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Mathematical Formulae

1. ALGEBRA

Quadratic Equation

For the equation ax® +bx+c=0,

_ —b++/b*—4ac

2a

X

2. TRIGONOMETRY

Identities
sin? A+cos’ A=1
sec’ A=1+tan? A
cosec’A =1+cot? A
sin(A+B)=sin AcosB +cosAsin B
cos(A+ B)=cos Acos B ¥sin Asin B
tan At+tan B
1Fxtan AtanB
sin2A = 2sin Acos A
cos2A =cos’ A—sin? A=2cos’ A—1=1-2sin’ A

tan(A+B)=

tan2A = ﬂ
1-tan® A

Formulae for AABC
a b c

sinA:sinB :sinC
a’=b?+c?-2bccosA

A= 1bcsin A
2
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Answer all questions.

1 Circle C has equation (x+1)2 +(y—3)2 = 36.

(a) Write down the radius and the coordinates of the centre of the circle. [2]

(x+1)"+(y-3)" =36

(x=(-1))"+(y-3) =6°
centre of circle=(-1, 3) and radius =6 units [B2]

(b) Explain why any line that passes through the point (-1, 1) will intersect circle

C at two points. [1]

distance of (1, 1)from centre = \/(—1— (—1))2 + (1—3)2 or distance =3 -1
=2 <6 units
i

=2 <6 units (radius of circle)

As the point (-1, 1) lies inside the circle, [B1]
. any line that passes through it will intersect circle C at two points.

2 Given that cos A =§ where 0< A< g find the exact value of

(@)

(b)

sin A, [2]
y2 +33 — 72

y=N7"-3% i

y=+40  [M1] L 2410

y =210 :

3
sinAzg [Al]

sin 2A. [2]

sin2A = 2sin Acos A

=2[@J (;j [M1] or =2[@j(§J

49
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3 Do not use a calculator in answering this question.

1+\/7 a+b«/7

Express in the form ————, stating the values of the integers a, b and c.
P 5-7 c J J [4]

1+\/7 B 1+\/7 5+\/7

5-V7 5.7 547 (M1]
547 +5¢7 +(V7)
= . . [M1]
(5)°~(V7)
_12+6\/7 [AL]
18
2+\/7 a+b\/7
= -
3 C

~a=2,b=1c=3 [B1]

X1 o x#—2 fing . 3]
2X+5 2 dx

4x-1
2X+5
dy (2x+5)(4)-(4x-1)(2) (M2] M1: correct numerator
dx (2x+5)2 M1: correct denominator
_ 8x+20-8x+2
© (2x+5)
22

Ty

4 (a) Itisgiventhat y=

Given: y=

(b) Explain why y is an increasing function. [1]
dy 22
dx  (2x+5)°

Forx;t—g, (2x+5)2 >0

[B1]

22 . . . .

Hence ———— >0 andy is an increasing function.
(2x+5)
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Express w in the form A+E+ ¢ .
2X° —5x X 2X-5
2_

Given: —6X 221X+25=A+E+ ¢
2X° —5x X 2X-5

[5]

3

2_ _ 2%* —5X i6x2 —21x+25
6X 21X+25=3+ 25—-6X [M1]

2x? —5x 2x? —5X

25-6x _ 25-6x _B, C

= == M1
2x*=5x  x(2x-5) x 2x-5 (M1]
25—6x=B(2x-5)+Cx
when x =0,
25-B(-5)
B=-5 [M1]
Whenx=§,
2
25_6(2|=8[2[2]-5]+c[2
2 2 2
10=§C
2
. C=4 [M1]
6x° —21x+25 -5 4
= = T3+ ——+
2x? —5X X 2x-5
_3-2, % [aq
X —_

Alternative method:
6x* —21x +25 = Ax(2x-5)+ B(2x—5)+Cx [M1]

when x =0, -5B=25
B=-5 [M1]
whenx=§, 10=§C
2 2
C=4 [M1]
when x =1, 10=-3A+15+4
A=3 [M1]

6x2—21x+25_3 5, 4
2x* —5X X 2x-5

—(6x2—15x)

—6x+25
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6

(@) Express 2x*—6x+7 inthe form p(x—q)2+r, where p, q and r are

constants. [3]
2x* —6x+7=2(X"-3x)+7 [M1]

(
|

=2(x-2f o2 7 g {(x_gf_(gﬂu
[

x——jz +2 [A1]

(b) Hence explain why the minimum point of the curve y =2x*—6x+7 is

(E, Ej, [1]
2 2
2
X2 —bx+7=2( x-2| +2
2 2

At the minimum point, y must be the least.

2
(X—EJ >0, 2x2—6x+72E
2 2

5
Y23
Whenyzg, x—§=0 — [B1]
2 2
3
2

- .. (3 5
Hence minimum point is 23

(c) State the range of values of k for which y =k has no solutions. [1]

1
k<2= [B1
5 [B1]
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7 The volume, V cm®, of a spherical balloon is given by V =%nr3, where r cm is the

radius of the balloon. The radius is increasing at a rate of 2 cm/s.

Calculate the rate at which the volume of the balloon is increasing when the radius is
10 cm.

Given: V =£7rr3, ar_ 2 cm/s, r =10 cm
3 dt

(:j—\:=4nr2 [M1]
& _av r
dt dr dt
—47r?x2 [M1]
=8nr?
dv

When r =10 cm, e 87 (10)2 [M1]

=800 cm®/s [A1] or 2510cm®/s (3 sig fig)

8 Sthﬂmt——Egﬁi——zl—ﬁne. [5]
secd+tan @
Sth:——Egﬁi——zl—ﬁne
sec +tan 0
LHS coso _ am@_ [M1]
secO+tang 1 _ sind
cos@® coso
_ cos6
~ (1+sin@
cos@
2
_ cog 0 [M1]
1+sin6@
— i 2
:1 sm 0 [M1]
1+sin@
1+sin@)(1-sind
- {Lrond)sing) gy
1+sin@

=1-sin@ =RHS [Al]
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(@) Find dx. [3]
j\/11x+5
7 L
dx=7|(11x+5) 2 dx
J.\/11x+5 I( )
1 .
(11x +5)2 M1: for power —1
=7———+C [M2] _ 1
1_11 M1: correct denominator, E><11

= %\/Mx +5+c [Al]

(b) Hence evaluate f 111:' = dx. [3]
+

[P (R
T V11x+5 1 J11x+5
4
1

=2{%\/11x+5} [M1]

:%(J11(4)+5—J11(1)+5) [M1]
28

= 22(7-4
_84

11

_70 [A1]

11



10 (a) Solve x(x—4)>12 and represent the solution set on a number line. [4]
X(x—4)>12
x* —4x-12>0 <_O : O%) [A1]
(x+2)(x=6)>0 [M1] 2 0 6

X<-2 or x>6 [AZ2]

(b) Without using a diagram, determine whether the line y =2x+3 and the curve

y =2x* —=5x+4 have 0, 1 or 2 points of intersection. [4]
y=2x+3 ->®
y=2x"-5x+4 — (2
sub(Dinto ),
2x* —5Xx+4=2x+3 [M1]
2x* -7x+1=0

D=(-7)"-4(2)(1) [M1]

—41>0 [M1]

.. There are 2 points of intersections. [Al]
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11 (@) Write 2sin@+3cos® inthe form Rsin(6+a), where R>0 and
0° < o <90°. [3]
2sin®+3cosd =Rsin(0+a)

R=4/(2)"+(3)" [M1] and aztan‘l(gj [M1]

=13 — 56.3099°
=56.3° (1dec pl)

2sin0 +3cos0 = \/1_33in(9 +56.3°) [Al]

(b) Hence find the greatest value of 2sin+3cosf —1, giving your answer in
exact value. [1]
23in9+3c039—1=Jﬁsin(0+56.3°)—l

. max value of 2sin 0 +3cos@ =/13
greatest value of 2sin6+3cos6 —1= V13-1 [B1]

(c) Determine the value of @ for 0° <@ <180° at which the greatest value occurs.  [2]
Greatest value occurs

when sin (60 +56.3099°) =1 [M1]
0 +56.3099° =90°
6 =90°-56.3099°
6 =33.6901°
. 0=33.7° (1decpl) [A1]
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12 (a) Show that the equation 3tan®6 =10—secd can be written in the form
3sec’ 0 +secd-13=0. [2]

3tan® 0 =10—secd
3(sec’ 6-1)+sec6-10=0 [M1]
3sec’d —3+secHd-10=0
3sec’9+secd—-13=0 (shown) [Al]

(b) Hence solve 3sec® 0 +secd—13=0 for 0° < @ < 360°. [5]
3sec’ @ +secd—-13=0

secH B [M1]
_ —1+.157
e
. oSO = _ 6 [M1]
~1++/157
6 6
cosezm or cosezm
1st and 4th quadrants, 2nd and 3rd quadrants, M1.: correct
basic £ =58.642° basic £ =63.675° Quadrants
0 =58.642°,360° —58.642° 0 =180°-63.675°,180°+ 63.675°
=58.642°,301.358° =116.325°, 243.675°

=58.6° 301.4° (1 dec pl) [A1] =116.3°,243.7° (Ldec pl) [Al]
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13 The diagram shows a windowpane which is formed by a rectangle with sides
2x mby y m, and a semicircle of radius x m.

The perimeter of the window is 12 m.

2xm
(@) Show that y=%(12—2x—nx). [2]
Given: perimeter of windowpane =12 m
2x+2y+%(2nx)=12 [M1]

2X+2y+mnx=12
2y =12 -2X—nx

" y=%(12—2x—nx) (shown) [A1]

2
(b) Hence show that the area, Am?, of the windowpane is A=12x—2x2—%. [2]
areaofwindowpane,A=(2x)(y)+%(nx2) [M1]
=(2x) l(12—2x—7rx) +£7IX2
2 2
2 2 1 2
=12X—2X" — 71X +Enx

2

A=12x—2x2—% (shown) [A1]
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(c) Find the value of x, correct to 2 significant figures, for which A has a
stationary value. [3]

2
A=12x—2x> —%

d—A=12—4x—7rx [M1]
dx

When 3—A=O, 12—-4x—-nx=0 [M1]
X

AX+mx =12
(4+ n)x =12
12
C4+m
=1.6803

=1.7 (2sig fig) [Al]

(d) Determine whether the stationary value of A is a maximum or a minimum. [2]
A =12-4x—nx
dx
d’A
=—4-1 [M1
dx? (M1]
d’A
dx?

<0, Ais maximum. [Al]

END OF PAPER



