Additional Mathematics

GCE'O'Levels
Mock Examination - Total: 94 marks - Generated 30/08/2026

Question1 [6 marks]
POLYNOMIALS AND PARTIAL FRACTIONS

2

3 A cuboid with volume (2z + 1)2 cm? has arectangular base with dimensions z2 cm and (2z - 1) cm.

Find an expression for the height of the cuboid, leaving your answer in partial fractions. [6]

Question 2 [8 marks]
TRIGONOMETRIC FUNCTIONS AND IDENTITIES

sin2x -cos2x + 1
11(a) Prove that — = tan x.[4]
sin2z + cos2x + 1

sin2z - cos 2z + 1
sin2z +cos2x + 1

=5-2sec?zforO <z < 360°.[4]

(b) Hence, solve the equation

Question 3 [7 marks]
PROOFS IN PLANE GEOMETRY

3Inthe diagram, PQ S lies on a circle and PC'BQ) lies on another circle. PQ) is acommon chord of the
two circles. BPS is a straightline. QC'is atangent to the circle PQ .S at Q. QC' and BP intersectat M

(a) Prove that BC'is parallelto Q.S [3]
(b) Prove that triangle PQ M is similar to triangle Q. SM . [2]
(c) Hence show that QM2 = PM - SM.[2]

Question 4 [10 marks]
QUADRATIC FUNCTIONS

12 (a) (i) Show that 22 — 10z + 21 can neverbe smallerthan -4.

(i) Giventhaty = 2 — 10z + 21, write down the coordinates of the turning point and state whether

the pointis a maximum or minimum.
(iii) Solve the equation z? - 10z + 21 = O.

(iv) Hence, sketch the graphofy = z2 - 10z + 21.
1

T

(b) Giventhat 622 + = - 02 = O,wherea, b B O, show that there are no values of a and b for which
a

the equation has equal roots.
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Question 5 [12 marks]
COORDINATE GEOMETRY

9 Acircle, C4, has equation
2 2 —
z-+y° +8zx-10y = 40

(i) Find the radius and the coordinates of the centre of (. [3]
Asecondcircle, C7, has adiameter PQ). The point P has coordinates (0, 6) and the equation of the
tangentto C at Q) is

4y = 3z - 26

(i) Find the equation of the line P(Q) and hence the coordinates of (). [4]
(iii) Find the radius and the coordinates of the centre of C2.[3]

(iv) Explain why the point (2, 6) lies within both the circles Cj and C5. [2]

Question 6 [11 marks]
EQUATIONS AND INEQUALITIES

(a) Find the range of values of k for which the curve y = kz? + (k + 2)z + 3lies entirely above the -
axis. [5]

(b) Forthe case k = 2, determine whethertheliney = 4z + lintersects the curve, andif so find the
coordinates of any point(s) of intersection. [6]

Question?7 [9 marks]
BINOMIAL EXPANSIONS

7 (a) By considering the general termin the binomial expansion of a given expression (the expression
appears as animage in the source andis not legible),

(i) explain why there are no odd powers of x in this expansion; [3]
(ii) explain why the term independent of x does not exist. [2]

(b) (i) Find, in descending powers of x, the first 3 terms in the expansion of a given expression (not
legible in the source). [2]

(ii) Hence find the value of a given numerical expression, giving your answer correct to 2 decimal
places. [2]
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Question 8 [11 marks]
EXPONENTIAL AND LOGARITHMIC FUNCTIONS

7 (a) Solve the equation 3%(18 + 3%) = 40.[3]
(b) Solve the equationlog, y? = log, 3 + log,(y + 6).[5]

(c) Inorder to obtain a graphical solution of the equation

x=2|n(4—gw>,

a suitable straight line can be drawn on the same set of axes as the graphofy = 4 — e*2 Make e*/?
the subjectofx = 21n (4 - %m) and hence find the equation of this line. [3]

Question 9 [8 marks]
SURDS

Do notuse a calculatorin this question.

(a) Solve the equation\/3z + 7 — v/z + 1 = 2.[4]
(b) Solve the equationv/Bz + 1 = 1+ +/3z.[4]

Question10 12 marks]
DIFFERENTIATION AND INTEGRATION
10
The diagram shows part of the curve y = . 1 passing through the point P(2k, k — 1), where k
-x

is a constant. The curve meets the x-axis at the point X . The tangent and normal at P meet the x-axis
atthe pointsT"and N respectively.

(a) Find the equation of the normal at P. [6]

(b) Find the exact area of the shaded region. [6]
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Answers

Question1

Volume = base area x height, so

2z + 1)2 _ 472 + 4z + 1

height = 55— 1) = 22z 1)

Let

4x2+4x+1_é B C
222z -1 =z +x2+2m—1

Multiplying by z2(2z - 1);
42° + 4z +1 = Az(2z - 1) + B2z - 1) + Cz?
Letz = 0:1=-B,soB = -1.

Letx = %:1+2+1 = %,soC:]é.

Comparing coefficientsof z2:4 = 2A+ C = 24 +16,s0 A = -6.
Check the coefficientof z: —A + 2B = 6 — 2 = 4, asrequired.

Therefore

16 6 1

- —-—cm

height =

2z-1 =z =z
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Question 2
(a)

Usingsin 2z = 2 sinz cos z,cos 2z = 1 - 2 sin? zinthe numeratorand cos 2z = 2 cos2 z - 1
inthe denominator:

2sinzcosz - (1-2sin?z) +1

LHS = 2sinzcosz+(2cos2z-1)+1

_ 2sinzcosz+2sinz _ 2sinz(cosz + sinz)
" 2sinzcosz+2cos?z  2cosz(Sinz +Cos )

sin
=27 _tanz = RHS
COSax

(b)
Using part (@) andsec? z = 1+ tan? z:

tanz = 5 -2 (1+tan®z)
2tanz+tanz-3=0 = (tanz+3)(tanz-1)=0

tanz =1 = =45, 225

3
tanz = -

5 = basicangle 56.31", x =123.7°, 303.7

x =45,123.7", 225", 303.7°
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Question 3
3(a)

Since QC'istangent to circle PQ.S at Q, by the tangent-chord (alternate segment) theorem,

+PQC = . PSQ.
Incircle PCBQ@, angles subtended by chord PC'in the same segment give
+PQC = . PBC.
Hence - PBC = »PS(Q.These are equal alternate angles forlines BC and .S cut by the transversal
BPS,so BCisparallelto @S.
3(b)
By the alternate segment theorem, - PQM = +PQC = +PSQ = :QSM.
+PMQ@ = :QQMS (commonangle).
Therefore triangle PQ M is similar to triangle Q.S M (AA similarity).
3(c)
Since triangle PQ) M is similar to triangle Q) SM, corresponding sides are proportional:
Qu _ Py
SM QM
Hence QM? = PM - SM.
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Question 4

(a)(i) Completing the square:
2?2 -10z+21=(z-5)°-25+21=(z - 5)° - 4.

Since(z - 5)2 = O,wehave(z - 5)2 - 4 = -4,s0x2 - 10z + 21 cannever be smaller than -4,

(a)(ii) The turning pointis (5, —4), and since the coefficient of x2 is positive it is a minimum.
(a)(iii)
22 -102+21=(z-7)z-3)=0=z=70rz = 3.

(a)(iv) The graphis an upward parabola with vertex (5, =4), z-intercepts at (3, O) and (7, O), and y-
intercept (O, 21).

1 ]
(b)Forbz? + —x — 2 = 0, the discriminantis
a

1\? 1 1 24
(a) -6 <_b_2>:a_2+b_2'

. 1 24 o "

Sincea, b B O, both — > OQand b_2 > 0, so the discriminant is strictly positive and can never equal
a

O.Hence there are no values of a and b for which the equation has equal roots.
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Question 5

(i) Complete the square:
(z% + 8z) + (y* - 10y) = 40
(z +4)? =16+ (y - 5)% - 25 = 40
(z +4)* + (y - 5)% = 81

Centre (-4, 5) and radius 9 units.

(i) Thetangent 4y = 3z — 26 givesy = %a: - % soits gradientis %. Since PQ) is adiameter, PQ is
perpendicular to the tangent at Q:

_4
me = 3
Through P(O, 6):
y = —%m +6
At () the line meets the tangent:
=3, 18
3" R
Multiplying by 12:
-16x+72=92-78
25z =150
xz =6, y:—%(6)+6:—2
SoQis(6,-2).
(i) The centre of C'7 is the midpoint of PQ):
O0+6 6-2
(252532) 02
The radius is half of PQ):
r= %\/(6 -0)2 +(-2-6)2 = %\/36+64 = %(10) =5

Centre (3, 2) and radius 5 units.

(iv) Distance from (2, 6) to the centre of C:

V2 +4)2+(6-5)2=v37=6.08

Since 6.08 < 9, the pointliesinside C}.
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Distance from (2, 6) to the centre of C5:

V2-32+(6-22=V17=412

Since 4.12 < 5, the pointliesinside Cy. Hence (2, 6) lies within both circles.

Question 6

(a) The curve lies entirely above the z-axis when it opens upwards and has noreal roots: k > O and
discriminant < O.

(k+2)°-4k(3) <0 =k’ +4k+4-12k <0 =k*-8k+4 <O.
Therootsof k2 — 8k +4 = Oarek = 4+ 2+/3,504 - 2/3 <k <4+ 2+/3.Since 4 - 24/3 > O,
the conditionk > O is automatically met, giving4 - 2/3 < k < 4 + 2+/3.

(b)Withk = 2the curveisy = 222 + 4z + 3. Settingequalto theline: 2z2 + 4z + 3 = 4z +1 =
222+2=0= 22 = -1, which has no real solution. Hence the line does not intersect the curve.

Question?7

The specific binomial expressions are not legible inthe source. The mark scheme records the
reasoning and results:

(a)(i) The general term produces powers of x of the form o (an even exponent for every non-
negative integerr), so no odd powers of x appear.

(a)(ii) Atermindependent of £ would require the exponent of & to be zero, which forces r to be non-
integer; since r must be awhole number, no such term exists.

(b)(ii) Substituting the required value into the first three terms gives the approximation 6014.25 (to 2
decimal places).

The underlying expressions are missing, so these results cannot be independently verified.
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Question 8
(a) Letu = 3%.Then

w18 +u) =40 = w2 +18u-40 =0 = (u+20)(u-2) = O.

Sinceu = 3% > O, rejectu = -20;s03% = 2, giving

x = E = 0.631(3s.f.).
In3

(b)
log, y? = log, 3 +l0g,(y + 6) = log, [3(y + 6)].
Comparing arguments, y2 = 3(y + 6), so
y? -3y-18=0=(y-6)y+3)=0.
Sincey > O,rejecty = -3;hencey = 6.
(c)Fromz = 2In (4 - 32):

T _ 23 w2 _ 49
2_In(4 2x)=>e =4 233.

¢/2 = 4 ysod-y=4- %x,givingtheline

3
Y=

2

Sincey = 4 - %2, we have e

Question 9

(@)Write/3x +7 =2+ +/z + landsquare: 3z +7 =4 +4/z+ T+ (x+1),s02z+2 =4z + 1,
givingz + 1= 2/ + L. Withu = vz + 1,u? = 2u,sou = Ooru = 2,i.e.z = -Torz = 3.Both
satisfy the original equation.

(b)Squaring: 5z + 1 = 1+ 2v/3z + 32,502z = 2/3z,givingz = vV3zandz? = 3z.Hencez = O

orz = 3;both checkin the original equation.
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Question10
(a) Since P(2k, k - 1) liesonthe curve,

__10_ _._,__10
" 12-2k " 12-2k

sok = lork = 5. Fromthe diagram P lies above the z-axis, so k = 5and P(10, 4).
Withy = 10(12 - )71 - 1,

k-1

dy 10
dr ~ (12 -2)?
dy 10 5 2
P(10,4) =2 = ————— = —, ientis ——. Pi
At P( ) 4 = 02-102 " 2 so the normal gradient s E The normal at Pis

y-4= —%(x—10)=>y: —%$+8.
10

5 12 -z

axisat N: O = —§m+8 =z = 20,50 N(20, 0).

(b) The curve meets the z-axisat X: O =

10710 ]
Shaded area = ( - 1) dx + =(20 -10)(4).
5 12 -2 2

= k(12-2k)=10 2 k* - 6k+5 =0,

-1= 2z =2,50X(2,0).The normal meets the z-

10
( 10 —1)da:=[—10In(12—a:)—a:]120=(—1OIn2—1O)—(—1OIn1O—2)=1OIn5—8.
2

12 -z
Adding the triangle %(10)(4) = 20:
Area=10In5-8+20=10In5+12.
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