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Mathematical Formulae
1. ALGEBRA
Quadratic Equation

For the equation ax* +bx +¢c=0,

Binomial expansion

(a+b)" =a" + (:)a""b + (n]a"‘zb2 +..+ (n)a""b’ +..+b",

2 r
' - -
where 7 is a positive integer and ol PR S ool i .
r ri(n—r)! r!
2. TRIGONOMETRY
Identities

sin A+cos® A=1

sec’ A=1+tan’ 4

cosec’A=1+cot’ 4
sin(A4* B) =sin Acos B + cos Asin B
cos(A* B) = cos Acos B ¥ sin Asin B

tan A * tan B
tan(AiB)=u
1¥tan Atan B
sin 2A = 2sin Acos A

cos2A=cos” A—sin" A=2cos’A—-1=1-2sin 4

tan2A=ﬁa—I};4;
l-tan= A4

Formulae for AABC a _ b _ ¢
sin4d sinB sinC

a’ =b> +c¢? - 2bccos A

A= labsinC
2




Answer all the questions.

1 (i)  Find the set of values of k for which the equation 2x* +5x +k = 2kx +1
has no real roots. [4]

(i1) Hence state, with a reason, whether the line y = 4x +1 meets the curve

y=2x>+5x+2. [1]
- (d) Given that sec 200° = — k, where k > 0, find an expression, in terms of &, for
sin 200°. (2]
(1) Hence show that tan 110° = — 1 . [3]
k-1
3 The equation of a curve is y = In(5 - 2x). Find the coordinates of the point on the
curve at which the normal to the curve is parallel to the line 2y = x + 3. [5]

4 The equation of a curve is y = cos’ x + sin 3x. Given that x is changing at a constant

rate of 0.56 radians per second, find the rate of change of y when x = i

(5]

g‘ .
. 2x—1 . . . .
5 (1) Express = in partial fractions. [3]
2x° —5x+3
.. 2x—1
(n) Hencefind | —— 3
) J- 2x’-5x+3 B]

. d’ - ) d
6 A curve is such that d; =16e™*" . Given that 2 = 3 when x = 0 and that the curve
passes through the point (2,6:'8 ), find the equation of the curve. [6]
123
3
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7 (1) Prove that 126 = l(] ~tan@)’. [4]
l1+cos26 2
.. : 1-sin@
(11) Hence solve the equation =2, for 0°<6<180°. [3]
1+cos@

8 (1)  Write down the first three terms in the expansion, in ascending powers of x, of

3x)’ |
(@ |1+ 5 ) [2]
®) (2-x). [2]
3x? ’
(ii) Hence find the coefficient of ¥* in the expansion (2 +2x— 7) . [3]

9 (i) Calculate the coordinates of the point of intersection of the graph of
y=3- [Zx + 1| with the coordinate axes. [3]

(i)  Sketch the graph of y =3—[2x+1]. [2]

(ii1) On the same diagram in part (ii), sketch the graph of y =x2 for x > 0. [1]

]
(iv) State the number of solutions of the equation 3 —[2x +1| = x2 . [
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The diagram shows a time capsule consisting of a cylinder of radius » m and length / m,
with hemispheres of radius » m attached at each end. The volume of the time capsule is

V4
= m,
6
(i)  Show that the surface area of the time capsule, 4 m’, is given by
4 T
A=—mr’+— . 4]
3 3r
(i) Given that r can vary, find the minimum value of 4. [4]
last
5
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12

Solutions to this question by accurate drawing will not be accepted.

Y A

)

FN
v

=

M(2, 0)"45°

0

The diagram shows an isosceles triangle POR in which PR = OR . M(2, 0) is the
midpoint of PO . OR meets the x-axis at 4 and angle AMQ = 45°.

(1)  Show that the equation of MR is y = x— 2.
(1)  Find the equation of PQ.
(i11) Find the coordinates of Q.

(iv) Given that the area of triangle POR is 20 units’, find the coordinates of R.

A rectangle of area y m” has sides of length x m and (4x + B) m, where 4 and B are
constants and x and y are variables. Values of x and y are given in the table below.

x 50 100 - 150 200 250
y | 3250 | 9000 | 17250 | 28000 | 41250

(1) Plot Ed against x and draw a straight line graph.
X

(i1)  Use your graph to estimate value of 4 and of B.

(111)  On the same diagram, draw the straight line representing the equation
y=x"and explain the significance of the value of x given by the point of
intersection of the two lines.

End of paper
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Answers

1 1
1 i 1—<k<5—-
(i) > =

(i) The equations of the line and the curve are obtained when k = 2.
Since &k = 2 lies in the range, the line does not meet the curve.

2 (i) sec200°=-—k

cos200°=—l
k
A
200 °
N,
w2 =1
k
2_
sin 200° = — k4
1

[Or cos200°= ——
k

Applying identity: sin’ 200° + cos” 200° =1

. f 1 . 1
sin 200° = ]—k—2 (rej) or — I—P_

sin110°
cos110°
sin(200° - 90°)
c0s(200° -90°)

(i) tan110°=

sin 200° cos 90° — cos 200° s1n 90° : ..
= . - (applying addition formula)
c0s 200° cos 90° + sin 200° sin 90°

_ O-H) :
J_)a) J—

135
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[OR tan 110° = - tan 70°
1

- tan20°
B 1
tan 200°

3 coordinates of the point = (2, 0)
4 — 0.63 radians/s

2x—1 B 4 _l
9% - %s+3 2x—3 =3-1

5 ()

(1) 2In2x-3)-In(x-1)+c

6 y= e +7x-14
7 ) 1-sin26
1+ cos28

_ 1-2sinf@cosé
1+2cos’@—1

_ 1-2sinf@cosd

2cos’ @
1 2sinf@cosf

" 2c0s’0  2cos’ O

= lsec2 6 —tan@

2
- %(] + tan’ 9)—tan9 Applying identity
= %(l+tan29—2tan9)

1 2
= —(l—tan@

L1~ o)
() €=143.1°

8

Applying double angle formulas
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8 () 1+1—5—x+£x2+....
2 2

(i) 32-80x+80x” +....
(iii Coefficient of x*> =200

9 (1) Intersects the y-axis at (0, 2)
Intersects the x-axis at (1,0) and (~2,0).

(i1) correct shape and passing through the coordinate axes
Coordinates of vertex

(111) correct shape passing through (1, 1)
AY

(iii)

(i)

(1v) Number of solutions = 1 B1

T 4
———Tr

F=8 ”3; 3 expressing / in terms of »
6r’

A=2Q2rr*)y+2xrl

= 4xr’ + 27”(61—2 - % r) substituting a correct expression for /
v

T4
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(i) 3.14 cm?

11 (1) ZRMA=90°-45°

= 45°
Gradient of MR = tan45°
=1
Equation of MR is y —0=1(x—-2)
y=x-2
(i) y=-x+2 (i11) Coordinates of O = (4, —2)

Coordinates of R = (7, 5)

@iv)

10
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x 50 100 150 200 250

y 3250 9000 17250 28000 41250
pd 65 90 115 140 165
x

160

140

120 ra

100

80

60

40

20

0 50 100 150 200 250 300

(i) 4 =05+02 B=40+1

(1) Plot 2 against x as a straight line accurately.
X

The x-value of the point of intersection represents the value where the
rectangle becomes a square.

»O;f'
11
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Marking Scheme
Additional Mathematics
Preliminary Examination 2015
Paper 1

G 2x*+5x-2kx+k-1=0
No real roots = b? —4ac <0 M1
(5-2k) —4(2Xk-1)<0
25-20k +4k? -8k +8<0

4k* - 28k +33 <0 correct quadratic M1

Finding the solution of quadratic: k = I% or 5% DM1

(2k-3)2k-11)<0

\ ok
N

ll<k<5l Al
2 2

(11) The equations of the line and the curve are obtained when £ = 2.
Since k£ =2 lies in the range, the line does not meet the curve. B1

(1) sec200°=-k%

1

cos 200°= — — Ml
k
A
200 °
N,
—Vk? -1
k
2 "
sin 200° = — % ] Al

1A8



[Or cos 200°= —% M1

Applying identity: sin’ 200°+ cos” 200° =1

. . 1
sin200° = 1—;12— (rej) or — l—k—2 Al

Accept any equivalent form]

sin110°

.cos110°
_sin(200° -90°)
c0s(200° —-90°)

(1) tanl10°=

_ sin 200°cos90° — c?s 200 51'n 90 (applying addifion formila) M
c0s200°cos90° + sin 200°sin 90°

- Ji o1 - T ek
k* -1 k-1
0+(->2-22)0)
k
[OR tan 110° = — tan 70°
= M1
tan 20°
1 M1
tan 200°
1 1
= — =— Al}
k-1 VK-
-1
3 y=In(5-2x)
dy —2
— = (M1 for -2 and M1 for ) M2
dx 5-2x 5-2x
. . 1
Gradient of line = 5
Gradient function of normal = 2% M1
5-2
S M1
2 2
x=2



y=40

coordinates of the point = (2, 0) Al

4  y=cos’ x+sin3x

% = (3cos’ x)(—sin x) +3cos3x M3
M1 M1 M1
v _d& o
dt dx dt
= (=3 cos’ zsin£+3cos-3£)x0.56 M1
6 6
= —0.63 radians/s Al
5 () -l £ & M1
2x°=5x+3 2x-3 x-1
2x—-1=A(x-1)+ B(2x-3)
Substitute x =1, ..
1=-B
B=-1 Al
Substitute x = % ,
2=1A
2
A=4 Al
) 2x-1 4 1
U 2x?-5x+3 2x-3 x-1’
. 2x—1 4 1
11 ——dx = —— |dx
) J‘2x2—5x+3 (2)(——3 x—])
:M%i)_.ln(x_l)—{»c
=2In2x-3)—-In(x-1)+c B3

—1 for each error
LY_) LY_J
B1 B1

B1

2]



Substitute Q =3andx=0
dx

3=—-4e" 4
c=17

i}i=—4e“"‘ +7
dx

= [(-4e™ +7)dx
=e " +Tx+c,
Substitutex=2and y= e
e?= e @ +7(2)+¢
c,=-14

y= e* +7x-14

1-sin28
1+ cos26

_ 1-2sinfcosd «— M

1+2cos* -1 ~__

_ 1-2sin@cosf
2cos’ @

1 2siné@cosé

" 2cos’@  2cos’ 0

sec’ @ —tan @

| - N | =

(] +tan’ 9)— tan @

N =0

(]+'(an2 9—2tan(9)

(1-tan @)’

N | =

B1
(for —4e™")

(attempt to find c) M1

Al

for e™ +7x B1

(attempt to find ¢;) M1

Al
Applying double angle formulas
M2
Applying idenfity M1
Al



1-siné@ _
1+ cos@

2
l(l —tang) =2
2 2

(i1)

0°<8<180°
)
0°<—<90°
2
]-—tang=20r -2
2

tan§= —1 (reject) or 3

§=7].56°
2

0=143.1°

oo (L)

15 45 ,
=T4+—x+—x +
2 2

Bt- Bl

® (-a) = ) + S ot x>+@(z)’ (s

=32 -80x+80x” +....
\ﬂ"—l

B1 B1

(ii) [2 +2x- 3’2‘2 }5: [(1 ¥ 3—2"J(2 - x)}S

15

= (1+~5x+4—25x2 +....)(32-80x+80x% +....)

= ....+80x? —600x> + 720x* +....

= 200x° + ...
Coefficient of x? =200

M1

Mi
Al

B2

B2

M1

M1

Al

t30



(i) Intersects the y-axis at (0, 2)

3-[2x+1]=0

[2x+1=3

2x+1=3o0or2x+1= -3
x=lorx=-2

Intersects the x-axis at (1,0) and (~2,0).

B1 B1

(i1) correct shape and passing through the coordinate axes B1
Coordinates of vertex _ B1

(i11) correct shape passing through (1, 1)

(i1)

(iv) Number of solutions = 1

B1

B2

B2

B1

Bl



10 @) 2(37”’)“”21:2 M1
3 6

T 4
6 3 -

/ — expressing / in terms of » Ml
6r’ 3

A=2Qrr*)+2xrl

=4xr’ + 27rr(61—2 —-gr) substituting a correct expression for / M1
r

T 8
= 4nr* + — ——nr?

3r 3
= iﬂr2+£ (shown) Al
3 3r
.. d4 8 T
i1 — =—ar—— M1
(i) dr 3 3r?

For min value, gﬁ =0.

»
§7rr—i=0 Ml
3 3r?
8°-1=0
| Al
2
2
MinimumvalueofAzizz(l) +—2 cm?
3 \2 (1)
3l -
2
=3.14 cm’ Al

Y



11 @)

(i1)

(iii)

(iv)

ZRMA =90° - 45°
= 45°
Gradient of MR = tan45°
=1
Equation of MRis y—0=1(x—2)
y=x—-2

Gradient of PO =-1
Equation of PQ1is y—0=-1(x-2)
y=-x+2

Coordinates of P = (0, 2)

Applying mid point formula:
Coordinates of 0= (4, - 2)

Let the coordinates of R be (%, k —2)

114 k& 0 4
=20

Area= —
21-2 k-2 2 =2

[4(k —2)+ 2k + 0]—[8 + 0— 2k) = 40
4k = 56
k=17

Coordinates of R = (7, 5)

[OR PO =/(4-0) +(-2-2)

RM = (k- 2) +(k-2-0)

-3

M1

—~

2(k - 2)

@—2%5' J

Area = %x 32x(k—2)\/§=20 M1

k=1

Coordinates of R = (7, 5) Al]

M1

Al

M1

Al

M1

Al

M1

Mi

Al



12

x 50 100 150 200 250

y 3250 9000 17250 28000 41250
Yy 65 90 115 140 165

x

B1
(1) Draw axes and plot all given points. P1
(inaccurate plot: P0)
Drawing a straight line through all plots |
Deduct 1 mark if a suitable scale is not used.
b4
180 %
160
140
120 7 =
100
80 =
60
40
20
0 \ x
0 50 100 150 200 250 300
(1) y=x(4x+ B)
Y- ax+B M1
X
A= 165 - 65
250-50
Ml
=0.51+0.2 Al
B=40+1 Bl
3%



Y& Bl
x
Plot 2 against x as a straight line accurately. Bl
x
The x-value of the point of intersection represents the value where the
rectangle becomes a square. Bl
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Answer all questions.

1 A beaker of water is heated until it reaches a temperature of X °C. It is then allowed to
cool. It’s temperature, € °C, when it was cooling for time # minutes is given by

6 =28+ 60e"* . Find

(1) the value of X, [1]
(1) the value of @ when =26, [1]
(iii) the value of # when 6 = %X ; , [2]
(iv) Explain, with working, if the water will cool to a temperature of 20 °C. [2]
2
E &
A 0 B

The figure shows a semi-circle centre O, with diameter AB. Points D and E lie on the
semi-circle. AC 1is a straight line passing through D. BC is tangent to the semi-circle
at B. The tangent to the semi-circle at B meets AD at C. The lines BE and AD intersect
at F.

Given that AE = BD, prove that

(1) triangle ABDis congruent to triangle BAE, [3]

(1) triangle ABC is similar to triangle BDC, [2]
(iiiy BC*=ACxDC. (2]

3 Given that logp(a3b): x, and log , % =y, express in terms of x and y,

(i) log,a and log, b, [5]
(i) 1ogb(%). 3]
ab
13L/~
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4  Inthe diagram, AB is parallel to EC.

Y

)

Given that AE : ED = 1:~/2 and CE= (3+&/§) cm, find in the form a\/§+b,

A

) CE
(1) E > (3]
Gy ZEao1LCDE 2]
area of ABDA’
(i11) the length of AB. [3]

. b
5 A curve has the equation y = ax’ + — » where a and b are constants.
x

(1)  Given that the curve has a stationary point at (2 , 5), find the value of a and of 4.

(4]

(11) Determine the nature of the stationary point. [2]

(1) Explain why the curve is a decreasing function for x < 0. [2]
6  Theroots of the equation x’ —4x—-8=0 are a’and #°.

(i)  Given that (a + ,B)3 =-5a-5p, find the valueof a + S . [5]

(11) Find the quadratic equation in x whose roots are %i and %2 ; [4]
7  The function f(x)=3x"+2x’ +ax+ b, where a and b are constants, has a

factor (xZ - 4).

(1) Showthata= —12 andb= -8. (4]

(i?) Factorise 3x’ +2x” —12x—8 completely. [3]

(iii) Hence solve the equation —3x" +2x’ +12x-8=0. [2]
Holy Innocents’ High School Preliminary Examination 2015
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8 (i) Find all the angles between 0° and 360° inclusive which satisfies the equation
2sinf—3co0s260—-1=0. [4]

(ii) On the same axes, sketch the graphs of y =2sin@-1 and y =3cos26 for
0°<0<360°. [4]

(i11)) Using your answers to part (i) and (ii), state the range of values of & for which
3¢c0s260>2sinf—1 for 0°<6 <360°. [2]

9 A particle moves in a straight line with a ve]odity, v /s, given by v=-3t> +12t-13.
The displacement of the particle from a fixed point O after 8 seconds is 400 meters.

Calculate
(i) (a) thedisplacement of the particle after 5 seconds, [4]
(b) the value of t when the acceleration is zero. [2]

(i) Explain why the particle will never come to rest. ,
Hence find the maximum velocity of the particle. [3]

(iii) 'Will the particle ever return to its starting point? Explain your answer. [2]

10 (i) Acircle C has an equation given by x* + y° —2kx+2y+1=0, where kis a
positive constant.
Given that C| has a radius of 2 units, find the value of k. [4]

(1)  The centre of a circle C, lies on the line y = 2x+2. Given that C, passes
through the points (3,2) and (0, - 1), find the equation of C, . [5]

(i11) Calculate the shortest distance from the centre of C, to the circumference
of C,. [3]

1 35
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. . 1
11 @ Find | ———dx. 1
® I ]
. : d 3x+12
i) Show that —|(x —2N2x+14 |= ———. 3
(i1) I [( ] NoTSY [3]
. 3x
The diagram shows part of the curve y = ———+1 intersecting the line y =1.75
¥ P Y= axria & g
and x=p.
(111) (a) Find the value of p. [2]
(b) Using your results from part (i) and part (ii), find the area bounded by the
curve, the line x = p, and the coordinate axes. [4]
(c) Find the area of the shaded region. [2]
y
2
y=175 33X
\ Y axt14
5 i=p > X
------------ End of Paper------------
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