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Mathematical Formulae

1. ALGEBRA

Quadratic Equation

For the equation ax’ +bx+c=0,

_ —b++/b* —4ac

X
2a

Binomial Expansion

(a+b) =a” +(nja"‘1b+("Jan—zb2 +".+[n}an—rbr ot B
Il 2 E:
! e _
where r is a positive integer and . L _ n(n-1)..(n—r+1)
r) rli(n—r)! r!

2. TRIGONOMETRY
Identities
sin? A+cos* 4=1
sec’ A=1+tan> 4
cosec’A=1+cot’ 4
sin(4+ B) =sin Acos Bt cos Asin B
cos(A+ B)=cos Acos BFsin Asin B
tan(AiB):—tanAitanB
1¥tan Atan B
sin2A4=2sin Acos A

cos2A=cos? A—sin? A=2cos? A—1=1-2sin’ 4

tan 2.4 = ﬂ
1—-tan”® 4
Formulae for AABC
a b c

sin 4 B sin B N sinC
a’ =b*+c? —2bccos A

A=—1—bcsinA
2



SWAP € Pregewfodion) § D wissing essawtiol brackets

For ol @w,y(jms‘ @ “able uoi—tb%oud’ bocdsss

X —4x’ -24x+41 . :
= in partial fractions.
x"—4x-21

1  Express

s
X ABC-2 | ) X U - 24+l
-(3(3' ux "~ Al )

~ 33+ W

23— U 24wt

- 24 -2 A~ (-2
= x4+ -3 + ¢!
(A-F)(XA3)
e ~20( + Yl I R -
(X-F>2A+3) -7 o+ 3
=3 4+ 4l = A(A43) + B(X-7)
letot=-3, -3¢-3)+4l = B (-3-7)
50 = -foB
75 = B

let =3, -3(3F) 4= A (743

20 = |oA

2 <A
YL 2 5
X Yot — 21 (-3 X+3

o)
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2 (a) Inaquiz question, the quadratic equation k (x2 + 1) —8x—6x> =0 is given.

Find the range of values of the constant &, for which the equation has no real

roots.

kxX*+k -8x- 6x>= 0
kx*- &'~ 8xX +k= 0

a= K-6, b=-8, ¢Cc=K
h*>tyac < o0

(-8)Y- 4 (k-62LkKY< ©

6y - 4k*+ 2uk <O

x(-1) \(
uk* - 2uk -~ 64 7 ©

k>~ 6k - 6 >0

(k-8)ck+2) >0

For tk-8) Ck42) = © Coptional
k=8 o K=-2 Warking )

.o k<2 o kKO8

SWAP ( presevtotion) . ‘and “ used, in ﬁm[ N SWL T

<

[4]
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(b) Another question in the quiz is shown below.

Find the range of values of the constant £, for which the curve
y=(k—6)x" —2x lies completely above the line y =6x—k .
Eo ®
Jeremy stated that the range of values of k found in part (b) is the same as that
in part (a). Is Jeremy correct? Explain your answer clearly. 2]

Sub.@® iMO@,
Ck-6)-22 = exX-K
(k-6) -2k~ + K = ®
Ck-6)X"- 8 + k= O

b~ Yac < ©
(-9~ U (k-6tk) < ®
Fram (o), K<-2 or k> 8

Howewrr, 4he cwue showth be o u-sha,;eot curul
(ot AN curve Shoud open wovels )

. (R coc?{%aevi o:? 2 showtd be psikice )
. R-62>09

K

O L
\i\r

. he soluRRen {9(,; ch) is Ol\[a k> &
Co . ) saludion b cb) canndt indude k<-2)

. (a) anek b have ifferevd FanpRS o valves of k

- No, Jeremy S ASY carect.

L2m
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3 Solve the simultaneous equations.

2x+y=10 —(D)
3 2
;4‘;—2 —-@

From(@, Y=lo-2x, @
©) x)(‘o‘\, 3+ 24 = 23y -@
Sub.3) into @

3 42(10-2x) =2x(lo-2X)
3X, +20 - Ul = 200 - Yo

~X 420 -20% + Ux>= 0

x>~ 2l +20=0
( %-4 )(uwx-5)=0

. = B
A=\ o0 K= ¢

Sub. o=\ wdo @ Y=10-2(p

= Herhod >
sb.x= 2 iwto®, Y=10-2(F) S4b. @) i@,
- 15
= _39 3 2 _
2 [0~2% ERE? >
A S NG » Y75 aya2Llo-)
X C10-2X)

%1"’2-0"\‘"1’ = 2
[O0X(-25(* |

— 420 = 20~ UA *

UX™~2|L 420 = ©

(4]

L
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In triangle ABC, BC = (ﬁ—ﬁ) cm and angle ABC =30°.
The area of triangle ABC is (4\/7 —2) ) cm?.
Without using a calculator, express the length of 4B in the form ( p+ q\/ﬁ ) cm,

where p and g are constants, and state the value of p and of g. [4]
A

[ a(‘eou:—;_—xABxg(,xgngg(,

30° :

(F-R) < 5« ABx(J3-T2) xsndo’ = wJ3-Ta

S xABx (F-B)x £ 2 uf-

AB* (JF-T1) = 6J3-ul2

AR = leﬁ'l-h]’)‘. X r“'::ﬁ
J7 -0 I3+

- 6(h+16]y - w iy — 1)

1-2
(oY + 12 v
S

(v, o
(5+5Jﬁ’>cw\

{PA,JE\L 4= 12

5 ¢ v °5

p—
> \

(Gm )
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5 A circle C), with centre C, has equation x* —8x+y* +2y-17=0.

(a) Find the coordinates of C and the radius of the circle. [3]
(%~ 16+ (g 41)"- (-1} =0 Heshed2 .
comPo«e, with
(AU 4 (gn)" = 34 X4y 290+ 2Py 20
ewie C (y, -1) 23;,3 130:2 C=-17
—— :’\-lf - I
Fadius > Bu unitl 0 1

(o 5. %3 units (35
Gwtre, C C Y, —1)
SWADP ( «ccww‘:)) : vvn‘ssin& unit / Ae@we,u:{* acirany yodius = ,\[Tl,f(,x_e’_\(,q )
= .\I;; unrts

() Determine whether the point S(-1,—5) lies inside, outside or on the circle.

Show your working clearly. [2]

CS= | [u-(-1)* + [-1-(-5)3*
> Jw
= 6 4o waHS (30P) ¥ 5.83 umits

The xtane u:f S ‘?@v\ Cetre ‘x? arce, is Iw:,u than
“4he radfus u:? avcle. .

S dies oudside Hhe cirde .

&
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(¢) Given that P(7,-6), O(9,2) and R are three points on the circle, and PQ is

perpendicular to OR, find the coordinates of R. [3]
Metnd 2
‘ Ca-(-b)
Frodod o PR —g—
= U

)

@w«u‘teucr P G -

CQR Yo C

Sb 9,2) 2=-{F @ AC

-
TP (:—ctqorucvxw? &Q=J=-‘{;Xﬂ'—'}
Hethod 1 D
- Pe Lar Grde: (x-w)*+ g4y =3 -
. LPQR =90° . D into D,
PR TS oo Mamttey o‘-? arcle (oA~ (’{—P’C* % ’”)A =34

(rt. L inovewiatele)
(-uy + (- +5) =34

(70+:}, ‘3+(;€>) ) = (4, —1) X 8 416 &k bx-—g")b—r lb =34
+3:8  Y-b=-2 X"~ 12850 4256 + X'~ YLl +us) 5utk
X= | Y= Y SR CLY) N i
(d) Another circle C, is a reflection of Ci in the x-axis. I?D( —[fox~ 15329
Write down the coordinates of the centre of Cs. ‘1”, [od + (1 =0 1]
1o (- 12¢5-9) =0
(%) R
[+ % (((J, ‘I)Z)\Vq' @)
5.,
)
= ‘1(%,,) whan 3l =1, j="q,(l)*1v§,,:
@ire f Ca (4, 1) R Clo4)

(m)

[Turn over
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6

(a) Prove that Singe S5O om .
secx+1 secx—1 [4]
LHS - —SnX( Secx,) 1 SihX (SReX~)
(Sec o041 ) (oL~ 1)
__SINLRCX -8l £ G A RO Sin X
St -
- - l
= 2 N XL o . _2SINX ( zosx_) o8’
o b =TT . CEL,
€570
. |
= 2 SinX ( Tosx ) _ 2 8inX tostb
~ant X [ - oS T
= Q’tamb
tan™y _ 2sinx st
Sin* oL
= B
2 (ax ) Y S
Sinxt
= ot =
Herhod 2
. Sihl Sint siax o st o
LHS = : x l | 0 TN ST St
oo * ! oS>0 1 —
o5 0
Sh oL cos X S X (osot " 2 tanx
= | et T * (oI 2
(O30 + (oSX &c .'Xf"‘\
2 ST oS _SnA oS 2 A
| £ COSX |~ cosX on XL
_ St cofx (f-cost) + Sihd cosx (14 ¢A) = 2
tanr
(14 cos) ( |~cos)
. . . . : v = 2 cotoL
_ SinX cos% ~SinAcaSsu A Sind cost 4 Ik s L
| - cos™
_ 2. Sin X cosd
Sin* L
2 ok
SinXt

= 2 c¢st

(o)
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. sin(26-50°)  sin(26-50°)
H Ive the equat =
(b) FHence, solvethe equation <96 -50°)+1 ' sec(20-50°)~1 v3

for —90° <0 <90°. [4]

X = 20-50°

2 (ot (26-50°) = J3
180" 26 <180

ootue'sov‘—fi— . .
-230 € 20-50 <130

-

ton (20-50) i

A -1
i basic a-/\a\Q. o = tan ("]2"5‘)

g

C o
26-50° =@, 229 . (966
(1g-)

20 = 99. (066", -80 893y4°
0=u%6" o -wou’ cidp)

_3(90’

SwﬁrPcac(,wa(a) : W:iSSi’\S, o!cooreea{} oA CCINAC

N

()

[Turn over
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7 (@) Findi(ln4xj_
dx\ x

U=z ln 4y VE X
du . _ Y AV |
dx U AU

=,3% B
Gox )~ (mus)
o -3("\/

s (25

[ - YL
xl

12

SWAP ¢ pregardodion) o
incored Notatammn ouf%.ﬂemm
LTS TR ﬁf
C fndhudi 1A st Ute 0?,
mbwécm;irﬁ?;

(b) Hence, find jlnx‘:x dx [3]
Hethoot |
fl’l;‘:x als, = ln;l;)( 4 C
JKJ oy ~ l";:.)t ot = l”ix +C
E'“ ’i'Cl" M;s_x of»”.’.ﬁ;—}- 4+ C
...Jlb__,‘-cl,. In C"jl"‘\”‘ 0
IV‘;?' ol = —-»‘E - —‘9—;—3—)—\‘- 4 Cx

¢, Ci, Ca. O\A'bi‘bfoxfa conttonrts)

[Methed 2.
It

X M

_ | =yt
= — =

..Jl"fn‘-ri 0‘9(/*‘]'9(’10‘3\;
12—

* 5 At

- _InB
pY

fn4X e

-
"*C‘I‘%j*(,,:_

G

+ Ca

X o
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L is increasing. [3]

. 1
(c) Find the range of values of x for which f(x) =

, E I’IV\UX

f()\) [ "chf’,rASiV\a
':F'()l) >0

lfr}-!:tx 5 0

e s Mr\ac} SU>0 , x>0

1

X >0

“lelmyuxy 0

[ > lnyd
[n uxX < |
LIfDL<6l

< _L
.8 '-f’e

S o<xn< e

[Turn over
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8 The equation of a curveis y=(1 —3x)6 (x2 + 2).

yis
>
(a) Find % in the form&i 2(1-3x)° (qx2 +kx—18), where p, g and k are
constants. [3]

U= C1-31)"° V= A%

d
2o = b)Y (-3) gE =2x

= ~18¢1-31)°

49y (3 N 5

2 C) x 20+ (0#2) x [-1801-3%)° ]

\

7_xufax)" - 18 (,i’BJ()S(J(l»l-).)
2 2(1-3%)° [xu—sx)’?wﬁ—l)]

2 201-30)° T -3 18] = 201-33) (~1223 40U -18)

(b) Explain why the curve has only one stationary point and find the x-coordinate
of the stationary point.

[4]
For stodTonary ook, —Z—‘é’c =0

Hothed L
, 5 _ 1 . = N
2017 3)7 (~RX* o2k -18) = © ~ A 18

[-3 =0 o ~DRX*N-18§=0 = (- Ex) 18

- 3 _ 2 B
A= B-vac = "= w(-12)(~18) =13 [t gy g’jg]—lé}
=~863 <o ) ,
S L QuadraiU eguerion hes o) 45y -8

ho vyeal rodts.

S —the cctuorh‘m %jx; =0 has m/é | real solutian
Tre curve has ody. | stertinmavg pint,

ud
. . (X’ iLL;)LZ-O

C L
C ok 3) SO

- Ly 863 888
S A - coocchmnate = »SL (2 (A-35) ~ 558 <

—

ué
Coo2a 1§ <O
1NN~ Cannot i O
SWAP « P/t&evdfr%ﬁM) L Incaredt notetiivn #pog%mmw ~ATE -1 & =

= O
has no ceal C\)
rodots . tm
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Continuation of working space for question 8(b).

(¢) Determine the nature of this stationary point. 2]
A 0.2 ¥ 0.4
- 0.3\ ~ 0,0028
A
Ax - 2 -+

o | — |7

. Ahe $tokimonry P;Wb ot 3(:31 id a mininwunv pjm:f.

[Turn over
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9  The diagram shows a trapezium with vertices 4(1,-1), B(~1,5), C and D. AB and

DC are parallel, and AD is parallel to the x-axis. The perpendicular bisector of AB
crosses the x-axis at C.

B(-1,5)

(L-1)

(a) Find the coordinates of C. [4]
Metrod | Meed2 Lot ¢ be (X, 0)
Frockudt of Ag = —2—1 CA = CB
- -3
, - =)
ot of - bisedrar o AB = 3 JO- PP (05> =] (-0 T o~
=
)
o Lbigeder:. =3+
A o ~)+) ()
VV"\A,P)IV\# %:e AB ( ‘;_ / 5+ — ) 1171+|)1+ 7_5 - I( x,‘)l.“_ ‘
(o,2
Bes) X230+ 425 = X+ +
Q= 3l(0)+(, = -24
220 | | & A=-6
o'
‘yd- e CC’bl O_)

" ecvwrdw\ &/\AB A SE L +2

qu.Jf 0, 0= '3\.3(*)—
-~ = ‘g‘)(,
-b=

,', € ~-6,0) ‘ @,y
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(b) Find the area of the trapezium ABCD.

3%‘4@4{@? ch = W«ﬁwfu:? AR
- -3

(8. ¢ 3)

LD 3='5x¢c

Sub. ("6/0) = '5("6)"'(/
0=18+¢C
,|8:(/

L equedon o €D g a-3n 18

" DA/ A-axis . Ao 0odeke D= |
Stb . ivdo eolnv:} .~ =341
3= -13
-4
Dcf,‘%,’l)
aenf pgep = L (-6 )1 - -6
o \-1/ -1 5 0

]

’JL. |é+—§ +5+0-0-(-1)~ l—-(/go)l
3|
%2 units

SWAP ( Fre&evtbﬁm}; qusr«a_ wart .

n

1]

(4]

[Turn over
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10 (a) By expressing —2x° + 4x+% in the form a(x+ b)2 +c , where g, b and c are
constants, explain why the value of —2x* +4x +% cannot be 4. (4]

= 2F Y 3\‘/-

! 3
—l(x’bt)*v ok . —2(x1—2w~3&—)

2 (p-1-F)

-2 (-0 -5

\\]

\}

~alG-n)ad

=2 (A1) 43 = 11;

- (J(~\)1+ A5
0

1]

= 415
2 (o-1) 4+ G
A1) 20
“2(X -1)"€©

= L 15
maximum  Value w? Y Ly;(«t—é‘; S \3%:

L is |0\f3u thaw the wiopmana \/0\(\/6 (xf» 5—-3‘;
<. e value o <204 U F covmot e .
The diagram shows part of the curve y =-2x" +4x +Z—. The curve intersects

the y-axis at 4, and the highest point of the curve is B.

y
4
B
S
7
=-2x*+4x+—
| - x
0 C
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“SW‘P § (accaracy) « vassing nit ®

(b) Find the area of the shaded region bounded by the curve and the line 4B. [5]
Sub-04 = -2 (0)' 4 U0} + HeAndz
- 2 4-
| Goediod P A8 =
1 -0
. ALO, )
=2
g1, 12
Hethrel | A Shocted
—— avea o Shaded yeaiw
v (F?"’T(APC%‘MVV\ AR C | @ ‘
-%:x (3.. + )x l Jo[gab( *\Mwﬂ)()" (2)(+%)J o
= olb
¥ = ! .
- jo (-4 2X) gk
|
j (-2 ux+-L ) v = -2 - e
0 W) d [Z—+22 ]
3 L
= -2X ':P( = ? !
L 3 + = 7 13(] 0

- 3 oy D ¥
= [..,_3—2(‘) «%—J—[_l_%z—.*}l%J

3
- [;1_(3_1), w20 F] - (22w~ Fo)

L Are o v? Neded regwy

=31 _
[P
= -’é‘ (AV\H’S‘)'

S )

[Turn over
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11 The table shows the values of two variables x and y from an experiment.
The two variables are connected by the equation AL px+ q\/;, where p and g are

constants. The values of y are corrected to 2 decimal places.

X 5 15 25 30 40
y 0.37 0.30 0.26 0.25 0.23

(a) Draw, on the grid provided on the next page, a straight line graph of 1
y

against V/x . (3]

X| & [229 [383] 5 [ 548 | 632

Y ("5: 2.70 2.23 |3.<?5 l (V= \ 4 35 ( 20\]))
(b) Use your graph to estimate the value of p and of g. [2]
- . 4.50 —~[- &3
= < | 0 ~
4 \MU@?’O -8 @"(’6@‘4{,\/@' 630-0
1 =!I 3o Pr ouldd

Catept | 65 49 1. 90) (hest 0 U0} uspt 0.33 0 0. 42)

(¢) Use your graph to estimate the value of y when x=19. [2]
X =19 JoU = w36 (2d-p)

K

¢

4 ~0.282 334

~
~

~
~

3.55

|
3.55

xR o228 (zo\-F.)

@
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{Lw &ﬂlqawﬁm‘m and i«v\(bm—@o«n.
12 The gradient of a curve is given as 4 = Ae’* +e™*, where 4 is a constant.

(a) The curve passes through the point (0, —1). Find the equation of the curve
in terms of 4. [3]

J= J(Aea’u o™t ) bt

Acdre™« o

n

1

’3{/‘36%~ Q’X‘rb

]

-0
Sub. L0, 1) ~I —g‘jae“")»e 4 c

I

0

—§~A_.\4—Cz
’éA = C

‘. e%ua’h\w“? LR 8: -'?\;Ae/‘_)ﬁ(l_e)-b-_slﬂ

2
(b) Giventhat 9y+8e™ +12= %);- , find the value of A. [2]

d\.
I - h3)ePr (e

o>
= 3pe3- ™
TopeP - e da) s ge s 3peP e
343~ qe - 38 + et > e
~3A 412 = 0O
’SAzﬂl)-
A=\
Meghod2 q; + 88’304' (= 5A6§Db—- 6—)\.
Sab o, A+ 8e 0412 - 3he Ve
-O"f8+|)- :SA’I (’gm
(2 2 3A T

A=\
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13 The diagram shows part of the curve y =+/2x+3 —x, and two vertical lines x = ==l

and x=6.

Q <

o= (o)

y=+2x+3-x

(a) Explain why the curve intersects the x-axis at only one point, 4.
Find the x-coordinate of point 4. (3]

Sub. 4=0. 0= 243 -V
= 43
X = 2243
A-ax-3 =9
(X-3) (x+1)="°

‘-:(:3 ()rb(,:/‘
whgn = =1 &RHS=S J20n+3 - ()
2

s =0
RHS ¢ LHS
> € fe\z)‘edvzd

S Thare 1S on!a [ Sluton

2 The came, indersedts e ol-axit od- w\l(-j. L ]'DIN* A.
and 3\~ coodneri? 0{2 A =3,
[Turn over _
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(b) Point B is moving along the curve such that its y-coordinate is decreasing at
a constant rate of 0.6 units per second. Find the rate of change of point B’s

x-coordinate at where the curve intersects the x-axis. [3]
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(¢) Jenny claimed that f} (\/ 2x+3 - x) dx can be used to find the area bounded

by the curve, the two vertical lines and x-axis.
Do you agree with her? Explain your answer clearly. [2]
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