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1. The curve C has equation
Xy2 = x2y + 6 X£0 y#0
Find an equation for the tangent to C at the point P(2, 3), giving your answer in the form
ax + by + ¢ = 0 where a, b and c are integers.
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Question 1 continued
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2.

(@) Find, in ascending powers of x, the first three non-zero terms of the binomial series
expansion of

1
I+ 4% x| < 7

giving each coefficient as a simplified fraction.

(4)

. . 1 . . o
(b) Use the expansion from part (a) with x = 3 to find a rational approximation to 1
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Question 2 continued

%
o
%@?

25
SIS
otetee!
IR
%

%

ot
RREK
o%
<5

XA
XA
St
DZ‘ AV
O30

¢
%
>
(et
RRRLKRLRS

<K
<X
5

Sve%
0%
RKS

G5
V?ﬁﬁf
%

S
&

0% %

s
0

%’
\]
é
%

- %

%
1939
A

f

535

%%
a0
S
X

SMEN
S S
oS0 930993
9930 9:4%
S

S

%
o

&
ook

<X
o

|1

KEY

X XK
RRLRKE:

X

oleteds
T

255

o
5%

00
S
teteteteltete
KLk
SERLRESS
R

K
093
SRR

535
X
S5

<
S
bose%s

X8
29
%%}

0
%
KR
55

55

SR
SRSES,
0000
KRS
QLK
SRR

%
R
5
35K
5%

%
9%
a0
LKL

<535
9%
S

O
oot setotede!
PSKEIS
) SR
SRR,

CRRKEEBEE,

et

A

A
!
IRKK

Rdd-

%
K

bt ?3
S
S
Boss o

IR LRRKLR,
SSELRRKESS

%
CRIIIEARIKIHRK

9
2%
D

0%
A

%
X

2R
UK

0% %%

0%
000
XK
5

(X
55
So%ss
%

Sosetones
]
CRKLKLEK A

2%
XS
g%
‘wqas

0>
RS
ot
SR
s
RRRIELRLLRRIERS

(X
5K
XY
0SS
%
<
K

000
53R
BB
SRS
5K
KRR
85

%
<

67
KKK
XX

5

5555
55

25
K
poseds

A
AR
o
e
é

Q2

pote

e
SRXLS N
SXRXILS IS SAN
e aies

%
doSete!
delelele!

s

o2}
o todeteds

KL
KKK

LKL
RS,
ZRLRRLRKLLS

bove!

(Total 7 marks)

VAL VP O A L,
[ [ Turn over »
P 6 6 6 4 8 A 0 5 3 2

LRKLHEK

ORIICIRIHK

5

5>
oo
80908
5%
2%
!

%
0%
o%
X2
0%
%
b




Mathematics - 2022 - Jan - Paper 4 - QP

GradeMax

r’

3. The curve C has parametric equations

6

x=3+2sint y=ﬁ
COS

Ny
Ny

(@) Show that C has Cartesian equation

S
Y= 7 -00+x)

o
VAN

=
N
o)

where p and q are constants to be found.

(b) Hence, find a Cartesian equation for C in the form

a C

—t— <X
x+b x+d P g

y:

where a, b, ¢ and d are constants.

(6)
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4.
Figure 1

A regular icosahedron of side length xcm, shown in Figure 1, is expanding uniformly.

The icosahedron consists of 20 congruent equilateral triangular faces of side length xcm.

(@) Show that the surface area, Acm?, of the icosahedron is given by

A =5./3%2

)

Given that the volume, Vcm?, of the icosahedron is given by

V= i(3 +5)x
12
3+4/5)x
(b) show that ¥ = (B 5)r
d4 8\/3

®)

The surface area of the icosahedron is increasing at a constant rate of 0.025cm?s™!

(c) Find the rate of change of the volume of the icosahedron when x = 2, giving your

answer to 2 significant figures.
®3)
\ y,
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R
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O ) X
Figure 2
Figure 2 shows a sketch of the curve with parametric equations
X =+/9 — 4t -t 0<t<2
T v a Sie
. . 9
The curve touches the x-axis when t =0 and meets the y-axis when t = 2
The region R, shown shaded in Figure 2, is bounded by the curve, the x-axis and the y-axis.
(@) Show that the area of R is given by
9
KJ4 L4
—dt
o V81 —16¢
where K is a constant to be found.
(4)
(b) Using the substitution u= 81 — 16t?, or otherwise, find the exact area of R.
(Solutions relying on calculator technology are not acceptable.)
(6)
\ y,
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6.

Three consecutive terms in a sequence of real numbers are given by
k, 1+2k and 3+ 3k
where K is a constant.

Use proof by contradiction to show that this sequence is not a geometric sequence.
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YA
1
f(x) = 7 4 —x)e*
2cm ¢ ‘
1
(0] 4 ;
>
4cm
Figure 3 Figure 4
Figure 3 shows the design of a doorknob.
The shape of the doorknob is formed by rotating the curve shown in Figure 4 through 360°
about the x-axis, where the units are centimetres.
The equation of the curve is given by
1 X
f(0= 5 (4~ xe 0<x<4
(@ Show that the volume, Vcm?, of the doorknob is given by
4
V=K| (x?-8x+16)e>dx
0
where K is a constant to be found.
3)
(b) Hence, find the exact value of the volume of the doorknob.
Give your answer in the form pz(e® + r)cm® where p, g and r are simplified rational
numbers to be found.
()
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8. With respect to a fixed origin O the points A and B have position vectors

6 6
6(and |0
2 7

respectively.
The line I, passes through the points A and B.

(@) Write down an equation for I,

&S5

Give your answer in the form r = p + Aq, where 4 is a scalar parameter.

)

The line |, has equation

N
I IIRIILKIEL %1’

[98)
Poteese:
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SO
KO
X X

where x is a scalar parameter.

(b) Show that I, and I, do not meet.
(4)

0,0’::0,[0’00
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o

The point C is on I, where u=—1
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L

by o

!
)
CRXEN

(c) Find the acute angle between AC and I,
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Give your answer in degrees to one decimal place.
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9. (a) Find the derivative with respect to y of

1
(1+2Iny)’

(b) Hence find a general solution to the differential equation

3cosec(2x)3—y =y(1+2Iny)’ y>0 -7 <x<
X

(c) Show that the particular solution of this differential equation for whichy =1 at x =

is given by

Asecx—l
2

y=¢

where A is an irrational number to be found.

)

(4)

T
6

()

Leave |
blank

28

P 6 6 6 4 8 A 0 2 8 3 2

O

a&gga
a&&%&
CRAEKK

%

0
SIS
LTINS
SIS ET

%

K

RIIEIEIIEIEIIEIEILEID

R RIS

0
5
K5

O

e

JEI
oo

3
<5

%
SRR
< 0:‘0

ORI
A A N
§

<5

ooy



Mathematics - 2022 - Jan - Paper 4 - QP

GradeMax

RS

5

6
XK

003@%&%\
SGEISEELS,

RO
SRR
KRS

S

KRKES
%

X
%%

Question 9 continued

o
2K
boes

RRLRLLRLRARLS

ot
RREK
o%
5

%
9%
bels

RRKS
boes
CKKS

Leave
blank

0
235!
KRS
a&@p
RER
RS,

G5
<

%

5

<
55

¢
R85
C

25
<
X
<

(006
L

T

209,

X
oleteds

b
Petele!
X8
030!
%%}

RRELES, &
0f§'0
ZRRRRKLS

X
R
SRS
odesotese!
RSB

25

255
0%l

KX

1500 %
S

SRR
5K

%
%%
RKK
LKL
<

<
S
bose%s
X
029
8K

S
9%

P!
0

<
25
A
SRR
R,

%
<
2
o4
%
&L

by

%
K

bt ?3
S
S
Boss o

OO
Qosetete’s
SETRLNS
CRREI
K AINE A
RERLKRLR,

Q
RS

oY%

0G5
SRS
SRS

06
boses
0%0
53

K

QRLLEIRS

SRR

o%
%

2%
XS
S
RS

55
020!
RIS,

000G
Sressseses
fotetesotet
RS
(G5
S5
Dosede!

5
X

%8
boes
55

&
RRE

SR
%

5

2o

0’

'
QIS
oot
deseteel

K

67
KKK
hasetes

S5

5K

A
AR
o
e
é

X
%, o ‘?
e IRIE L
LR ARL XK

%
doSete!
2%
X
KEHES
K

KL

LKL
RS,
ZRLRRLRKLLS

bove!

LRKLHEK

ORIICIRIHK

So%es
KLLRS

5

5>
oo
80908
5%
2%
!

%
0%
o%
X2
0%
%
b

O0mm

P 6 6 6 4 8 A 0 2 9 3 2

29

Turn over »



Mathematics - 2022 - Jan - Paper 4 - QP

GradeMax

7

Question 9 continued

Leave
blank

P 6 6 6 4 8 A 0 3 0 3 2

O

HRRK
R
SRR
ALK

006
555
o
s
ORI

O
<
‘Qfe
555

%
i )%
%9

5
o
X
%o
S0t

KRR IHR

”
b

%

KERRLEARLKEARRLEK

S

GEIRRLEEIREEIRLEY

X
X
X >
0
SIS

ORI

0505
CRKLES

<
58
5

K
PeSolannte%s
DoSecozeio%
SO0 0t
o0 05

QK
308 0 )30
0% 5 1.10%
0%

P
000 7%
QAR
SRXALK
900

SRR
(90950509
o



Mathematics - 2022 - Jan - Paper 4 - QP

GradeMax

RS

5

6
XK

003@%&%\
SGEISEELS,

RO
SRR
KRS

S

KRKES
%

X
%%

Question 9 continued

o
2K
boes

RRLRLLRLRARLS

ot
RREK
o%
5

%
9%
bels

RRKS
boes
CKKS

Leave
blank

0
235!
KRS
a&@p
RER
RS,

G5
<

%

5

<
55

¢
R85
C

25
<
X
<

(006
L

T

209,

X
oleteds

b
Petele!
X8
030!
%%}

RRELES, &
0f§'0
ZRRRRKLS

X
R
SRS
odesotese!
RSB

25

255
0%l

KX

1500 %
S

SRR
5K

%
%%
RKK
LKL
<

<
S
bose%s
X
029
8K

S
9%

P!
0

<
25
A
SRR
R,

%
<
2
o4
%
&L

by

%
K

bt ?3
S
S
Boss o

OO
Qosetete’s
SETRLNS
CRREI
K AINE A
RERLKRLR,

Q
RS

oY%

0G5
SRS
SRS

06
boses
0%0
53

K

QRLLEIRS

SRR

o%
%

2%
XS
S
RS

55
020!
RIS,

000G
Sressseses
fotetesotet
RS
(G5
S5
Dosede!

5
X

%8
boes
55

&
RRE

SR
%

5

2o

0’

'
QIS
oot
deseteel

K

67
KKK
hasetes

S5

5K

A
AR
o
e
é

X
%, o ‘?
e IRIE L
LR ARL XK

%
doSete!
2%
X
KEHES
K

KL

LKL
RS,
ZRLRRLRKLLS

bove!

LRKLHEK

ORIICIRIHK

So%es
KLLRS

5

5>
oo
80908
5%
2%
!

%
0%
o%
X2
0%
%
b

O0mm

P 6 6 6 4 8 A0 3 1 3 2

31

Turn over »



Mathematics - 2022 - Jan - Paper 4 - QP

GradeMax

r

Question 9 continued

(Total 11 marks)

Leave |
blank

Q9

END

TOTAL FOR PAPER IS 75 MARKS

.

P 6 6 6 4 8 A 0 3 2 3 2

O

HRRK
R
SRR
ALK

006
555
<A<
s
ORI

O
<
‘Qge
555

%
45
%9

5
o
X
%o
S0t

KRR IHR

”
b

%

KERRLEARLKEARRLEK

S

s
BRI,
oo oot e tetetotetetetotetete!

<>
s%’
5L
2
K,

<

<
5
20%%%
o
%

S22
pleles %!
Bo%e>” a%e!
2% s
P o
KEIX

e
IS

SRS
< X A
SSHELLS,
SR
e

SRR
(90950509
o





