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Mathematical Formulag

1. ALGEBRA

Quadratic Egquation
For the equation ax’ +bx+c =0,

Binomial exponsion

A

z?___zz‘n‘ r—1 By 422 By peryr X
{a+b) =a -%-{l)a b-i—(z)a b +.H+(r)a B+ b7,

. e n Al a{p—1}...fa—r+1}
where nis a \G o P ¢ T e el
erc 11 is a positive integer and (_r) o7 ot S| =

2. TRIGONOMETRY
}demiiies
sin’4+cos’d =1
sec’d = 1 +tan’4
cosec?4 = 1 +cot*4
sin{4+B) = sind cos BxcosAsinB
cos{A+B) = cos4cos BT smA sin B

a4 8) = Fieians

gin?4d = 2sindcosd
cos 24 = cosid —sin?4 = 2cos’d—1 =12 sin®A

1 —ten*A

Formulae for AABC
a_ .. b __. ¢
sind sipB  sinC

@t = b2 +¢? —2beccosA

P
A= zbc sin 4
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1 A cuboid has a base area of (7 + 4v5)cm? and a volume of ( 16 + 18v5)em’. Find, without

using a calculator, the height of the cuboid, in cm, in the form (a + b\/g), where a and b are
integers.

[3]
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2 The curve 5x — xy = 20 and the line x — 2y — 3 = 0 intersects at the points A and B.
B3]

Find the y-coordinate of A and of B.
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3 (a) Express 12x — 13 — 3x2 in the fom a(x + b)? + ¢ and hence state th

¢ coordinates of
the turning point of the curve y = 12x ~ 13 — 342,

' (4]

(b)  State the range of k such that y = k will intersect the curve Yy =12x — 13 — 3x2, [1]
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6
4 6 .
4 Integrate P 3 with respect to X.
|
|
i
Tx2-17x+1 _ _
5 Express in partial fractions.

(x?+1)(2-3x)

2024_4-G3/5-G2_PRELIMS_ ADDITIONAL MATHEMATICS _PAPER 1
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7

6 Giventhat x° + ax® + hbx2 —3 = (x> —DQ() —x —

2, where Q(x) is a polynomial,
(a)  state the degree of Q(x),

[1]

(b) showthata=—2andb =1, [31

(¢)  find the polynomial Q(x). [3]
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7§
(180, 4) (m,4)

¥

(540, -2)

The sketch above shows part of the graph of y = @ sin (%) + ¢, where x 18 in degrees.

(a) Explainwhyc=1 (2]

(b) State the value of b. [1]

[2]

(¢)  Find the value of m and explain how you get it.
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8 The figure shows the curve y = x2 and the point R(1,0). The variable point P(p,

0) moves
along the x axis and PQ is vertical. It is given that p decreases at the rate of 1.2 units p

er second.

y=x
5 » X
R(1,0)
(@) Show that the area of the tnangle PQR, A units®, is A = % p* - —;-p3. [2]
(b) Find the rate at which A is increasing at the instant when p = —7. [4]
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9 From a rectangular piece of metal of width 2m and length 6m, two squares of side x m and two
rectangles of sides x m and (x + y) m are removed as shown. The metal is then folded about

the dotted lines to give a closed box with height x m.

< 6m —»

x «-— ¥V ——
T T P
[ |
2m | ! I
: B

i
_______ x
x
(a) Show that the volume of the box, V'm?, is givenby V = 2x3 — 8x% + 6x. (31
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(b)  Given that x can vary, find the stationary value of V. (4]

(¢)  Show that this value of ¥ is a maximum.

(2]
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10 The diagram shows a triangle ABC with vertices at 4 (0,6),B(8,13) and C (20, k).

y

T

B(8,15)

C (20, k)

4(0,6)

(a) Giventhat 4B = BC, find the value of k. [4]
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(b) Disapoint on the x axis such that 4BCD is a kite. Find the coordinates of D, [4}

(c)  Hence find the area of the kite 4BCD. [2]
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. . sind _ [3
11 (a) Prove the identity cot 6 + ———5 = cosec 8. 1
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(b)  Hence solve the equation cot 36 + li:):z 5 =—2 for—90° < 9 < 90°, (4]
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12 (a) Solve 6271 = 4% X 5. [4]

[2]

(b)  Given that log, 3 = p, express logs z_:_ in terms of p.

2024__4-63 /5-G2_PRELIMS_ ADDITIONAL MATHEMATICS _PAPER 1 [Turn Over
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(¢)  Solve the equation lgx — 1 = lg(x—1) [3]
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13 The diagram shows part of the curve y = g — e~3* which crosses the axes at 4 and at B.

3x

y=8—e"

{a) Show that the x coordinate ofdis—In2. 3]
(b)  The normal to the curve at B meets the x axis at C. Find the coordinates of C. [4]
[Turn Over
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(¢)  Find the area of the shaded region. [4]
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20

ws a circle, centre O, with diameter AB. The point C lies on the circle. The

The diagram sho
tangent to the circle at 4 meets BC extended at D. The tangent to the circle at C meets the line

AD at E.
(a) Prove that triangles EOA and EQC are congruent. 3]
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(b)  Prove that triangles ADC and BAC are similar. [3]

{(¢)  Hence prove that ACZ = CD x BC. [2]

End of Paper
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1 A cuboid has a base area of (7 + 4v5)cm? and a volume of (16 + 18v5)em?. Find, without

using a calculator, the height of the cuboid, in cm, in the form (a + bv5), where a and b are
integers.

[3]

_ lé+1845 % 7445
T 7445 T 7-ads

_ 112-64y5+126v5-360
- -31

=8 — 25
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2 The curve 5x — xy = 20 and the line x — 2y — 3 = 0 intersects at the points A and B.
Find the y —coordinate of A and of B. 3]

sub x = 2y + 3 into first equation,

5y +3)—y(y+3) =20

2y —7y+5=0

(2y —5)(y —1) =0orby quadratic formula

y=250r1
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3 (a) Express 12x — 13 — 3x? in the form a(x + b)? + ¢ and hence state the coordinates of

the turning point of the curve y = 12x — 13 — 3x2. [4]
—3(x? — 4x) — 13 or  —3(x%—4x+ 13_3)

=—-3[(x-2)*~4]-13 or  =-3[(x—2)?-4+ 13?'—]

= 3(x-2)2—1

Turning point (2, —1)

(b)  State the range of k such that ¥ = k will intersect the curve y = 12x — 13 — 3x2. [1]

k<-1
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4
4 Integrate E‘ﬁi - ;63— with respect to x. 2]
4 -3 _ 4In(5x+1) 3
Jog—ex A =—1— +S+e
5 7xZ—17x+1 . . . 5
Express Eine_3m in partial fractions. (3]
axB €\

%2241 2-3x

742 —17x +1= (Ax + B)2 —3x) + C(x* + 1)

A=-4
B=3
C=-5

3—-4x 5
x24+1 2-3x
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6  Given that x° + ax3 + bx% — 3 = (

(@

(b)

(©

2024 _4-G3/5-G2_PRELIMS_ ADDITIONAL MATHEMA TICS _PAPER 1

State the degree of Q(x).

Degree of Q(x) =3

Show thata = -2 and b = 1.

Subx =1, a+ b= —1 -——--equation
Subx = ~1, —a+b=3 .. equation

Solve simultaneous equations,

Find the polynomial Q (x).

Qx> —1)=x5-2x3 +x2— 34 x + 2

Q) =(x*-2x3+x? —3+ x4 2) + (x® — 1)
By long division or comparing terms,

QX)) =x*—x+1

x% —1)Q(x) — x — 2, where @(x) is a polynomial.

BP-~257
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¥

(180, 4) (m,4)

=¥

(540, -2}

The sketch above shows part of the graphof y = a sin (%) + ¢, where x is in degrees.

(a) Explainwhyc=1. (2]

amplitude 1s 3.
So the maximum value of y is 4, 3+c =4, means that ¢ = 1. for showing how to get ¢

(b) State the value of b. [1]
b=2.

(c)  Find the value of m and explain how you get 1t. 2]
The period is 720°.

Hence m = 180 + 720 = 900

2024_4-G3/5-G2_PRELIMS_ ADDITIONAL MATHEMATICS _PAPER 1



8 The figure shows the curve y
along the x axis and PQ is vert

(a)

(b)

= x? and the point R(1,0). The variable point P(p, 0) moves
ical. p is decreasing at the rate of 1.2 units per second.

X

P(pagsl ‘R£=l’0)=

Show that he area of the triangle PQR, A units?, is A = % p?— %ps.

getting y coordinate of Q = p? -

A=>(1-p))

=37 —3p*(Showm)

Find the rate at which 4 is increasing at the instant when p = —7 ynits.

44 _ , 3.2

at PP

g4 .d4  dp

dt dp " dt
Whenp =-7,

2~ 805 x-1.2
=96.6 unit® per second

dA__d,Axdp
dt  dp” dt

2024_4-G3/5-G2_PRELIMS_ ADDITIONAL MA THEMATICS _PAPER 1
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9 From a rectangular piece of metal of width 2m and length 6m, two squares of side x m and two
rectangles of sides x m and (x + y) m are removed as shown. The metal is then folded about
the dotted lines. To give a closed box with height x m.

}?

x ¥ |lg—— YTV ——»

T T |
| 1}
! ]

2m | |

| P
_______ x |

X

(a)  Show that the volume of the box, Vmd, is given by V = 2x3 — 8x? + 6x. [31

Length = y , breadth = 2-2x , height =x
x+y+tx+y=6-Iy=3-x
V= xy(2 — 2x)

= x(3 — x){2 — 2x)
=2x3 —8x% + 6x ( shown) — — — —

2024_4-G3/5-G2_PRELIMS_ ADDITIONAL MATHEMATICS _PAPER 1



(b)  Given that x can vary, find the stationary value of V.

2 = 6x2 — 16x + 6 -
dx

dv

=0-6x2~-16x+6=0
dx

Solve using quadratic formula ( you need to show working)

x = 2215 (reject) or 0.4514

Stationary value of V = 1.26 m?

(c)  Shows that this value of ¥ is the maximum.

Show either by first or second derivative test

2024_4-G3/5-G2_PRELIMS_ ADDITIONAL MATHEMATICS _PAPER 1
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10 The diagram shows a triangle ABC with vertices at 4 (0, 6) , B (8,15)and C (20, k).
A

B(8,15)
C (20, k)

/

A(0,6)

\
=

(a) Given that 4B = BC, find the value of k. 4]
Since AB = BC, it means 8% + 92 = 122 + (15— k)2----

(15 — k )*=1
(15-k)=1lor(k-15)=-1

2024_4-G3/5-G2_PRELIMS_ ADDITIONAL MATHEMATICS _PAPER 1
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(b) Disapoint on the x axis such that ABCD is a kite. Find the coordinates of D, [4]

2 5
MAc"—_"S' ,SOMBD"—'“"E

Midpoint of AC = (10, 10 } -
Find Equation of BD : y = -gx +35

GetD(14,0)

(c)  Hence, find the area of the kite ABCD. (2]

Shoelace method or sum of area of triangles -----

Area of kite ABCID = 174 units2-emmeaeoe

2024_4-G3/56-G2_PRELIMS_ ADDITIONAL MATHEMA TICS _PAPER 1
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11 (a) Prove the identity cot 8 + sin® - = cosec f. (3]

1+cCos

cos@ sin@
sin@ 1+cosf
__cos@4+id cos2f+sinZp
- sin@(1+cos 6}

— cosé+1

" sin@(1+cos6)

1

= sin@
= cosec O

2024 _4-G3/5-G2_PRELIMS_ ADDITIONAL MATHEMATICS _PAPER 1
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(b) Hence solve the equation cot 36 + Sn3g ~2 for —90° < 6 < 90°.
1+cos 38
cosec 3¢ = ~2-w.___M]1
sin36 = —0.5
Basic angle = 30

36 = —30,—150,210
8 = =10, ~50, 70 ~-=-vemmeme

2024_4-G3/5-G2_PRELIMS_ ADDITIONAL MA THEMATICS _PAPER 1
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12 (a) Solve 62* 1 = 4% X5 [4]
621:
c 4* x5
3¢ =30
4X
9* =30
x = loge 30 or 1.548

(b)  Given that log, 3 = p, express logz 2—5 in terms of p. [2]

2024_4-G3/5-G2_PRELIMS_ ADDITIONAL MATHEMATICS _PAPER 1
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()  Solve the equation lgx — 1 = lg(x— 1) [3]

lgx —1g10 = 1g(x — 1)

Y o x—1
10 ¥

10

X =-—

9

2024_4-G3/5-G2_PRELIMS_ ADDITIONAL MATHEMA TICS _PAPER 1
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13 The diagram shows part of the curve y = 8 — e~3% which crosses the axes at 4 and at B.

3x

y=8-¢e"

10 ¢ ¥
(a) Show thatthe x coordinate of 415 —In 2 . [3]
wheny = 0,e73% = 8---
—~3x =1In8

x=- %ln 8----

x = —In8Y/3
x = —In 2--—--—--

(b)  The normal to the curve at B meets the x axis at C. Find the coordinates of C. [4]

dy -3
2 =3 -
dx

AtB,x=0, sody/dx=3---
Find Gradient of normal at B=-1/3

Find B(0,7) --=--------
Equation of normal : y = -—%x +7

So C(21,0) -—--mmmmmmme
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(c) Find the area of the shaded region. [4]

Areaof OAB= [ 8 ¢=3%4y

w3y

= [Bx + e: ]-Inz

=BIN2 — e
3

Area of triangle OBC=0.5x21 X 7="73.5 «—--

Area of shaded region = 76.7 units? -----eec—-nemmme
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14
D

The diagram shows a circle, centre 0, with diameter AB. The point C lies on the circle. The
tangent to the circle at A meets BC extended at D. The tangent to the circle at C meets the line
ADatE.

(a) Prove that triangles EOA and EOC are congruent. [3]
AE = CE ( tangents from external point are equal )

AO = OC ( radius )
OE = OE ( common side)

Hence triangle EOA is congruent to triangle EOC ( S88) -----=mmm--

2024 _4-G3/5-G2_PRELIMS_ ADDITIONAL MATHEMATICS _PAPER 1
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(b)  Prove that triangles ADC and BAC are similar.

Angle ACB =90 ( angle in a semi circle )

Angle DCA =90 ( sum of angles on a straight line )
Hence angle ACB = angle DCA (A) -

Angle CAD = Angle CBA ( A)

(angles in alternate segment/ tangent chord theorem ) ----

Hence triangles ADC and BAC are similar. - V. N PE——

(c)  Hence prove that AC? = CD x BC.

, .. AC De
Since they are similar , Pl
AB? = BC X DC-—vemeeo
- End of Paper -
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1. ALGEBRA
Quuadratic Equation

For the equation ax’ +bx+c=0,

e —b+~b —4dac

2a

Binomial expansion

(a+b)n=a"+( ’; }a"'lb-{ g }a”’2b2+...+[ : Ja""b’+...+b"

3

() nt na=1..(n-r+))

L r J:r!(n—r)!— rl

where 7 is a positive integer and

2. TRIGONOMETRY
Identities

sin®> 4+cos®* 4=1
sec’ A=1+tan’ 4
cosec’A=1+cot’ 4
sin( 4 £ B) = sin Acos B+ cos Asin B
cos(A+ B)=cos Acos BFsin Asin B

+
tan( 4+ B) = SmALEE

sin2A=2sin Acos A

cos2A=cos® A—sin’ A=2cos* A-1=1-2sin* 4

2= 2 A
1-tan® 4
Formulae for A4BC
a b c

sind _snB _sinC
a =b +c* —2bccos 4

A=—1-absinC
2

2024_4-G3/5-G2_PRELIMS_ ADDITIONAL MATHEMATICS _PAPER 2
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1 Show that x = 1; is a solution of the equation 2x3 4+ x2 — 3x + 1 = 0 and hence
solve the equation completely. [>]

2024_4-G3/5-G2_PRELIMS_ ADDITIONAL MATHEMATICS _PAPER ? [Turn Over
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|
[

2 (x) By considering the general term in the binomial expansion of

9
(px + -xl—s) , where p is a constant, explain why there are no even powers of 3]
x in this expansion.

2024_4-G3/5-G2_PRELIMS_ ADDITIONAL MA THEMATICS _PAPER 2 [Turn Over
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(b) Given that the coefficient of x® is equal to the coefficient of x in the
9
expansion of (2x2 + 1) (px + xiz) , find the value of p. [4]

(¢  Using the value of p in (b), find the term independent of x in the expansion
9
of (2x3 + 1) (px + xia) . [2]

2024_4-G3/5-G2_PRELIMS_ ADDITIONAL MATHEMATICS _PAPER 2 [Turn Over




BP-~240

6
(@)  Giventhaty = 2% show that dy_ x4z (4]
(3x+1)2Z dx  (3x41)z
(b)  Hence find the value of [ 02 —— dx. [5]
Bx+1)Z
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Show that the equation 5e* = eix — 4 has only one solution and find its value correct

to 2 decimal places. (4]

2024 _4-G3/5-G2_PRELIMS_ ADDITIONAL MATHEMATICS _FAPER 2 [Turn Over
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BP~242

The equation of a curve is y = —2x% + 3x + 5.
(a) Find the set of values for x for which the curve lies below the line y = 3 and
represent this set of values on a number line. (4]

2024_4-G3/5-G2_PRELIMS_ ADDITIONAL MATHEMATICS _PAPER 2 [Turn Over
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The line y = x + k is a tangent to the curve at the point Z.
(b)  Find the value of the constant k. [3]

(©) Find the coordinates of Z. [2]

2024 _4-G3/5-G2_PRELIMS_ ADDITIONAL MATHEMATICS _PAPER 2 [Turn Over
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6 (a) The speed ¥ m/s of a vehicle, ¢ s after passing a fixed point O, 1s given for

t=>0as
V = 1 + pe?®, where p and g are constants.

Explain how a straight line can be drawn to represent the formula, and state
how the value of p and g can be obtained from the Line. [4]

(b)) Data of the speeds of the vehicle was collected. The table shows the
corresponding values of ¥ and ¢.

t 2 4 6 8 10
V 10.35 8.40 6.70 5.42 5.95
Using (a), draw the straight line graph on the next page. (3]
(if) Estimate the values of p and q. [3]

2024_4-G3/5-G2_PRELIMS_ ADDITIONAL MATHEMATICS _PAPER 2 [Tum Over
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(iii)  Estimate a value of V to replace one incorrect recording of ¥ found in the [2]
straight line graph.
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7 A motorcyclist, travelling along a straight road, passes a lamp post X, with speed of
h km/h. A while later, the motorcyclist passes a second lamp post ¥, with a speed of
60 km/h.
Between the two lamp posts, the speed is given by V = 20e5% 4+ 10 km/h,
where 1, the time after passing lamp post X is measured in hours.

(a)  Find the value of A. [2]
(b)  Calculate to the nearest second, the time taken to travel from X'to Y. (3]
(©) Find the acceleration of the motorcyclist as he passes Y. [31
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(d)  Find the distance XY. [5]
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The diagram shows the side view ABCDEF of an ornament. The ornament rests with

CE on horizontal ground and is symmetrical about the vertical 4D, where D is the
midpoint of CE.

Angle DEF = Angle DAF = 0 radians and the lengths of AF and FE are 80 cm and
170 cm respectively. The vertical height of the omament is 4 cm.

C

(a)  Explain clearly why h = 80cos@ + 170sin8.

(b)  Express k in the form Rsin(6 + a)), where R > 0 and is an acute angle. [3]
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(¢)  Find the greatest possible value of & and the value of 6 at which this [3]
OCCurs.

(d)  Find the values of & when 4 = 180 cm. [2]
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0 > X

The diagram shows the curve y = x + 4cos (32‘-) for0sx < gradians_
The point 4 is the stationary point of the curve and OA is a straight line.

(a) Find the exact coordinates of 4. [51
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(b) Show that the area of the shaded region is 4 — ?n units?. [5]
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10 A tangent to a circle at the point (3,2) cuts the y-axis at 5. The line with the equation
3y = 2x + 5 is normal to the circle.

(a) Find the equation of the circle, showing your working clearly. [7]

(b)  Find the equations of tangents to the circle that are parallel to the X-axis. (2]

End of Paper
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1. ALGEBRA
Quadratic Equation
For the equation ax” +bx+c=0,

—b+NH —dac

2a

xX=

Binomial expansion

(a+b)n=a"+{ ’1' Ja"“b+{ z }a"‘2b2+.-.+( " }a""b’+...+b"

(n\ nt nn-1)..(n-r+1)

. a, s . = ' _ '_
where 7 is a positive integer andL r J ri(n—r)! r!

2. TRIGONOMETRY
Identities
sin® A+cos’ A=1
sec’ A=1+tan’ 4
cosec’A=1+cot* 4
sin(Ax B)=sin Acos Bt cos Asin B

cos{ A+ B) =cos Acos Bxsin Asin B
tan 4+ tan B

tan{AL+tB)=—"""—"—"—
( ) l¥tan Atan B

sin2.A4 = 2sin Acos A

cos2A=cos® A—sin®> A=2cos’ 4—1=1-2sin* 4

an24= 204
1-tan” 4
Formulae for AABC
a b c

sind sinB sinC
a* =b +c*—2bccos A

A =-1—absin C
2
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1 Show that x = %is a solution of the equation 2x® + x2 — 3x + 1 = 0 and hence
solve the equation completely. [3]

fl)=2x+x*~-3x+1

120"+ -2+ g

=0
fx)= 2x-1D(x*+bx—1) M1
Compare coeff. of x2, 1 =2b—1
b=1 M1

flx)= Cx—D2+x-1) M1

1 -1+y5 —1—§
x ==, , Al

7 2 2

Alternative Method : Using long division to find (x% + x — 1).
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(a)

By considering the general term in the binomial expansion of

9
(px + ﬁ) , where p is a constant, explain why there are no even powers of i3]
x in this expansion.

_{9 o—r (1Y
General Term _(r) (px)”™" (F) ----------------- M1

- (2) p9-—rx9—4-1" M1
Since 9 — 4r = 1 + 4(2 —r), one added to any even number will give an
odd value, hence there are no even powers of x in this expansion. --------A1
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(b)  Given that the coefficient of x® is equal to the coefficient of x in the

9
expansion of (2x3 + 1) (px + xis) , find the value of p. 4]
9 1 /9 132\’
(2%% + 1) ( (1) (px)® (x—ls) + (2) (px)’ (x—a) ) --------------------- Ml
= (2x3 +1) (...+ 9p®x5 + 36p"x + ) Ml
2(9p®) = 36p’ Mt
p=2 Al

(c) Using the value of p in (b), find the term independent of x in the expansion
9
of (2x* + 1) (px + ;1;) . [2]

Term independent of x = (2) (g) (2%) M1
=10752 Al

2024 _4-G3/5-G2_PRELIMS_ ADDITIONAL MATHEMATICS _PAPER 2




(b)

Giventhaty = 2% show that -

(3x+1)2 dx

dy _ 2(3x+1)%-2x(%)(3)(3x+1}"%

ix+2

T [4]

(3x+1)2

M2 (numerator and denominator)

dx (3x+11
2(3x+1)~3
_ 2(3x+ ) . x M1
(3x+1)2
3x+2
= 2E Al
(3x+1)Z
Hence find the value of f: — dx. [3]
(3x+1)2
dy 3x+2
From === ——,
B (3x1)3
dy 3x 2
Feie at 3
Bx+1Z (3x+1)2
3x  _ dy 2
R |
(3x+1)zZ (3x+1)2
2 3 2 2 2
0 xédx= xl_—fg 3 dx M1
(3x+1)Z (3x+1)2 (3x+1)2
2
2 1 2 1,2 2
o"x—édx=§[ . 1] “sh
(3x+1)2 (3x+1)2], (3x+1)2
1 2 2(3 1)“1 ‘
2x 1 X+ 2
=-l—| —-= M1, M1
3 [(3x+1)%]0 3[ (e L
=12 _ A LI
2G-9)+6)G-1) M1
=0(.227 Al
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7
4 Show that the equation 5e* = elx — 4 has only one solution and find ifs value correct 4
to 2 decimal places. [4]
.1
Se* = == 4
Se?* =1 — 4¢*
e f 4% —1=0 Mi
5(e*)2 +4e*—-1=0
(Ge* —1D(e*+1) =0 M1
ex =§ or ex — “1
x=ln G) (no solution, reject)----—---- Al

= —1.61 (2 dp) -----Al

2024_4-G3/5-G2_PRELIMS_ ADDITIONAL MATHEMATICS _PAPER 2




5

The equation of a curve is y = —2x* + 3x + 5.
Find the set of values for x for which the curve lies below the line y = 3 and
[4]

(2)

represent this set of values on a number line.

—2x2+3x+5<3 M1

2x2—-3x—-2>0

x+1Dx-2)>0 M1

x<—% orx>2 - Al

= o o »
1 B
05 0 2 Al
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The line y = x + k 1s a tangent to the curve at the point Z.
(b)  Find the value of the constant £. [31

—2x*+3x+5=x+k
2x2~2x+k—-5=0 M1
Line is tangent to curve => b — 4ac = 0

(-2)2 -4k -5 =0 M1
4—-8k+40=0
k=% 0r5§ Al

() Find the coordinates of Z. 2]

y=x+ %- ------------- eqn 1
Sub eqn 1 into eqn of curve,
—2x*+3x+5=x+ -lf mmmmmmemmemneanaM ]

—4x% 4 6x+10 = 2x + 11
—4xZ+4x—-1=0
4x? —4x+1=0

(2x—1)?%=0
x—El,y—
z=(5, 6) Al
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(i)

10

The speed ¥ m/s of a vehicle, ¢ s after passing a fixed point O, is given for

t =0,V =1+ pe?, wherep and ¢ are constants.

Explain how a straight line can be drawn to represent the formula, and state
how the value of p and g can be obtained from the line. [4]

V—1=pe

In(V — 1) = In(pe?)
In(V—1)=Inp+qt M1
Draw In(V — 1) against ¢ ------===--==-- M1

y- intercept = Inp Al
gradient = g Al

Data of the speeds of the vehicle was collected. The table below shows the
corresponding values of V and z.

t 2 4 6 8 10
|4 10.35 8.40 6.70 542 5.95
Using (a), draw the straight line graph on the next page. [3]
t 2 4 6 8 10
In(P-1) 2.24 2.00 1.74 1.49 1.60
M1 - Calculate In (v — 1), M1 — correct points plotted, M1 — Best fit line
Estimate the values of p and gq. [3]
_25-18 Mi
0-8
=-0.125 Al
Inp =25
T % | JER——— Al
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(iii)  Estimate a value of V to replace one incorrect recording of ¥ found in the [2]
straight line graph.

Incorrect value of ¥ occurs at x = 10.
In(V—-1)=1.25 M1
V=449 Al
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7 A motorcyclist, travelling along a straight road, passes a lamp post X, with speed of
s km/h. A while later, the motorcyclist passes a second lamp post ¥, with a speed of

12

60 ki/h.

Between the two lamp posts, the speed is given by V = 20¢°% + 10 km/h where 7,

the time after passing lamp post X is measured in hours.

(2)

(b)

(©)

@

Find the value of 4.
t=0 h=20e"+10 M1
h=30km/h Al

Calculate to the nearest second, the time taken to travel from X'to Y.

60 = 20e5% + 10 crem-eommeeaev M1

In(2.5) = 50t

t = 0.0183258 f -enmemmernen-M1
= 66 seconds =--------—mmmm- Al

Find the acceleration of the motorcyclist as he passes Y.

. di
Acceleration = e

= 20(50)e"% cosmmmmmememeee M1
=20 (50)350(0-0183258) ____________ M1
= 2500 km/h ——-—-meemmmemmm- Al
Find the distance XY.
Distance XY
tnz5
= J-[) 50 vdt
tn25
= [, 20e°% + 10dt M1
In2.5
[2" 50t | 10t] 50 M1, M1
2.5 in2.5 E
( +10 ( )) : M1
783km Al
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8 The diagram shows the side view ABCDEF of an ornament. The ornament rests with
CE on horizontal ground and is symmetrical about the vertical AD, where D is the
midpoint of CE.

Angle DEF = Angle DAF= 0 radians and the lengths of AF and FF are 80 cm and
170 cm respectively. The vertical height of the ornament is % cm.

(2)

(b)

©

(d)

C
Explain clearty why i = 80cos@ + 170sinf 2]
cos = %’g- sing = 2 s M1

h=AM + MD
=80cos8 + 170sinf Al

Express 4 in the form Rsin(6 + a), where R > 0 and « is an acute angle. [3]
h = 170sin8 + 80cos0

R = +/80% + 1702 = +/35300 or 187.88 M1
80

a = tan™! ('i?o') = 0.44 rad M1

V35300 sin(f + 0.44) --- Al

Find the greatest possible value of £ and the value of 8 at which this [3]
occurs.

Greatest value of i =187 .88 —-—-mmcemmmmee Al

sin(6+044) =1 M1

g + 0.44 %

#=113rad Al

Find the value of 8 when A = 180 cm. [2]
Vv35300sin(f + 0.44) = 180

8+044 =1.280,1.862 M1

@ = 0.84rad, 142 rad Al
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The diagram shows the curve y =x + 4cos G) for 0 < x <m radians.
The point A is the stationary point of the curve and O4 is a straight line.

(a) Find the coordinates of 4. [3]
Y = 1-2sin (%) M1, M1
dx 2
At the stationary point 4, % = {
. X oy
1- zim (5)=0 M1
sin (ET)I =0.5
X = ; M1
y= §+ 2v3
T
a=(% Z+2V3) Al
(®)  Show that the area of the shaded region is 4 — ?n units?. 5]
Shaded area
-5 x 1w (n
= f03 x + 4cos (‘2;) dx —5(3) (3 + 2\/5) ------------------- M1 (Area of &)
EAY )
= [’—;—2— + ﬂ;-(z—)] - E - 1:_3@ -------------- M2 (Integration of the two terms)
z 1o
2 . fr P i ]
=-1-E+Bsm(5)—0—1—a—-7 Ml
—4-Ln Al
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10 A tangent to a circle at the point (3,2) cuts the y-axis at 5. The line with the equation

3y = 2x + 5 is normal to the circle.
(a) Show all your workings, find the equation of the circle.

Gradient of tangent = E—: -1 M1
Gradient of normal =1 M1
Eqnofnommal :y =x—1 M1

Solve simultaneous eqns of the two normals to get the centre of circle.
----M1

y=x—1 coecemme—cgqn 1

3y=2x+4+5 e eqn 2

Subegn(l)intoeqn 2, 3(x — 1) =2x+5
Centre: x =8,y = 7 -~——mommrmmmmm - M1

Radius of circle = /(8 — 3)2 + (7 — 2)2=v/50 -----reenev M1
Equation of Circle : (x —8)2 + (y — 7)? = 50 ———--——-- Al

(b)  Find the tangents to the circle that are parallel to the x-axis.

y=7+vV50 andy = 7 — V50-—mm-emmmmmv B2
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