lines identified in (b) consist of fixed points, giving a
reason for your answer.
(1)
o) (1)
2 r— \ i
M+ M=/-2 5)-2 s)+llf-2 5]
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Question 3 continued
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Question 3 continued
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4. (a) Sketch the polar curve C, with equation S
r=3++/5cos6 0<O6<2r 8
On your sketch clearly label the pole, the initial line and the value of » at the point : 3 '
where the curve intersects the initial line. =
(2) i
T e 58
The tangent to C at the point 4, where 0 < 6 < bX is parallel to the initial line. S
(b) Use calculus to show that at 4 : i '
N
b
0= 1 ' # X
cosfd = —F=
NG B
) 2
(c) Hence determine the value of » at A.
@
OL) D
A when §=0, r= 3+J5 cosO
/ ) z 3+ /5
\ ’3+‘r§\ inikiol ling
(° B
\\\_/ /
_b) pacallek ko inikiel line 2 44 =0
db
%=r9n9
= (2 +J5c050)sinB  sin26 = 2sinBcos® |
= 3sin@+y5sin20 < |
Z S
du = 2cosB + U5 cos20 @ o
3/
3cosD +{5 (2cos28-1) = 0O e
745 08D + 3cosD -\Js = O a3
z
cosD = -3 +/3% -4(26)X-5) @ z
V= =
o .
SHES
cOS 9 = —g x :’. ;~1;. /‘,5‘.\
Y5 o
L - i\ﬂ!/""/t\
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Question 4 continued
given that 0<H ¢ % . 10 this region, cosd is positive,
s kake posikive rook : cosB= 23+7 = L (D)
s V5
) when cosO= | , = 3 -\-\'@/_‘\»:Ll 0
is \V5 )
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Question 4 continued
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. The points representing the complex numbers z =35 —251 and z, =-29 + 391 are
opposite vertices of a regular hexagon, H, in the complex plane.

The centre of H represents the complex number o

(a) Show that a =3+ 71

1+1
Given that f = _641

(b) show that

Pz, —a)=1

The vertices of H are given by the roots of the equation

(Blz—a)° =1

(c) (i) Write down the roots of the equation w°® =1 in the form re”

i1) Hence, or otherwise, determine the position of the other four vertices of H,
p
giving your answers as complex numbers in Cartesian form.

o) & and 2, ore opposite vertices so Eneic midpaink is
the centre of tre hexagon.
@ ®

2

(2

(1)

C))

x= Z1t€z _ 35-75.-28+¢3% =2 +% os required

2 2

o Az -«) =(u)(35-2'55a(%+:n))

64

- élq(m,)(%z-gza):,n_('sz—gznzfzi—szcl) 0,

64

®
= 1 (832-32i+220432) = ) (M) = | qs required

LY 64
L 2kTme

)l W=| =€

ke

(A):e s ,k:O,I,Z_,g,q,S @
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Question 5 continued

2k

q\

) (plz-)) " =1-¢

flz-«)=¢%  k=0,1,2,3,4,5
ki
Z-Ad= @ 3 _
I
K
z=€ 3% +x ()
A
d oz b4 = 6q(l—(-)__::_(7l’l(l“(-) :32(_|‘i')
A |+ (1+iX1-i) 2

co2= 32(1-1X cos l<gTr +£sm(<;f)+(’3+?£) 0)

when k=0, 2 = 35-25(

when K={, & = (JQ+16J§)+("‘1+I6J§)L

wenk=2, 2 = (-13+16J3) + (23 +1643)( (0

when k=3, 2 = -79 + 39

when k=4, 2 = (-183-16U3) + (23 - 16J3 )i
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Question 5 continued
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6. Given that

. 2x : ogaaele

y=¢e " sinhx 8

prove by induction that for n € N §
=

dn_y:ez"[y+lsinhx+3n_1c0sth g

,, > 5 m

S

(6) g

base case n=| =
Y = 227 sinhx + 2 coslhx i

dx

e ( J¢iahx + coshx ) ()

- e'z"xf 3=+ | Syshe « 3 -1 coshx
\ 2 2 )
s Ene esulk s Erve fornz=\. @

9]

assume Erve for n=K:

Ay - o™/ 3%+ | sinhx + 3°-(_coshx |
dx* \ 2 2

dkﬂ‘ﬂ = 7@29[/3'(*‘ sinh X + 3‘:4 coshx
A'Ik-H k 7 2

)
/

+@™ (3% + | cosx + 3" -{ signx | O
\ 2 2 )

= @ Z ¢ ) N ?uk’l \\s'ml/\oc +/Zl'5k‘|) + 3k"’])c03hx}

-

o

W\ 2 2 ] L 2 2 =

. z

= sz/ gﬁkfl_sinlnoc ¥ 3X3K'l COS“/\’X\ @ %x

.z 2 / :

, I+ . Kkt \ :’/\

e 37+ sipha + 37 -1 coshx | ()

L\ 2 2 / L

L ) &5
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Question 6 continued

~ Hence Bne cesulk is also Lroe for n=k+l, 50 if Lrve for n=k
then Erue for N=k+1. Since &vefor n=1 ,trve for alk l.DDSiH\:{
inlregers n. (M

s (Total for Question 6 is 6 marks)
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In this question you must show all stages of your working.

Solutions relying entirely on calculator technology are not acceptable.

YA

1.257 \

—1.545

=V

Figure 2

John picked 100 berries from a plant.
The largest berry picked was approximately 2.8 cm long.

The shape of this berry is modelled by rotating the curve with equation

16x2+3y2—ycos(§yj =6 x>0

shown in Figure 2, about the y-axis through 2z radians, where the units are cm.
Given that the y intercepts of the curve are —1.545 and 1.257 to four significant figures,

(a) use algebraic integration to determine, according to the model, the volume of
this berry.
(6)

Given that the 100 berries John picked were then squeezed for juice,

(b) use your answer to part (a) to decide whether, in reality, there is likely to be enough
juice to fill a 200cm’ cup, giving a reason for your answer.

2
.25%

o) VﬁTYS"I"dﬂ ®

1545
Bod 2?0 b +3y® -ycos(2.5y) =6

= 1 (E— 3[57'-“{)('_03(259»
lb

20

p 7 2 7 9 5 A 0 2 0 3 2

OmC .

YIHV SIHLNIZLIHM LON Od V3HVY SIHL NI ILIHM 1ON Od

V34V SIHLNI 3LIYM LON Od















DO NOTWRITE INTHIS AREA DO NOT WRITE IN THIS AREA

DO NOT WRITE IN THIS AREA

PhysicsAndMathsTutor.com

4 )
Question 7 continued
ﬁno\ T | (6-342 +yeos(2-54)) dy
b R vy
- 0.4usin(2.54) - {0.Usin(2.5¢)
ng 'z 05 (2.59)
w'=] v=0.Y5sin(2.59)
= O.W%q'\n(Z-S%) + O.ILcos(QSg;) ()
N,
! (6-3y" +ycos (259 ) dy
b < v
()
= 17 - g{— S + 6] ®
16 {
addir\% [imiks ;
l.%s? ) .25
W\CLZAU\ :_T_r(é()\ ~u3+0.Y S ( )+O.|LCOS(2-5%) 0
L B J-).sus

-1.945

- T (5.3954... - (- 6101...))

16

= 2.20em° (3sF) 0

b) Max volome of 100 berries = [00x 2.2bcw’ = 226em3 (D

o R A0 A 0 Tum over »
p 7 2 7 9 5 A0 2 1 3 2
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Question 7 continued
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8. Given that a cubic equation has three distinct roots that all lie on the same straight line
in the complex plane,

(a) describe the possible lines the roots can lie on.

2

f(z)=8z2"+bz"+cz+d

where b, ¢ and d are real constants.

The roots of f(z) are distinct and lie on a straight line in the complex plane.

Given that one of the roots is % + %i

(b) state the other two roots of f(z)
(1)

g(2)=2+ P+ Qz+12

where P and Q are real constants, has 3 distinct roots.

The roots of g(z) lie on a different straight line in the complex plane than the roots
of f(z)

Given that
f(z) and g(z) have one root in common
» one of the roots of g(z) is —4

(c) () write down the value of the common root,

(1)

(i) determine the value of the other root of g(z)

3

(d) Hence solve the equation f(z) = g(z)

4)

0) if ol 3 roaks ace reak, Haen all rookslie on e read axis. ()
IF Z cooks ace complex then Haey have the same read
port (ie.axbi ) so for oA rotks ko lie on o straight
line it musk be & vertical ne (ie. Re(z)=a ) (D

b) complex conjagake =3 -3¢ ()
2 2

Haird rogt must be read and have same reol part = .32_ ©
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Question 8 continued

0) Hie codks of 9(z) do nok lieon Re(z)=3

2
HAe commen rogt 6 z)and a(Z) = 2 +3¢
CV e 3 3! P A TOOT Of @ .2 Z
2 2

en L s will wak | okl (e,
So the chared reok s Zz= 3 0)
®

Z—Z.Z"‘g Z2+u) 2+o) 2 22+ Pos +|2

A

consider canskant beemt -3 x 4 x

| e coerficient of 23 in
flz)is ¥, 50 mysk

Q@ mdhplﬁi)%j\f\erc%

/\(z +y)z-2) @

-3
2

/ Z<=3/7 is

. 2\
- - =2
' ( Z)'A uL—lmn
N\ AV s

Q(22-3z+43 ) =(z+u)z-2)

2
9zt -24Yz + 3L = 22-77z +4z-%

F2% -26z +44 =0 ()
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Question 8 continued

z = 26 £J26% ~4(F)yy)

2(3)
= (3 £J129 ¢
:)1.
solybons are 2= 3, 13 £1129 ¢ (D
2 7

.
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. A patient is treated by administering an antibiotic intravenously at a constant rate for
some time.

Initially there is none of the antibiotic in the patient.

At time ¢ minutes after treatment began

» the concentration of the antibiotic in the blood of the patient is x mg/ml
» the concentration of the antibiotic in the tissue of the patient is y mg/ml

The concentration of antibiotic in the patient is modelled by the equations

d
d—j —0.025y - 0.045v+2 (1)

dy
< =0.032x - 0.025y @

(a) Show that

2
40000 92 + 2800 ¥ + 13y = 2560
dr’ ds 3)

(b) Determine, according to the model, a general solution for the concentration of the
antibiotic in the patient’s tissue at time # minutes after treatment began.

C))

(c) Hence determine a particular solution for the concentration of the antibiotic in the
tissue at time ¢ minutes after treatment began.

C))

To be effective for the patient the concentration of antibiotic in the tissue must
eventually reach a level between 185 mg/ml and 200 mg/ml.

(d) Determine whether the rate of administration of the antibiotic is effective for the
patient, giving a reason for your answer.

)
0) Method: find o« and x inberms of oy and y
secand €gquokion: 13 = 0.0232x -0.025y
=2 0.032x = &3+0025‘j
2= 31.25§ +0.FRI25q

x =31.254+ 0.781259 O
sub inko )
31254+ 0.931259 = 0.025¢ - 0.045(31.25§ +0.78125¢)+2
0
3254 +2.18259 + 13 y =2
1730
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Question 9 continued

x12%30: 4O, 000y +7300¢ + l@cj = 2560 os required (1)

b) auyillary e ot 40,000m™* m |3 =

(200m +1)(200m +13) = O

Mm=z-1l o m=-1%8
200 200
e U

CQmplszﬂng foncHon: 4= Ae 200 4 Be 200 )

Yy =0
§=0
00 (6) + 0) + =
1 = 2560 ()
12
- & 13¢
l = 200 + 200 +ZSBD

O=PNe’+Be’+ 7560 > A+R=_7560 ()

13 13
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Question 9 continued
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Question 9 continued
(Total for Question 9 is 14 marks)
TOTAL FOR PAPER IS 75 MARKS
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