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5x+10
(1-x)2+ 3x)

1. f(x) =

(a) Write f(x) in partial fraction form.
3)

(b) (i) Hence find, in ascending powers of x up to and including the terms in x°, the
binomial series expansion of f(x). Give each coefficient as a simplified fraction.

©)

(i1) Find the range of values of x for which this expansion is valid.
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Question 1 continued
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Question 1 continued
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2. A set of points P(x, y) is defined by the parametric equations

t—1 6 1
X=— y=— t#
2t + 1 2t + 1 2

(a) Show that all points P(x, y) lie on a straight line.
“)

(b) Hence or otherwise, find the x coordinate of the point of intersection of this line and
the line with equation y =x + 12

2

.
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Question 2 continued
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(Total for Question 2 is 6 marks)
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3.

=V

0 J5 5

Figure 1

In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

Figure 1 shows a sketch of the curve with equation

3x
=,/— x>0
Y 3x* +5

The finite region R, shown shaded in Figure 1, is bounded by the curve, the x-axis and
the lines with equations x = J5 and x=5

The region R is rotated through 360° about the x-axis.

Use integration to find the exact volume of the solid generated. Give your answer in the
form alnb, where a is an irrational number and b is a prime number.
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Question 3 continued
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(Total for Question 3 is 5 marks)
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4. (a) Using the substitution u = v2x + 1, show that
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where a, b and k are constants to be found.

C))
(b) Hence find, by algebraic integration, the exact value of
12
J V8x + 4 eVl dx
4
giving your answer in simplest form.
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Question 4 continued
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Figure 2
Figure 2 shows a sketch of the curve with equation
2 _ 2
y =2x"+15x + 10y
d
(a) Find i terms of x and y.
dx
“4)
The curve is not defined for values of x in the interval (p, ¢), as shown in Figure 2.
(b) Using your answer to part (a) or otherwise, find the value of p and the value of g.
(Solutions relying entirely on calculator technology are not acceptable.)
3)
L
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Question 5 continued

s
éﬁ?@%

i
by 8 %
QR3S
S

S

0%
XX
QX

o
XX
5

dﬁag%
232

o9
XX
55
%

5

00
XX
<

0%

9%

9300
o

KK

%2
o
%

5%

XX
X
%

0%
5
bo%es

88
KL

Q8K
SRR

00.00
5
S

S

<X

%
X

096%%:%%
%

55
A

5o
%

iy

¢
20l
=
%

A SSS
000 e
G
RS
SRKS
SRR
LBIEEE
AP
XRINS
Setasi %
o
Boso==00e]

0.0
oleoles
H
&8

X R
0‘0‘0

|~

XXX
222
0‘
X
%!

%
0%
%

XS

OO
de%ee,
>
9099
R

X
Po3e
-

X
203
<]
05
X
K

XX

>
5%
[0}»
o
%
%!

X
05
°d
(9,00,
RS

X
XXX
0%l
G
9.9
KR

00000,
odetetele
SIS0
T
9%
R

<
o6

X

X
o
~
N

0000,
KK
i

N
ool
LR

QTR
S RKS

0
L
)
KR

¢
X
5

X
3
= A 4
B
%e%e%

¢
2
o
b9%

000508
0
%ﬁ
R

0%
%
év%
020!
2555
00

o

5

XX
<
K

2
2
R

‘,‘_

5
KRR
$9%%
bote%e%s

X
%
2%
25
o20%e%e!
K

S
2L

XX
X

5%
2
o
2050
RRLS

0
pases
o

%

%5
o%
o%
RS

0

85

K3

SRR

2e%%
%

(Total for Question 5 is 7 marks)

255
RS
o
qs’

J

17
[ | Turn over »
P 7 2 8 71 A 0 1 7 3 2

¢
i
beo
3K
%




Mathematics - 2023 - May/Jun - P4 - QP
I

( )
6. Relative to a fixed origin O.
* the point 4 has position vector 2i — 3j + 5k
» the point B has position vector 8i + 3j — 7k
The line / passes through 4 and B.
q
(a) (i) Find 4B
(i1) Find a vector equation for the line /
3)
The point C has position vector 3i + 5j + 2k
The point P lies on /
. H . .
Given that CP is perpendicular to /
(b) find the position vector of the point P
)
. J
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Question 6 continued
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(
7. The volume V'cm’ of a spherical balloon with radius »cm is given by the formula
V=—nur
3 T
. .dr .
(a) Find — giving your answer in simplest form.
dr 1
(1)
At time ¢ seconds, the volume of the balloon is increasing according to the
differential equation
ar __ 900 : >0
dt (2t+3)
Given that V=0 when =0
(b) (1) solve this differential equation to show that
t
- 300
2t +3
(i) Hence find the upper limit to the volume of the balloon.
3)
(¢) Find the radius of the balloon at ¢ = 3, giving your answer in cm to 5
3 significant figures. S
©) =
£
(d) Find the rate of increase of the radius of the balloon at ¢ = 3, giving your answer to S
2 significant figures. Show your working and state the units of your answer. it
3) S
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Question 7 continued
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x m
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Figure 3
In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.
A curve C has parametric equations 8
=
= sin’t = 2tant 0< <= 3
X = sIn y an S I< > <
- 2
The point P with parameter ¢ = N lies on C. o
2
The line / is the normal to C at P, as shown in Figure 3. E'
A
(a) Show, using calculus, that an equation for / is ;
m
>
8y +2x=17
C))
The region S, shown shaded in Figure 3, is bounded by C, / and the x-axis.
(b) Find, using calculus, the exact area of S.
(6)
)
Q
2
o
=
=
2
=]
m
Z
=]
*x
n
P
)
m
o
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Question 8 continued
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r

9. A student was asked to prove, for p € N, that

“if p* is a multiple of 3, then p must be a multiple of 3”

The start of the student’s proof by contradiction is shown in the box below.

Assumption:

There exists a number p, p € N, such that p’ is a multiple of 3, and p is NOT a
multiple of 3

Let p=3k+1,keN.

Consider p’ = Bk + 1)’ =27k + 27k* + 9k + 1
=3(9k” + 9k + 3k) +1  which is not a multiple of 3

(a) Show the calculations and statements that are required to complete the proof.

(©)

(b) Hence prove, by contradiction, that 33 is an irrational number.

C))

J
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Question 9 continued
(Total for Question 9 is 8 marks)
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