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2

Mathematical Fornula

1. ALGEBRA

Quadratic Equation

For the equation af + bx + c - 0.

Binomial Theorem

Identities

Formulae for LABC

(a + b\' = a' *?\o*' t *?\o''." u' *...*( 
n\o'-' 

u' *l.rl \2) \'J

where z is a positive integer rra (l = #, - z(z - l) .(z - r + l)

-b+ b2 - 4ac
x

2a

2. TRIGONOMETRY

stn2 A+ cosz A:l
ser,2 A=l+tan2 A

cos ec2 A:l+cotz A

sin(l t B) = sin I cos -B + cos ,4 sin B

cos(l t -B) = cos I cos I + sin I sin.B

t,o,r(A+ B\ = tan AllanB
| + taa A ton B

sin2A -- 2stn Acos A

cos2l=cos2 A-stn2 A = 2cos2 A-1=l-2sitz A

t^zl= Zt^L
l-lcln2 A

+b'

ab c

sinl sin,B sinC
a2 =b2 +c'-2bccosA

A = labsinC
2
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3

I The height ofan object, y metres, above the ground,.x seconds after it had been

thrown can be modelled by the eqvation y = -)1ez 4l2x+ k , where k is a constant.

The object reaches a maximum height of20 metres.

(a) Find the value oft. t3l

t2)

(b)

Seo 4E5N Preliminary Examination 2023 Additional Mathematics Paper 1
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Without calculating, explain if the object is moving upward or downward at

the 56 second.
State the other timing when the object is at the same height as it is at the 5tr

second.
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4

2 (a) Explain why there is no even powers ofx in the expansion of

(b) Given that a>0 and (t-lx)'(a+tx)6 =il+576x+cx'?, find the values of
a,bandc

Sec 4E5N Preliminary Examination 2023 Additioual Mathernatics paper I
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5

3 A water wheel of radius 5 metres rests on a lake of height 3 metres. The water wheel
makes 2 revolutions per minute. d is the distance, in metres, of the point P above the

water level such that d = asin(br)+c, where / is the time in seconds.

(a) Show that b = L
t5

(b) State the value of a and of c
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6

(c) Sketch d=asin(bt)+c for 0StS60. l2l

(d) Find the time interval(s) when P is submerged in the water where 0 < I < 60 . t3l
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4 Find the equation ofthe curve that passes ttrough the origin and

I=Yan'Bx\+2.
dx t4l
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5 A sample is taken out from the fieezer in the science laboratory and the temperature

7'C is given by T =15-28e-b where lis the number of hours after it is retrieved
fiom the freezer.

(a) State the initial value of ? . ttl

O) After 3 hows, the temperah.re of the sample is 12.5'C , find the value of t 12)

Sec 4E5N Preliminary Examination 2023 Additional Mathematics Paper I
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9

(c) Explain why the temperahre is always below 1 5'C .

(d) Sketch the curve for T =15-28e 
H

Sec 4E5N Preliminary Examination 2023 Additional Mathematics Paper I

PartnerlnLeaming
383

l2l

12)



BP - 390

10

6 (a) Civen 7(x; = 
7r-,3 ,x*-1 ,explain with workings whether ,f (r) isanr+l

increasing or declea5ing firnction.

O) A point P moves along the curve y= f(t) such that the y-coordinate is

decreasing at a constant rate of 0.4 units per second, frnd the rate of change of
.xwhenx=2.

Sec 4E5N Pretiminary Examination 2023 Additional Mathematics Paper I
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11

The diagram shows l(0,2) , B(0,-2) andc(8,-2) and the line lC cuts the

x-axis at x=4.
v

A 10. 2)

a

8p,- c{5.-?)

(a) Line CD is perpendicular to lC and meets the line -2x+7y=42 atD. Find

the coordinates of D.

O) Find the area of quadrilateral ABCD.

Sec 4E5N Preliminary Examination 2023 Additional Mathematics Paper 1
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8 (a)
sin(,1+a) 5 lrtnA

Given ----i------l =: . gy6lu6fs 

-.
sin(,{ - 8) 3' tan,

t21

12)

O) o Express 7cos2x-3sin2x in the form a+bcoslx,whereo andb are

constants.
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(ii) Using the values of a and b, find [7cos2 x-3 srnz x dx . Hence, evaluate

-a
J 

o" 7 cos' x - 3 sin'z x dr, leaving your answers in terms of a .

tz
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9 Mr Tan wants to make a trough that is in the shape of a half cylinder, with radius

r cm, length / cm and has a volume of 45 000zr cm3 .

rcm

lcm

(a) Show that the exterior surface area of the trough, A, is A=90000o * or'
r

(b) Find the value of r for which r4 has a stationary value, leaving your answer in
2 decimal places.
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Mr Tan would need to consider the material cost when making this trough.

Advise him, based on calculations, if this trough is worth making.
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10 (a) The expression 3x3+ax2+bx+5 has a factor of (r+1) andleaves a

remainder of -45 when divided by (x-Z) .

(r) Find the value ofa and ofD. t4l

(iD Using these values of a and 6, solve the equation 3x3 +ax2 +bx+5=0. t3l
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O) Justifu why 3x2 -4y3 is a factor of 54x6 -128y'g .
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11 In the diagram below, B, C andD lie on the circle ard BC is the diameter. CE is a
tangent at C and DE is a tangent at D. AE bisects angle CED.

(a) Show that triangle CED is an isosceles triangle.
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(b) Show that triangl e ACE is similar to triangle D.BC

(c) Show that2AC2 -- AEx BD.
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12 (a) Showthat (secx-tanx)(cosecx+1) =cotx.

(b) Hence solve (secx-t*r) (cosecx+1) = 3tanx for 0 < x <2r
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13 A particle moves in a straight line so that , seconds after leaving a fxed point O, its

velocity, v m/s is given by v --\tz -23t +30 .

(a) Find the values of, when the particle is instantaneous at rest.

(b) Find the distance travelled in the first 7 seconds.

(c) Find the minimum velocity.

End of Paper
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Quadratic Equation

For the equation al + bx + c = O,

Binomial Theorem

Identities

2

Mathematical Formula

I. ALGEBRA

-b+ b2 - 4acx=
2a

2. TRIGONOMETRY

(a + b)n = a 
n .( :)u-' u.( :),'-' t' * ... *( 

n\o' -' b' + ... + bn\.r, l2) [,J

where z is a positive integer and f') z! z(n -l) (z-r+l)
['.]= 1, -a'a- 

- a

smz A+ cns2 A=1

se,c,2 A=l+txr2 A

cosec2 A=l+cot2 A

sin(l + B) = 5il lcos-B t cos lsinB
cos(l t ^B) = cos I cos -8 T sin ,4 sin B

lar{A+B't = E4ltiltL
l+ l^a A taa B

sin2A = 2sir Acos A

cos2A = cos2 A-sinz l=2cos2 A-l=l-2sin2 A

2tan Alut2A=-
l-tanz A

Formulae for LABC

abc
sinl sin8 sin C

a' =b2 +c' -2.bccos A

1

A=:aDsinC)
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t6lI
^\ /1X -OExpress * m partlat tracfions
x- +5x
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Av2

132

r=5

(a) Find the equation ofthe line lB.
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The diagram shows part of the curv 
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, = | , -3] , *hich intersects the r-axis at -8.

2X
The tangent to the cuwe at B meets the l,Jie x=5 atA.

B
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(b) Find the area of the shaded region bounded by the tangent l-B and the line x = 5 . tsl
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t2)

t3l

t3l

3 (a) Given that y = :r ln(3.;r + 1) , find an exp.ession for f .

o) r*p."* jf, in the form a + 1fr, where a and b are constants, and hence find

| 3t a*.
J 3.r+l

(c) Using your answers in (a) and @), frntt 
J 

tn1:x + t; ax .
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t3l

t2)

4 The figure shows a rectargle ABCD inscribed inside an isosceles triangle PQR.

It is given that OC = OB = 1 cm, IAOB = ZDOC = 0 ail LAQB = ICRD = : .-4

o A o D R

B

P

(a) Show that the length QR: l4(cos 0 +sin4) .

(b) Express QR in the form Rsin(d+a),whereR>0and 0sa<1.

sec 4E5N Preliminary Examination 2023 Additional lvlathematics Paper 2

PartnerlnLeaming
402

4

T0



8

BP-410

lzl

(c) Find the maximum value of QR and the corresponding value ofd.

(d) Find the value of d when pR=15

Sec 4E5N Preliminary Examination 2023 Additional Mathematics Paper 2
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t4)

Isl

l2l

5 The equation of a curve is y=et-" +3 for -1 <.r<l

(a) Find expressions r"' fl -a S.

O) Find the exact value ofthe coordinates ofthe stationary points

(c) Find the nature ofthe stationary points.

Sec 4E5N Preliminary Examination 2023 Additional Mathematics Paper 2
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6 The points P and Q both lie on a circle and have coordinates (-2,8) and (7,2) respectively.

The centre ofthe circle lies on the line y = 16-5 .

(a) Find the equation ofthe perpendicular bisector ofPQ.

(b) Find the equation ofthe circle.

Sec 4E5N Preliminary Examination 2023 Additional Mathematics Paper 2
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R is a point on the circle such that PR is the diameter ofthe circle.

(c) Find the coordinates ofR.
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tsl

t3l

7 (a) Using suitable substitution, solve the equation z' -(Ji)'.' =lS.

solve lg(x -f = 
]1936-19(; - 6).(b)
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(c) The equation log, x +2log, x' =4logr ghas the solution x=5/. Find the value ofy. t3l
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74

(a) The line y =mx* cis drawn on the same axes 6! =5x -12. Given that the line has [3]
a negative y-intercept. Determine with workings, whether the line and the curve have 0,
I or 2 points of intersections.

O) The curve y = ax2 + 6x * b lies completely above the x-axis.
(i) What conditions must apply to a ard b? t2l

(ii) Give an example ofvalues fot a and 6 which satisfu the conditions in @)(i). 12)

Sec 4E5N Preliminary Examination 2023 Additional Mathematics Paper 2

PartnerlnLearning
409



BP - 417

I

5-6,12
9

15

= d + bJ, ,where c and 6 are rational numbers, find the value ofa t3]

t3l

sec 4ESN Preliminary Examination 2023 Additional Mathematics Paper 2
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(a) Given that

and of6.

(b) Represent the solution set 2(1+x)-8>x(l-2x) onanumber line.
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16

10 Measured values of .r andy are given in the following table.

x 1.6 1.8 2.2 2.8 3.7

v 8.32 6.29 3.98 2.36 1.55 0.79

It is known thatx andy are to obey the formula xh y -- k , where h and k are constants,

(a) Explain how a straight line graph may be drawn to represent the given formula. t3l

O) On the grid, draw the straight line graph for the given data and show that five ofthe
readings are a close fit to the formula.

t4l

(c) From the graph plotted in (b), estimate a value ofy to replace the incorrect reading ofy. l2l

(d) Use your graph to estimate the value offt. t2)
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L7

,I

-r i-,

tl

ii +

-.1-

1

- End of Paper -
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2

I (a) t'- -21

- -tl-l

- -zl

.rt -6.x l+k Ml Iactorisc -2 corrcctly

.x' - 6.r + (:)' -(l)'l+ *

(r-3)'-+]+r Ml Ibr (.'-3)'

= 2(* 3)'rlttr&
k-2 At

Altcrnativcly

d)'= 4.rtrZ
cI-\-

dr' _ o-&
x=3 Ml

MI

20--2Q):+12(3)+*
k-2 Al

(h) 'l'hc maximum hcight was rcached at thc 3"1 sccond, 5rl' sesond is after the 3'l
sccond, thcrcftrrc object is nroving downward. A t ECt

At the I't sccond, the object is at the same hei-qht as it is at the .5rl'second.
n I ECt' (syrnnretry property of qrradratic curve)

2 (a)

[:)[;'')' 
(4')'

,il it *-t'. ,r-tt-t' Ml
For all integer values of r. 0 ( r 17 ,

2r' is always cvcn.

2l -2r is always odd, thcrcfore therc is no cvcn powcrs of x in thc cxpansion. AI
(b) (t-:s;'* l-6x+9x' Ml

(a+6x)" ctn +6a'hx +l5rrt6:rr +...

Ixcr" 64

d=2 (a>o) A1

-o(0+)+6(32X/,) 576 M I

b 5 Al

r : (z)'' (-t)' *' - 6.r (e60.r) + uxr (o+) 8l6x-

816(' AI

PartnerlnLearning
416
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J

3 (a) . _ 2lt
30

E

t5

M1

(b) a =5
c =2

BI

BI

(c)

Ml for 2 complete cycles of sine graph for 0<r<60
M I for correct maximum and minimum ul values.

(d)
ssinLt +2=o

t5
.1r 2srn-/=--15 5

basic angle = 0.041 l5l

3, = l.ssi t.
15

t =16.9648,
17.0<r<28.0

M1

5.871668. 9.8362e, 12.15485

28.035, 46.9648, 58.03515

A1 47.0<ls58.0 A1

PartnerlnLeaming
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4

4

*=t^'(2,)*z
= t[sec' (rx) - t] + z

= 3 sec'z (3r) - I

M1

r = Jtsec' (rr)- t ar

3 tan (3r)
=-----------.-.:-- -f,'+C

3

=tan(3r)-r+c
,=0,y=0,.'.c=0
,,= tan(3.,r)-x A1

Ml for integrating trigo correctly

Ml for - c

s (a) T =-13 B1

(b) 12.5=15-28e 1*

')<

28
:xt Ml

34=tn
2.5

28

t = 0.805 Al

(c) As I becomcs vcry large, 28es' becomes vcry small: tMI]

When 2&{f is deducted from l5, the temperauie T, where 7:15-28e{s
becornes smaller thar 15. [A1 |

Or
.-

28

;offii 
> 0

-ft'o Mr

-;##*"'" Al

PartnerlnLeaming
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5

(d)

L=l

-t3

M I : Shape and /-intercept
M I: Asymptote or indicative value ol' { = l5

6 (a)
./'(r)

7(x r t)-(zx- i)t
MI

( .r + I)-

l0 \MI
(r+ l)-

t0>0

(.r + t)' :, 0

./'(t) > 0 .'. ,l''(r) is an incrcasing t'unction. AI

(b)
s'- z- cl''" -l$ N4l'ek9

o.+ =19* 
dr 

M r9dr
dY9
elt 25

7 (a)
gradient ol'A(' = I

2

gradicrtt of ('1) 2 M I

f =2x t('
2=2(8) r('
(' -18

('l)'.y-Zx l8 t\41

2xt7y={/
solve si tnultancous cquati tlns

r= 14

}=.l0
t) (r+. ro) AI

N4t

PartnerlnLearning
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6

(b)

;l:
0

7

013

814
210

0l

,l
MI

= it-r ) ( oo)l

- 76 units: AI
I (a) sin ,,f cos lJ + sin B cos ,4 5

sin I cos B sirr 13 cos .4 3

3sin .4cosl? r 3sin /3cosy' = 5sin y'cos B 5sin Bcos I
-2sin AcoslJ --8sin Bc<lszl

LanAc<>lB-4

MI

Ian A_-4
tan B

AI

(b) (i) Tcos'.r 3(l cos'.*) M I usc of idcntity

=f0cos:.r 3 2tZ
= l0cos: .r 5 t 2

-s(2cos'-r,-l)+2

=5cos2.r t 2 Al
(ii )

J 5cos2.r+2 dx

5sin2:r+2x+(l
2

M I fi.rr intcgrating trigo. IVI I t\t 2 and + (l (ECf )

L"';".-,'j

n

v
n

n
5 sttl

2 E+-
"}L

it
2 2 6

15 2r
-+-43 A I tbr cach corrcct lcrm

PartnerlnLeaming
420
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9 (a) __2"' I = 45aoor
2

, 90000t -_

. 2nrll=vy" a-
2

MI

M1

fgoooo\*rrl ,, )
MI

" 900fr)a

(b) dA -90000a-- = '--l-"'2't-
arr

-frToo *zor=o Ml

13 = 45 000

r =35.57 A.1

M1

(c)
4=t8V;0" *ro Ml

t4,0,
dr'

Arel is minimum, material cost will be minimum, drerefore it is wonh making. Al
10 (a) (i) Let/(r) = 3x3 +ai +bx +5

tQ)=-4s
4a+2b = -74 Ml

/(-r)=0
a=b-2 Ml

' 
Solving simultaneous equations.

b=-tt Al
a=-13 A1

(ii) 3r3 -1312 -l1r+s = (r+t)(rx'? -l6x+5 ) MI

M1= (r+ t)(:x -t)(r - s)

f (*)--o

x= l,
1

;
J

5 AI

(b) 2(27x" 64y') M1

[{r,')'-{or')']
(rr'-+y')(ex* + t2xzy3 +76y0) A1_a

PartnerlnLearning
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ll(a) CE = DE (tangcnl lionr cxt, poinl)

:. LCED is an isoscclcs trianglc

N,I I

AI
(b)

AE is anglc biscctor ol'isoscclcs trianglc CED. EA( =90'

(lDB =90" = EAC(rl I in scmi-circlc) M I

li{:A = (.'BD (allcmatc scgmt thcorcnr) M I

By AA propctly, LlCL is sinrilar Lo LDllC. Al
(c) (:D AE

MIBD AC

CDx/(l- lExBl)
2ACx AO = AEx Bl)

ZAC: _ lEXBI)
MI

AI
12 (a) ( I sin-r\(t ___ il

[.or* .orr] [
_l*;
sln x

MI

t

t
=[

I - sin .r)

""* ,
(l+sinx\
l_t

I sin-r )
M I cornbinc fractions

l-sin-r).t
cosr stn r/

:\c's _.Y I ilr r

cos -r sl n .r ,l

=Gotr
(b) cot r = l] tan -r

I+= 3tan.f
tan x

.t
tan- x

3

MI

lar-r=+
.lT

7t 51 7ir llir
Y-- 

-
" 6'6'6'6 AI AI

13 (a) 3t: -23t +30 0

(:, sX, 6)= o

MI

5t--.
-t

l=6 Al

BP - 430
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(b) s= I3t'z 23t+!0dt

=!t _2!r' *3or*c32
-r'-21 ,'+3or+c)

r=0,s=0,.'.C:0

MI

5 1225

354
l=6,s=-18

- -21t= t-s=-'2

M1

MI

distance=ffx 2+18+7.5

70
47

-m or
54

70.9 m A1

(c) dv

dt
23

0

6t 0M1
23

t --
6

r69mtnlmumy=--rl/s
1.2

AI

OR

,=r(,-T)' # Ml rT (r, ?)
169mlnlmumY=--m/S
t2

AI

PartnerlnLearning
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2

i,IATH EttilATICAL FORMU l.AE

I. ALGEBNA

MrutbWntion
For thc equation a* + lx * s: 6

Binomial cryxtnsttta

slhere n is r pootilc intcger and

(u + bf =,' .[iJ,,.]* 
[;],'-'r, "

r=
?a

2, TRIGONOMETRY

.=l
vt2 #

-b*,[o' -qu

d
r

Idenfrlcs

l.irrmuhe,rty AA8(,

cos 2 l= cosf

sia' . qos

sec2"=l+
goftc zl=l+ cot* A

sunA*B) sin lcos B+eoslsin I
oostl* D =eos 4cosfr sin lsi*6

tan(A+ fi) 
r r

A-yiP tr =),cos: I -1*r I-2sin 2 I
r&LA ,**,

dbc
=-

sin rl srn I sinC
a2 =b' +cr -2Dccosr{

l= |Dcsin,l

Sec 4E5N Preliminery

PartnerlnLeaming
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t erpress ffi in partial fractions.

3

MI

t6l

-Gx-6
@

2+ -6r- 6

x? +3t
A=-+x

Br+C
x2 +3

-6x - 6 = A(x2 + 3) + (Bx + C)r -----Ml
Comparing coefficients or substituting values ofx,
A=-2,8=2,C=-6

2 2x-6
),--L-' x'x2+3

AIAIAI

Sec 4E5N Prelini!ry Exa$inatiofl 2023 Additional Malhematics Paper 2
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4

Atz

't 32

' 2' r'2

)x

B

()

I hc diagram shorvs pan of thc curvcy ::- - 3 which inlcrsccts thc.r-axis atR

The tangenl lo lhe curve at B tneets the line -t = .5 at I.

(a) Find the equation ol'the line ,./7r.

At/i y=0,
0 = 0.5x -3 -------------------------v I

lsl

x=4 AI

# = u., + # ----.---..-------------------------Mr

(hadierrt olAB - tt.s+1=i----r'
3

\t = x+c
Sub (4, 0) into the oqn

c--6
3

6 AI

Seu..ll:-i\ 1\ulirrnr \ I1\:rllrrlalxnr 202i Addil(rraI VnthL.rI lics l,r4xr'2
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5

(h) Find the area ollhe shaded region bounded by the langent AB and the line r = .5. t5]

lntcgrating cllrvc:

[.irlits 4 to .5 -> Area under curve
13 .r: unil' -----------------ltvl I
2A

Arcaundcrrl}:!x1x1=22 MI
4

Shaded area
3 13 1 ^.^

l+.:l ------l\'1t

3

4. 20 10

Scc -ll i 5 \ I 'rcl i r t r ittirrr I rriurtitrill jol I 2()2 i rttlclitiotur I VII:I hcrrri rtics l'a1rcr 2
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6

3 (a) Givcn that y : xln(3x + 1). find an cxprcssion ftrr
dy

rix'

I = ^:i- + ln (3r + 1) -------- --N{ I ([.rsc pr:duct rulc) Altlx 3;r+ I

(b) Iixpress jl t" lhe firrrr " + *where a and, b are constants, anrl hence l'in<l

. :4x
| 

-dx.
":ix+1

3x-1
3x+1 3x+l

I 1 - *rtx = x- q.l] + c ----------------A lAl

(c) t.rsing your answers in (a) and (h), find f ln (3x + L)dx

tlv .lx

fr= ,* * r* ln (l3r + 1)

y - [*dx+ [ ln(3r +L)dx ----N4l

/tn1:x + L) dx= rln(3r + 1) - .r +ry + c
3

12)

t3l

t3l

IAI

Sec Jl I i\ l'r'ul'i: n jniur l ;.s; uninal jo:r 202 .i A ridilionol Mirt huru rt ic s ) 
)a1xl 2
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1

,l '1hc flgurc sho$,s a rcctan-rrlc ,4R('l) in:cribcd insidc an isoscclcs trianglc l)Q1t

tl is given that O(' OB 7 ct't, LA7 jl - zDOC = 0 afi. zAQU tt:RD = X

o A o R

C
B

P

(a) Show that thc lcngth Qi? = 14(co.s0 + sine). ,

A0 - {)l} - 7 cets9 VI
CD=DR=AQ-7sinl) kll
QR : 2(7cosA) + 2(sind) = 14(cosd + sina)

(b) Ilxpress Qii in the fonn Rsin(0 + a), where R > 0 and 0<u< j

n -yTp!@ -$qz AI

AI

a r\I

a __ tan-1 H) :i *- ---_---_Ar

/ft\
v'.l92sin (0 + 

,,J

(c) Find thc maximum valuc ofQ1l and thc corrcspondin-e valuc of[/

Max ()l?= V:392 when srn (0 r ;,) t

1\ I

t3l

l7l

12)

4

(minus overall I mark il answers in degiee)

Scc.ll15\ l\clirrrrna^ I rrrLrninati<t: r 202i Addili{xttl Vathc tirlics I'i,}x.j, 2
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8

(d) Find the value ol0 when QR : 15 121

.,fs92sin

sin (e +

15

;)

= 0.8596504

07 rad -----Al

?TI

4)
15

(r*

T
o *4
0 =0.

Sec 4E5N Preliminary Examination 2023 Additional Mathematics Paper 2
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9

5 The equation ofa curve isy = sx3-3x *3for-1 <x3L,
(a) Find expressions for f una S

9 = (Zx2 - Z)ex3 -ax -------------------------Al

ff - $x). e 
x" -3' + (3xz - 3)z sx3 - zx --------------Ml M I

= ex3-3x(gx1 - l1x2 + 6x + 9)--------------------Al
or e"-3'16r + (3xz - 3J2)

(b) Find the exact value ofthe coordinales ofthe stationary points

For stationary talue,ff - (?x2 - g)e*' -3r - o

(3x2 - 31gx3-zx - o -------Ml
Since err-k > 0,3x2 _ 3 = 0__Ml
x2=l
x = *L-------------------Ml
Coordinares of points are (-1,3 + ,2) and (t, a + "-2) ----------A1Al (only Al
if never leave in ei<act)

(c) Find the nature ofthe stationary points.

when x = -r,#. = -44.3 < 0, (- 1, 3 + e2) is a maximum point. 
--------Al

when z = l,# = O,Stz > 6 > 0, (1,3 + e-2) is a minimum point --------Al

t41

t51

lzl

Sec 4E5N Prehnina.v Examtution 2023 Additiooal Malhematics PaFr 2
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6 The points /' and Q both lie on a circle and have coordinales (-2, il) and (7,2) respectivel_'-
TIre centre ol'the circle lies on the line y =x-5.
(a) Find the equation ol the perpendicular bisector ol'/'Q.

lVlidptrint oll'(/ (2.5,5) tvl I

(b) Find the equation ol'the circle.

Solve sim ullaneous eqn 1\4 I
35y=-x+-andy=x-5

35x-5--x+-24

x = -'12.5 A{

(- L2'5, - L7.5) = ccntre of circlc--------------------N4 l

lladius = (-z+t2.5)z+(B+17.5)2

.i2 \,1 I

(x + 12.5)2 + (y + 17.5)') = 760.5 AI

l4l

lsl

Scc .ll :j\ i\rli,,ri an I rrrunr aljor 202i Addilirnrirl Mi,tlBrrrirlicr 1,.])i.jr 2
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/? is a poinl on lhe circle such lhal /'l? is lhe dianleter o1' lhe circle

(c) Find lhc coordinatos of/?

17 : (a,b)

t2l

-t+d utb
z'z - (-12.s, 17.5)( )

\II

pa = (a,b) = (-23, 43) /\ I

Scc..ll r\ 1\ulrrlrrlrn\ lr\iLrnnralr(nr 202j A!.ldil(xri,l Mitlh(:r)rrticr )'i!]rr l
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t2

7 (a) t.rsing suitablc substitution- solvc thc cquatirin 2. - (rZ).*' = 15 lsl

t3l

Sec -lll.il',1 l\r:lirrrin:rn lrx;unirurtiorr 202i i\tlditional Vathcurirlics i)iryxr 2
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(c) The equation log5 x + 2log25x2 = 4loga9 has the solution r = 5v

Find the value of v.

log5Sv * Zlog2t(Sr)2 = I -..---------Ml

[3]

!+2Y =g
3y-B=0

MI

Sec 4E5N Pretimimr.v EraDilration 2023 AdditioMl Matlduatics PE r 2
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8

L4

(a) I'ho linc y -- mx * c is dratn on thc samo axcs as y - 5x - xz. Ciivcn that thc linc
has a ncgativcJr-intcrccpt. Dctcrminc rvith u,urkings. nhcthcr thc linc and thc curr.'c
have 0, I or 2 points of intersections.

Ilquale mx * c = 5x - xz ------- -----fu11

x2-5x*mx*c:0
Discriminant

(* - S)'- +(t)(c)
: (m - 5)2 - 4c ) 0 (sincc 4C >0 ) --------------\'11

IIence curve has 2 poinls olintersection -----------Al

t3l

12)

12)

(b)
(i)

The cune ! = ax2 * 6x * b lies ct'rrnpletely above lhe r-axis.
\Uhat conditions must apply to rr and Dl
bz-4ctc<o
36 - a@)(b) < 0---------------------\.{t
ah>9anda)0 I (both con'ect)

(ii) Givc an cxamplc i:f valucs for cr and l; rvhich satisf.v thc conditions in (b)(i)

Anypossihle values of aand bthat satis/ies ab >9 ---r\lAl

Scc -1ll.i\ l\ch:rlirr;nr liriuninaliorr 202.i z\dditiorrirl M;rtlur:r:rlics l'a1nr'2
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9 (a) Given that .! = u + btE,where a and b are ralional numbers' Iind the value olrl tjl
and ol6

' = x"*6E -------------------------M I5-6VZ 5+6\jZ
5 + 61!1

2:-72
:- :- . l')
47 47

u = _L. h = _! ______-__-------AI Al.17 47

(b) Rcprcsont thc solution sct 2(l + -r) - 8 > .r(i - 2.r) onanumbcrlinc

2(l -.r) -8 > .r(l - 2.r)

2+2.r-8>.r-2r:
2x' . x 6:,O ------------------------- M1

(2.r -3X.r + 2) > 0 ---------r\r1

a-|

1.5

tjl

A1

2

Sec"lli:\ l'rclnn:n;rrr Irr;unirraliorr 202i zlddilirxral Vathorratrcs )'a1x'r 2
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l0 \.{casurcd valucs of .r and 1'arc givcn in thc ftrllorving tablc

-Y 1.6 I I 2.2 2.8 -t. ! 4.'7

)' 8.:12 ri ?Q i98 z .)\-) r.55 0.79

Itisknrn.vnthatxandJ/arctoobcl'thcformula xt'),- k.rvhcrc hanclkarcconstants

(a) Explain hurv a straight Iinc graph ma1' bc drawn to rcpresent thc given formula.

lgxt'+tgy=lgk
lgy = -hlgx + lgk '-------\'{l

13l

(b) On the grid, draw the straight line graph I'or the eiven data and show thal hve ol'
the readings are a close fit to the fbnnula.

lgx o 204 0 255 0.342 0.447 0.568 0.672

1fl, 0 920 0 799 0 600 0 373 0 190 -0 102

Corrcct calculation of values for lgx and l.gy (to 2 or 3 dp)----------------------\.11

PIot points and line corrcctll' on graph t\{2

Best fit Line passes through 5 ol'the points or as close as possible. leaving the -5h point
out. --------- ---------------Al

(c) From thc graph plotted in (h)" cstimatc a valuc of_y 111 rcplacc thc incorrcct rcading of t2)
,'

(d) [.{sc }'our graph to cstimatc thc valuc r>f } lzl

. o.92-O.2h----___ _______\{!
o.2-o.52lt

= 2.22 ----A I (accept answer based on graph)

t4l

Scc.lll,i\ llclj:rrinin lrr;nrrirralio:t 202i Acklitiorutl Mirthctrr;rlics ))a1rur 2
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