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1: (a) Express —2+/2 —(2\/6 )i in the form re” where —7 < 6 <z REEE
(b) Hence solve 4::%:?
‘O
25 = —2\/5 - (2\/8 )1 ;
) SR
Give your answers in the form \/; ¢’ where peZ and <0<~ g
3) =
() r= 2] = Cv2)* + (246)%) = (8 + 24) = y32 = 442 -
z
2 is in the third quadrant: © = -1 + arctan( %) = -7 + % = —2—; ﬁ
=22 = (2:6)i = G2 72713 S
) 25 =642 o/(-21/3 + 2km)
2=(4 1ﬂ)I/S e/(=27/3 + 2km)/s (25/2)1/5 /(=21 + ekr)/IS V2 /(=21 + 6km)/IS
0 82T Ll edT L, golom _2m
k=0 6=—¢ k=1 06=-% k=2 8=—-= ==
- _) g=_31 - 2. g =T
k=-. 0= < k=-2:0-= <
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Question 1 continued
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dy dy . 2
Y _ 49 52
o a Y

Given that y=2 and % =—1 at x =3, determine a Taylor series for y in ascending

powers of (x —3), up to and including the term in (x — 3)’

®)

T - % sy e g3
Differentiating: 44 = 454 + 1049 + 2xe’¥? - 97
Atx=3 y=2, L =) S _qp=e =

DY =) + ST+ 1 =17

4 = 4017) +10)(-) + 2(3)()) = 63 = 20 + 6 = 4
y=y¢3 + ¢ - 3) + L2 (- 32 + L322 (x - 3)% + .
y=2-G-3 +L-32+3(x-37%+..
y=2-G-3) +Z(-3)2+0-3)°+..
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Question 2 continued
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3: A complex number z is represented by the point P on an Argand diagram where |z| =1

(a) Sketch the locus of P as z varies.

The transformation 7 from the z—plane, where z = x + iy, to the w—plane, where
w=u+1v, is given by

9z —i

z# -1

w
z+1

Given that the image under 7 of the locus of P in the z—plane, where z # —1, is the line /
in the w—plane,

(b) determine, in simplest form, a Cartesian equation for /

(1)

Q)]
(a) Im
o ’\ Jol = 1
\
o 5 I Re
| S
=/
W) wi+1)=9%-i = wz-9%z=-w-/ = 2w-9%)=-w-i
-w - W+
= w — 9 = 9 — w
l2l =1 = | 2Ll =1 = |w+il = |w- i
w=u+ivv +Q+1)>=0v+(-9)?
VV+2u+l=v:— |8+ 38l
20v=80 = v=4
l: v=2¢4
. J
6
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Question 3 continued
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Question 3 continued
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4: Given that y=Jxe™ is a particular integral of the differential equation

&y

4dx2

¥ —3y = 78>
dx

(a) determine the value of the constant A4

3)
(b) Hence determine the general solution of the differential equation.
3)
Given also that y = % and % =0 at x=0
(c) determine the particular solution of the differential equation.
“4)
(a) y = ne*
%% = A + 3\xe*
%— = 30e® + 3Ne* + e = 6Ne* + IAxe*>
q(6Ne* + IMxe*) — 11\ + 3Axe®) — 3Axe* = 78e*
2G0e* + 36Axe> — |INe* — 33Axe® — 3Axe® = 78e*
13N> = 78> = =6
) am-lm-3=0 = (m+Dm-3)=0 = m=-, 3
CF: y = Ae™ + Be*
y = Ae™ + Be™ + 6xe*
(c) %% = -% Ae™% + 3Be™ + 6> + 13xe™
xzo,gzg: %=A+B
x=0, X 0. 0=-—LA+3B+6 - A-I2B=24
Subtracting: IBB=% -24=—37q = B=—% , A=% +% =6
y = 6™ - %e” + 6xe*
L
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Question 4 continued
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Question 4 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.

2
(a) Express ———————— in partial fractions.
r(r +D)(r +2)
2
(b) Use the answer to part (a) and the method of differences to show that
Z 2 B n(n+ a)
- r(r+0)(r+2) 2n+b)(n+c)
where a, b and ¢ are integers to be determined.
C))
(c) Hence form and solve a quadratic inequality to determine the smallest value of n
for which
e
_— > _
- r(r+D)(r+2) 15
3)
(a) 2 =r, 8 L, ¢

r(r + Dl + 2) r r+1 r+2
2=A0C+D0+2) +Br(r+2) +cr(r +1)

r=0 2=2A=>4A=1| r=-It 2=-B=B=-2 r=-2: 2=2C=>C=

2 _ 2
rfGr+ Dl +2) ~ r r+1 r+2
| 2 !
(b) r =1\ 7'7 +?
| 2 |
r=2  7-3%*%
! 2 |
r=3 3 -3*%
r=n-—1 L2,
n—=1 n n+
_ 12 )
r= n n+ 1 n+2

n

rlr + D0+ 2) 2 n+ 1 n+ 1 n+2 2 n+ 1 n+2

r=1
AR BRI AR ccniocone cmmo
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Question 5 continued
_ W+ +2)-2n+2)+2n+1) _n+3n+2-2n—-4G+2n+2
- 2+ D + 2) - 2 + D + 2)
_ n® + 3n _ nln + 3)
T2+ D +2) T 2+ D+ 2)
a=3 b=1 c¢c=2
() z(nnfnn?:i 2) ° %
1SnCn + 3) > 19(n + 1)(n + 2) (denominators positive)
1Sn? + GSn > 140 + G2n + 23
mW+3m-28>0 = W+7)w-4)>0 = n>4 (>0
Smallest value: n =S
J
15
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Question 5 continued
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Question 5 continued
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(Total for Question 5 is 10 marks)
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1
: (a) Show that the substitution z = 7 transforms the differential equation

dy 3 T
23+(cotx)y+(tanxsecx)y =0 0<x< 5 1))
into the differential equation
© _ (cotr)z = t 0 z il
™ (cotx)z = tanxsecx <x< > (I1)
3)
(b) Hence determine the general solution of differential equation (I), giving your answer
in the form y* = f(x)
(S)
. , 4 T
Given that "= —— when x= —
3 6
. T
(c) determine the exact values of y when x = 3
3)
= 42 92 _ _y 39 Gy _ _ 322
(a) =Y k- 2y dx = de - dx
Substituting into (1): —g3% + (cot x)y + (tan x sec x)y*> = 0
Dividing by —y>: % - %tx — tan x sec x = 0
dz _
= - (cot x)z = tan x sec x an)
— oot xdx — p-sinx — _!
(b) |F. = e coxx_ensmx'smx
d 2 _ sin x ! _ 2
E(s‘inx ) ~ sinx X coS X X coS X = secx
2 = [sec?x dx = tan x + ¢
Sin X
2 = sin x(tan x + ¢)
9 _ !
Y = nxCGan x +c)
_ T G3  _ / _ !
() x=—: 3~ n(n/6)Ctan(rls) + ) Hh(3I3 +c)
J
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Question 6 continued
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B, -2%3 _ B B _B B
3 t¢T%Rr T3 T =5 3 "~ 6
_ I P = ! _ / _ I _4
X=73" T 312)0GB +4316)  ~ (312)(306) T 74 T 7
_ s 2 _ 2
Yy=*5 =
y,
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Question 6 continued
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Question 6 continued
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(Total for Question 6 is 11 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.

C, P
R ¢
0 Initial line
Figure 1
Figure 1 shows a sketch of the circles C, and C,

The circle C, has polar equation

r=+/3sin6 0<O<r
The circle C, has polar equation

r=3cosl —zéﬁéz

2 2

Circles C| and C, intersect at the origin O and at the point P.

(a) Determine the polar coordinates of P.

(2)
The finite region R is bounded by C, and C, and is shown shaded in Figure 1.
(b) Use algebraic integration to determine the exact area of R, giving your answer in the
form am + b3 where a and b are simplified rational numbers.
(6)
(a) V3sin®=3c0s® = tanb=+3 = e=% , r=3cos% =§
3 .5)
() (3 sin 8)? do = f(% - = cos 20)0/9 == (e ~ 5 sin ze)
J(3cos 8)% do = f(% + %cos 26)&!9 = %(6 + ésin 26)
] /3 ] T7T/2
Area R = 7[ 3sin’0 do + 7] 9c0s’0 do
0 /3
- %[e — i ze] ", %[e + L sin ze] "
0 /3
22
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Question 7 continued
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T4\ 3 4 4\ 6 4
\ / \ /
T 343 +37'( _91/3
2 16 2 16
S 3
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Question 7 continued
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Question 7 continued
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(Total for Question 7 is 8 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.

VA
)
C
o X
Figure 2

Figure 2 shows a sketch of the curve C with equation y = Hﬁ and the line / with
X

equation y =x — 2

(a) Use algebra to determine the exact values of x for which

x—2> 15x
|x|+4
(6)
(b) Hence use algebra to determine the exact values of x for which
|x—2| 15x
|x|+4
4)
(a) x> 0: %=x—2 > ISx=x*+2x-8 = x*-13x-8=0
= 13 11/(ng+32) _ 13 tzqﬁOI o oy = 13 +2ﬂ01 (X 5 0)
x<0 =2 =x-2 = ISk=-X+6x-3 = X +u+F=0
+8)Kx+1)=0 = x=-8 x=-I
13 + 20!

From Figure 2, | lies above C for x between —8 and —I, and to the right of x =

26
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Question 8 continued

-8 <x<-l or

13 + 4201
> 2

(b) Also need the intersections of y = —(x — 2) with C:

42 5 USk=-2+8 - X H+IX-8=0
_ -I7:tq/(2239+32) _ -17_":21/32/ o oy = -l7+21/321 (= 0.453... x> 0)
(For x < 0: _X’? 7 =2-x = x> 2Ilx+ 8 =0, both roots positive, so rejected)
k=2l > |5
Xx<-=% or —I<x<w or x>%

A

.
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Question 8 continued
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Question 8 continued
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(Total for Question 8 is 10 marks)
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9: In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.
(a) Use de Moivre’s theorem to show that
sin 50 = asin’@ + bsin’0 + csin 6
where a, b and ¢ are integers to be determined.
(3)
(b) Hence determine the possible exact values of sin’ (k?nj where k € Z
“4)

(a) cos SO + i sin S8 = (cos © + i sin B)° Let ¢ = cos ©, s =sinb

= ¢ + Scis) + 1063(is)? + 10¢2(is)? + Sc(is)? + (is)®

= ¢* + Sic%s — 103s? — 10ic’s® + Scs® + is®
Imaginary parts:  sin S8 = Sc’s — 10c*s® + s°

= Ss() — s2)? = 10s3() — §%) + 5

= Ss — 10s® + §s° — 10s® + 10s° + s°
sin S8 = 16sin°0 — 20sin®0 + Ssin O
a=16 b=-20, c=3S§
) 6=an = sin SO = sin kit =0

16sin°0 — 20sin®0 + Ssin ©® = 0 = sin 06(16sin“® — 20sin°6 + S) = 0

inB =0 or sin’0 = 20 + 1/(43020 - 320) _ 20 ";’21/80 - 20 2241/5 - S i;?VS
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Question 9 continued

(Total for Question 9 is 9 marks)

TOTAL FOR PAPER IS 75 MARKS

32

RN 00RO T oo
P 7 6 3 9 2 A 0 3 2 3 2

LI

K5

Q‘

%5

<
%

Q3K
28

000
33858
Qﬁﬂ’
55
XX

OO
8888885
QIRLKE
EREES
Dasssasetetototole!

RS
Podedetede?
s

1%
1%

0% %%
55

R

CXRGI
<L ;¢0
%

PO

R %

XK
Boses: - J008
SIREXS
s
KK

>
e
el
ST,
Koo
Sesesetatel
o

=~ o%
S
=
Doararites

vile%

9% %%

IR

R IKRK KX
SRS
KRR
XXX KRK

<
55
09588

QQ‘
%

0%

XXX
(5

:00
RS
o208
58


https://stemup.co.uk

