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Mathematical Formulae 

I.ALGEBRA 

Quadratic Equation 

For the equation ax2 +bx+ c = 0, 

Identities 

Formulae for AA.BC 

-b ± .Jb 2 -4ac 
x=------

2a 

2. TRIGONOMETRY 

sin2 A + cos2 A = I 

sec2 A= I + tan2 A 

cosec2 A = I + cot2 A 

sin(A ±B) = sinAcosB ± cosAsinB 

cos(A± B) = cosAcosB +sinAsinB 

tan(A ± B) = tan A± tanB 
1+ tanAtanB 

sin 2A = 2sin A cos A 

cos 2A = cos 2 A - sin 2 A = 2 cos 2 A - I = 1 - 2 sin 2 A 

2A 
2tanA 

tan =---
1-tan2 A 

a b c 
--=--=--
sinA sinB sinC 

a2 = b2 + c2 - 2bc cos A 

I b . I)..= -a sm C 
2 
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----- - - - - --- - ~---

1 Do not use a calculator in answering this question. 

2 

It is given that ✓3(x+3) =x+17. Findx in the form a+b✓3, where a 
and b are integers. 

(a) State, in terms of 1r, the principal value of 
(i) tan-) 1, 

( "") • -I ( ✓)J n sm -- . 
2 

(b) Explain why the principal value of co,-• (- ~J cannot be - : . 

Partnerlnlearning 
3 

BP-5 

[4] 

[1] 

[1] 

[1] 

[Turnover 



3 Given that these simultaneous equations 

x2 + y2 -16 = 0, 

x-y=k 

have exactly one pair of solutions, show that k = ±p✓2, where pis an integer. [6] 
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4 Given that the period of y = 5 sin bx - 2 is 12Q° . 

(a) Find the value of b. [1] 

Tuition 
(b) On the axis below, sketch the graph of y = 5 sin bx - 2 for -90° ~ .x ~ 80° . [3] 

y wit tJ 

0 

PartnerlnLeaming 
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5 (a) Show that f(x)=4x 2 -10x+16 can be written as f(x)==a(x--b)2+c, where a, 
b and c are constants to be found. 

(b) Explain why the function f(x) is always positive. 
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6 (a) Without using a calculator, and showing all your working, find the exact 

1 f 
. 1r 5,r ,r . 5,r 

va ue o sm-cos-+cos-sm-. 
4 12 4 12 

(b) Given that tan 0 = k and that 0 is acute, express in terms of k 

(i) sec0, 

(ii) sin 20. 

PartnerlnLearning 
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7 (a) E x
2 

+18x + 50 . . 1 fr . xpress 
2 

m partJ.a actions. 
x(x+5) 
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(b) Hence differentiate x' + l8x + 50 • h Tu i ti On 
x(x+ S)2 Wit respect. to x. 

\f\ll 
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Solve the equation 5 cos 2x + 3 sin x = 4 for 0' < x < 360c. 
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9 Th . f . .J 2x2 
+ 1 e equation o a curve 1s y = --- . 

(a) Find dy. 
dx 

x-3 

(b) Find the equation of the tangent to the curve at x = 2 . 

Partnerlnleaming 
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rn 6 
(a) Differentiate --- with respect to x. 

(x2 + 1)2 

f
2 12x 

(b) Hence evaluate 2 3 dx . 
-I (x +1) 

Partner! n Learning 
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(c) Explain why the curve y = 
2 

6 
2 (x +1) 
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11 A container, initially empty, is filled with water. After t seconds, the depth of water 
in the container is h cm and the volume of water, V cm3, is given by 

V = 1r h2(3+h). 
8 

Given that the volume of water increases at a constant rate and that h = 6 when t = 4, 
find 

(a) the constant rate of change of the volume of water, 

(b) the rate of change of the depth of water at the instant when h == 2. 
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12 (a) Find the radius and coordinates of the centre of the circle 
x2 + y2-4x-3y-10=0. 

(b) Determine whether the point (6,1) lies on the circle. 

(c) Find the equation of the tangent to the circle at the pointA(4,-2) . 

PartnerlnLearning 
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(d) Given that AB is a diameter of this circle, find the coordinat,~s of the point B. [2] 

Partnerlnlearning 
16 

BP~ 18 



CANDIDATE 
NAME 

CLASS 

BEATTY SECONDARY SCHOOL 
PRELIMINARY EXAMINATION 2022 
SECONDARY FOUR NORMAL (ACADEMIC) 

REGISTER I 
NUMBER 

'--~------____J 

A~DDITIONAL MATHEMATICS 
P.aper2 

Candidates answer on the Question Paper 
Additional Materials: Nil 

READ THESE INSTRUCTIONS FIRST 

4051/02 
5 August 2022 

1 hour 45 minutes 

Write your name, class and register number in the spaces at the top of this page. 
Write in dark blue or black pen . 
You may use an HB pencil for any diagrams or graphs. 
Do not use staples, paper clips, glue or correction fluid. 

Answer all the questions. 
Given non-exact numerical an wers correct to 3 significant figures, or 1 dHcimal place in 
the case of angles in degrees, unless a different level of accuracy is specified in the 
question. 
Tlhe use of an approved scientific calculator is expected, where appropriate. 
You are reminded of the need for clear presentation in your answers. 

Tlhe number of marks is given in brackets [ ] at the end of each question or part question. 

Tlhe total of the marks for this paper is 70. 

This document consists of 18 printed pages and 0 blank page. 

Partnerlnlearning 
18 

For Eicaminer's Use 

I Turn over 

BP~20 



Mathematical Formulae 

I.ALGEBRA 
Quadratic Equation 

For the equation ax2 + bx+ c = 0, 

-b± ✓b2 -4ac 
x=------

2a 

2. TRIGONOMETRY 
Identities 

sin2 A + cos2 A = 1 

sec2 A = 1 + tan2 A 

cosec2 A = 1 + cot2 A 

sin(A ± B) = sinAcosB± cosAsinB 

cos(A ±B) = cosAcosB+sinAsinB 

tan(A±B) = tanA±tanB 
l+tanAtanB 

sin 2A = 2sin A cos A 

cos 2A = cos 2 A - sin 2 A = 2 cos 2 A -1 = 1- 2 sin 2 A 

Formulae for MBC 

2A 
2tanA 

tan =---
1-tan2 A 

a b C 
--=--=--
sinA sinB sinC 

a2 = b2 + c2 - 2bc cos A 

1 b . 11= -a smC 
2 
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E 
2x4 -3x3 +5x2 +llx-15 

1 xpress 2 in the form a:x2 +bx+ c , where a, b and c are 
X -2x+5 

integers. 
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2 (a) Solve the inequality 2x2 +6x+ 13 < 3x(x-2). 
[3] 

(b) A line has equation y = x - 7 and a curve has equation y = 3x2 
- Sx + 1. 

Determine whether the line intersects, is a tangent to, or does not intersect the 
curve. Give a reason for your answer. [3] 

PartnerlnLearning 
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3 (a) Factorise 8a3 +b3
. [2] 

(b) Hence express 8(✓3)3 +(✓'27)3 in the form m✓3, where mis an integer. [3] 
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4 (a) 

(b) 

---------

Prove that I I J-:Mi tio n 
sinx+l sinx-1 wit 

Hence solve the equation 
1 

-
1 = 3 for O < x < 1r . 

sin 2x + 1 sin 2x -1 

PartnerlnLearning 
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5 The point (-3, 0) is a stationary point on the: graph of y = x3 + hx2 + 3x + k . 

(a) Show that h = 5 . 

(b) Find the value of k. 

Partner! nlearn i ng 
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-~ --- ---·~----------

(c) Find the x-coordinate of the other stationary point. 

( d) Determine the nature of each of these stationary points. 

Partnerlnlearning 
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6 (a) Express 6 sin t + 10 cost in the form R sin( t +a) , where R > 0 and 

0 < a < 1r radians. 
2 

(b) The oscillation of a mass attached to a spring can be modelled by 
x = 6 sin t +IO cos t , where x mm is the distance of the mass from its rest 
position A at tim t seconds. 

[3] 

(i) Explain whether the mass can reach a distance of 18 mm from A. [ 1] 
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(ii) Find the time when the mass first reaches the maximum distance 
from A. [2] 

(iii) After how many seconds does the mass first reach a height of 8 mm 
fromA? [3] 
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7 Solutions to this ques ·on by accurate drawing will not be accepted. 

The coordinates of the points A, Band Care (2, -4), (2a + 2, a) and{-3,1) 

respectively. The area of the triangle ABC is 32.5 units2
. 

(a) Given that a> 0, show that a= 3. 

(b) Find the coordin tes of the point when the line AC meets the x-axis. 

Partnerlnleaming 
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(c) Find the equation of the perpendicular bisector of BC 

PartnerlnLeaming 
29 

[4] 



8 A piece of wire of length 100 cm is bent into the shape of a trapezium PQRS. 
Given that PQ = SR = x cm, DQA = L.SRB = 60° and PABS is a rectangle. 

p s 

Tuition 
Q 

1 0-3x 
(a) Show that PS=---

2 

Partnerlnlearning 
30 

R 

[Turnover 

[3] 



(b) Show that the area of the rectangle ABSP, A cm2
, is given by 

✓3 
A = 4 ( 1 00x - 3x2

) . 

Partner! n Learning 
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( c) Given that x can vary, find the value of x for which A is maximum. 
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9 The diagram shows the line y = x + 3 intersecting the curve y = -x3 + 2x1 + 5 at the 
point A(2,5). 

y 

y=-x3 +2x2 +5 

Partnerlnleaming 
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y=x+3 

ition 
' ..,~ 
'.••· . • j . 

; 

X 



(a) Show that the curve y = -x3 + 2x2 + 5 intersects the line y = x+ 3 at only one 

point, A(2,5). [4] 
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(b) Find the area of the shaded region. 
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35 

BP-37 

[5] 



Answer key 

l. 2x2 +x-3 

2(a) x <-1 or x > 13 

3(a) (2a+b)(4a 2 -2ab+b2
) 

4(b) 0.308, 1.26, 1.88, 2.83 

(b) 105./3 

5(b) -9 

5(d) 

1 
(c) X=--

3 

Whenx = -3, d
2
{ = -8 < 0 . It is a maximum point. 

dx 

When x = _ ! , d 
2 
{ = 8 > 0. It is a minimum point . 

3 dx 

6(a) ✓136 sin(t + 1.03) 

6(b)(i) Since maximum value of sin(t + 1.03) = 1, maximum value of 

x == JD6 = 11.661, so it is not possible for the mass to reach a distance of 18 mm. 

6(b)(ii) 0.540 s 

6(b)(iii) 1.36 s 

7(b) (-2,0) 
11 63 

7(c) y=--x + - ory=-5.5x+15.75 
2 4 

8(c) SO= 163_ , A is a maximum 
3 3 

1 
9(b) 3- units2 

3 
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BP-45 

!..ALGEBRA. 

f}u.!fldmtic lquati<>n 

For the eq11ati.on a# +bx +c = 0~ 

-b± JtJ' -4ac 
x=-----

la 

2. TIUGONOMETRY 

ldentmes 

Q . .. bi . t ..........,.._=__..·,=-
~l'Lil- ,inB ~inC 



l 0. mt use t c:ucutur ia amwedng 1Jds .. qwstion. 

It is given that .Ji.c~ + 3)- z+ 17 . Find x ill the funn a+ b-{:," ! whe~ a 
~.; are, mteg,n:. 

.Ji{x+3} = X +11 

x(Ji-1) = 17-3'/i ... ,, ....... Ml ( grouping 1:;f tenm) 

11-3,./i 
X= Ji-1 
. <11-3/jJc./i+n 
x ·~ • { .Jj- l){./3 + l) • ........ , ... Ml( ltl.troM.lisation) 

11JJ+11-9-'3JJ 1'"1.( • .. • .. . .tt:a't~ .t , 
X = J .... ., ........ uu Slm}liJ:.1U;aJUOl\; 

14-0 +8 x--· ................. -. - 2 
x =4+1./3 ......... ,, ....... .... ,. .. . Al 

(a) State. in tenmrnf •. the principal val~ of 
(i) tut' 1.~ 
J1 . 

4 
............... Bl 

(II) l!qairi why!l,i, pm:ip,1 volue of coa·'(-f }•llll<ll be - ; . 

Smee principal ·valw of c~-t ll 1i betw-een.Oatd 1r, .... . .. .. ,, . ., .. . Bi 

ii is ml w,sible for t1i!> ~ w.11!0, <If '1"1'"' (-f }• be -: . 

~ ••••• f · ....... 1 ~-·, . . _, f· _ • --r( ·4'J)•· . . 3Jr >. ;" •. tb 1r 
VJ pntlC~ V'll'IJ.e o CO$ -T . J:S1. 4 sou CID\l\O e. -4 . 

4o 

f4] 

[1] 

[1] 

[1] 



----- -- --

4 

,'{
1 +:, 1 -16• 0 '"'"""""."' ' ....... , ...... fl) 

x -:, = k ... ,., ........................ (2) 

From (2)~1= x-k ...................... (3} 
Sub {31 into· (1) 

11 +(.t-t)l-16-0 """"""""''"""'' ""'"""'"''' Ml(Substitutioh) 
11 +ii - :i~.+k2-16 • .O 
2.x1 ~2b+~ -·h5=0 .............. .......... .M1(ibtmofax1 +hx+c= 0) 

4.t1-;,t1 +128 =0.,d«rn••··· ········ Ml( '.simpiticaticmJ 
.... u-1 ::=12.8 
le' .. 32 ....................................... . W 

J·=±./JI 
k=~· ,: ....... ,, "" ... ,, .... ;,,:.,..;,,, ....... Al 

4( 

(Turnov~r 
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5 

4 Given that the period of y ""• 5sinbx-2 is 1.20' . 

(a) Find the value of h. UJ 

(h) On the axis below. sketch the graph of y = 5sin bx - 2 fbr -·9Jlf s; x:::;; 180". [3] 

Gl -Shape of sine graph 
Gl - Graph cuts y-a~s at -2 and c<>tte<;t period 
Gl - Correct ma ~·mum value ofy = 3 and mininmm value ofy = - 7 

ViiWW.KiasuExamPaper :com 
48 



6 

[Turnover 

5 (-a) S<how tha.tf(x)-=4X2·-)0x +16' can be written as. ((x) = a(x--bf +c i ,Ji'here a;, 
b a,nd c are constants to be f otind: • [3J 

·((x)= 4x,"~·~iox,+16 

=4(xt-:jx +4):: ........ ......... Ml(fac!iJrisatio~) 

4[(• j_y . (5.)
1
• 4] IvI1 {' . ;.-.lot . • f . . . . ). = ' x ~ .4 I -k,r ;+ '. .. ... ...... '.. Com~ mg O $quare. 

[( 5)2 

391 =4 lx~ 4· +1~ J 

=4(x~¾J+3X ._._, ........ ................. ,1\1 

.s me e'ai='4'~tr_·.·.and_- •. •• rru..·.·· .• ·runiufu~:value '·of~:i)S\:: 31.·1 Jr +ti.rf ihe ........ funcfi6.£iri) '.is .•. . .. . ; . ', •·' ·--> - . '•. • .•• ;; .f\ , .· · 4 .,. ~ -- .. , .... '•. ·,·, ;-~,\ . 

-~_lffea:9$lP$iJfy~.·; . ._, ._, ·., ·.· .,, ... . ·: ·.: ·.: ·.: ·,: ·.- ·.: ·.: ·.- ·., ·,~ · .. : ','. .) ·.t ... B.f 
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6 

7 

(3) \Vitmut using a cak ulato J.', ml slwwirg all your working, find the exact 

l f 
. JI 5,r . JI . 5JI 

va ue o · .· sm - cos-.·+ cos ...;_sm ·-· •. . 4 12 ·. . .. 4 ·.. 12 

(b) Gwen that tan B- k and that 0 is llC 11te, express ii:l. tenns of k 

1 
:;=---· - . .. .. .... ........... .... .. .. , Bl 

cos8 

=.Ji +k-i ... ....... .. .... .... ... Bl 

·(ii) si.n28. 

==2sin 8c os8 

~2tblk.},,,,,, ,,.1)11{.fo(¢i)!{e,J,itjol 

_ :.2k. .. . .. . . · · -;l+.f . .. ,; .. ; .... : .. :, ... ; .. ; .. .... . ;:.Al 

Partnerlnlearning 
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7 

8 

xi+18x+50 . A B C .•· ·M·.1 . 
.,...,.._ __ .,....,'l .. - • . ~+-· -+ 1 .................. . 

x('x+5} • x x+5 (x+5) 

x'l+rnx+5Q= ..4.(Xf5:t+Bx(;i:+5)+0: 
Subx=O; 50=25:A Tuition 

A=2 .... , .......... : ....... :: .... : .. : ... . : ......... Al 

Suhx=--5~ -15==' -sq Tvvi t 
,.:;- = .;3 .... .. ....... .. ...... , ; ' _..,_.. __ 1 

Equating coefticie nt of x'l~//1 •·"" "116.,., 

1=44-E ~ 
l==2+B 
B'=--1 ............. · ... : ......... ....... .. ..... • ...... ,.AL 

x'l+18x+50 2 1 3 
• • ~ · x·.- "+····•5t(··X .. -t •• . .• s).~ :····· ········Al ;,;(Xt.5)· " • 

Partnerlnlearning 
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9 

x~ + 1Sx + 50 . 
(h ) Hence differentiate • . . • .•• ... •• ,, · with resi:ect to x. 

.1;{x+ 5)' • 

!(.;- x~s + (x :5)~) 

== 2-[2x~1 -(x + r1 +~x +5)~] 
dl 

= -.:2):-1 +(x+5)-1 -6(x+5)~ .. ... .. ..... .. .. Ml (Chainnile), A:l 

or ,...2+ 1 6 

X
1 (x +5)1 (x +5i 

Partnerlnlearning 
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8 

--- --- -------- ------

Solve the eqµation 5cos 2x+3sin x = 4:for O' < x <36ff •: 

5 cos2x+3sirix = 4 

5(1-2sili ~ x) +3mhx-4 =D ... .. ........ , .... , .. .. Ml{use of double angle formula) . 

y,::. 10·.si.n~ x'+3sin x·- , 4 = O 
.. : { .•• ...•. 
1 O'sin i-3sin ;,;-1 .= 0 

.(5sin x+ 1)(2 sin x ,- l) =ff .......... .......... .... ... : :Ml (factorisa ti.on) . . . 
; 1 

Sln ·X=-...;.. or 
.5 

basicL ~ll:53'. basic L == 30 • 
.-· ,_ -· .• - ,·,··. ; 

x ==19105-,348.S~ ..... , ..... ,. , .............. Al x= 30. ,150' ........ . · ..... ... ......... A.l 

Partnerlnlearning 
51 

[5] 



9 

11 

I 

zi= (2x'l·+1f 

:=}(2x'l +t)-¼(4x) .......... '. .. .. . Ml 

2i 
= Jjj'l fl 

v= x-3 

dv 
-=1 
dx 

dy 4~: H (x-,1J-,,hx' +! 

dx = (x-3)'l ... : . . . . . . . . . . . . . Ml (Quotient :rule) 

2x'l .:.6x.:... 2x'l ...... 1 . .. . . . 
== tx- 3) 'l./£: 2 +f .................................. rv11 < sunplillca1:10n1 

"OX'--1 
= (x-'JJ'l¥2.P+i ............... .... ........ , ........ Al 

(b) Find the equa tio:n.of the tangent to the c u.rre a( .1; - 4. 

PartnerlnLearning 
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12 

24x Al - (x~+l)7 , .... ,::, ...... :, .. ........ ... , .. ,. 
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13 

(c:) Expla.iri why the cUJ:Ve y - _ ,l6 
1 is a dec:reas.ing function forJ ;, 0. 

ti; + l} 

T~l'l.x> er -::24t<D and{x~+r)l> o, .. ... ... ..... , .... :e.1 

so cpi = 34x 3 < 0. Tii.i~ shows th.at the cmve is a de creasing f\1.nction forx > 0 .... .... Bl 
tlx (x· +1) • 

Partnerlnlearning 
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14-

l I A ccinta.iner, irdtk.Uy emp:ty, is' mied with \7ta.~r. A,fle r t seconds; 'the dewh of.,m_ter 
irt the co_ntainer is h cm and the volume off water, V cm3 ~ is given by •• 

n- • i , 
T--h {3+h}. 
. 8 , , ·. 

Given that . the: volunuf of' water •kt reases at a:'cousta.nt rate and.:that h = 6 wheh f == 4, 
find 

(b) :the rate ofr.ltange of'the depth of water at-~ instant_ ~n t = 4. 

8J , . JI. . · . . ':! , tdh . .. . . . ·• , . ,:, ·• .. 
,;..- :,r =-~(oh+ 3h.) ?< .. ·~ ., ............ . I\111 ( use ofdtam rule1 · g ,. ·g .. , , . >dt . , ·'· .. • , , , ' .·, ,, ,·· .. ,• , , , ·: 

Sub t == 2, . 
·gJ,,r: ff .• ·; ·• dh :,, : ···i. .••••• , , • ·. ; 
:,

8
, :=, 8• {24)x di ;,, ... : .. ...... : ..... l\fil:{sµbstirution) 

d1 -8F' 
', cit '. == :i4:· 
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12 (a) • Find the radius and coordinates of the ten~ oft.he circle 
x2 +y 2 ..;4x--3y·-f0 =0 . 

(.l)) eytehnine 1,1/4etkr the p)int(6,1) lies on the Circle, 

Sub (6,1) 

f +f-4(6)-lU-10 
=0 

:~s, (6~1) hes on the curcle ... ... .. .... .. ..... Bl 

(e) Find the equation of the tangent tothe s .. ircle at the p:,int4(fl,·-:-2F 

(2, 1.5') ( 4,-"-2) 

. gradient= 
1/_+} =-J.· .... .. ..... , .. Iyll 

4 
Sub intoy = 

7 
X +c 

.·· , 4 ·., . 
7'"2= 7(.:l)+c ... .. .... ,, .... ....... Ml 

30 
C =--· .. 

J 
:.· .. :. , .. , ·,.•. ,, .·. ·•• · : 4·: : ... 30 

.. equ,ati.q:noftang.ent u;y -::_.7 X-:: ··l <'·· ··' :;, ..... ,: Pi.l 
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- - ---------- ---

16 

(d) .Given that .ABis·acliameterof'this.circlki,find the coorilinatesof the i:oilitB. 

centre= (2,l.5} .4(4. :2) 
Let.B={a.h) 

a±4=2 
2 

a+4.=4 
d=O 

.a.rid l;,--:J=l.5·· .. ......................... Ml{conc. ew ... •·· o.f.· rn.id .•. · .. tri·.· .. int .. ) " .. /. • .. •.• • . • . .t;'" :r-~· .:._ . • ' •• • 

b""'.2=3 
b=S-
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2 

MatkematicafFormulae 

·1.ALGEBRA 
Qladratic Equation . . > • •• 

•• • Fbi"the equation qt2 + bi f c ::=rD, 

.Identities 

- b ± .,/lf.~ ..;. 4aG 
·x= •.· . . 

2a 

2. 'fRlGONOME1RY 

sin2A+fos2 A= 1 

rec2 A= l + ta.:rl:A 
cosec 2 A=J + cot'A. 

sin(A ±B) = sinA cosB±co;sAsinB 

cos(A±B) ·=cos AcosB=tsinAsinB 

tan(A±B) = . tanA±tanB 
• l=t tanAtanB 

sm2A= 2sinAcosA 

c6s2..4·= i::os ~ ;1..-sm~ A =2co~1 A-1 = 1.-2sili1 A 

tan2A = 2tarcA 
1-tan~A 

a· b c 
-··---- - ·- = :·---- , ·= · ·-· - ·· 
sinA sinB sinC 

a; == M + c2- 2bc cos A< 
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l 

x~ -2x+5)2x4 ..::3~3 +5i'I +lLt .... 15 

2x4 -4x3 +10x1 

.r -:5x'l+l lx 

t ..:...2x~+:5x 

-3x'1+6x-15 

.... 3x1+6x-15 

3 

Ml -Attempt lq:ng d.iyision ' A1 - all sfopsare co ire ct. 

2x4
...., 3;,;3 +5x~ +llx- lS 

.:?-J.:r+:5 2x'l+x ~3 .......... .... . .......... .. Al 

Partnerlnlearning 
60 

[3] 

(:Jm:tl. over 



:2 

4 

(a) Soh~e the inequality · 2,r -;i +6x +l3 < 3.(x-::J) . 
[3] 

2x1 +6x +13 < J,.{x--:2) 

2~~ +6x +13<Ji-6x ........ ; .... ......... Ml (exffillSion) 

-~i+l2x+l3< 0Tui ti on 
x'l -12x~·13,;o . 

(x-13)(,+i}>0 Wlt . l} .. ....,._ (factorisation) 
x<-1 or x>13 .... . .... .. 

(h) AJ~ has e41ftion Y= x-7 andacun,re ¥S equation y •:Sx1 
- .sf +1 .. 

~tenninewhetlierfrte line intersects,js a tangent to; ordoes not in~~cffhe 
curve: Give a reaoo:nfor yout a.l'IS\li'er. [3] 

3x1 -5i.+-1= x- J .......................... Ml 

3x1 -6x+8=0 

b1 -4ac 
::;(-6)1 -4{3)(S) ., .. ; .. : ....... : ....... ... .. : .. Ml 

= ....:60 < 0 

Since t¼ ctisci"irnin4:nt is. le~ . tM.4 zero, the li+Le . ailcl'the curve does not 
meet. ...... ... Al • 
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3 (a.) Factorire, Sa3 +b3
. 

8a:r.+bj 

=(2ai+~l, 

5 

= (2a +b)(4a~ - 2ab+b~) .... :, .. ... . :. Ml, Al 

[2] 

(b) Hence ex})l-ess sr._J3i' +{,5;i in the fomi. mJi, where m is an integer . [3] 

Sub a. = 41 and b = ./if 
8(-./j)l -t{./i7) l 

== [241.+~ [ 4( ,$)1-2.(./3)(../fi) +( J%i) ~] .... .. .... Ml ( substi tutioh) 

=(2/3+3:/3')(12 -18+27) ... ...... ., .... ......... .......... iVll( simplificationofsurds) 

=s./J(2l) 

=105-JJ .. .. ... ..... .................... Al 
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4 

5 

1 
(a) Prove that --• • • sinx+1 

(b) 

1 1 
sin x+l si.nx -1 

smi--1-(sini+l) 
= (sinx+1)(sin x--1) ............ .. .. I\fll 

-2 
=---

sin? ::f--1 
-2 

= 1- cos1 x -1 ······ :: ........ ... . Ivll 

-2 = 
-COS

1 
X 

= 2sec1 x ............................. Al 

1 .. .. . • .. " '!uition 
sin2x+l sfu2x-l • • t 
2rec1 2x=T ............ W.l: 
sec 12x =l ·.•· ·•·· 2 

'.. J 
cbs

1
2x = --- - ···· ::····· ·:: ··············, M.1 3 

c.o~2t='-~ ••·· ., ....... , .. ,, ........ , .... I\IH 

basic .. angle\==· 0:61547\f 
2 X. = 0 :tSl .547; 2'..526li,; 3'.75701; 5 .66111 ........... :ND. 

~ = O}IJ~; 1.2t:i". l.88, ... 2.8J.(to3sf):, ······::·······A1 
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7 

(a) Show that A-S. 

: :=3x1 : 2hx+3 _ .... : .. .. .. ...... Bl 

sub X = -3 arid qj., = I) 
' , di 

• 3{-3f+~ h(...:.3)+3=0 ... ....... .. .. ~ 
27 ...:6h +3=0 

'-6h =,-30 

h =5 .. .. .. .. .... .. .. ...... ..... Al 

(b) Find -the value of k. 

y = Y.1 +5x1 +3x+k 
Sub (-3,0) 

(--3/ +5(:-.: '3) 1 +3(-.,J) +k = 0. 

'""27+45-9 +k=0 
k =- -9 .. ... ....... .... ... ..... ... B 1 
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8 

(c) Find the x~coorclina re of't~ o·the r.statj.6iiary'}'.oi.nt .· 
' · ._ ··· .. , . 

Let. dj =0 · 
dx 

,3x1+10x +3.: =0 · .... :· ... .. .. : ..... .. : .. .. : .. :Ml 
)x~3)(3x+l~ =0 

~ = -3(given) or-,,t ::. - ~ ................ Al 

. q,1.1 == 3x1 +lOx +3· 
dx 

·~ ~: 6x +10 : ... .. ... : .... ··· :--··:·· .. Bl 1-

.Accept the. fust derivaJive test :usii,ig ~¥ngejn the ,g*rJ.ti; . 
•• ,- , - • ·-,",;. .' ,,, • ' .•. , / -, ,,,,., ·, .. , .-._ ·• ·., ', ' •' "y •.' , 
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9 

(a) µpress 6 filnt +- 1 Ooost· in the fonn R ~in{.t + ct}; where R > 0 and 
' ;rr . 

O < a < ...... radians. 
2 · 

6sirit +lD.cost = Rsin(t+a) 
= Rsiri {c bs a + Reos t sin o.: 

Rcosa=6 and Rsina=.10 
· · I 1 1 •· 

R = -v6 + 10. • .. .... ... ......... . Iyll 

R = ./[36 or 2../34 
10 tana=-· ........ ................ Ml 
6 

a = l ,0303 radiaris 

6 sint + ld cost = ../i36.sml._t +1.03) .... , .. ..... Al 

(b) The osci.lla ticn of a m:=iss attached to a spfuig cait be modelled by 
x = 6.~nt +lOco~t. i~re .xmm isthedistance.~f the. tnass from.it: re$t 
i=ositicn A atJirne ts.econds: • ·- • • • 

[3] 

(i) ES;plain whether tl,te mass can re)ach atlistance of 18 nuri frofo 4.. [l] 
. ' ,-

SirLCe r-na.ximum val~, of mn(t + 1.03) == 1, maxim urn y~due of 

j;~{fjZ= 1 f .1561,so itisnotross:i,ble for the mass to _re~h ac4$tanc.e 
'. .·. . ·. • ·. •• I 
of 18.rcun ............ ........ . ....... ....... Bl~ 
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10 

(ii) Find the tune wfie:rlthe mass first reache~ the ~aximlJII). clista1\.Ce 
~~A . . • •• 

µ(sin(t +1.03) = 1 ......... ....... Nll . 

t+ 1.03 = I .5707 

Af!er!u,winal\l'••conds doeS:JJd.llr\.Qhlat,ight of8Dlln from A? ·· · · ... · · •·. · wit· ···· .· · •. · --

Let 4J,36 sin(t+l ~03) = 8 ........ . 

siri(f+l.03) = 0.68!99 
t +l.03_= 0}5596. 2.38 ., ... , .................. o •.• Ml 

( angles iri 1 si ancl 2nd. quad.ran~) 

t ='-0274{rejected), 1.36 s(to3sf) , ..... Al 
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11 

7 • Solu.tims to this quesm:n by accurate drawing will mt he ac ctp ted. 

The coordina~s<ofthe PJintsA,Band Care {'2,-4}, {2a+2,a}.and{;3J} 
restec tively. The area of the . tt~ngle ABC ~~32 .5 units2 . 

(a.) Given thata > 0, sh.61,i;,thata = 3. 

i 2. / 2a.+. 2 -3 2 .. ·· 1=32.5 ······························ rifl1 
2 ~ .. • a J -4 . • 

2a+2a -t: 2 +12-(,-8a....,g..., 3a +2) = 65 ....... ..... .. : Ivll 

15a+20 =65 
15a =.45 ................................... Ivll 

a= 3 ............ .... .. ..... , ............. ,. Al 

(b) :fi1ul th(c oorqinates Of tile. }X)int when the line AC meets the X-a:ds; 

A(2, -4) 0::--3,1) 

1+4 
m= _

3
,...

2 
: ............ Ml 

m= - 1 
Let p:rintbe (x, 0) 

0+1 .. 
' \ == -:-1. ........ , ........ ~ifll ,J+3 •• .. ' .. ·' . ,. 

··~+3 =1 
·X = --J 
Pointfo(-2,P) :, ... ,:::::.:Al 

Partnerlnlearning 
68 

[4] 

[3] 



(c) · FiruJtlte equationoft~~q:enclic.ul¥b~ei:::torof l3C 

.... .... . . .. IvU ( equatgm o,f li~l 

PartnerlnLearning 
69 

[4J 



13 

8 A piece of wire of length 100 cm is bent into the shape· of a trapezium PQRS. 
Given thatPQ = SR = x cm, LPQA = LSRB = 6ff and PABS is a rectangle. 

1 0 ~3x 
(a) Show that PS= ---

2 

p 

QA 
cos60' = ................ Ml 

X 

1 QA 
-·=-·-
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(c) Given that X can vaiy; fizyj the v'alue of~ for which A ~s m,axu:n urn, 

d 1A - 3-/j- -. 
, 'dx1 ~ -2< 0 .... ...... ... ... ... ... ... .... . Bl 

-·· TheteforeA ~ a maximum value . 
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16 

9 The diagram showsJhelihe y =x+3 :intersecting the curve y= -x3 +2.t2+5at the 

pointA(2,5). 

y 

y=x+3 

---+----------~,---------
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17 

(a) ShbvlthaJthe.c:urvey----'< +'2.t~ +s interrects the line y,= x +Jat onlyone 
p:iint A(2,.5) . [4J 

-x~+2xi+5:: i +3 

X
3

-'2X
1 +x-2 =0 .... .. Ml 

Since the line and curve cuts at A. jfshows that (.x -,.2)isa factor. 

x~-2v +.f--2 = o 
{i-:-J)(-'}+l) = 0 ............ .... .... .. ..... Al 
~ = .~. or x ~ = --1 

Sinc8 x1 Ca.t'III.Qtbe negative; the.re is no ::;elution fcirx1 =--J ..... .. .... ... .... Bl 

and the line arid c~ .inrerrects oniyat one p:iint A. 
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tb) Find the a.rea ofthe s~d regio1t 

Area uhcleffuie = 1(3 +5)(2) ................ Ml . .... " .... ·• . 2 ·. . . .·. < . •. 

=8 

. · ...... . ·. , . 34 
Atea6fs~dregm:ri.=-r.,,.g ... ........... Ml 

10 ·31 •• ~ Al = -. •. = - uruts ... 
3 3 
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