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Quadratic Equation

Mathematical Formulae

1. ALGEBRA

For the equation ax® +bx+c =0,

Binomial expansion

where 7 is a positive integer and (

Identities

Formulae for AABC

l © UCLES & MOE 2024

(@a+b)" = a"+(

P —b:t\/bi—4ac
2a

n\ n-1 m on-2,2 R\ n—ryr n
l)a b+(2)a b +...+(r)a b +...+b",
n\_ nl _np=1...(n—=r+1)

r) rt(n=nT"- r!

2. TRIGONOMETRY

sin’4 +cos’4 = 1
sec’4 = | +tan’4
cosec’4 = 1+cot’4
sin(4+B) = sindcos B+ cosAsinB

cos(A+B) = cosAcosBFsindsinB

tandftanB
1 FtanAtanB

sin24 = 2sinA4 cos A4

tan(A £ B) =

c0s24 = cos’A—sin’4 = 2¢cos’4—1 = 1 —2sin24

tan 24 =2ta%nf21
1 —tan“4
a b c

sind _sinB sinC
a*=b*+c? —2bccos 4

LA
A= 2bcsmA

% 4049/02/0/N24

. Scanned with |
i & CamScanner’;


https://v3.camscanner.com/user/download

DO NOT WRITE IN THIS MARGIN

DO NOT WRITE IN THIS MARGIN.

DO NOT WRITE IN THIS MARGIN
DO NOT WRITE IN THIS MARGIN

DO NOT WRITE IN THIS MARGIN

. DO NOT WRITE IN THIS MARGIN

DO NOT WRITE IN THIS MARGIN

DO NOT WRITE IN THIS MARGIN

DO NOT WRITE IN THIS MARGIN
DO NOT WRITE IN THIS MARGIN

e

* 0019967001903 *

LT g

The manager of a coffee shop purchases a coffee machine for $1800. The value of the machine, 37,
after a period of f months can be modelled by the formula V= 1800¢™ where k is a constant. Af:‘ter
12 months, the value of the machine has dropped to $1000. The manager purchases a new machine
when the value of the first machine is 25% of its purchase price. Find the value of ¢ when a new

machine is purchased. [4]
1000 = 1600 ¢~ <
5 _ ,-12K
q e
In % = -12K
2 K= -T'!-Iln _:15_
= 0-048982

Let 0-25X 1800 = 1800 ¢ ~0:048782¢

450 — o-0-04882t
1800

In 4 = -0-048987t
t = 28-3 months
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2 Find the range of values of the constant k for which the line y=kx intersects the curve
y=x?+3kx+2—k attwo distinct points. [5]

4

y= kKx —(
y= x> +3kx +2 -K —@

sub () into@):
KX = X*+3KX +2—-K
1t 2kx + (2-K) =0

To intergect at 2 distinct points,
b’-4ac > O

(2K)*—4(2-K) > 0
4K*+4k - 820
K2+K -2 20
(k-N(kt2)>0
JU

K<=2 or K7|
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Solve the equation log,x—log,(x+3) = 3log,2. [5]
|0g2 (x13) 3
— = | 2
|Og 2 X |03 2 4 03 8

loga X — log, (¥13) = |
|03222

l0ga X — Jz'logz(x+3) = |

|032x y IO&;‘J%"'s = l

logs s = |

°J2 353
_x .,
Nxt3

x=2Nx+t3
X*=4(x13)
2’—4x-12=0
(x-eXx+2)=0

x=6 or X=-2 (ReJ‘. because log, -2
15 undefined )
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4 (a) (i) Find the gradient of the curve y = S—ig—x at the point where x = 1.

B3]
dy _ (5-30)(4) — (40)(-3)
d (5-3%)2
= 20-12% + 12X
(5-3%)?
= 20
(5-3x)2
When x =1, =4~ =5
(ii) Explain why the curve has no stationary points. (1]
20
(5-3%)* 70

Hence , the curve has no stationary points.

(b) The curve y = f(x) is such that f'(x) = ——:'z'; The curve passes through the point (% 1). Find an
co
expression for f(x).

(3]

dy - 4 _ 2
& = odx 4 sec” X

“y = \[45662)( dX

= 4tanx t+C
sub (%#,1): 1=4tan¥F + ¢
| =4 +C
c=-3

flx)=4tanxx -3
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5 The equation of a curveis y=e*+e™.

(a) Verify that the curve has a stationary point at x = 0.

g#___ex_e-x
= e"-?

|
When x=0, = ¢€"~"gs = 1-1=0
Hence, the curve has a stationary point at x=0.

(b) Solve the equation e*+e™ =2.9, giving values of x in logarithmic form.

eX + é =249
Sub u=6": y + L“/= 2-9
w-29u+l =0
0u* - 29y +10 =0
(5u-2)(2u-5)=0

- 2
.’.u-? or —%
x 2 x

=5

T2
5
2

=5 or €

(2]

(4]
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6 (a) Theexpressions x’+x’+ax+2b and x°+4x’—ax+b, where aand b are constants, both g 2 (b) Solve the equatic
have a factor of x+3. Find the values of a and b. (4] 's g
Le'rg(x)= x>+ 2+ ax + 2b gg
e a1 pa b0
< 2b-3a =19
b = ‘2-0,+‘1 _® é %
let h(x)= * +4x* —ax +b LE
he3)= -2 +36 +3a + b =0 He
3at b=-1—2) 'H

Sub (@) into @‘

3wt zat] =-1 ie
4.5 = -18 52
=3(-4)+1 =3 §§

R

i

e
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(b) Solve the equation x* +2x?—11x+6 =0, expressing the roots in an exact form.

|

A

11T -

Step
Let £(x) = 2°+22*-1%Z +6
£(2)= 8 +8 -22+6
=0
~ (x-2) is a factor.

Step 1 : x>+ 4x -9

x—2)x3 +2%2-11X + 6

Stepd: lef xX't4x -3 =0
r= -4+n4—4(3)

2
= -4+ 28
2
= -4+ 2NF
2
= ~2xN%F

x°+2%*-llx+6 =0
(x-2)(x*+4x-3)=0
x=-2-{% , -2tF or 2

(5]
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Points P(3, 1) and Q(—5, 7) lie on a circle and PQ is a diameter of the circle.

(a) Find the coordinates of the centre of the circle and the radius. B3]
_(3-5 1t%
centre = ( 2 2 )
= (-1,4)
radiue = 4[(3+1)*+(1-4)>
= 5units
(b) Find the equation of the circle in the form x*+ ¥ +2gx+ 2fy+c=0. 2]

(x+1)* + (y-4)* = 25
x*+2x+1 +y*-8y +16 - 25=0
x*+y* +2x-89y-8=0
where g=1, f=-4 ,¢c=-3
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The point R lies on the line 3y = 4x—34 and is the point on the line that is closest to the circle.

(¢) Without finding the coordinates of R, explain why R lies on QP extended. [1]
3 y 4 — 34
= Ay 24
(‘5) :',) Q 3 3
| -1
Sradlenf QP = =53
P(3 e

{F R =-£-
@.P_|'l_33 4x - 34

(d) Hence find the coordinates of R. [3]

Equation of line QP .
3-? = ~#(x+5)

ixt g —@
e uah‘ng @ and @= £x %’ = ~4x +:f

x=-'f

When x =% y= ~3(3) + 14?‘
= -2
=(%,-2)
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Attime t = 0, where ¢ is measured in seconds, a racing car comes out of a bend at a'point P with a speed
of 25m/s. The car then travels in a straight line and when ¢ = 4 it passes a point O with a speed of 85 m/s,

For the motion from P to Q, its speed, vm/s, can be modelled by the formula v = AP + 111+ C,
where 4 and C are constants.

(a) Explain why C = 25 and find the value of 4. (3]

When t =05, V=25 m/s
25=A(0) + 1(0) + C
~ (0=12)

When t=45: v=At* +ut +25
85=A(4)*5 +11(4) +25
32A = 16
A=0.5

Hene, v= 3t> +IIt +25
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oint P with a speed ol a (b) Find the acceleration of the car as it passes Q. (2]
1a speed of 85 m/s. =8l
y=AF +111+C, 21|z .
| v=3t" 4+t +25
O VR
| g - 1(25)t7° +l
s =125t"5 411
e When t=45 , &= 1-25(8)"S 44
g g =2l m/s*
=l
" (c) Find the distance PQ to the nearest metre. (4]
213 t:4 =
£ Jto 1t + 0t +ab dt
ik s
Ef s = [ £t*° _ ng? 4
A =L 355+ iE rest]
818 = [ $t¥ +‘z‘t‘+ast]‘i
[S E =245+ L(4)+a5(4)
= R
gé = 206-29
,é é = 206 m
8lg
%g % THE AI\IEDIJICAEO)’SALECENI:RBOJECT
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9 (a) Prove the identity tanx+cotx = 2cosec 2x.

LH§ = Sinx 4 Gsx
wsX sinx
= sin*x + ws*x
$iNX COSX
|
SiINX SX

2
25N X C0S X

W 28
sin2%

2c0sec 2x

RHS  ( proved)
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(b) Solve the

(¢) Usetherest
to the equati
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(b) Solve the equation tanx+cotx =3 for 0 < x < 27. [6]
2 Wsec 2Xx = 3
2
= 3
sinz2%
sin2x = i!:,;'

Step |- Basic anglc for 22 = 0-#29%#3 rad.
step2: 2% lies in 15t or 3 quad.
step d: given 0 £ X €27,

0 £ 2X £4W

Step4: 2% =0-#29%3 , M- 0-3293¥3 , 2+ 0-32933 or 21T+(1T-0-42‘H-3)
X =0-365,1-2] , 3-51 or 435 rad.

(¢) Use the result in part (a) to find the set of values of the constant k for which there are no solutions
to the equation tanx+cotx = k. [2]

2 wsec 2% = K 7

2_-K
sin2Xx
2

sin 2X = K J=!

2

since -1 € sin 2x €1,

for no soluﬁons, LK <-| or i,( 7| ! 2

=-|
From graph, -2<K<O or 0<K<2 -

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.
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10 (a) When an object falls, it experiences air resistance. For one particular object, the res1stance, R,
depends upon the velocity, v, of the object and can be modelled by the formula R = AV, where
A and k are constants. The table below shows corresponding values of v and R. It is believed that
an error was made in recording one of the values of R.

v 5 10 15 20 25
R 21 55 110 146 200

(i) Explain how a straight line graph can be drawn to represent the formula and draw it for the
given data. [4]

R=AyK ot In R against InV
=h@vk) where K s the

InR =hA+ Khy and In A +he y-mfcra.,of

N
52 S R D e e R
g i 1+ S BB B ittt s
5 ;::? L Bt 2 (¥en s 8 it :,j,:z":.
: e AR T 1A
i i i et L L L - @
e oSy ) :
+ed it m D I 0 o 1 +
4' *h R 8 e 13 /( il i
Sieive $eee L : Ls R RN i '
i :_:1: R [ 85 ::/f .'
A ] $Lstid e I W A 1088
H R HEHHH IR 7% SR oad
; bt beed e A ;
I
3t A CE i
1+ s nud
ettt A ey
: ; 1t A
: i et D R : :
I e
2 B AMEABLN NA T ; R N
RS SRR Ea A wa RN N R
& - 7.4 : 4
18 H o SRR H peohede
LB : 1' ISR 3 0 -- i
AERaraanan f
)2’ 05
TR R o IR 2 S 63 B 1 R H 7T 8 N T >,nv

InV | 1-61 {230 2% | 3-00] 322
IhR | 3.04 | 401| 470 | 498 | 5-30
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(i) ?rom your straight line graph, identify the incorrect reading and suggest a corrected value
or R. [2]

From graph), Wrong readinj of R=10.
corrected reading of InR = 4-6
(iii) Estimate the value of k. ~ R=e%€ =99.5 2]

K= 5mdien+

= 43 -1 =43
2-5-0.2 ——

(b) Variables x and y are related by the equation y = ax+ %, where a and b are constants. Explain

clearly how a straight line graph can be drawn to represent this equation. You should state which
variables should be plotted on each axis and explain how the values of @ and b can be calculated.

4]
b
y=azx L
xj =ax® + b
Plot xy (vertieal axis) qgamsf x* (horizontal axis).

The gradient of the straight e =&
The y - intercept of the straight line = b.
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11 The equation of a curve is y = ¢ “sinx.

18 |

(a) Explain why the curve lies completely above the x-axis for 0 < x < 7. [2]

-2%
For 0<x<M , 0<sinx <l , For 0<X<T , | <€ <0.0018%

| |
7y 0-0018%: B

T = | m
Hence € > xsinx 7 O for O X<T.

ot o y ; ] ; .
(b) Find Ey and show that the x-coordinate of the stationary point for 0 < x < 7 is tan '%. [5]

4y = e cosx + sinx (-2¢7%)
= e 2% (wsx —2s5inx)

Lel eﬁg =0 c
e **(cosx - 25inx) =0 ;
E
since €2 >0, cwsx —2sinx=0 :
25in¢ = WSX g
sinX - L &

05 X 2

- L
tanx = 2 z
14

-1 L

x = tan™' 2 g
E
z
o
:
2
8
z
g
=
THE ANNEXE PROJECT @
z
EST2 2008 g
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(c) 4,2 ond show that 2 +4d—+5y 0. (5]

fﬁ; = e cosx + sinx (-2e7%%)
= X (wsx — 25in%x)
dY. = ¢ (-sinx -2c05%) t (cosx=25in%) (2)e~*%
= e (3sinx -4 cosx)

dx2+4%*57

= @ ¥(3sinx-4 s x) + 46~** (cosx-2sinX) + 5 sinx
= (3¢ sinx - 8¢ Zsinx + 5e ¥ sinx) - 4e¥cosx + 4€ eosx
= 0 )
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