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1  Expand 3+x)(1— 2x)% in ascending powers of x, up to and including the term in x?%, simplifying the
coefficients. [4]
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2 Solve the equation In(x—5) = 7—Inx. Give your answer correct to 2 decimal places. [4]
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(1.31,1.50)

(0.336,1.00)

'
0 In x

The variables x and y satisfy the equation a’ = bx, where a and b are constants. The graph of y
against Inx is a straight line passing through the points (0.336,1.00) and (1.31, 1.50), as shown in the
diagram.

Find the values of a and b. Give each value correct to the nearest integer. [4]
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4  The complex number u is given by u = —1—i+/3.

(a) Express u in the form 7 (cos@+isinf), where » > 0 and —7t < 6 < 7. Give the exact values of
and 6. [2]

. _ [P |
The complex number v is given by v =5 (cos T +isin gﬂ).
(b) Express the complex number 5 in the form ¢ where » > 0 and —1 < 6 < 7. [2]
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sinx
The equation of a curve is y = ——— for 0 < x < 2.
cos“x

d
Find ay and hence find the x-coordinates of the stationary points of the curve. [7]
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6 (a) By sketching a suitable pair of graphs, show that the equation cosec %x = ¢" —3 has exactly one
root, denoted by o, in the interval 0 < x < 7. [2]

(b) Verify by calculation that o lies between 1 and 2. [2]
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(c¢) Show that if a sequence of values in the interval 0 < x < 7 given by the iterative formula
x, ., = In(cosec %xn +3)

converges, then it converges to . [1]

(d) Use this iterative formula with an initial value of 1.4 to determine a correct to 2 decimal places.
Give the result of each iteration to 4 decimal places. [3]

(e) State the minimum number of calculated iterations needed with this initial value to determine o
correct to 2 decimal places. [1]
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7 (a) Onasingle Argand diagram sketch the loci given by the equations |z—3 +2i| = 2 and
|w—3+2i|=|w+3—4i| where z and w are complex numbers. [4]

(b) Hence find the least value of |z—w| for points on these loci. Give your answer in an exact form.

[2]
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12
Use the substitution ¥ = 1 —sinx to find the exact value of

n

2% 8in2x de
o V1—sinx

Give your answer in the form a+ by2 where a and b are rational numbers to be determined. [7]
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9  The equations of two straight lines /, and /, are

Z .

0 r=i-2j+3k+AQRi—j+ak) and : r=—i—j—k+uBi—2j—-2k),

where a is a constant.

The lines /; and [, are perpendicular.

(a) Show that a = 4. [1]

The lines / 1 and l2 also intersect.

(b) Find the position vector of the point of intersection. [4]
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The point A has position vector —5i+j—9k.

(¢) Show that 4 lies on /,. [2]

The point B is the image of 4 after a reflection in the line /,.

(d) Find the position vector of B. [2]

© UCLES 2024 9709/31/M/1/24 [Turn over



10 (a) Given that 2x = tany, show that — = 5 - [3]
1+4x
ﬁ ......................................................................................................
(b) Hence find the exact value of 1 " xtan™! (2x)dx [7]
2
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11 Ina field there are 300 plants of a certain species, all of which can be infected by a particular disease. At

time ¢ after the first plant is infected there are x infected plants. The rate of change of x is proportional
to the product of the number of plants infected and the number of plants that are not yet infected. The

variables x and ¢ are treated as continuous, and it is given that % =0.2 and x =1 when = 0.
(a) Show that x and ¢ satisfy the differential equation
dx

1495 3 = ¥ (300 —x). 2]

(b) Using partial fractions, solve the differential equation and obtain an expression for ¢ in terms of a
single logarithm involving x. [9]
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1 (a) Sketch the graph of y = | x—2al, where a is a positive constant. [1]

(b) Solve the inequality 2x—3a < |x—2al. [2]
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6x>—9x— 16

7 —sp in partial fractions. [5]

2 Express

© UCLES 2024 9709/32/M/1/24



5

2y—

3 The variables x and y satisfy the equation a® ' = »* ™, where a and b are constants.
y Yy q

(a) Show that the graph of y against x is a straight line. [3]

(b) Given that a = b°, state the equation of the straight line in the form y = px+ ¢, where p and ¢q are
rational numbers in their simplest form. (2]
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4  The equation of a curve is ye™* +y%e” = 6.

Find the gradient of the curve at the point where y = 1. [6]
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7

(a) Itis given that the equation e** = 5+ cos3x has only one root.

Show by calculation that this root lies in the interval 0.7 < x < 0.8 . [2]

(b) Show that if a sequence of values in the interval 0.7 < x < 0.8 given by the iterative formula

X = lln (5 +cos 3xn>

n+1 2

converges then it converges to the root of the equation in part (a). [1]

(¢) Use this iterative formula to determine the root correct to 3 decimal places. Give the result of each
iteration to 5 decimal places. [3]
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A
M
9) >

The diagram shows the curve y = xe™ ', where a is a positive constant, and its maximum point M.

(a) Find the exact coordinates of M. [4]
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(b) Find the exact value of J.axe_‘”‘ dx. [5]
0
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10

(a) Show that cos*0—sin*0 = cos26. [3]
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In
(b) Hence find the exact value of s (cos46 —sin*6+4sin’6 cos® 6) de. [6]
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8 The points 4, B and C have position vectors 04 =—2i+j+4k, OB = 5i+2j and oC = 8i+5j—3k,
where O is the origin. The line /, passes through B and C.

(a) Find a vector equation for /,. [3]

The line , has equation r =—2i+j+4k+ 4 (3i+j—2Kk).
(b) Find the coordinates of the point of intersection of / and /,. [4]
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(¢) The point D on [, is such that AB = BD.
Find the position vector of D. [5]
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9  The complex numbers z and @ are defined by z = 1—1i and @ =—3 +3+/3i.

(a) Express zw in the form a+ bi, where a and b are real and in exact surd form. [1]

(b) Express z and @ in the form reie, where » > 0 and —7 < 6 < 7. Give the exact values of  and 6
in each case. [4]

(¢) On an Argand diagram, the points representing @ and zw are 4 and B respectively.

Prove that OAB is an isosceles right-angled triangle, where O is the origin. [2]
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1 d
10 (a) By writing y = sec’0 as 3, show that ki A 3sinOsec’o. [2]
cos 0 de

(b) The variables x and 6 satisfy the differential equation

de

P (x+3)cos46.

<x2 + 9) sin 6
It is given that x = 3 when 6 = %n.

Solve the differential equation to find the value of cos® when x = 0. Give your answer correct to
3 significant figures. [8]
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Solve the equation 8° % = 4 x 572", Give your answer correct to 3 decimal places. [4]
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(MRTATHRAN o, - -

Find the exact coordinates of the stationary point of the curve y = e**sin2x for 0 < x < %n. [5]
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MMM -~ - -
3

The square roots of 24 —7i can be expressed in the Cartesian form x +1iy, where x and y are real and
exact.

By first forming a quartic equation in x or y, find the square roots of 24 — 71 in exact Cartesian form.

[5]
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I LT — -
4

In
A
(5.10,2.21)
(2.80,0.372)
0] >

The variables x and y satisfy the equation ky = e“, where k and ¢ are constants. The graph of Iny
against x is a straight line passing through the points (2.80,0.372) and (5.10,2.21), as shown in the
diagram.

Find the values of k& and c. Give each value correct to 2 significant figures. [4]
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5 Express 00 —2xF2
PIeSS "D x+1)

in partial fractions. [5]
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(MMM - -

(a) On an Argand diagram shade the region whose points represent complex numbers z which satisfy
both the inequalities | z—4 —3i| < 2 and arg(z—2—1) = %n. [5]

(b) Calculate the greatest value of argz for points in this region. [2]
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7

Let f(x) = 8> +54x> — 17x—21.

(a) Show that x+ 7 is a factor of f(x). [1]

| © UCLES 2024 E% 9709/33/M/J/24 I
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(¢) Hence solve the equation

L[ -

8c0s’0+54c0s’0—17cos6—21 =0,

for 0° < 6 < 360°. [3]
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8 (a) Express 3cos2x—

1 -

v3sin2x in the form Rcos(2x+a), where R > 0 and 0 < a < TE Give the

exact values of R and «. [3]
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1
71‘5
(b) Hence find the exact value of fl 3
0 (3 cos 2x— /3 sin 2x>

5 dx, simplifying your answer. [5]
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9

A container in the shape of a cuboid has a square base of side x and a height of (10—x). It is given
that x varies with time, ¢, where # > 0. The container decreases in volume at a rate which is inversely

proportional to 7.

When ¢ = -, x = % and the rate of decrease of x is 55

10°

20
37"

(a) Show that x and 7 satisfy the differential equation

10—x
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(b) Solve the differential equation, obtaining an expression for # in terms of x. [6]
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10 The equations of two straight lines are

r=i+j+2ak+AQ@i+4j+ak) and r=—-3i—j+4k+u(—i+2j+2k),
where a is a constant.

(a) Given that the acute angle between the directions of these lines is %n, find the possible values
of a. [6]
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(b) Given instead that the lines intersect, find the value of a and the position vector of the point of
intersection. [5]
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11 Use the substitution 2x = tan 6 to find the exact value of

1
— 2 _dx
fo (1+42%)

Give your answer in the form a+ b, where a and b are rational numbers.
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If you use the following page to complete the answer to any question, the question number must be clearly
shown.
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