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READ THESE INSTRUCTIONS FIRST

Write your Centre number, index number and name on the work you hand in.
Write in dark blue or black pen.

You may use an HB pencil for any diagrams or graphs.

Do not use staples, paper clips, glue or correction fluid.

DO NOT WRITE ON ANY BARCODES.

Answer all the questions.

Write your answers in the spaces provided in the Question Paper.

Give non-exact numerical answers correct to 3 significant figures, or 1 decimal place in the case of angles in
degrees, unless a different level of accuracy is specified in the question.

You are expected to use an approved graphing calculator.

Unsupported answers from a graphing calculator are allowed unless a question specifically states otherwise.
Where unsupported answers from a graphing calculator are not allowed in a question, you are required to
present the mathematical steps using mathematical notations and not calculator commands.

You are reminded of the need for clear presentation in your answers.

The number of marks is given in brackets [ ] at the end of each question or part question.
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Do not use a calculator in answering this question.

The complex numbers z and w satisfy the following equations.

iz+2w=-1

2-iz+iw=6

Find z and w, giving your answers in the form a+ib where @ and b are real numbers.

-Z2 4+ d1w=-1
J4W = T-1
iw=14(e)
b\
(&—i)ﬁ 5E0=06

(@-1+d)e = b+
(%—7})% = 4441

\ S+91 .
7 - \H“ X - = 241
5-)1 Sf2d

= Qi 4dw=—\

W=-17 P
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It is given that f(x) = tan™! (v2 +x).

(a) Find f'(x) and £"(x). 2+ 2 3]
6 = e 00> " Gr e
14 |(a 12hx x") F"(o) - —‘;—%—L
" 34 )i-fi *AX

£'(0)= g

(b) Hence find the first three terms of the Maclaurin series for f(x). Give the coefficients correct to
3 significant figures. [3]

_((0) : 0-955

>
\f(f)= 0.455 § 0. 333X — 0-154 x™ .
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3  The parametric equations of a curve are x = %(e“ +2¢ ) and y = %(e” —2e7),

(a) Using calculus, find the gradient of the normal to the curve at the point where ¢ = %an. [3]
olx 3t 3t d -3
— = Y - > -J - L ™ A
at z(-% be 4= D_(se ¥ b

-3t
9‘&1— 3 &t be
- -3
M 3 -fo
=gl
dJ = —Gib—~ =3
A% 6-%

= Cvad & MWM"L’;"JB
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(b) By considering x> and y2 or otherwise, find the cartesian equation of the curve, stating any
restriction on the values of x. [3]
2

; i -6t
N %%(e,%* )_p_—;t)(egtf )e%) ‘] - /lr(‘l -% + 4 )

—’”Lr( ""+4¢4ch)

= )(1‘ - V\.LS 2

NWS G.C | X7/ﬁ
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4 (a) Show that dix(cotx) =—cosec’x. [2]

o

—

i 0 — gelx
X fank

- ——
’f'hVI”?‘
J__

= ~ X

emtx

————

(as*x

- cogcc1 X

"

(b) Show that sin2xtanx = 2sin’x. (1]
LML Demx cosx {5‘175 >
108X

= Q.QM"X p
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i3
(¢) Hence, find the exact value of f ng cosec 6x cot 3xdx. [4]
B \
otec 6K ot 3R =
‘ sm b7 fandx
{
- 2
&M 3x
g e
S r e bx ¥ 3% olx = S‘ Tomax AF
“/\8 %
q
:—r‘zg —ostC 5x Ax
g
T[q
" [ém BX‘S
8
S N N
=15 F)
L[ -3
>
R
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| 5 | :I‘he line with equation y = mx is a tangent to the curve with equation
(x+8)%+(y—14)* = 52.

(a) Show that m satisfies the equation

3m? +56m+36 = 0.
[4]

i thxt ek 4 (mx-t8) = 5%
x 4lox + mh— 28mx 4 (4 =~ (2
CEDLEE ((6—)Xm>x 408D
hi-kac =0
(o-s60)"- 4P0) oty o

16L— 8% wm + FEEm” - 85Lm - €3) =0

—48m* — 846w - 5%4{ —o

ImEx Gbm t3b=0
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9
A and B are points on the curve. The tangent at 4 and the tangent at B intersect at the origin.

(b) Find the coordinates of 4 and B.

3mz'\' 5bm 136 =0

m= -—% WMf—-(?

falowr (MZ—H) x= + ((é—).gm>x 42080

B 'Llf_xzo =0
%x-(-& 1 20¢

X=~-tL ) \j:%
Chbm (M%) "« ((6—).2m>;< 42308:D

325x" 4 520x+ 108 < ©

koL
X = '5 3—5

oo K38 e (8) e (55)
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6  The function f is defined by

f:x—»a;__i—f, x€R, x#a

where a and k are constants.

(a) Describe fully a sequence of transformations which transforms the curve y = % onto the curve
y = f(x). [4]
let y= axxk
x—Q
kxob
X-0C

= AT

|
v %
® Tl & Wkl W rvcr\'im K-opxg  vecton

|
37 X

@ Qco\\wlj W(M o y-axie ) bdov of ws?

. _kta*
Ve

@ Tvntlote  p wakd W poeive U—QXIQ dwtefin

T X
3-0\-(- vary
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(b) Find ™! (x). [2]

et y= axyk
x—0
xj—uijﬂﬂ
xy—mu \4+aj
X(y—a)= kxay
X= t‘fﬁj

y-a

_F.l(x :%{_% , x €, X+

(¢) Hence, or otherwise, find £(x).

() = £f7x)
- X

[1]

(d) Find £2°(1) in terms of a and k.

£220) - £0)

K4+A
(-&

(2]
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7 Acurve C has equation y = x 2Inx.

(a) Show that % = —34]1” and hence find the coordinates of the turning point of C, [4]
x

= X-3 h’l?q

J
ETD
™ X It X

= 123

1
mx= 3
Ve - L
x=0Q M; e "3
L
[ ’_‘_
oovdmete ((’_g/ 5&)
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(b) Find the exact area enclosed by C, the x-axis and the line x = 3.

L -
S XZ\V\X(A?{ U=lax %\;:XS
| Ju n ) -
W= % \[LFLK

> 13
- | -3
1 x]+ = x °dx
= [ LX n ‘ f\ PR

- 2
us ]
—7‘-8-(11\3 + (—i+:“j>

._2'._.|—|m
'[ 1 >

4}
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8 (a) Find (—2X—1

_j Irt2

(1

I © UCLES & MOE 2022

2 +2x+

dx.

1

3

TR

—

(x11)”

In |x"+lx-%\\ t ";t/—&\—

Il Xl +

32 s
FZT

14

dx

T C
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- ' j 2x~\
(b) Find the exact value of ’ 2|2x—1| dx. T / [3]
0 x“+2x+1 —) x
Y ‘ Vi
_ [ rexl gy +j I Linl BT
T ), XM y K4\
xr
Vo T \ \ 3
= Lc) I (x| + 2~ =y f LO'l n (% +_)GT]%
:-[axn—zu—s] t {23yt -0wm3 -2 ]
= —4(%%""3\%5
= - 4Q,,.s/\m_>+>lw3>
= 4lur-dnd
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An arithmetic series has first term a and common difference d, where
ifteenth terms of this

d#0. The first, thir
series are the first, second and third terms of 5
terms of g.

geometric series. Finc

——

o\ Mt2LA

o't 4od+ 4= 0™+ I4ad
- t0od + 4ol = 0
A (- 00+ 4d) = 0
- %0 100 = 4d
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(b) A geometric series has first term sin® and common ratio —cos8, where 0 < 6 < X,

2
(i) Show that the sum to infinity of this series is tan k6, where k is a constant to be found

K
Cwb
gw =
IV
|
_ 28m36 @3
| + Jog 36
_lomipasie
J cos? é‘ &

= ""M‘%G’ - hsr‘i

(ii) Given that 8 = %, find the exact sum of the first seven terms of this series.

[2]
em® B e l--1
JT [ Ly
- (4)
i A
- —5 (H’ 3
3
2
3
= T(H xr )
= 4313
I g <z
I © UCLES & MOE 2022 % 9758/01/0/N/22
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10 A curve Chasequation y = ax+b+ at 21b where a and b are real constants such that a > 0, b # — 1

=a
and x # 1. 2

(a) Given that C has no stationary points, use differentiation to find the relationship between a and 5.

[3]
B (a2b) (x—‘)"L

-2 Ne '('qu"Vj porrt
b’ - Lkac <0

4(;)((-’“__”><0
- 14 e

o+1b<0
a<¢-1b

It is now given that » = —2a. \/l X — 30\,

X \
(b) Sketch C on the axes on page 19 stating the equations of any asymptotes and the coordinates of the
points where C crosses the axes. [4]
wWhanm x=0 v:—lo\—r%
- A
Y DX —d= == \

k-3 (x- =3
¢—3x—|=0
34§ 9-4()k)
R a2
34z
2
GQWF’H@ X=| /V‘: AR~
> be-2a , tavvg WA WD Eh'{'\ovvlﬁ Yuw&
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(¢) On the same axes, sketch the graph of y = ax—a

(d) Hence solve the inequality x—2 — % <x-1.

o (x-2 ___5?3 < alx) <"apo

OX—2n - “‘ £ AX—-A

—

e .

_ 34
AT <o

2
|"F\<\O

>

Froun @\mF\n: X<-2 ov R7\

9758/01/0/N/22
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(2]
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11 A gas company has plans to install a pipeline from a gas field to a storage facility. One part of the route
for the pipeline has to pass under a river. This part of the pipeline is in a straight line between two
points, P and Q.

Points are defined relative to an origin (0, 0, 0) at the gas field. The x-, y- and z-axes are in the
directions east, north and vertically upwards respectively, with units in metres. P has coordinates
(1136, 92, p) and Q has coordinates (200, 20, —15).

(a) The length of the pipeline PQ is 939m. Given that the level of P is below that of O, find the

value of p. (3]
- s =
PQ=0a- 0
_ (- a3b
-4

5-p
434 = Jea)+ (nd 4 Fo-p)

=V
n

rz'r%OP— o=0
p=b ov-3b rWﬁF\&MNO\, p=-36

A thin layer of rock lies below the ground. This layer is modelled as a plane. Three points in this plane
are (400, 600, —20), (500, 200, —70) and (600, —340, —50).

(b) Find the cartesian equation of this plane. [4]
> 0 — 500 —_ 600
et O = fgo> "B= (2'00> s ETAS
Y ~H) - 5D
-
= /D -2 AL 5
b -4005?50 9> BC = _lsqo>=>o(—u>
- 50 I 2o !
=2 2 -2 5
AR X BC = ( g)x(—ﬂ)
| I

st-ko/  \I4 :
400\ 5 g\_
ew)(,)d%o ~ T [i)"e‘w
%) 2

5xty+ oz = 2540
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() Hence find the coordinates of the point where the pipeline meets the rock.

4lo
(54 (3
.tl -t

ﬂm P& (MD) (_3;;;}) whe A€iR

15)

200+ 3124 5
2D + 34 A .(( = 1560
-%-32 2

450 +19 707 = 256D
A=

|
r-f o wkercecton: (543{ )
22

" toov e @'7’,44;’12)

(d) Find the angle that the pipeline between the points P and © makes with the horizontal.

let ¥ be &

]
| oucLEs & MoE 202 % 9758/01/0/N/22
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[4]

[2]
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population of a particular species. They attempt to model the population
rential equation. Initially the population is observed to be 50 and after

22

12 Scientists are interested in the
P at time ¢ days using a diffe
10 days the population is 100.

The first model the scientists use assumes that the rate of change of the population is proportional to the
population,

(a) Write down a differential equation for this model and solve it for P in terms of . [5]

=) F; bD (?/H/

whan 1 =(0 | p= (00

(1o
3o

md =10k
lLr: -"\B\V)L

C—['—o\u2>1'/
= ’-P =5D0e

t
- 50 (;m)
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To allow for constraints on population growth, the model is refined to

dP
S = AP(500—P)
where A is a constant.
(b) Solve this differential equation to find P in terms of #. [6]
) dt =2 dt
P(soo—?)
J | P = f'h dt
— P>+600P
|
P = AL £C
K = (P~ 150)"+250"
(
— | ——] = c
500 " | 50p —p ‘ At
5002t " P( . S0 C
wwve FHA=T¢
sooﬂ? = he
MAQV\ {-=0 P;50

S N
9

whan P=100 , £=
[m%: 5000 A

|
A= Gooo |"‘4(
p | EwnE)
500— F ) ﬁ Q +
_ L[q\®
3 (4)
&
(4] = 00—
_%,
P TO0O
= H_q ﬁ_’%)
*,

Question 12 continues on the next page.
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(¢) Using the refined model, state the population of this species in the long term. Comment on how
this value suggests the refined model is an improvement on the first model. [2]

TOO

p= [+ q(%)‘f'/(o

Yo
- »® 4 — 0
v ! (4>

. P 5

- -

FW tla ﬁvg-& W\O.U ) Pofm(orhon lml\ TM .Mff""fdﬂ 1] loug
wn onok o vefreol wdod et & Dot ot 500 whdn €

f a
wove.  veoligbe ol —QAM, X & am \W\TMW‘J"'
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