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Mathematical Formulae

1. ALGEBRA
Quadratic Equation
For the equation ax? + bx + ¢ = 0,
—b +vb?* — 4ac
x =
2a

Binomial Theorem

(@+b)" =a"+(7)a* b+ () @™ 2b 4. + (7)am7br+...+b7,

. .. i T | Yt
Where nisa pOSltIVC mteger and (T‘) = rf(:ir)l = mem r(ln T'+1).

2. TRIGONOMETRY
Identities
sinfA+cos?A=1
sec?A=1+tan’A
cosec’A =1+ cot®* A
sin(A+ B)=sinAcosB * cosAsinB
cos(A+x B) = cosAcosB FsinAsinB

tanAttan B
iFtan AtanB

tan(A+ B) =
sin2A = 2sinAcosA

c0s2A =cos?A—sin?A=2cos?A—~1=1-2sin*4
Z2tand

tan2A = A

Formulae for AABC
a b c

sinA - sinB = sinC
a? = b%+c?~2bccosA

A=%absinC
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1 Do not use a calculator in this question.

(a) Use the identity for tan 24 to find the value of tan A in the form a + bv/Z, where a and

b are rational when tan 24 = 1. It is given that A is acute. [4]
(b) Hence find the exact value of sec? A. [21
Secondary 4 Express 3 4048 / 01 Additional Mathematics
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2 Two perpendicular lines Ly and L, meet at A (2, —3).
L, has equation 2x + y = 1 and L, has equation y = mx +c.
L, meets the y — axis at point B. '
(a) Find the coordinates of B. 3]

The distance from 4 to a point C(4, k) is 5.
(b} Find the exact value(s) of &. [3]
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3 Itis given that f(x) = 2 cos (—E) and g(x) =3sinx + 1.
(a) State the minimum and maximum values of f(x). (1]

(b) State the minimum and maximum values of g(x). f1]

(c)  Sketch, on the same axes, the graphs of y = f(x) and y = g(x) for 0° < x < 360°. [4]

(d) State the number of solutions to 3 sinx + 1 = 2 cos (9 for 0° < x < 360°. f1]
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4 (a) Find, in simplest form, the first 3 terms in the expansion, in ascending powers of x of
(a — x2)%, where g is a non-zero constant. [3]

2
(b)  The first 2 non-zero terms in the expansion of G + x) (a — x?)® in ascending powers

5
of x are % + bx?. There is no term independent of x. Find the value of constant a and

constant . [5]
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5§ (a) Explain why the finction f(x) = 2 x # 3 is a decreasing function. [4]

x-3'
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{(b) Express f(x) in the form a + x—:—. Hence find [ ’;—3 dx. [4]
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6 Roast chicken and fish baked in foil are taken out from different ovens.
The temperature, T, °C, of the chicken ¢ minutes after it is removed from the oven is modelled
by the formula T, = 75e7002¢,

(a) State the initial temperature of the chicken. [1]
(b)  Find the time taken for the temperature of the chicken to drop to 65 °C. 3]
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The temperature, T °C, of the fish kept wrapped in foil ¢ minutes after it is removed from the

oven is modelled by the formula Ty = 63e**.

(c) Aﬂeri of an hour, the temperature of the fish is 54.2 °C. Find £, correct to 2 decimal
places. I31

(d) Using the value of k corrected to 2 decimal places in part (c), find the time when the
fish has the same temperature as the chicken. [3]
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7  (a) Dufferentiate x In x with respect to x. [2]
(b) Giventhatf’'(x) = % — 1 and f(x) has a maximum point at (1,0), find f(x). [3]
Secondary 4 Express 11 4049 / 01 Additional Matheratics
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8 (a) Show,with algebraic reasoning, that the curves y = 2x® ~ 8x and y = —x%—4x -3
do not intersect. (3]
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(b) By expressing each of 2x2 — 8x and —x2 — 4x — 3 in the form a(x + b)? + ¢, where
a, b and c are constants, use a sketch to show that the two curves y = 2x% — 8x and
y = —x? - 4x — 3 do not intersect. [5]
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25cm

Figure 9A Figure 9B
An empty cone as shown in Figure 9B has base radius 5 cm and height 25 cm. Liquid 1s

poured into it such that in ¢ seconds the top surface of the liquid is x cm below the apex of the
cone, as shown labelled in Figure 9A, the vertical section of the cone from its apex 4.

(2) Show that the volume of the liquid, ¥ = 2m(625 — ). 2]
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(b)  Given that x changes with # such that % = —% t cm/s, find the rate of change of the
volume of the liquid when x = 2 cm. [6]
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10
C
A i : B
Right-angled triangle ABC is inscribed in a circle with diameter 4B = 8 cm.
(a) Express the area of triangle 4BC in terms of sin 26. [3]
(b) Find the maximum area of triangle ABC. [1]
Secondary 4 Express 16 4049 / 01 Additional Mathematics
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{c) Show that the perimeter of the triangle 4BC = 8(1 + sin 8 + cos 8). 1}

(d) By expressing sinf + cosf = R sin(@ + a}, where R and « are constants to be found,
find the maximum perimeter of triangle ABC. (3]
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1t () =§x3+ax2—20x—4+b.

It is given that f(x) is divisible by x and leaves a remainder of — 51 when divided by x — 3.

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

(b) Find the exact values of the x coordinates of the turning points of the curve y = f(x)
and determine the nature of each turning point. [5]
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sin(A-B) _ 2

12 (a) Given that T = 3

, prove that tan A = 5tan B. [3]
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(b) Hence or otherwise, solve 3 sin(45° — 8) = 2sin(45° + 8) for 0° < 8 < 360°. [4]

End of Paper
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Qn Solutions Marks
1a 2tanA M1
B g
B 2tan A Al
1—tan? 4
1—tan*A=2tan4
tanA + 2tand —1=10
—2+V4+4
tan4d = —— 5 M1
=—1++2 Al
1b sec?A=1+tan’4
2
=1+ (-1+v2) M1
=14+1-2v2+2 AL
=4-272
2a Gradient L; = —2
Gradient L, = % M1
i
-3= 5(2) +c M1
c=-4
B(0,—4) Al
2b (4—-22 +(k+3)2 =25 M1
(k+3) =21 M1 or apply quad
formula to
general egn
k=+V21-3 Al
3a Min -2 and max 2 B1
3b Min-3+1=-2, max=3+1=4 B1
3c f{x) period or shape correct B1
g(x) period or shape correct Bl
f{x) fully correct B1
g{x) fully correct Bl
3d 3 Bl
4a (a —x)% = a® - 6a’x? + (6) atxt+..
. 5 5 ba . 2 B1,B1,B1
=aq°® —6a’x* + 15a%x* +...
4b 1 M1
(F +2+ xz) (a —x2)8
1
(——2— +2+ xz) (a® - 6a°x% + 15a*x*)
X
Term independent of x; M1
—6a® +2a =0
—6+2a=0
Term in x%:
— 4 5 6 _
5a x—3)—-(x+1 M1
f'ix) = ( > )
(x—3)
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Qn Solutions Marks
- Al
f'(x})=——
Since(x —3)2>0,x # 3 Bl
f'(x) is always negative or
Gradient of f is always negative, so it is a decreasing Bl
function
5b 4 M1
flx)=1+——
4 x—3 M1, M1, Al
f1+x 3dx=x+4ln(x——3)+c S
6a 75°C B1
6b 75e~002t = g5
g—002t = &5 M1
75
~0.02t =In (2 M1
n(Z3)
—_ 75 H
t=_ o= 7.16 min Al
6c | 63e15% =542 M1
(42 M1, Al
k= —1-55-?— = —0.01003 = —0.01
6d 758_0'02t = 636—0.01!.‘ M1
e—D.DZt 63
2-00it _ 75 M1
63
—oo1t _ 27
¢ 75
() _ .
t=_ "= 17.4 minutes Al
7a 1 M1~ diff In x
x _) tlnx correctly
=14+Inx Al
7b f(x) =lnx—x+¢c M1
0=ln1-1+¢ M1
c=1
fX)=lnx—x+1 Al
8a |2x?—-8Bx=-x*—4x—3 M1
3x2—4x+4+3=0
Discriminant = (—4)% — 4(3)(3) = —20 M1
Since discriminant < 0, there are no real roots to the Al
simultaneous equations,
The 2 curves do not intersect
8b 2(x? — 4x) = 2[(x — 2)? — 4] M1
=2(x~2) -8
—(x%2+4x+3)=—[(x+2)*—1] M1
=—(x+2)%+1 Al
Sketch min curve with TP (2,-8) passing through O B1

Sketch max curve with TP (-2,1) passing through (0,-3)

Non intersecting

Bl

BP~330



Qan Solutions Marks
9a r _ 5 M1
x 25
Pk
~5
Volume of liquid B1
_1 2 _1_fx 2
=5n(5)2(25) —37 (5) @
=1n(625 - %
— 3n( 25
Sh av _ 1 3x ey
Fri i G
av _dv.,  dx
dt  dx dt
1o 3XN(_ L M1
- 3“"( 25)( 2 ) L
=| —=tdt
=L
1 (t2)+c
x = —— —
2\ 2 M1
Subt=0,x=25
c=25
tZ
x=——+25
4 Al
Subx=2
tz
—g+t25=2
t? =92
t =92 Al
v _ 1 3@/ 1 - 3
—;*37T( Py )( 2\/_‘5-2—)—2.4lcm /s Al
10a BC = 8sind M1 — either BC or
AC = 8cos@ AC found
Area = :21-(8 sin#)(8 cos8)
= 32sinf cos 8 M1
=16sin28
Al
10b Max =16 Bl
10c Perimeter=AB+BC+CA=8+ 8sinfd + B8cos @ B1
= 8(1 +sin8 + cos B)
10d sin6 + cos & = V2sin(0 + 45°) B1, B1
Max perimeter = 8(1 + v2) B1
11(a) | f(O)=—-4+b=0 M1
b=4 Al
1
fB =303 +aB’~20B3)~4+4=-51
a=0 Al
11{b 1
( ) f(x) =§x3—20x
f'x)=x2=20=0 M1
Al

x = +y20 = +2vV5
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Qan Solutions Marks
frx)=2x M1
When x = 2v5, f (x) > 0, it is 2 minimum point Al
When x = —2v/5, f "'(x) < 0, it is a maximum point Al
12(a) sinAcosB —cosAsinB 2 M1
sinAcosB + cosAsinB 3
3sinAcosB — 3cosAsinB
=2sinAcosB + 2cosAsinB
sinAcosB =5cosAsinB M1
sinAcosB _ S5cosAsinB a1
cosAcosB cosAcosB
tanA =5tanB
12(b) sin{45° — 8) _ 2
sin(45°+8) 3
A=45°B= 0 M1
tan45° = 5tané
1
tanf =—
an R M1
1
a = tan™? (-g) = 11.30° Al
Al

6 =11.30,180 + 11.30 = 11.3°,191.3°
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