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Mathematical Formulae

1. ALGEBRA

Quadratic Equation

For the equation ax® +bx+c¢ =0,

_ —bE Vb —4ac

2a

X

Binomial Theorem

(a+b)"=d"+ <n>a”1b + (n)a"2b2 ...+ (Z)a”’b’ +.. D"

1 2

. o n n!
where 7 is a positive integer and | | = ———
r/] (m—r)lr!

Arithmetic series u =a+(n—1)d

S = %n(a-l—l) L %n{2a+(n— 1)d}

Geometric series u,= ar"!
_a(l=r")
Sn 3 ﬁ (I" 7’5 1)

_ . a
S.=1= (rI<D)

[e9)

2. TRIGONOMETRY

Identities
sin’4+cos?4 =1
sec’4 = 1 +tan’4
cosec’A = 1 +cot’A4
Formulae for AABC

a_ _ b __c
sinAd sinB sinC

a’> = b*+c*—2bccos A

I
A= 2bcsmA
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180°  270°  360°

The diagram shows the graph of y = asin>+c¢ for —360° < x < 360°, where a, b and ¢ are integers.

b
(a) Write down the period of a sin% +c. [1]
(b) Find the value of a, of b and of c. [3]
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2 Points 4 and C have coordinates (—4,6) and (2, 18) respectively. The point B lies on the line AC such

that AB = % AC.

(a) Find the coordinates of B. (2]
(b) Find the equation of the line /, which is perpendicular to AC and passes through B. (2]
(¢) Find the area enclosed by the line / and the coordinate axes. [2]

© UCLES 2021 0606/11/0/N/21
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3 (a) Find the vector which has magnitude 39 and is in the same direction as (_%) [2]

—4

(b) Giventhat a= (_21> and b= ( s

), find the constants A and & such that Sa+ /1(2) = ub. [4]
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C

-2
M = p“®r¢, find the value of each of the constants a, b and c.

(a) Given that ==
¥r(pa)

(b) Solve the equation 3x% - Sx% +5=0.

© UCLES 2021 0606/11/0/N/21
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5  The polynomial p(x) = ax® +bx* +6x+4, where g and b are integers, is divisible by x—2. When
p’(x) is divided by x+ 1 the remainder is —7.

(a) Find the value of @ and of b. [5]

(b) Using your answers to part (a), find the remainder when p”'(x) is divided by x. [2]

© UCLES 2021 0606/11/0/N/21 [Turn over
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6 A curve with equation y = f(x) is such that F =6e* +4x. The curve has a gradient of 5 at the
X
point (o, %) Find f(x). 7]

© UCLES 2021 0606/11/0/N/21
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7  The first three terms, in ascending powers of x, in the expansion of (2+ax)n can be written as
64 + bx+ cx? , where n, a, b and ¢ are constants.

(a) Find the value of n. [1]
(b) Show that 5b° = 768c. [4]
(¢) Given that b = 12, find the exact value of @ and of c. [2]
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The diagram shows a circle, centre O, radius 5 cm. The lines AOB and COD are diameters of this circle.
The line AC has length 6 cm.

(a) Show that angle AOC = 1.287 radians, correct to 3 decimal places. [2]

(b) Find the perimeter of the shaded region. [2]

© UCLES 2021 0606/11/0/N/21
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(¢) Find the area of the shaded region. [3]

© UCLES 2021 0606/11/0/N/21 [Turn over



12

9 (a) Find the coordinates of the stationary points on the curve y = (2x + 1)<x — 3)2. Give your answers
in exact form. [4]

© UCLES 2021 0606/11/0/N/21
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(b) On the axes below, sketch the graph of y = ‘<2x+ 1>(x—3>2 , stating the coordinates of the
points where the curve meets the axes. [4]

(c) Hence write down the value of the constant & such that ‘(2x+ 1)(x—3)2‘ =k has exactly
3 distinct solutions. [1]

© UCLES 2021 0606/11/0/N/21 [Turn over
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10 (a) Jessruns on 5 days each week to prepare for a race.
In week 1, every run is 2 km.
In week 2, every run is 2.5 km.
In week 3, every run is 3 km.
Jess increases the distance of the run by 0.5 km every week.

(i) Find the week in which Jess runs 16 km on each of the 5 days.

(ii) Find the total distance Jess will have run by the end of week 8.

© UCLES 2021 0606/11/0/N/21
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(b) Kyle also runs on 5 days each week to prepare for a race.
In week 1, every run is 2 km.
In week 2, every run is 2.5 km.
In week 3, every run is 3.125 km.
The distances he runs each week form a geometric progression.

(i) Find the common ratio of the geometric progression. [1]
(ii) Find the first week in which Kyle will run more than 16 km on each of the 5 days. [3]
(iii) Find the total distance Kyle will have run by the end of week 8. [3]

Question 11 is printed on the next page.
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11 (a) Solve the equation 3cosec’0—5 = 5cot@ for 0° < 6 < 180°. [4]

(b) Solve the equation sin((b + %) = —%, where ¢ is in radians and — 7t < ¢ < 7. Give your answers

in terms of 7. [4]
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reasonable effort has been made by the publisher (UCLES) to trace copyright holders, but if any items requiring clearance have unwittingly been included, the
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Mathematical Formulae

1. ALGEBRA

Quadratic Equation

For the equation ax® +bx+c¢ =0,

_ —bE Vb —4ac

2a

X

Binomial Theorem

(a+b)"=d"+ <n>a”1b + (n)a"2b2 ...+ (Z)a”’b’ +.. D"

1 2

. o n n!
where 7 is a positive integer and | | = ———
r/] (m—r)lr!

Arithmetic series u =a+(n—1)d

S = %n(a-l—l) L %n{2a+(n— 1)d}

Geometric series u,= ar"!
_a(l=r")
Sn 3 ﬁ (I" 7’5 1)

_ . a
S.=1= (rI<D)

[e9)

2. TRIGONOMETRY

Identities
sin’4+cos?4 =1
sec’4 = 1 +tan’4
cosec’A = 1 +cot’A4
Formulae for AABC

a_ _ b __c
sinAd sinB sinC

a’> = b*+c*—2bccos A

I
A= 2bcsmA
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The diagram shows the graph of the cubic function y = f(x). The intercepts of the curve with the axes
are all integers.

(a) Find the set of values of x for which f(x) < 0. [1]

(b) Find an expression for f(x). (3]

© UCLES 2021 0606/12/0/N/21 [Tlll‘ll over
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%/?y(zyy a . b_c

(a) Giventhat ——=——=x"y"z", find the exact values of the constants a, b and c.
()2

(b) Solve the equation 5(2%*")—17(27)+3 = 0.

© UCLES 2021 0606/12/0/N/21
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3 (a) Write 3+2lga—4lgh as asingle logarithm to base 10.

(b) Solve the equation 3log 4+2log,a=7.

© UCLES 2021 0606/12/0/N/21
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4  Solve the equation cot<2x+ %) —V3 =0, where —1 < x < 7 radians. Give your answers in terms
of Tr. [4]

5  Find the possible values of the constant ¢ for which the line y = ¢ is a tangent to the curve y = 5 sin% +4.

[3]

© UCLES 2021 0606/12/0/N/21
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6 DO NOT USE A CALCULATOR IN THIS QUESTION.

The polynomial p(x) = 10x> +ax? —10x+b, where a and b are integers, is divisible by 2x+ 1.
When p(x) is divided by x+ 1, the remainder is —24.

(a) Find the value of a and of 4. [4]
(b) Find an expression for p(x) as the product of three linear factors. [4]
(¢) Write down the remainder when p(x) is divided by x. [1]

© UCLES 2021 0606/12/0/N/21 [Tlll'll over
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C

o

The diagram shows triangle OAC, where OA=a, OB=>b and OC = c. The point B lies on the
line AC such that AB:BC = m:n, where m and n are constants.

(i) Write down AB in terms of a and b. [1]
(ii) Write down BC in terms of b and c. [1]
(iii) Hence show that na+me = (m+n)b. [2]

2 —4 4
(b) Given that /1(1> +(u— 1)< 7) = A+ 1)(_ 2), find the value of each of the constants A and w.
[4]

© UCLES 2021 0606/12/0/N/21
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8 (a) A 5-digit number is made using the digits 0, 1, 4, 5, 6, 7 and 9. No digit may be used more
than once in any 5-digit number. Find how many such 5-digit numbers are even and greater than
50000. [3]

(b) The number of combinations of n objects taken 4 at a time is equal to 6 times the number of
combinations of 7 objects taken 2 at a time. Calculate the value of n. [5]

© UCLES 2021 0606/12/0/N/21 [Tlll‘ll over
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M
4 6cm B
4cr% 0
D C
N
12cm

The diagram shows a circle, centre O, radius 12cm, and a rectangle ABCD. The diagonals AC and
BD intersect at O. The sides AB and AD of the rectangle have lengths 6 cm and 4cm respectively. The
points M and N lie on the circumference of the circle such that MAC and NDB are straight lines.

(a) Show that angle AOD is 1.176 radians correct to 3 decimal places. [2]

(b) Find the perimeter of the shaded region. [4]

© UCLES 2021 0606/12/0/N/21



(¢) Find the area of the shaded region.
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10
A
1 3
y= >t
x+2)" (x+2)

|

|

|

|

|

|

i B

! i

: : >

-1 0 2 X
The diagram shows the graph of the curve y = I 5+ 3 for x >—2. The points 4 and B lie
(x+2)°  (+2)

on the curve such that the x-coordinates of 4 and of B are —1 and 2 respectively.
(a) Find the exact y-coordinates of 4 and of B. [2]

(b) Find the area of the shaded region enclosed by the line AB and the curve, giving your answer in the

form g —Inr, where p, g and r are integers. [6]

© UCLES 2021 0606/12/0/N/21
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Additional working space for Question 10(b).
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11 (a)
vms~!
A
60
30
>

0 10 25 35 55 IS
The diagram shows the velocity—time graph for a particle P, travelling in a straight line with
velocity vms ™' at a time ¢ seconds. P accelerates at a constant rate for the first 10's of its motion,
and then travels at constant velocity, 30 ms”! , for another 15s. P then accelerates at a constant
rate for a further 10s and reaches a velocity of 60 ms ™. P then decelerates at a constant rate and
comes to rest when ¢ = 55.
(i) Find the acceleration when ¢ = 12. [1]
(ii) Find the acceleration when ¢ = 50. [1]

(iii) Find the total distance travelled by the particle P. [2]

© UCLES 2021 0606/12/0/N/21
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(b) A particle Q travels in a straight line such that its velocity, vms ™', at time 7s after passing through
a fixed point O is given by v = 4cos 31 —4.

(i) Find the speed of Q when ¢ = 57“ [2]
(ii) Find the smallest positive value of ¢ for which the acceleration of Q is zero. [3]
(iii) Find an expression for the displacement of O from O at time z. [2]

© UCLES 2021 0606/12/0/N/21
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax® +bx+c =0,

_ —b+Vb>—4ac

2a

X

Binomial Theorem

(a+b)"=a"+ <’17)a”‘1b + (Z)a”‘zbz ..+ (Z)a”‘rbr oD

. o n n!
where 7 is a positive integer and =T
rl (m—r)lr!

Arithmetic series u,=a+m—-1)d

S, =gn(a+1)=2n{2a+(n—1)d}

n—1

Geometric series u,=ar
_a(l=r")
S,=—1= #1)
_a
S,=1= (rl<D
2. TRIGONOMETRY
Identities
sin’4 +cos’4 =1
sec’4 = 1+tan’4
cosec’d = 1 +cot’4
Formulae for AABC

a_ _ b __c
sind sinB sinC

a’ =b*+c*—2bccos A4

N .
A= 2bcsmA
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1  On the axes below, sketch the graph of y =—%(2x+ 1)(x—3)(x+4) stating the intercepts with the

coordinate axes. [3]
A
0 "

2 Aparticle moves in a straight line such that its velocity, v ms ™', at time 7 seconds after passing through
a fixed point O, is given by v = e* —25. Find the speed of the particle when ¢ = 1. [2]

© UCLES 2021 0606/13/0/N/21 [Turn over



3 Solve the equation cot? (2 - %)

© UCLES 2021

_1
33

where x 1s in radians and 0 < x < T.
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8
4 (a) Find the first three terms, in ascending powers of x%, in the expansion of (l — ;x2> . Write your

coefficients as rational numbers. 23 [3]

8 2
(b) Find the coefficient of x> in the expansion of G = %x2> <2x+ %) ! [3]

© UCLES 2021 0606/13/0/N/21 [Turn over
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5 A geometric progression is such that its sum to 4 terms is 17 times its sum to 2 terms. It is given that the
common ratio of this geometric progression is positive and not equal to 1.

(a) Find the common ratio of this geometric progression. [3]
(b) Given that the 6th term of the geometric progression is 64, find the first term. (2]
(¢) Explain why this geometric progression does not have a sum to infinity. [1]

© UCLES 2021 0606/13/0/N/21
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6 (a) AS5-digit number is made using the digits 0, 1, 2, 3, 4, 5, 6, 7, 8 and 9. No digit may be used

more than once in any 5-digit number. Find how many such 5-digit numbers are odd and greater
than 70 000. [3]

(b) The number of combinations of 7 objects taken 3 at a time is 2 times the number of combinations
of n objects taken 2 at a time. Find the value of n. [4]

© UCLES 2021 0606/13/0/N/21 [Turn over



The diagram shows a circle, centre O, radius 10cm. The points 4, B and P lie on the circumference of
the circle. The chord 4B is of length 14 cm. The point O lies on AB and the line POQ is perpendicular to
AB.

(a) Show that angle POA is 2.366 radians, correct to 3 decimal places. [2]

(b) Find the area of the shaded region. [3]

© UCLES 2021 0606/13/0/N/21



(¢) Find the perimeter of the shaded region. [5]
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10

The curves y = x*+x—1 and 2y = x*+6x—2 intersect at the points 4 and B.

(a) Show that the mid-point of the line 4B is (2, 9).

The line / is the perpendicular bisector of AB.

(b) Show that the point C (12, 7) lies on the line /.

© UCLES 2021 0606/13/0/N/21
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(¢) The point D also lies on /, such that the distance of D from AB is two times the distance of C from
AB. Find the coordinates of the two possible positions of D. [4]

© UCLES 2021 0606/13/0/N/21 [Turn over
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9  Whene¥ is plotted against x%,a straight line graph passing through the points (4, 7.96) and (2, 3.76) is

obtained.
(a) Find y in terms of x. [5]
(b) Find y when x = 1. [2]

(¢) Using your equation from part (a), find the positive values of x for which the straight line exists.

[3]

© UCLES 2021 0606/13/0/N/21
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: . : d? 1 .
10 A curve with equation y = f(x) is such that —); = (2x+ 3) 435 for x > 0. The curve has gradient
dx

10 at the point <3, 12—9>

d
(a) Show that, when x = 11, ay =50, 5]

(b) Find f(x). [4]

© UCLES 2021 0606/13/0/N/21 [Turn over
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(-5

11  Acurve has equation y = T for x >—1.

dy Ax>+Bx+C

(a) Show that P > where 4, B and C are integers.

3(x+1) (x> —5)

© UCLES 2021 0606/13/0/N/21

[6]



15

(b) Find the x-coordinate of the stationary point on the curve.

(¢) Explain how you could determine the nature of this stationary point.
p you ry p
[You are not required to find the nature of this stationary point.]
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax* +bx+c¢ =0,

_ —b+Vb*—4ac

2a

X

Binomial Theorem

(a+b)"=d"+ <n>a”_1b+ (n)a”‘2b2 +...+ <’:)a”"b’ .. +D"

1 2

. P n n!
where 7 is a positive integer and =
r)  (n—r)lr!

Arithmetic series u,=a+n-1)d

S, =gn(a+l)=2n{2a+@n—1)dj

. . —1
Geometric series un = ar"

_a(l1-r")
n l—r

__a
S.=1= (rl<D

[e9)

S r#1)

2. TRIGONOMETRY

Identities
sin’4 +cos’4 =1
sec’4 = 1+tan’4
cosec’d = 1 +cot’A
Formulae for AABC

a_ _ b __c
sind sinB sinC

a’ = b*+c*—2bccos A

I
A= 2bcsmA
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1 (a) On the axes, sketch the graph of y=5(x+1)(3x—2)(x—2), stating the intercepts with the

coordinate axes. [3]
A
0 >x
(b) Hence find the values of x for which 5(x+1)(3x—2)(x—2) > 0. 2]
5
2  Find f (xi [~ ﬁ) dx, giving your answer in the form a+Inb, where a and b are rational
3 xX—
numbers. [5]
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3  The polynomial p(x)= ax® —9x* + bx—6, where a and b are constants, has a factor of x—2. The
polynomial has a remainder of 66 when divided by x—3.

(a) Find the value of @ and of b. [4]

(b) Using your values of a and b, show that p(x) = (x —2)q(x), where q(x) is a quadratic factor to be
found. [2]

(¢) Hence show that the equation p(x) = 0 has only one real solution. [2]

© UCLES 2021 0606/11/M/J/21
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4  The first 3 terms in the expansion of (a +x> (1 - %) , in ascending powers of x, can be written in the

form 27 + bx+cx*, where a, b and ¢ are integers. Find the values of a, b and c. [8]
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5  The functions f and g are defined as follows.
f(x) =x*+4x for xeR

gx)=1+e* for xeR

(a) Find the range of f. [2]

(b) Write down the range of g. [1]

(¢) Find the exact solution of the equation fg(x) = 21, giving your answer as a single logarithm. [4]
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6 (a) (i) Find how many different 5-digit numbers can be formed using the digits 1, 3, 5, 6, 8 and 9.

No digit may be used more than once in any 5-digit number. [1]

(ii) How many of these 5-digit numbers are odd? [1]
(iii) How many of these 5-digit numbers are odd and greater than 60 000? [3]
(b) Given that 45x ”C4 =m+1) x "+l C,, find the value of n. [4]
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displacement A

8

(a) In this question, all lengths are in metres and time, ¢, is in seconds.

50

40

30

20

~10

>
0 time

—-10

The diagram shows the displacement—time graph for a runner, for 0 < 7 < 40.

(i) Find the distance the runner has travelled when ¢ = 40.

(ii) On the axes, draw the corresponding velocity—time graph for the runner, for 0 < ¢ < 40.

velocity

>
40 time

© UCLES 2021
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9
(b) A particle, P, moves in a straight line such that its displacement from a fixed point at time 7 is s.

L
The acceleration of P is given by <2t+4> 2 for t> 0.

(i) Given that P has a velocity of 9 when ¢ = 6, find the velocity of P at time z. [3]
(ii) Given that s = % when ¢ = 6, find the displacement of P at time ¢. [3]
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8 DO NOT USE A CALCULATOR IN THIS QUESTION.

A curve has equation y = (2 — \/§>x2 +x—1. The x-coordinate of a point 4 on the curve is f T/%
(a) Show that the coordinates of 4 can be written in the form (p +qv3, r+s\/§>, where p, ¢, r and s
are integers. [5]
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11

(b) Find the x-coordinate of the stationary point on the curve, giving your answer in the form a+ 53,
where a and b are rational numbers. [3]
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9 (a) (i) Write 6xy+3y+4x+2 in the form (ax+b)(cy+d), where a, b, ¢ and d are positive
integers. [1]

(ii) Hence solve the equation 6sin@cos@+3cosO+4sinf+2 =0 for 0° < < 360°. [4]
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(b) Solve the equation lsec <2¢+ %) - L for —t < ¢ < 1, where ¢ is in radians. Give your

2 V3

answers in terms of 7. [5]
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10 In this question all lengths are in centimetres.

B F T T L L T T T

[N}
()}

O

The diagram shows a shaded shape. The arc 4B is the major arc of a circle, centre O, radius 10. The line
AB is of length 15, the line OC is of length 25 and the lengths of AC and BC are equal.

(a) Show that the angle AOB is 1.70 radians correct to 2 decimal places. [2]

(b) Find the perimeter of the shaded shape. [4]
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(¢) Find the area of the shaded shape.
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax* +bx+c¢ =0,

_ —b+Vb*—4ac

2a

X

Binomial Theorem

(a+b)"=d"+ <n>a”_1b+ (n)a”‘2b2 +...+ <’:)a”"b’ .. +D"

1 2

. P n n!
where 7 is a positive integer and =
r)  (n—r)lr!

Arithmetic series u,=a+n-1)d

S, =gn(a+l)=2n{2a+@n—1)dj

. . —1
Geometric series un = ar"

_a(l1-r")
n l—r

__a
S.=1= (rl<D

[e9)

S r#1)

2. TRIGONOMETRY

Identities
sin’4 +cos’4 =1
sec’4 = 1+tan’4
cosec’d = 1 +cot’A
Formulae for AABC

a_ _ b __c
sind sinB sinC

a’ = b*+c*—2bccos A

I
A= 2bcsmA
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_2 §
1 Wite P90 1

( ) ] in the form p?q°r, where a, b and ¢ are constants. [3]
2 3
pr;q
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2 (a) On the axes, sketch the graph of y =|4—3x|, stating the intercepts with the coordinate axes.[2]

A

(b) Solve the inequality [4—3x|> 7. [3]
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The diagram shows the quadrilateral OABC such that 04 = a, OB =b and OC = c. The lines OB and
AC intersect at the point P, such that AP : PC = 3:2.

(a) Find OP in terms of a and c. (3]
(b) Given also that OP : PB = 2:3, show that 2b = 3¢ +2a. [2]
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d? 1 _ . .
4  Acurve is such that —)2} = (3x+2) 3. The curve has gradient 4 at the point (2,6.2). Find the equation
of the curve. dx [6]

© UCLES 2021 0606/12/M/1/21



7

5 (a) Giventhat log p+log, 5—log 4 =log 20, find the value of p. [2]
(b) Solve the equation 3% +8(3)—3 = 0. [3]
(c) Solve the equation 4log, 2+log, y =4. [3]
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6 DO NOT USE A CALCULATOR IN THIS QUESTION.
A curve has equation y = (3 + \/§>x2 —8+/5x+60.

(a) Find the x-coordinate of the stationary point on the curve, giving your answer in the form a+5+/5,
where a and b are integers. [4]
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(b) Hence find the y-coordinate of this stationary point, giving your answer in the form cv/5, where ¢
is an integer. [3]
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7 (a) A six-character password is to be made from the following eight characters.

Digits 1 3 5 8 9
Symbols * $ #

No character may be used more than once in a password.

Find the number of different passwords that can be chosen if

(i) there are no restrictions, [1]
(ii) the password starts with a digit and finishes with a digit, [2]
(iii) the password starts with three symbols. (2]

(b) The number of combinations of 5 objects selected from n objects is six times the number of
combinations of 4 objects selected from n — 1 objects. Find the value of n. [3]
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8  Variables x and y are such that y = Ax”, where 4 and b are constants. When lgy is plotted against lgx,
a straight line graph passing through the points (0.61, 0.57) and (5.36, 4.37) is obtained.

(a) Find the value of 4 and of 5. [5]

Using your values of 4 and b, find

(b) the value of y when x = 3, [2]

(c) the value of x when y = 3. [2]
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9 (a) The first three terms of an arithmetic progression are —4, 8, 20. Find the smallest number of terms
for which the sum of this arithmetic progression is greater than 2000. [4]
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(b) The 7th and 9th terms of a geometric progression are 27 and 243 respectively. Given that the
geometric progression has a positive common ratio, find

(i) this common ratio, (2]
(ii) the 30th term, giving your answer as a power of 3. (2]
(¢) Explain why the geometric progression 1, sin®, sin’6, ... for —% <o< %, where 60 is in
radians, has a sum to infinity. (2]
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10 (a) Solve the equation sinorcosec?ar+cosasec’a = 0 for —m < a < T, where a is in radians. [4]
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cos 6 1—siné

(b) (i) Show that [—sno c0s0

= 2secO. [4]

cos3¢ 1 —sin3¢
1 —sin3¢ cos3¢

(ii) Hence solve the equation =4 for 0°< ¢ < 180°. [4]

Question 11 is printed on the next page.
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In(x?+2
11 The normal to the curve y = % at the point where x = 2 meets the y-axis at the point P.

Find the coordinates of P. [7]
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax* +bx+c¢ =0,

_ —b+Vb*—4ac

2a

X

Binomial Theorem

(a+b)"=d"+ <n>a”_1b+ (n)a”‘2b2 +...+ <’:)a”"b’ .. +D"

1 2

. P n n!
where 7 is a positive integer and =
r)  (n—r)lr!

Arithmetic series u,=a+n-1)d

S, =gn(a+l)=2n{2a+@n—1)dj

. . —1
Geometric series un = ar"

_a(l1-r")
n l—r

__a
S.=1= (rl<D

[e9)

S r#1)

2. TRIGONOMETRY

Identities
sin’4 +cos’4 =1
sec’4 = 1+tan’4
cosec’d = 1 +cot’A
Formulae for AABC

a_ _ b __c
sind sinB sinC

a’ = b*+c*—2bccos A

I
A= 2bcsmA
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1 Find the possible values of the constant & such that the equation kx? +4kx+3k+1=0 has two
different real roots. [4]
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2 (a) Find %()8 ), [3]
d l
(b) (i) Find a(3x2+4)3. 2]
2 -3
(i) Hence find fo (352 +4) dv. 3]
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3 Solve the equation cosec’0+2cot’0 = 2cot0+9, where 6 is in radians and —% << % [5]
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2 6
4 (a) Find the first three non-zero terms in the expansion of (2 — XZ) in ascending powers of x. Simplify
each term. [3]

6 2
1
(b) Hence find the term independent of x in the expansion of (2 —F ) (3 I~ _2> . [3]
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5  When ¢’ is plotted against x*a straight line graph passing through the points (2.24,5) and (4.74, 10) is
obtained. Find y in terms of x. [5]

© UCLES 2021 0606/13/M/1/21 [Tlll‘ll over



The diagram shows a circle, centre O, radius 2a. The points 4 and B lie on the circumference of the
circle. The points C and D are the mid-points of the lines OB and OA respectively. The arc DC is part of
a circle centre O. The chord 4B is of length 2a.

(a) Find angle AOB, giving your answer in radians in terms of 7. [1]
(b) Find, in terms of @ and 7, the perimeter of the shaded region ABCD. [2]
(¢) Find, in terms of a and 7, the area of the shaded region ABCD. [3]
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7 (a) A committee of 8 people is to be formed from 5 teachers, 4 doctors and 3 police officers. Find the
number of different committees that could be chosen if

(i) all 4 doctors are on the committee, (2]
(ii) there are at least 2 teachers on the committee. [3]
. n 9 n—1
(b) Given that "P, = 6x """ P,, find the value of n. [3]
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8
A
3 = acosbh
y=acosbx+c
P R/
0 51 >.)C

The graph shows the curve y = acosbx+c, for 0 < x < 2.8, where a, b and c are constants and x is

in radians. The curve meets the y-axis at (0, 3) and the x-axis at the point P and point R <571r, O).

The curve has a minimum at point Q. The period of acosbx+c is 7 radians.

(a) Find the value of each of ¢, b and c. [4]
(b) Find the coordinates of P. [1]
(¢) Find the coordinates of Q. [2]
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9 (a) Show that the equation of the curve y = <x2 — 4)<x — 2) can be written as  y = x° +ax” +bx+38,
where a and b are integers. Hence find the exact coordinates of the stationary points on the curve.

[4]

(b) On the axes, sketch the graph of y = ‘(xz —4><x— 2) , stating the intercepts with the coordinate
axes. [4]

A

(¢) Find the possible values of the constant k& for which ‘(xz —4)<x—2)‘ = k has exactly 4 different
solutions. 2]
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10

0] > C

The diagram shows the parallelogram OABC, such that OA =a and OC = ¢. The point D lies on CB
such that CD: DB = 3:1. When extended, the lines 4B and OD meet at the point E. It is given that
OF = hOD and BE = kﬁ, where 4 and k are constants.

(a) Find DE in terms of a, ¢ and 4. [4]
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(b) Find DE in terms of a, cand k. [1]

(¢) Hence find the value of 4 and of £. [4]
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11 Theline x+2y =10 intersects the two lines satisfying the equation |x+y|=2 at the points 4 and
B.

(a) Show that the point C(—5,20) lies on the perpendicular bisector of the line 4B. [8]
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(b) The point D also lies on this perpendicular bisector. M is the mid-point of 4B. The distance CD is
three times the distance of CM. Find the possible coordinates of D. [4]
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Mathematical Formulae

1. ALGEBRA

Quadratic Equation

For the equation ax® +bx+c¢ =0,

—b+Vb>—4ac

2a

x:

Binomial Theorem

(a+b)"=d"+ (n>a”“b + (n>a”‘2b2 +.o.+ (:>a”"br +...+Db"

1 2

. e n nl
where 7 is a positive integer and | | = +———
r/ (m—r)'r!

Arithmetic series u =at+(n—-1)d

S, =gn(a+1)=2n{2a+(n—1)dj

n—1

Geometric series u, = ar
_a(l=r")
S, =1 r#1D)
_a
S.=1— (r[<D
2. TRIGONOMETRY
Identities
sin?4 +cos’?4 =1
sec’4 = 1 +tan’4
cosec’d = 1 +cot’4
Formulae for AABC

a_ _ b __c
sind sinB sinC

a’ = b*+c*—2bccos A

N .
A= 2bcsmA
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1  Find the exact solutions of the equation 3 <ln Sx)2 +2In5x—1=0. [4]
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6 /’ y=asinbx + ¢ \\
5

AN a
N

r b : " e

>
X

The diagram shows the graph of y = asinbx +c¢ where x is in radians and —27 < x < 27, where a, b
and c are positive constants. Find the value of each of @, b and c. [3]
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3 The line 4B is such that the points 4 and B have coordinates (—4, 6) and (2, 14) respectively.

(a) The point C, with coordinates (7, @) lies on the perpendicular bisector of 4B. Find the value of a.
[4]

(b) Given that the point D also lies on the perpendicular bisector of 4B, find the coordinates of D such
that the line 4B bisects the line CD. [2]
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: . 2
4 (a) Show that 2x% +5x—3 can be written in the form a(x+ b) +c¢, where a, b and c¢ are constants.

[3]

(b) Hence write down the coordinates of the stationary point on the curve with equation
y = 2x*+5x—3. [2]

(¢) On the axes below, sketch the graph of y =|2x? +5x—3|, stating the coordinates of the intercepts
with the axes. [3]

LY

(d) Write down the value of k for which the equation |2x*+5x—3|=k has exactly 3 distinct
solutions. [1]
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5 In this question all lengths are in kilometres and time is in hours.

Boat 4 sails, with constant velocity, from a point O with position vector <O> After 3 hours 4 is at the

9
(a) Find the position vector, 65, of A at time ¢. [1]

—12
point with position vector ( >

. . . . . .. 12\ .
At the same time as 4 sails from O, boat B sails from a point with position vector ( 6)’ with constant

.. [—5
Veloc1ty( 8)'

(b) Find the position vector, O—Q), of B at time ¢. [1]
— 2

(¢) Show thatattime ¢ |PQ[ = 267> +36¢+ 180. [3]

(d) Hence show that 4 and B do not collide. [2]
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6 (a) A geometric progression has first term 10 and sum to infinity 6.

(i) Find the common ratio of this progression. [2]

(ii) Hence find the sum of the first 7 terms, giving your answer correct to 2 decimal places. [2]
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(b) The first three terms of an arithmetic progression are  log 3, logx(32), log (3 3).

(i) Find the common difference of this progression. [1]

(i) Find, in terms of n and log 3, the sum to n terms of this progression. Simplify your answer.

[2]
(iii) Given that the sum to n terms is 3081 log 3, find the value of n. [2]
(iv) Hence, given that the sum to # terms is also equal to 1027, find the value of x. [2]
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7 DO NOT USE A CALCULATOR IN THIS QUESTION
In this question all lengths are in centimetres.

A B
V17 +1
E D C
—J17-1 V17 +4

The diagram shows a trapezium ABCDE such that 4B is parallel to EC and ABCD is a rectangle. It is
given that BC =+17+1, ED =17 —1and DC =17 +4.

(a) Find the perimeter of the trapezium, giving your answer in the form a+ b+/17, where a and b are
integers. [3]

(b) Find the area of the trapezium, giving your answer in the form c¢+d+'17, where ¢ and d are
integers. (2]
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. . . +/V17 :
(¢) Find tan4ED, giving your answer in the form %, where e and fare integers. (2]
(d) Hence show that sec’4ED = 814_3%\/1_7 [2]
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8 (a) (i) Show that sinxtanx+cosx = secx. [3]

(ii) Hence solve the equation singtang +cosg =4 for 0 < 6 < 47, where 0 is in radians. [4]
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(b) Solve the equation cot(y+38°) =3 for 0° <y < 360°. [3]
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9  The polynomial p(x) = 2x>—3x*—x+1 has a factor 2x— 1.

(a) Find p(x) in the form (2x—1)q(x), where q(x) is a quadratic factor. [2]

y=—2"+3x+1

The diagram shows the graph of y = % for x > 0, and the graph of y =—2x?+3x+1. The curves
intersect at the points 4 and B.

(b) Using your answer to part (a), find the exact x-coordinate of 4 and of B. [4]
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(¢) Find the exact area of the shaded region. [6]

Question 10 is printed on the next page.
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3
, (2x2 +10)?
10 A curve has equation y = -1 for x > 1.
1
dy . . <2x2 + 10)2 2
(a) Show that o can be written in the form ———5—(4x"+Bx+C), where 4, B and C are
integers. x— 1) [5]

(b) Show that, for x > 1, the curve has exactly one stationary point. Find the value of x at this
stationary point. [4]
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Mathematical Formulae

1. ALGEBRA

Quadratic Equation

For the equation ax” +bx+c¢ =0,

_ —b+Vb*—4ac

. 2a

Binomial Theorem
(a+b)"=d"+ (’f)a"‘ler @a”‘zb2 +...+ (':)a”"b’ .o tD"

where 7 is a positive integer and | | = ————
r/ (m—r)lr!

Arithmetic series u =a+(n—1)d

S, =gn(a+1)=xn{2a+(n—1)d}

Geometric series u, = ar"!
_a(l—r"
Sn 3 ﬁ (l" 7& 1)

Se=1 (rl<1)

(o)

2. TRIGONOMETRY

Identities
sin’4 +cos?4 =1
sec’4 = 1+tan’4
cosec’d = 1 +cot’A
Formulae for AABC

a_ _ b __c
sind sinB sinC

a’ = b*+c*—2bccos A

I
A= 2bcsmA
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-2 ~1 0 4 X

The diagram shows the graph of y =|p(x)|, where p(x) is a cubic function. Find the two possible
expressions for p(x). [3]
(a) Write down the amplitude of 1+4cos (%) [1]
(b) Write down the period of 1+4cos (%) [1]
(¢) On the axes below, sketch the graph of y = 1+4cos (%) for —180° < x° < 180°.

A

6

5

4

3

2

1

> x
—180 —120 —60 0 60 120 180
[3]

© UCLES 2020 0606/11/0/N/20 [Tlll‘ll over



-
3 (a) Write % in the form p“g°r¢, where a, b and ¢ are constants.

(b) Solve 6xi—5xi+1=0.

© UCLES 2020 0606/11/0/N/20
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tan 3x

4 Itisgiventhat y= P

d
(a) Find the exact value of ay when x = % [4]

(b) Hence find the approximate change in y as x increases from Tl

3 to 3 +h, where / is small. [1]

(¢) Given that x is increasing at the rate of 3 units per second, find the corresponding rate of change in

y when x = %, giving your answer in its simplest surd form. [2]

© UCLES 2020 0606/11/0/N/20 [Turn over
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5 (a) (i) Find how many different 4-digit numbers can be formed using the digits 1, 3, 4, 6, 7 and 9.
Each digit may be used once only in any 4-digit number. [1]

(i) How many of these 4-digit numbers are even and greater than 6000? [3]

© UCLES 2020 0606/11/0/N/20
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(b) A committee of 5 people is to be formed from 6 doctors, 4 dentists and 3 nurses. Find the number
of different committees that could be formed if

(i) there are no restrictions, [1]
(ii) the committee contains at least one doctor, (2]
(iii) the committee contains all the nurses. [1]

© UCLES 2020 0606/11/0/N/20 [Turn over
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30
6 A particle P is initially at the point with position vector (1 0) and moves with a constant speed of

10ms~" in the same direction as (_ 3).

(a) Find the position vector of P after ¢s. [3]

As P starts moving, a particle Q starts to move such that its position vector after s is given by
—80 v 5
90 12)°

(b) Write down the speed of Q. [1]

(¢) Find the exact distance between P and Q when ¢ = 10, giving your answer in its simplest surd
form. [3]

© UCLES 2020 0606/11/0/N/20



7 1tis given that f(x) = 5In(2x+3) forx>—%.

(a) Write down the range of f. [1]

(b) Find £ and state its domain. [3]

(¢) On the axes below, sketch the graph of y = f(x) and the graph of y = f~'(x). Label each curve
and state the intercepts on the coordinate axes.

'\

=Y

[3]

© UCLES 2020 0606/11/0/N/20 [Turn over
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© UCLES 2020

10

1

a) (i) Show that
@ @ (1+cosec 9)(sin9—sin29)

(ii) Hence solve (1+cosec6)(sin6— sin’ 0) =

4

0606/11/0/N/20

= sec’0.

for —180° <6 < 180°.

[4]



11

(b) Solve sin<3¢ + 2%) = cos (3¢ + 2%) for0< ¢ < 2% radians, giving your answers in terms of 7.
[4]

© UCLES 2020 0606/11/0/N/20 [Tlll‘ll over
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9 (a) Given that fl "(l— 1

x 2x+3
in simplest surd form. [6]

)dx =1In3, where a > 0, find the exact value of a, giving your answer

© UCLES 2020 0606/11/0/N/20
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(b) Find the exact value of J:) g(sin <2x + %) —1+cos 2x>dx. [5]
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10 (a) An arithmetic progression has a second term of 8 and a fourth term of 18. Find the least number of
terms for which the sum of this progression is greater than 1560. [6]

© UCLES 2020 0606/11/0/N/20
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(b) A geometric progression has a sum to infinity of 72. The sum of the first 3 terms of this progression

is 333

g
(i) Find the value of the common ratio. [5]
(ii) Hence find the value of the first term. [1]

© UCLES 2020 0606/11/0/N/20
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Mathematical Formulae

1. ALGEBRA

Quadratic Equation

For the equation ax® +bx+c¢ =0,

_ —bE Vb —4ac

2a

X

Binomial Theorem

(a+b)"=d"+ <n>a”1b + (n)a"2b2 ...+ (Z)a”’b’ +.. D"

1 2

. o n n!
where 7 is a positive integer and | | = ———
r/] (m—r)lr!

Arithmetic series u =a+(n—1)d

S = %n(a-l—l) L %n{2a+(n— 1)d}

Geometric series u,= ar"!
_a(l=r")
Sn 3 ﬁ (I" 7’5 1)

_ . a
S.=1= (rI<D)

[e9)

2. TRIGONOMETRY

Identities
sin’4+cos?4 =1
sec’4 = 1 +tan’4
cosec’A = 1 +cot’A4
Formulae for AABC

a_ _ b __c
sinAd sinB sinC

a’> = b*+c*—2bccos A

I
A= 2bcsmA
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1 The curve y= 2x* +k+4 intersects the straight line y = (k+4)x at two distinct points. Find the

possible values of .

2
N
The diagram shows the graph of y = f(x), where f(x) is a cubic polynomial.
(a) Find f(x).
(b) Write down the values of x such that f(x) < 0.
© UCLES 2020 0606/12/0/N/20
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3 (a) Write down the amplitude of 2 cos% —1. [1]
(b) Write down the period of 2 cos% -1 [1]

(¢) On the axes below, sketch the graph of y = 2cos§ —1 for —m <x < 37 radians.

[3]

© UCLES 2020 0606/12/0/N/20



5
4  The 7th and 10th terms of an arithmetic progression are 158 and 149 respectively.

(a) Find the common difference and the first term of the progression. [3]

(b) Find the least number of terms of the progression for their sum to be negative. (3]

© UCLES 2020 0606/12/0/N/20 [Turn over



5
5  Find the coefficient of x> in the expansion of ( - %)(er %) .

© UCLES 2020 0606/12/0/N/20



7

6 f(x) =x*+2x—3 for x >—1

(a) Given that the minimum value of x* +2x—3 occurs when x =—1, explain why f(x) has an inverse.

[1]

(b) On the axes below, sketch the graph of y = f(x) and the graph of y = f~'(x). Label each graph
and state the intercepts on the coordinate axes.

A

© UCLES 2020 0606/12/0/N/20 [Turn over



7 Acurveh on =B
curve has equation y =—5——— for 3x :
(a) Find the equation of the normal to the curve at the point where x = 2. [6]
(b) Find the approximate change in y as x increases from v2 to v/2 + &, where 4 is small. [1]

© UCLES 2020 0606/12/0/N/20
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9

(a) Find the number of ways in which 12 people can be put into 3 groups containing 3, 4 and 5 people
respectively. [3]

(b) 4-digit numbers are to be formed using four of the digits 2, 3, 7, 8 and 9. Each digit may be used
once only in any 4-digit number. Find how many 4-digit numbers can be formed if

(i) there are no restrictions, [1]
(ii) the number is even, [1]
(iii) the number is greater than 7000 and odd. [3]

© UCLES 2020 0606/12/0/N/20 [Turn over
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10

A curve has equation y = (2x—1)v4x+3.

dy 4(Ax+B
(a) Show that ay = %, where A and B are constants.

(b) Hence write down the x-coordinate of the stationary point of the curve.

(¢) Determine the nature of this stationary point.

© UCLES 2020 0606/12/0/N/20
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10 The polynomial p(x) = 6x° +ax> +bx+2, where a and b are integers, has a factor of x—2.

(a) Giventhat p(1)=-2p(0), find the value of @ and of b. [4]

(b) Using your values of a and b,

(i) find the remainder when p(x) is divided by 2x—1, [2]

(ii) factorise p(x). (2]

© UCLES 2020 0606/12/0/N/20 [Turn over
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11 In this question all lengths are in centimetres and all angles are in radians.

A r r D
r
F E

The diagram shows the rectangle ADEF, where AF = DE = r. The points B and C lie on AD such that
AB = CD = r. The curve BC is an arc of the circle, centre O, radius » and has a length of 1.5r.

(a) Show that the perimeter of the shaded region is (7.5 +2sin0.75)r. [5]

© UCLES 2020 0606/12/0/N/20
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(b) Find the area of the shaded region, giving your answer in the form krz, where £ is a constant
correct to 2 decimal places. (4]

© UCLES 2020 0606/12/0/N/20 [Turn over
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12 (a)
—1
vms A
14
30
>
0 20 60 90 rs

The diagram shows the velocity—time graph of a particle P that travels 2775 m in 90s, reaching a
final velocity of ¥ ms™".

(i) Find the value of V. [3]

(ii) Write down the acceleration of P when ¢ = 40. [1]

© UCLES 2020 0606/12/0/N/20
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(b) The acceleration, ¢ ms 2, of a particle Q travelling in a straight line, is given by a = 6cos2¢ at
time #s. When ¢ = 0 the particle is at point O and is travelling with a velocity of 10ms™".

(i) Find the velocity of Q at time . [3]

(ii) Find the displacement of O from O at time ¢. [3]

© UCLES 2020 0606/12/0/N/20
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2

Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax’ +bx+c=0,

—b+ v b*—4dac

r= 2a

Binomial Theorem

n

a" b+ +
2

(@+b)"=a"+ }fa"_lb+

where 7 is a positive integer and | | = 7+
rl (m—r)r!

Arithmetic series u =at (n—1)d

S, = %n(a +1)= %n{Za +(n - l)d}

Geometric series u,= ar"!
5,- 552 )
s = (rl<1)

2. TRIGONOMETRY

Identities
sin®4 + cos’ A =1
sec’4 =1+ tan’4
cosec’Ad =1+ cot’4
Formulae for AABC

a_ _ b __c
sin4d sinB sinC

@ =b*+c*—2bc cos A

_1 :
A—2 bc sinA
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3

1 (a) On the axes below, sketch the graph of y = (x—2)(x+1)(3—x), stating the intercepts on the
coordinate axes.

YA

(b) Hence write down the values of x such that (x—2)(x+1)(3—x) > 0. [2]

© UCLES 2020 0606/13/0/N/20 [Turn over



2x—3 dy
2 a) Giventhat y= e—, find ——. 3
(a) Y= o [3]

(b) Hence, given that y is increasing at the rate of 2 units per second, find the exact rate of change of x
when x = 2. [3]

© UCLES 2020 0606/13/0/N/20



3 (a f(x) =4In(2x—1)
(i) Write down the largest possible domain for the function f. [1]
(i) Find f~'(x) and its domain. [3]
(b) g(x)=x+5 forxeR
hx) = V=3 for x>3
Solve gh(x)=17. [3]

© UCLES 2020 0606/13/0/N/20 [Turn over



XmA

150

100 \

4 \
/
/
'
0 50 65 85 125 1s

The diagram shows the x—¢ graph for a runner, where displacement, x, is measured in metres and
time, ¢, 1s measured in seconds.

(i) On the axes below, draw the v—¢ graph for the runner. [3]

4 HIS_1

—_ N W

(ii) Find the total distance covered by the runner in 125s. [1]

© UCLES 2020 0606/13/0/N/20
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(b) The displacement, x m, of a particle from a fixed point at time ¢ s is given by x = 6cos <3t+ E).

3
Find the acceleration of the particle when ¢ = 2% [3]

5  Given that the coefficient of x* in the expansion of (1 +x)(1 —%) is %, find the value of the
positive integer 7. [5]

© UCLES 2020 0606/13/0/N/20 [Turn over
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6 It is known that y=A4X 10’”‘2, where 4 and b are constants. When lgy is plotted against x°, a
straight line passing through the points (3.63, 5.25) and (4.83, 6.88) is obtained.

(a) Find the value of 4 and of b. [4]

Using your values of 4 and b, find

(b) the value of y when x = 2, [2]

(¢) the positive value of x when y = 4. [2]

© UCLES 2020 0606/13/0/N/20
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7  The polynomial p(x) = ax® +bx> —19x+4, where a and b are constants, has a factor x+4 and is
such that 2p(1) = 5p(0).

(a) Show that p(x) = (x+4) (A)c2 + Bx+ C), where 4, B and C are integers to be found. [6]
(b) Hence factorise p(x). [1]
(¢) Find the remainder when p’(x) is divided by x. [1]

© UCLES 2020 0606/13/0/N/20 [Turn over
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8 In this question all lengths are in centimetres.

C<—05r 7 >B

The diagram shows the figure ABC. The arc AB is part of a circle, centre O, radius r, and is of length
1.457. The point O lies on the straight line CB such that CO = 0.5r.

(a) Find, in radians, the angle 40B. [1]

(b) Find the area of ABC, giving your answer in the form k7%, where k is a constant. [3]

© UCLES 2020 0606/13/0/N/20
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(¢) Given that the perimeter of ABC is 12 cm, find the value of . [4]

© UCLES 2020 0606/13/0/N/20 [Turn over
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o b B C

The diagram shows the triangle OAC. The point B is the midpoint of OC The point Y hes on AC such
that OY intersects AB at the point X where 4X : XB = 3:1. It is given that OA=a and OB =b.

(a) Find OX in terms of a and b, giving your answer in its simplest form. (3]
(b) Find AC in terms of a and b. [1]

© UCLES 2020 0606/13/0/N/20
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(¢) Given that oY = ha)(, find AY in terms of a, b and 4. [1]
(d) Given that AY = mﬁ, find the value of 4 and of m. [4]

© UCLES 2020 0606/13/0/N/20 [Turn over
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Sx+12 (1]

1 2 :
10 (a) Show that ~+1 35110 Can be written as 2+ 1t 10"

(b)

__ Sx+12
3x2 +13x+10

0
/ 19)

'
X

The diagram shows part of the curve y = ZSJC;H, the line x =2 and a straight line of
3x“+13x+10

gradient 1. The curve intersects the y-axis at the point P. The line of gradient 1 passes through P
and intersects the x-axis at the point Q. Find the area of the shaded region, giving your answer in

the form a+ %ln (b \/§>, where a and b are constants. [9]
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Additional working space for question 10

Question 11 is printed on the next page.
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11 (a) Giventhat 2cosx =3tanx, show that 2sin’x+3sinx—2 = 0. [3]

(b) Hence solve 2cos (2oc+ %) =3 tan<2a+ %) for 0 < o < 7 radians, giving your answers in

terms of 7. [4]
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2

Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax® + bx + ¢ =0,

_—b+Vb’—4ac

* 2a

Binomial Theorem

n
1

n
2

n

(a+b)"=a"+| |d" b+ a"*2b2+...+ra”*’b’+...+b"

. .. . n n!
where 7 is a positive integer and | | =——+—~
rl (n—r)r!

Arithmetic series u =at (n—1)d
S = %n(a +1)= %n{Za +(n— 1)d}
Geometric series u, = ar" !
all ="
S = (1 r (r+1)
S, =7 (rl<1)
2. TRIGONOMETRY
Identities
sin’4 + cos’A =1
sec’A =1+ tan’4
cosec’A =1+ cot’4
Formulae for AABC

a _ b __c¢
sind sinB sinC

a*=b>+c*—2bc cosA

1,
A—2 bc sinA4
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1  The diagram shows the graph of a cubic curve y = f(x).

A
y=1x)
5
" 0 5 "
(a) Find an expression for f(x). [2]
(b) Solve f(x) < 0. [2]
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2 (a) Write down the period of 2 cos

(b) On the axes below, sketch the graph of y =2cos

3

X1,

A

%—1 for —360° < x < 360°.

—360°

—180°

180°

360°

© UCLES 2020
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3 Theradius, 7cm, of a circle is increasing at the rate of Scms™!. Find, in terms of 7, the rate at which the
area of the circle is increasing when » = 3. [4]
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6
4 DO NOT USE A CALCULATOR IN THIS QUESTION.

Find the positive solution of the equation (5 +4\/7>x2 + (4 - 2\/7)x— 1 =0, giving your answer in

the form a+b+/7, where a and b are fractions in their simplest form. [5]

© UCLES 2020 0606/11/M/1/20



In(3x*—1
5 Find the equation of the tangent to the curve y = % at the point where x = 1. Give your
answer in the form y = mx +c, where m and c are constants correct to 3 decimal places. [6]
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6 Theline y=5x+6 meetsthecurve xy =8 atthe points 4 and B.

(a) Find the coordinates of 4 and of B. [3]

(b) Find the coordinates of the point where the perpendicular bisector of the line 4B meets the
line y = x. [5]

© UCLES 2020 0606/11/M/1/20



The diagram shows an isosceles triangle OAB such that O4 = OB and angle AOB = 0 radians. The
points C and D lie on OA and OB respectively. CD is an arc of length 9.6 cm of the circle, centre O,
radius 12 cm. The arc CD touches the line 4B at the point M.

(a) Find the value of 6. [1]
(b) Find the total area of the shaded regions. [4]
(¢) Find the total perimeter of the shaded regions. [3]

© UCLES 2020 0606/11/M/1/20 [Tlll‘ll over
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3 3 . 12x
8 (a) Show that %3 + 5,53 can be written as 29 [2]

12x
4x> -9

(b) Hence find f dx, giving your answer as a single logarithm and an arbitrary constant. [3]

© UCLES 2020 0606/11/M/1/20
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(¢) Given that L 1 122x 5 dx = In5+/5, where a > 2, find the exact value of a. [4]
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9 (a) An arithmetic progression has a second term of —14 and a sum to 21 terms of 84. Find the first
term and the 21st term of this progression. [5]

© UCLES 2020 0606/11/M/1/20
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(b) A geometric progression has a second term of 27p2 and a fifth term of p5 . The common ratio, 7, is
such that 0 < » < 1.

(i) Find 7 in terms of p. [2]
(ii) Hence find, in terms of p, the sum to infinity of the progression. [3]
(iii) Given that the sum to infinity is 81, find the value of p. [2]
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10 (a) (i) Show that

14

1 1 =2cot’9.

(ii) Hence solve

© UCLES 2020

secO—1 secO+1

1 1
sec2x—1 sec2x+1

=6 for —90° < x < 90°.
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n

3> =2 for 0 < y < 27 radians, giving your answers in terms of 7. [4]

(b) Solve cosec<y+

Question 11 is printed on the next page.
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42
11 A curve is such that gjz/ = 5cos2x. This curve has a gradient of % at the point (— %, %) Find the

equation of this curve. [8]
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2

Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax” + bx + ¢ =0,

_ b+ b’ —4ac

* 2a

Binomial Theorem

n
2

n

n _ _ _
(at+b)"=d"+| " | |a" T+ + T DT

where 7 is a positive integer and | | = 7———+
rl (n—=r)r!

Arithmetic series u =a+t (n—1)d

S = %n(a +1)= %n{2a +(n- l)d}

Geometric series u, = ar" !
al(l ="
S = (l_r) r+1)
_a
S, =1, (Irl< 1)

2. TRIGONOMETRY

Identities
sin’4 + cos’ A =1
sec’A =1+ tan’4
cosec’A =1+ cot’4
Formulae for AABC

a_ _ b __c¢
sind sinB sinC

@ =b+c*—2bc cosA

_1 :
A—2 bc sinA

© UCLES 2020 0606/12/M/1/20
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1  On the axes below, sketch the graph of y=|(x—2)(x+1)(x+2)| showing the coordinates of the

points where the curve meets the axes. [3]
A
>
(0] X

© UCLES 2020 0606/12/M/1/20 [Turn over



2 The volume, V, of a sphere of radius r is given by V' = %nﬁ .

The radius, »cm, of a sphere is increasing at the rate of 0.5cms™ . Find, in terms of 7, the rate of change
of the volume of the sphere when » = 0.25. [4]

© UCLES 2020 0606/12/M/1/20
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3 (a) Find the first 3 terms in the expansion of (4 — %) in ascending powers of x. Give each term in
its simplest form. [3]

6 2
(b) Hence find the term independent of x in the expansion of <4 — lx_6> < - %) . [3]
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6

4 (a) (i) Find how many different 5-digit numbers can be formed using the digits 1, 2, 3, 5, 7 and 8, if

each digit may be used only once in any number. [1]
(ii) How many of the numbers found in part (i) are not divisible by 5? [1]
(iii) How many of the numbers found in part (i) are even and greater than 300007 [4]

(b) The number of combinations of » items taken 3 at a time is 6 times the number of combinations
of n items taken 2 at a time. Find the value of the constant 7. [4]

© UCLES 2020 0606/12/M/1/20



5 f:x— (2x+3)? forx >0
(a) Find the range of f. [1]
(b) Explain why f has an inverse. [1]
(¢) Find ' [3]
(d) State the domain of f~!. [1]
(e) Giventhat g:x— In(x+4) for x > 0, find the exact solution of fg(x) = 49. [3]

© UCLES 2020 0606/12/M/1/20 [Turn over



A D (1, 0)

Y

2x+y=-5

The diagram shows the straight line 2x+y =—5 and part of the curve xy+3 = 0. The straight line
intersects the x-axis at the point 4 and intersects the curve at the point B. The point C lies on the curve.
The point D has coordinates (1, 0). The line CD is parallel to the y-axis.

(a) Find the coordinates of each of the points 4 and B. [3]

© UCLES 2020 0606/12/M/1/20
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(b) Find the area of the shaded region, giving your answer in the form p+Ing, where p and ¢ are
positive integers. [6]

© UCLES 2020 0606/12/M/1/20 [Tlll‘ll over
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d 2
7 (a) Giventhat y= <x2 = 1)«/ 5x+2, show that YA tBxtC where 4, B and C are

integers. dr 2V5x+2 [5]

© UCLES 2020 0606/12/M/1/20
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(b) Find the coordinates of the stationary point of the curve y = <x2 — 1)\/ S5x+2, for x > 0. Give
each coordinate correct to 2 significant figures. [3]

(¢) Determine the nature of this stationary point. [2]

© UCLES 2020 0606/12/M/1/20 [Turn over
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(0] B R

The diagram shows a triangle OAB such that OA =a and OB = b. The point P lies on OA such that
OP = iOA. The point Q is the mid-point of 4B. The lines OB and PQ are extended to meet at the

4
point R. Find, in terms of a and b,

(a) 4B, [1]
(b) P—Q) Give your answer in its simplest form. [3]

© UCLES 2020 0606/12/M/1/20
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It is given that n@ = @Q and BR = kb, where n and k are positive constants.

(¢) Find ﬁ in terms of n, a and b. [1]
(d) Find OR in terms of k, a and b. 2]
(e) Hence find the value of #» and of £. (3]

© UCLES 2020 0606/12/M/1/20 [Turn over
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9 (a) Aparticle P moves in a straight line such that its displacement, xm, from a fixed point O at time ¢s
is given by x = 10sin2z—35.

(i) Find the speed of P when ¢ = . [1]
(ii) Find the value of 7 for which P is first at rest. [2]
(iii) Find the acceleration of P when it is first at rest. [2]

© UCLES 2020 0606/12/M/1/20
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'
0 5 10 15 20 25 ts

The diagram shows the velocity—time graph for a particle Q travelling in a straight line with
velocity vms™! at time ¢s. The particle accelerates at 3.5ms ™ for the first 10s of its motion and
then travels at constant velocity, ¥ms™!, for 10s. The particle then decelerates at a constant rate
and comes to rest. The distance travelled during the interval 20 <7< 25 is 112.5m.

(i) Find the value of V. [1]
(ii) Find the velocity of Q when ¢ = 25. [3]
(iii) Find the value of t when Q comes to rest. (3]

Question 10 is printed on the next page.
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10 (a) Solve tan3x=—1 for —% SX S % radians, giving your answers in terms of 7. (4]

(b) Use your answers to part (a) to sketch the graph of y =4tan3x+4 for —% Sx < % radians

on the axes below. Show the coordinates of the points where the curve meets the axes.

(SIS
~|aT
Q
ENES
|t
9 /

[3]
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax’ +bx+c=0,

—b+ v b*—4dac

r= 2a

Binomial Theorem

n

a" b+ +
2

(@+b)"=a"+ }fa"_lb+

where 7 is a positive integer and | | = 7+
rl (m—r)r!

Arithmetic series u =at (n—1)d

S, = %n(a +1)= %n{Za +(n - l)d}

Geometric series u,= ar"!
5,- 552 )
s = (rl<1)

2. TRIGONOMETRY

Identities
sin®4 + cos’ A =1
sec’4 =1+ tan’4
cosec’Ad =1+ cot’4
Formulae for AABC

a_ _ b __c
sin4d sinB sinC

@ =b*+c*—2bc cos A

_1 :
A—2 bc sinA

© UCLES 2020 0606/13/M/1/20
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1 f(x) =3+e* forxeR

g(x)=9x—5 forxeR

(a) Find the range of fand of g. [2]
(b) Find the exact solution of ' (x) = g'(x). [3]
(¢) Find the solution of gz(x) =112. [2]
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2 (a) Giventhat log,x+2log,y =8, find the value of xy.

(b) Using the substitution y = 2*, or otherwise, solve 22! —2%*1_2¥4 1 =0.

© UCLES 2020 0606/13/M/1/20
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3 At time ts, a particle travelling in a straight line has acceleration (2¢+ 1)_%ms_2. When ¢ =0, the
particle is 4m from a fixed point O and is travelling with velocity 8ms ! away from O.

(a) Find the velocity of the particle at time #s. [3]

(b) Find the displacement of the particle from O at time 7s. [4]
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4 (a) Write 2x*>+3x—4 inthe form a(x+ b)2 +c¢, where a, b and ¢ are constants. [3]

(b) Hence write down the coordinates of the stationary point on the curve y = 2x% +3x—4. [2]

(¢) On the axes below, sketch the graph of y = |2x2 +3x—4|, showing the exact values of the

intercepts of the curve with the coordinate axes. [3]
A
0 >x
(d) Find the value of £ for which 232 +3x—4|=k has exactly 3 values of x. [1]

© UCLES 2020 0606/13/M/1/20
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5 px) = 6x° +ax® + 12x+ b, where a and b are integers.
p(x) has a remainder of 11 when divided by x —3 and a remainder of —21 when divided by x+ 1.

(a) Giventhat p(x) = (x—2)Q(x), find Q(x), a quadratic factor with numerical coefficients.  [6]

(b) Hence solve p(x)=0. [2]

© UCLES 2020 0606/13/M/J/20 [Turn over
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5
6 (a) Find the unit vector in the direction of <_ 1 2).

2

4 —
(b) Given that (1>+k( 3

) = r<_ 12), find the value of each of the constants & and 7.

© UCLES 2020 0606/13/M/1/20
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(¢) Relative to an origin O, the points 4, B and C have position vectors p, 3q—p and 9q—5p

respectively.

(i) Find AB in terms of p and q. [1]
(ii) Find AC in terms of p and q. [1]
(iii) Explain why 4, B and C all lie in a straight line. [1]
(iv) Find the ratio 4B : BC. [1]

© UCLES 2020 0606/13/M/J/20 [Turn over



A B

The diagram shows an isosceles triangle OA4B such that O4 = OB = 12cm and angle AOB = 0 radians.
Points C and D lie on OA4 and OB respectively such that CD is an arc of the circle, centre O, radius
10cm. The area of the sector OCD = 35cm?.

(a) Show that 6 =0.7. [1]
(b) Find the perimeter of the shaded region. [4]
(¢) Find the area of the shaded region. (3]

© UCLES 2020 0606/13/M/1/20
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8 (a) An arithmetic progression has a first term of 7 and a common difference of 0.4. Find the least
number of terms so that the sum of the progression is greater than 300. [4]

(b) The sum of the first two terms of a geometric progression is 9 and its sum to infinity is 36. Given
that the terms of the progression are positive, find the common ratio. [4]

© UCLES 2020 0606/13/M/J/20 [Turn over
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0 /B C x

The diagram shows part of the curve xy = 2 intersecting the straight line y = 5x—3 at the point 4.
The straight line meets the x-axis at the point B. The point C lies on the x-axis and the point D lies on
the curve such that the line CD has equation x = 3. Find the exact area of the shaded region, giving
your answer in the form p+1Ing, where p and ¢ are constants. [8]

© UCLES 2020 0606/13/M/1/20



13

Additional working space for question 9.

© UCLES 2020 0606/13/M/3/20 [Turn over



10 (a) Giventhat y=xvx+2, show that

© UCLES 2020

14

dy _ 4x+B
dx  2vx+2

0606/13/M/1/20
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where 4 and B are constants.
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(b) Find the exact coordinates of the stationary point of the curve y =xvx+2.

(¢) Determine the nature of this stationary point.

© UCLES 2020 0606/13/M/1/20
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2

Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax” + bx + ¢ =0,

_ b+ b’ —4ac

* 2a

Binomial Theorem

n
2

n

n _ _ _
(at+b)"=d"+| " | |a" T+ + T DT

where 7 is a positive integer and | | = 7———+
rl (n—=r)r!

Arithmetic series u =a+t (n—1)d

S = %n(a +1)= %n{2a +(n- l)d}

Geometric series u, = ar" !
al(l ="
S = (l_r) r+1)
_a
S, =1, (Irl< 1)

2. TRIGONOMETRY

Identities
sin’4 + cos’ A =1
sec’A =1+ tan’4
cosec’A =1+ cot’4
Formulae for AABC

a_ _ b __c¢
sind sinB sinC

@ =b+c*—2bc cosA

_1 :
A—2 bc sinA
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1 (a) On the axes below sketch the graph of y =—3(x—2)(x—4)(x+1), showing the coordinates of

the points where the curve intersects the coordinate axes. [3]
A
0 >
(b) Hence find the values of x for which —3(x—2)(x—4)(x+1) > 0. (2]
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2 Find the values of k for which the line y = kx+3 is atangent to the curve y = 2% x4+ k1. [5]
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3 The first 3 terms in the expansion of (3—ax)>, in ascending powers of x, can be written in the form
b—81x+cx”. Find the value of each of @, b and c. [5]
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x3

? 5
point P. Find the exact coordinates of P. [6]

4  The tangent to the curve y = lr1<3x2 —4)— at the point where x = 2, meets the y-axis at the

© UCLES 2020 0606/12/F/M/20
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5 DO NOT USE A CALCULATOR IN THIS QUESTION.
In this question all lengths are in centimetres.

24+4Y3

The diagram shows the isosceles triangle ABC, where AB = AC and BC = 2+4+3. The height,
AD, of the triangle is 5— /3.

(a) Find the area of the triangle ABC, giving your answer in the form a+ b+/3, where a and b are

integers. [2]
(b) Find tan ABC, giving your answer in the form ¢+ d+/3, where ¢ and d are integers. (3]
(¢) Find sec? ABC, giving your answer in the form e+ f/3, where e and f are integers. [2]
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6  Solutions by accurate drawing will not be accepted.
The points 4 and B have coordinates (—2,4) and (6, 10) respectively.

(a) Find the equation of the perpendicular bisector of the line 4B, giving your answer in the form
ax+by+c =0, where a, b and c are integers. (4]

The point C has coordinates (5, p) and lies on the perpendicular bisector of AB.

(b) Find the value of p. [1]

It is given that the line 4B bisects the line CD.

(¢) Find the coordinates of D. [2]

© UCLES 2020 0606/12/F/M/20
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7  p(kx)=ax’+3x*+bx—12 has a factor of 2x+1. When p(x) is divided by x—3 the remainder
is 105.

(a) Find the value of @ and of b. [5]
(b) Using your values of a and b, write p(x) as a product of 2x+1 and a quadratic factor. [2]
(¢) Hence solve p(x) = 0. [2]

© UCLES 2020 0606/12/F/M/20 [Turn over
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8 In this question all distances are in km.

0
), with a speed of 52 kmh™! in the direction of

A ship P sails from a point 4, which has position vector < 0

)

(a) Find the velocity vector of the ship. [1]

(b) Write down the position vector of P at a time ¢ hours after leaving 4. [1]

12
At the same time that ship P sails from 4, a ship Q sails from a point B, which has position vector ( 8) ,

—25
with velocity vector < 4 5) kmh™!.
(¢) Write down the position vector of O at a time ¢ hours after leaving B. [1]
(d) Using your answers to parts (b) and (c), find the displacement vector ?Q at time ¢ hours. [1]

© UCLES 2020 0606/12/F/M/20
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(e) Hence show that PO = /34> — 168¢+208. 2]

(f) Find the value of # when P and Q are first 2km apart. [2]
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9 (a) (i) Find how many different 4-digit numbers can be formed using the digits 2, 3, 5, 7, 8 and 9, if

each digit may be used only once in any number. [1]
(i) How many of the numbers found in part (i) are divisible by 5? [1]
(iii) How many of the numbers found in part (i) are odd and greater than 7000? [4]

© UCLES 2020 0606/12/F/M/20
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(b) The number of combinations of n items taken 3 at a time is 92n. Find the value of the constant 7.

[4]
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10 (a) Solve tan(oc+45°)=

1

14

- L for 0° < o < 360°.

V2

1

(b) (i) Show that

© UCLES 2020

sin6 —

—— = asec’0, where a is a constant to be found.
1 sinf+1

0606/12/F/M/20
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(ii) Hence solve I =—8 for —% < ¢ < T radians. [5]

1
sin3¢p—1 sin3¢+1 3

Question 11 is on the next page.
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2 + _3 1 dx =In2.4 and that a > 1, find the value of a. [7]

11  Given that fl 243 T Ih—1 o
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax? + bx + ¢ = 0,

_ —bx Vb’ —4ac

r= 2a
Binomial Theorem
n n R n—1 n n-2 1.2 L n—r pr
at+b)y'=ad"+ a" ' b+ av - b+ ...+ a" b+ ...
1 2 r

h . ive int d n n!
where n 1s a positive integer an = — .

nisap £ T i

2. TRIGONOMETRY

Identities
sin? A+ cos? A4 =1
sec2 4 =1+tan? 4
cosec? A =1+ cot?> 4
Formulae for AABC

a b ¢
sind =~ sinB = sinC

a?=b*+ ¢ —2bc cos A

A:%bcsinA
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1  Using set notation, describe the regions shaded on the Venn diagrams below.

€ ¢

2 Find the values of k for which the line y = kx—3 and the curve y =2x’+3x+k do notintersect. [5]

© UCLES 2019 0606/11/0/N/19 [Turn over
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3 Giventhat 7°x49” =1 and 5°*x1253 = % , calculate the value of x and of y. [5]

© UCLES 2019 0606/11/0O/N/19



. CIn(@x*+1)
4 Itisgiventhat y= 3
(i) Find % . [3]
(ii) Find the approximate change in y as x increases from 2 to 2 + /4, where /4 is small. [2]
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5 f(x)=3e"+1 forx <R
gx)=x+1 forx € R

(i) Write down the range of fand of g. [2]

(i) Evaluate fg*(0). (2]

(iii) On the axes below, sketch the graphs of y = f(x) and y = f~' (x), stating the coordinates of the points

where the graphs meet the coordinate axes. [3]
A
!
0 x

© UCLES 2019 0606/11/0O/N/19



6  Find the equation of the normal to the curve y = +v8x+5 at the point where x = %, giving your answer in

the form ax+ by +c¢ = 0, where a, b and ¢ are integers. [5]
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7  When lg y is plotted against x, a straight line graph passing through the points (2.2, 3.6) and (3.4, 6) is

obtained.
(i) Giventhat y = A4b", find the value of each of the constants 4 and b. [5]
(i) Find x when y = 900. (2]

© UCLES 2019 0606/11/0O/N/19



8 Do not use a calculator in this question.

In this question, all lengths are in centimetres.

4+3+/5

A

7+5

=

11425

The diagram shows the trapezium ABCD in which angle ADC is 90° and 4B is parallel to DC. It is given
that AB=4+3v5 DC=11+2V5 and AD=7+"5.

(i) Find the perimeter of the trapezium, giving your answer in simplest surd form. [3]

(ii) Find the area of the trapezium, giving your answer in simplest surd form. [3]
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The diagram shows a circle with centre O and radius 10cm. The points 4, B, C and D lie on the circle such
that the chord 4B = 15 cm and the chord CD = 10cm. The chord AB is parallel to the chord DC.

(i) Show that the angle AOB is 1.70 radians correct to 2 decimal places. [2]

(ii) Find the perimeter of the shaded region. [4]

© UCLES 2019 0606/11/0O/N/19
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(iii) Find the area of the shaded region. [4]
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10

y =2+ cos3x

9

o

The diagram shows part of the graph of y = 2+cos3x and the straight line y = 1.5. Find the exact area of
the shaded region bounded by the curve and the straight line. You must show all your working. [9]

© UCLES 2019 0606/11/0O/N/19
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Continuation of working space for Question 10
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11 (a) Jess wants to arrange 9 different books on a shelf. There are 4 mathematics books, 3 physics books and
2 chemistry books. Find the number of different possible arrangements of the books if

(i) there are no restrictions, [1]
(ii) a chemistry book is at each end of the shelf, [2]
(iii) all the mathematics books are kept together and all the physics books are kept together. [3]

© UCLES 2019 0606/11/0O/N/19
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(b) A quiz team of 6 children is to be chosen from a class of 8 boys and 10 girls. Find the number of ways
of choosing the team if

(i) there are no restrictions, [1]

(i) there are more boys than girls in the team. [4]

Question 12 is printed on the next page.
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42
12 A curve is such that KJZ/ = 2sin <x+ %) Given that the curve has a gradient of 5 at the point (g, 5%), find

the equation of the curve. [8]
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax? + bx + ¢ =0,

—b+ Vb’ —4ac

2a

Binomial Theorem

n

n n
(@+by'=a"+||Ja" ' bt|y|a" 22+ . | fa" D D

where 7 is a positive integer and

n\ n!
rl (m—r)lr

2. TRIGONOMETRY

Identities
sin2 A+ cos2Ad=1
sec2A4=1+tan? 4
cosec? A=1+cot? 4
Formulae for AABC

a b c
sind  sinB  sinC

a?=b*+c*—2bc cos 4

A:%MmmA
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1 (i) On the axes below, sketch the graph of y =2cos3x—1 for —90° < x < 90°.

9

—90° —60° —30° 0 30° 60° 90°

(ii) Write down the amplitude of 2cos3x—1. [1]

(iii) Write down the period of 2cos3x—1. [1]
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2 When lg)? is plotted against x, a straight line is obtained passing through the points (5, 12) and (3, 20).
Find y in terms of x, giving your answer in the form y = 10“* " where a and b are integers. [5]

© UCLES 2019 0606/12/0/N/19
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14
3 The first three terms in the expansion of (1 - %) (1—2x)* canbe written as 1 +ax+bx?. Find the value
of each of the constants a and b. [6]
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4 (i) On the axes below, sketch the graph of y = ‘2x2 —9x—5| showing the coordinates of the points

where the graph meets the axes. [4]
Y
A
0 >
(i) Find the values of k for which |2x*—9x—5|=k has exactly 2 solutions. [3]

© UCLES 2019 0606/12/0/N/19
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5 (a) Itis given that fix—Vx for x>0,
g:x+—=>x+5 for x=0.

Identify each of the following functions with one of f~!, g7l fg, gf, f2 g%

(i) Vx+5 [1]
(i) x-5 [1]
(i) 2 [1]
(iv) x+10 [1]

(b) Itisgiventhat h(x)=a+ % where @ and b are constants.

(i) Why is —2 < x < 2 not a suitable domain for h(x)? [1]

(ii) Given that h(1) =4 and h’(1) = 16, find the value of a and of b. [2]

© UCLES 2019 0606/12/0/N/19 [Turn over
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6 (a) Write % in the form p“q°r, where a, b and ¢ are constants. [3]
p Var

(b) Solve log,x+2log 7 = 3. [4]

© UCLES 2019 0606/12/0/N/19



7 Itisgiventhat y= (1+ exz)(x+ 5).

(i) Find %. [3]

(ii) Find the approximate change in y as x increases from 0.5 to 0.5+ p, where p is small. [2]

(iii) Given that y is increasing at a rate of 2 units per second when x = 0.5, find the corresponding rate of
change in x. (2]
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8 (a) Five teams took part in a competition in which each team played each of the other 4 teams. The
following table represents the results after all the matches had been played.

Team Won Drawn Lost
A 2 1 1
B 1 3 0
C 1 1 2
D 0 1 3
E 3 0 1

Points in the competition were awarded to the teams as follows

4 for each match won,

2 for each match drawn,

0 for each match lost.

(i) Write down two matrices whose product under matrix multiplication will give the total number of
points awarded to each team.

[2]

(i) Evaluate the matrix product from part (i) and hence state which team was awarded the most

points.

© UCLES 2019
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. (1 -1 (5 0
(b) Itis given that A—<2 4> and B—(1 _2>.

(i) Find A7l [2]

(ii) Hence find the matrix C such that AC = B. [3]
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9 A solid circular cylinder has a base radius of rcm and a height of Acm. The cylinder has a volume of
12007 cm® and a total surface area of Scm?.

24007

(i) Show that S = 2w/ + p

[3]

© UCLES 2019 0606/12/0/N/19
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(ii) Given that / and r can vary, find the stationary value of S and determine its nature. [5]
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10

A 18cm B

10cm

C

The diagram shows a circle centre O, radius 10cm. The points 4, B and C lie on the circumference of the
circle such that AB = BC = 18cm.

(i) Show that angle 4OB = 2.24 radians correct to 2 decimal places. [3]

(ii) Find the perimeter of the shaded region. [5]
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Continuation of working space for Question 10(ii).

(iii) Find the area of the shaded region. [3]

Question 11 is printed on the next page.
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d’ -2
11 A curve is such that a); =2(3x—1) 3. Given that the curve has a gradient of 6 at the point (3, 11), find

the equation of the curve. [8]

Permission to reproduce items where third-party owned material protected by copyright is included has been sought and cleared where possible. Every
reasonable effort has been made by the publisher (UCLES) to trace copyright holders, but if any items requiring clearance have unwittingly been included, the
publisher will be pleased to make amends at the earliest possible opportunity.

To avoid the issue of disclosure of answer-related information to candidates, all copyright acknowledgements are reproduced online in the Cambridge
Assessment International Education Copyright Acknowledgements Booklet. This is produced for each series of examinations and is freely available to download
at www.cambridgeinternational.org after the live examination series.

Cambridge Assessment International Education is part of the Cambridge Assessment Group. Cambridge Assessment is the brand name of the University of
Cambridge Local Examinations Syndicate (UCLES), which itself is a department of the University of Cambridge.

© UCLES 2019 0606/12/0/N/19



Cambridge Assessment International Education
Cambridge International General Certificate of Secondary Education

Cambridge

IGCSE

CANDIDATE
NAME

CENTRE CANDIDATE
NUMBER NUMBER

ADDITIONAL MATHEMATICS 0606/13
Paper 1 October/November 2019

2 hours
Candidates answer on the Question Paper.

Additional Materials: Electronic calculator

READ THESE INSTRUCTIONS FIRST

Write your centre number, candidate number and name on all 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 IN ANY BARCODES.

Answer all the questions.

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.

The use of an electronic calculator is expected, where appropriate.

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

At the end of the examination, fasten all your work securely together.
The number of marks is given in brackets [ ] at the end of each question or part question.
The total number of marks for this paper is 80.

This document consists of 15 printed pages and 1 blank page.

J Cambridge Assessment

DC (SCIFC) 172297/1 . !
nternational Education [Turn over

© UCLES 2019




2

Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax? + bx + ¢ = 0,

_ —b++vb*—4ac

* 2a

Binomial Theorem

n

(@+by'=a"+||a" ' b+ ;a”‘2b2+...+ Za”—’b’+...+b"

where 7 is a positive integer and

n\ n!
rl -l

2. TRIGONOMETRY

Identities
sin2 A+ cos?A4=1
sec2A=1+tan? 4
cosec? A=1+cot* 4
Formulae for AABC

a b ¢
sind simnB sinC

a?=b%+ % —2bc cos A

A=%bcsinA
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1  Ina group of 145 students, the numbers studying mathematics, physics and chemistry are given below. All
students study at least one of the three subjects.

x students study all 3 subjects

24 students study both mathematics and chemistry
23 students study both physics and chemistry

28 students study both mathematics and physics
50 students study chemistry

75 students study physics

80 students study mathematics

(i) Using the Venn diagram, find the value of x. [4]
€ [ Mathematics
Physics
Chemistry
(ii) Find the number of students who study mathematics only. [1]

© UCLES 2019 0606/13/0/N/19 [Turn over
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(i) On the axes below, sketch the graph of y = 5cos4x—3 for —90° < x < 90°.

4

—90° —45°

(ii) Write down the amplitude of y.

(iii) Write down the period of y.

© UCLES 2019
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3 (i) Differentiate y = <3x2 - 1>_§ with respect to x. [2]
(i) Find the approximate change in y as x increases from v/3 to v/3 +p, where p is small. [1]

_1
(iii) Find the equation of the normal to the curve y = (3x2 P 1) 3 at the point where x = V3. [3]
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4 Itis giventhat A = (4 _1>.

() Find A7 [2]

(ii) Hence find, in radians, the acute angles x and y such that

Stanx+2tany = 12,
4tanx—tany = 7. [5]
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5 (i) Differentiate (x*+3)In(x>+3) with respect to x. [3]

(i) Hence find f xIn(? +3)dr. 2]

© UCLES 2019 0606/13/0/N/19 [Turn over



y 6 14.3 48 228 1536

The table shows values of the variables x and y such that y = Abxz, where A4 and b are constants.

(i) Draw a straight line graph to show that y = Ab* .
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(ii) Use your graph to find the value of 4 and of 5. [4]

(iii) Estimate the value of x when y = 100. [2]
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7 (a) AS5-digit code is to be chosen from the digits 1, 2, 3, 4, 5, 6, 7, 8 and 9. Each digit may be used
once only in any 5-digit code. Find the number of different 5-digit codes that may be chosen if

(i) there are no restrictions, [1]
(i) the code is divisible by 5, [1]
(iii) the code is even and greater than 70 000. [3]

(b) A team of 6 people is to be chosen from 8 men and 6 women. Find the number of different teams that
may be chosen if

(i) there are no restrictions, [1]
(ii) there are no women in the team, [1]
(iii) there are a husband and wife who must not be separated. [3]
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8 (a) Giventhat log x=p and log,y =g¢, find, interms of p and g,

@) log,av’, [2]
3
(ll) loga @>, [2]
(iii) log a+log a. (1]
(b) Using the substitution m = 3%, or otherwise, solve 3*—3'"*+4 = 0. [3]
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The diagram shows a sector OPQ of the circle centre O, radius 37cm. The points S and R lie on OP and OQ
respectively such that ORS is a sector of the circle centre O, radius 27cm. The angle POQ = 6 radians. The

perimeter of the shaded region PORS is 100 cm.
(2]

(i) Find 6 in terms of 7.

(i) Hence show that the area, A cm?, of the shaded region PORS is given by A4 = 50r—r°. [2]
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(iii) Given that » can vary and that 4 has a maximum value, find this value of 4. [2]

(iv) Given that 4 is increasing at the rate of 3cm?s~! when » = 10, find the corresponding rate of change
of r. (3]

(v) Find the corresponding rate of change of 6 when r = 10. [3]
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\
\
\
. \
5 \ 10 s
\
\
\

The velocity-time graph for a particle P is shown by the two straight lines in the diagram.

(i) Find the deceleration of P for 5 <¢< 10.

(ii) Write down the value of # when the speed of P is zero.

(iii) Find the distance P has travelled for 0 < ¢ < 10.

© UCLES 2019 0606/13/0/N/19
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(b) A particle O has a displacement of xm from a fixed point O, ts after leaving O. The velocity, vms™!, of
O at time 7s is given by v = 6e* + 1.

(i) Find an expression for x in terms of 7. [3]

(i) Find the value of  when the acceleration of Q is 24 ms™2. [3]
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax’ + bx + ¢ =0,

_ —b+Vb%— dac

2a
Binomial Theorem
n\ ,_ n\ ,_ n\ ,.
(@+b)'=d"+| | |a" b+|y|a" 2 b+ | T+
where 7 is a positive integer and =
rl (m-—n'tr!

2. TRIGONOMETRY

Identities
sin? A +cos>A=1
sec>A4=1+tan’ 4
cosec’ A=1+cot’> 4
Formulae for AABC

a b ¢
sind ~ sinB  sinC

a*=b*>+c*—2bc cos A

A== bcsin 4

1
2
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1 (a) On the Venn diagrams below, shade the region indicated.

€ €

ANnB)UC A'UB)NC
[2]

(b) On the Venn diagram below, draw sets P, O and R such that

PCR, OCR and PNQO=0.
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2 (i) Write down the amplitude of 4sin3x—1.

(ii) Write down the period of 4sin3x—1.

(iii) On the axes below, sketch the graph of y =4sin3x—1 for —90° < x° < 90°.

-60
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3 The polynomial p(x)=(2x—1)(x+k)—12, where k is a constant.

(i) Write down the value of p(—k). [1]

When p(x) is divided by x + 3 the remainder is 23.

(ii) Find the value of k. [2]

(iii) Using your value of &, show that the equation p(x) =—25 has no real solutions. [3]
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4 (i) The first 3 terms, in ascending powers of x, in the expansion of (2 + bx)8 can be written as
a + 256x + cx’. Find the value of each of the constants a, b and c. [4]

(ii) Using the values found in part (i), find the term independent of x in the expansion of

(2+6x)' (23 3]
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5  Aparticle P is moving with a velocity of 20 ms” ! in the same direction as <i)

(i) Find the velocity vector of P. 2]

At time ¢ = 0s, P has position vector (é) relative to a fixed point O.

(ii) Write down the position vector of P after ¢ s. 2]

A particle Q has position vector (i;) relative to O at time # = 0's and has a velocity vector (182> ms .

(iii) Given that P and Q collide, find the value of # when they collide and the position vector of the point of
collision. [3]

© UCLES 2019 0606/11/M/J/19 [Turn over



y=3x—2x+1
0

y=2x+5

O X

The diagram shows the curve y = 3x”> —2x+1 and the straight line y =2x+35 intersecting at the points
P and Q. Showing all your working, find the area of the shaded region. [8]
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7 (a) Solve log,x+log,x = 12. [3]

(b) Solve log4(3y2—10)=2log4(y—1)+%. [5]
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8 Itisgiventhat f(x)=5e"—1for x € R.

(i) Write down the range of f. [1]

(i) Find f™! and state its domain. [3]

It is given also that g(x) =x*+4 for x € R.

(iii) Find the value of fg(1). (2]

© UCLES 2019 0606/11/M/J/19
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(iv) Find the exact solutions of g*(x) = 40. [3]
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9  In this question all lengths are in centimetres.

A closed cylinder has base radius 7, height 4 and volume V. It is given that the total surface area of the
cylinder is 6007 and that V,  and 4 can vary.

(i) Show that ¥V =300mr—mr . [3]

(ii) Find the stationary value of " and determine its nature. [5]
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10 When lg y is plotted against x° a straight line graph is obtained which passes through the points (2, 4) and
(6, 16).

(i) Show that y= 10A+sz, where 4 and B are constants. [4]
(ii) Find y when x= % (2]
(iii) Find the positive value of x when y = 2. [3]
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11 Itis giventhat y = (x2 + 1)<2x— 3)%

dy Px*+0x+1

(i) Show that - 1 where P and Q are integers.

(20— 3)%

© UCLES 2019 0606/11/M/J/19
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1
(ii) Hence find the equation of the normal to the curve y = (xz + 1)(2x— 3)2 at the point where x = 2,
giving your answer in the form ax + by + ¢ = 0, where a, b and ¢ are integers. [4]
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax? + bx + ¢ = 0,

—b+~b* -4ac

2a

X =

Binomial Theorem

n

(@+by'=a"+|||a" " b+ Za”‘2b2+...+

n n!

where #n is a positive integer and =
p & P =)

2. TRIGONOMETRY

Identities
sin2A4+cos?A4=1
sec2A4=1+tan? 4
cosec? A=1+cot? 4
Formulae for AABC

a b ¢
sind  sinB  sinC

a?=b*+c?—2bccos A

1,
A—ZbcsmA
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1 (a) On the Venn diagrams below, shade the region indicated.

3

€ 4 5 €
C
ANB'NnC’
(b) € = {x:0° < x<360°
P = {x:cos2x = 0.5}
O = {x:sinx = 0.5}
Find PN Q.
© UCLES 2019 0606/12/M/3/19
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(2]

[3]
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2 Do not use a calculator in this question.

Find the coordinates of the points of intersection of the curve y = (2x+ 3)2(x—1) and the line
y=3(Qx+3). 3]
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3 The number, B, of a certain type of bacteria at time  days can be described by B = 200e* +800¢ .

(i) Find the value of B when ¢ = 0. [1]
(i) At the instant when %—f = 1200, show that e* —3e* —4 = 0. [3]
(iii) Using the substitution u = ¢, or otherwise, solve e* —3e* —4 = 0. [2]

© UCLES 2019 0606/12/M/3/19 [Turn over



Slw

(pr?) Var

4 (a) Given that T can be written in the form p%g’r¢, find the value of each of the constants a,
7 (p”)
band c. [3]
TR
(b) Solve 3xz—y 2=4,
4x3+3y71 = 14 [3]
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9] B

The diagram shows the right-angled triangle OA4B. The point C lies on the line OB. Angle OAB = % radians
and angle AOB = 0 radians. AC is an arc of the circle, centre O, radius 12 cm and AC has length 9.6 cm.

(i) Find the value of 6. (2]

(ii) Find the area of the shaded region. [4]
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6 (a) Eight books are to be arranged on a shelf. There are 4 mathematics books, 3 geography books and
1 French book.

(i) Find the number of different arrangements of the books if there are no restrictions. [1]

(ii) Find the number of different arrangements if the mathematics books have to be kept together. [3]

(iii) Find the number of different arrangements if the mathematics books have to be kept together and
the geography books have to be kept together. [3]

© UCLES 2019 0606/12/M/1/19
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(b) A team of 6 players is to be chosen from 8 men and 4 women. Find the number of different ways this
can be done if

(i) there are no restrictions, [1]

(ii) there is at least one woman in the team. [2]
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7 A pilot wishes to fly his plane from a point 4 to a point B on a bearing of 055°. There is a wind blowing at
120kmh™! from the west. The plane can fly at 650kmh! in still air.

(i) Find the direction in which the pilot must fly his plane in order to reach B. [4]

(ii) Given that the distance between 4 and B is 1250km, find the time it will take the pilot to fly from
Ato B. [4]
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8  When e’ is plotted against %, a straight line graph passing through the points (2,20) and (4, 8) is obtained.

(i) Find y in terms of x. [5]
(ii) Hence find the positive values of x for which y is defined. [1]
(iii) Find the exact value of y when x = 3. [1]
(iv) Find the exact value of x when y = 2. 2]
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9
y
A
y=4+2cos3x
y=>5
P 0
-
o X

The diagram shows the curve y =4+2cos3x intersecting the line y =5 at the points P and Q.

(i) Find, in terms of 7, the x-coordinate of P and of Q. [3]
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13

(ii) Find the exact area of the shaded region. You must show all your working. [6]
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10

hcm L dxcm

xcm

The diagram shows an open container in the shape of a cuboid of width xcm, length 4xcm and height 4 cm.
The volume of the container is 800 cm?.

(i) Show that the external surface area, Scm?, of the open container is such that § = 4x* + @ [4]

© UCLES 2019 0606/12/M/1/19
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(ii) Given that x can vary, find the stationary value of S and determine its nature. [5]

Question 11 is printed on the next page.
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2
11 The normal to the curve y = (x— 2)(3x+ 1)3 at the point where x = %, meets the y-axis at the point P.
Find the exact coordinates of the point P. [7]
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax? + bx + ¢ =0,

_ —b+Vb%— dac

2a
Binomial Theorem
n n n
(@+b)y'=a"+|||a"  bt|,|@" 22+ | @D+
where 7 is a positive integer and =
rl (m-—n'tr!

2. TRIGONOMETRY

Identities
sin2A+cos2A=1
sec2A4=1+tan? 4
cosec? A=1+cot?* 4
Formulae for AABC

a b ¢
sind ~ sinB  sinC

a?=b%+c*—2bccos A

A== bcsin 4

1
2
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1  Describe, using set notation, the relationship between the sets shown in each of the Venn diagrams below.

€ €

[3]

2 Given that = -, find the value of each of the constants @, b and c. [3]
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3 Show that the line y =mx+4 will touch or intersect the curve y =x*+3x+m for all values of m.

[4]
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In(2x’ +5
4 Itisgiventhat y= n(xxfl) for x > 1.
. ) dy )
(i) Find the value of e when x = 2. You must show all your working. [4]
(i) Find the approximate change in y as x increases from 2 to 2+ p, where p is small. [1]
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5 (i) On the axes below, sketch the graph of y =|3x>—14x—5|, showing the coordinates of the points
where the graph meets the coordinate axes.

y
A
T T L
| 0 6 X
[4]
(i) Find the exact value of & such that |3x*—14x—5|=k has 3 solutions only. [3]
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6 (a) (i) Showthat secH— cosecd — cos0. [3]
.. tan20 ﬁ o 0

(ii) Solve sec260— cosec20 — 2 for 0° < 6 < 180°. [3]

(b) Solve 2sin’ <¢+%> =1 for 0 < ¢ < 27 radians. [4]
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7 Do not use a calculator in this question.
In this question, all lengths are in centimetres.

A

2v/5-1

B 245

The diagram shows the triangle A4BC such that 4B =2+v5—1, BC=2++/5 and angle ABC = 90°.

(i) Find the exact length of AC. [3]
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(ii) Find tanACB, giving your answer in the form p+¢+r, where p, g and r are integers. [3]

(iii) Hence find sec’4CB, giving your answer in the form s+7v/u where s,  and u are integers. 2]
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8 fix—e™ for xR
g:xm—2x*+1 for x>0

(i) Write down the range of g. [1]
(ii) Show that f~'g(v62)=In5. [3]
(iii) Solve f’(x)=6g"(x), giving your answer in the form Ina, where a is an integer. [3]
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(iv) On the axes below, sketch the graph of y = g and the graph of y = g~', showing the points where the
graphs meet the coordinate axes.
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9 (a) Jack has won 7 trophies for sport and wants to arrange them on a shelf. He has 2 trophies for cricket,
4 trophies for football and 1 trophy for swimming. Find the number of different arrangements if

(i) there are no restrictions, [1]

(ii) the football trophies are to be kept together, [3]

(iii) the football trophies are to be kept together and the cricket trophies are to be kept together.  [3]
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(b) Ateam of 8 players is to be chosen from 6 girls and 8 boys. Find the number of different ways the team
may be chosen if

(i) there are no restrictions, [1]
(i) all the girls are in the team, [1]
(iii) atleast 1 girl is in the team. [2]
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2 1

10 A curve is such that ajz/ = (2x+ 3>_5. The curve has a gradient of 5 at the point where x = 3 and passes

(1 1
through the point (E’ - §)‘
(i) Find the equation of the curve. [7]
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(ii) Find the equation of the normal to the curve at the point where x = 3, giving your answer in the form
ax+by+c = 0, where a, b and ¢ are integers. [4]

Question 11 is printed on the next page.
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11 A pilot wishes to fly his plane from a point 4 to a point B. The bearing of B from A4 is 050°. A wind is
blowing from the north at a speed of 120kmh™!. The plane can fly at 600 kmh™! in still air.

(i) Find the bearing on which the pilot must fly his plane in order to reach B. [4]

(ii) Given that the distance from A4 to B is 2500 km, find the time taken to fly from 4 to B. [4]
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax” + bx + ¢ = 0,

—b+b* -4ac

2a

X =

Binomial Theorem

n

n
: anfl b+

(a+b)'=d"+ 2a"’2b2+...+

n n!

where 7 is a positive integer and =
P £ rl (m—nrr

2. TRIGONOMETRY

Identities
sinf4+cos?2Ad=1
sec2A=1+tan? 4
cosec?A=1+cot? 4
Formulae for AABC

a b  c
sind sinB  sinC

a?=b%*+ c? —2bc cos A

1 )
A—Ebc sin A
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1 (a) Given that €= {x:1 <x <20},
A = {multiples of 3},

B = {multiples of 4},

find
() n(4), [1]
(i) n(4NB). [1]

(b) On the Venn diagram below, draw the sets P, Q and R such that P C O and ONR = &.

€

(¢) Using set notation, describe the shaded areas shown in the Venn diagrams below.

€ €
S T X Y
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2 On the axes below, sketch the graph of the curve y =|2x* —5x—3|, stating the coordinates of any points
where the curve meets the coordinate axes.

10

—104

[4]
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3 (i) Find the first 3 terms in the expansion, in ascending powers of x, of (3 - f) . Give the terms in their
simplest form. 9 [3]

6 2
(ii) Hence find the term independent of x in the expansion of {3 — ) (x— g . [3]
9 X
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The polynomial p(x) = 2x* +ax® +bx—49, where a and b are constants.

x+3 there is a remainder of —24 .

(i) Show that 6a—b =78 .

Itis given that 2x—1 is a factor of p(x).

(ii) Find the value of ¢ and of b.

(iii) Write p(x) in the form (2x —1)Q(x), where Q(x) is a quadratic factor.

(iv) Hence factorise p (x) completely.

© UCLES 2019
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[4]

(2]

[1]



7

5  Itis given that log, x = p. Giving your answer in its simplest form, find, in terms of p,

(@) log, (16x), (2]
7
(i) log, (2’;—6) [2]

Using your answers to parts (i) and (ii),

7

(iii) solve log,(16x)—log, (2365—6) =5, giving your answer correct to 2 decimal places. [3]
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1 2
6 (a) Giventhat A= (0 B 1), B=(2 5| and C= (3 -2 O), write down the matrix products which
3 1
are possible. You do not need to evaluate your products. [2]

b) Itisgiventhat X=(> -) and Y=(" |
(b) 1s given tha =\; 3 an =5 of

(i) Find X\ [2]

(ii) Hence find the matrix Z such that XZ=Y. [3]
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7 Do not use a calculator in this question.

All lengths in this question are in centimetres.

A 2435 B

10—2v35

=

D 6+3V5 ¢

The diagram shows the trapezium ABCD, where AB =2+3v5, DC=6+3V5, AD=10—2+5 and
angle ADC = 90°.

(i) Find the area of ABCD, giving your answer in the form a+ b+/5, where a and b are integers. [3]

(i) Find cotBCD, giving your answer in the form ¢ +d+'5, where ¢ and d are fractions in their simplest
form. [3]
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Vi

20

15

10

~Y

The diagram shows the velocity-time graph of a particle P moving in a straight line with velocity vms™! at
time ¢ seconds after leaving a fixed point.

(i) Write down the value of the acceleration of P when 7= 5. [1]
(ii) Find the distance travelled by the particle P between ¢t = 0 and 7 = 10. [2]
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(b) A particle QO moves such that its velocity, vms™!, ¢ seconds after leaving a fixed point, is given by

v=3sin2¢t—1.
(i) Find the speed of O when ¢ = 71—7; [2]
(ii) Find the least value of ¢ for which the acceleration of Q is zero. [3]
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9  The area of a sector of a circle of radius 7cm is 36 cm?.

(i) Show that the perimeter, Pcm, of the sector is such that P = 2r+ 7—3 [3]
(ii) Hence, given that r can vary, find the stationary value of P and determine its nature. [4]
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2

dy dy

10 A curve is such that when x = 0, both y = —5 and I 10. Given that @ =4e* +3, find
(i) the equation of the curve, [7]
(ii) the equation of the normal to the curve at the point where x = % [3]
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11 (a) Solve sinxcosx = %tanx for 0° < x < 180°. [3]
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sin@

(b) (i) Show that sec6— oot — cosf. [3]
(ii) Hence solve sec36