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Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax® +bx+c¢ =0,

—b++/b* - 4ac

2a

X =

Binomial expansion
n n n n-1 n n-2y,2 n n-rpr n
(a+b)"=a" + L a b+ 5 a"~“b +..+ ) a~'b"+..+b",

ny  nt nn-1)..n-r+1)
r) ri(n-r)! r!

where n is a positive integer and (

2. TRIGONOMETRY
Identities
sin® A+cos®? A=1
sec’ A=1+tan’ A
cosec2A=1+cot?2A
sin(A+ B) =sin Acos B + cos Asin B
cos(A+ B) =cos Acos B ¥sin AsinB
tan Ax tanB
1Fxtan Atan B
sin 2A = 2sin Acos A
cos2A =cos®’ A—sin? A=2cos* A—1=1-2sin* A
2tan A
1—tan® A

tan(A+B) =

tan2A =

Formulae for AABC
a b C

sinA:sinB :sinC
a?=b?+c?-2bccos A

A:lbcsinA
2
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It is given that f(x) =2e”*(sin x—cos x).
(a) Show that f'(x) =4e*sinx. [4]
f(x) = 2e*(sinx—cosx)

f(x) = 2e” (sin x—cos x) + 2e” (cos x +sin ) M1
= 2e"[ (sin x—cos X) +(cos x+sin X) | M1
=2e”*(2sinx)
=4e” sin X (Shown)------------------- Al
(b) Hence evaluate fonex sinx dx. [4]
I4eX sin x dx=2e” (sin x—cos x)+¢ M1

4jex sin x dx=2¢" (sin x —cos x) +¢

IeXSinXdx=%ex(sinx—cosx)+c ------------------- M1

T

rexsinxdx=FeX (sin x—cosx)} ................... M1
0 2

0

:Ee” (sin;z—cos”)—%e0 (sinO—cosO)}

=—€" + — - Al
2 2



(@) Prove that sin3x =3sinx—4sin®x.
LHS =sin 3x

=SiN(2X 4 X) ==mmmmmmmmomennae M1
=SiN 2XC0S X 4+ C0S 2XSin X

= 25iN XCOS X COS X+ (1= 25iN? X ) SINX =renrmsemememmeneee M1
=2sin xcos®x +sin x —2sin® x

= 25in X (15 X) +8iN X = 28iN° Xemrmmememmemmemeees M1
=2sin x—2sin® x +sin x—2sin® x

=3sin x—4sin® x

(b)  Hence solve the equation 6sin x—8sin®x =1 for 0° < x <120°.

6sin x —8sin®x =1
2(35in X —4sin® x) ~1

2SIN3X =1 -------mmmmmmee- M1
sin 3x:1
2
o =30° =memmmemmeeeeee M1
3x=30,180-30
3x =30,150 ------------mmm=- M1

00110 J— Al

[3]

[4]
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3 (@) Show that x*+3x*—4=(x+1)(x-1)(x*+4). [2]

LHS = x* +3x* -4

=(x*-1)(x* +4) M1
= (x+1)(x-1)(x* +4) Al
2
(b) Hence express 43X—+27 in partial fractions. [6]
X +3x° -4
3> +7 A B Cx+D

(D)1 +4)  (x+1) (x=1) (x*+4) M1
3x2+7:A(x—l)(xz+4)+B(x+1)(x2+4)+(Cx+D)(x+l)(x—1)
subx =1

10 = B(10)
B=1 M1
subx=-1
10=-10A
A=-1 M1
subx=0
7=—4A+4B-D
7=4+4-D
D=1 M1
compare coeff of x*,  orwhenx 2
0=A+B+C 19 - —8+24+6¢+3
0=-1+1+C i
C=0 M1
3x*+7 I S
(x+1)(x—1)(x2+4) (x+1) (x-1) (x2+4)
1 1 1

T () (2 14) Al
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4  Acurvey, is such that % = 2x and the point P(0,-3) lies on the curve. The gradient
X

of the curve at P is 5.
() Determine if the curve passes through point Q(3,21). [5]

y=21
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(b) Explain why the curve has no turning point. [2]
Yoy s
dx dy
_ _dy orasx’ >0, —Z>5-mmmmmmmmmmme- M1
for turning point, i =0, dx
X
x> 4+5-=0 since % can never be zero,
X
x* =-5 .. the curve has no turning point. ---------------- Al
Y A —— M1
no Solution, therefore no turning point ---------------- Al
(c) Determine whether the curve is an increasing or decreasing function. [2]
Yoy ys
dx
x*>0
G N Al
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8

The points A(-2,1),B(3,—4)and C(3,1)lies on a circle.

(@) Show that the centre of the circle is G—gj

A(-2,1),B(3,-4)

midpoint:(ﬂ1ﬂj
2 2

:[L-ﬁj -------------------- ML
2 2

y=mx+c
3 1

-—=Z+c
2 2

c=-2
Y = X — 2-==-mmmmmmeemeeeeee M1

B (3, —4) ,C (3,1)
-4-1
e T 3s
= undefine M1

M gc = 0

midpoint :(3,—§J
2

y=—= M1

Therefore centre of circle is@ , —gj

[6]
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(b) Explain why AB is the diameter of the circle.

Midpoint of AB is the center of the circle.
Or student show that

Mge XMy e Bl

(c) Find the equation of the circle.

2 2
r2=(3_1] +(—4+§j M1
2 2
25 25
= — 4 —
4 4
=§ M1
2
2 2
x—l + y+§ :é Al
2 2 2

(d)  Show that point D(2,2) lies outside the circle.

2 2
Distance of D from centre = \/(2—%) +[2+§) -------------------- M1

9 49
= |—4+—
4 4

=, /2—29 > I%-therefore point D lies out side the circle------------------- Al

[1]

[3]

[2]
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Solve the following equations.
(@ 3+log,(x+4)=2log,(3x—4). [4]

3+log,(x+4)=2log,(3x—4)
log, (3x—4)* —log, (x+4) =3

_ 2
09, (3x=4) =3 M1
(x+4)
Bx=4)" _ 5 M1
(x+4)

(3x—4)* =8(x+4)
9x* — 24X +16 = 8x +32
9x* -32x-16=0 M1
(x—4)(9x+4)=0

X=4  Orx== (Rej) e AL

(b) 2log, y-log,3=1. [5]

2log, y—log, 3=1

log, 3 1
log, y
let x=1log, y

2x—1=1 M1

X
2x% 1= X

2x°—x-1=0 M1
(2x+1)(x—1):0

2log, y - M1

log,y=—= or log,y=1 M1

or y=3 Al
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11

(@) Factorise (x—1)>—8 completely.

[3]

M1

(x=1)" -8=[(x-1)-2][ (x-1)" +2(x-1) +4]

M1

:(x—l—Z)(x2 —2X+1+ 2x—2+4)
:(x—B)(x2+3) Al

(b) Hence show that (x—1)°—8=0 has only 1 solution.

(x-1)'-8=0
(x=3)(X* +3)=0 --ememmemmemmemees M1
x*+3=0 or x-3=0

b® —4ac =0?-4(1)(3) or x=3

=-12<0 (nosolution)  -----m-mmmmmmee-

. (x=1)’~8=0 has only 1 solution x = 3

[3]

Al
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The diagram shows part of the curve y = 10—2 and two parallel lines OR and PQ. The
X

equation of OR is y = X and the line intersects the curve at point R(2,2) . PQ is the

tangent to the curve at point Q.

(a) Find the coordinates of Q and of P.

dy =64x7° M1

64x° =1 M1

Q(4,8) Al

8=4+c M1

P(0,4) Al

[5]
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(b) Find the area of the shaded region OPQR.
Area of trapezium = % (4+8)x4

=24 M1
Area of triangle= % X2%2

=2 M1

Area under the curve:J‘:lO—BZX’2 dx

= [10x+32x-1]

:[10(4)+%{1o(2)+%

=48-36
=12 M1
Area of shaded region OPQR =24-2-12
=10 units® Al

4
2

M1

[5]
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5m

12 m

X
W A

In the diagram WXYZ is a quadrilateral with XY =12 m,YZ =5m and ZWXY =6 .

(a) Show that the perimeter, P cm, of WXYZ is 17sin@+7cos@ +17 .

sin¢9=ﬂ cos,6?=ﬂ sinez% 0050:ﬂ
1 12 5 5

AY =12sin@ AX =12cos@ BZ =5sin@d BY =5cosé M2
M1 for any pair
P=12cos@+5sin@+12sin@—-5cosf+12+5 M1
=17sin@+7cosf+17 (Shown) Al

(b) Express P in the form Rsin(6 + a)+k, where R>0, k>0 and 0°<a <90°.

17sin@+7cosf =Rsin(6 +a)
R=+17"+7
=+/338 M1

a= tan‘ll
17

a =22.3801° M1
P=17sin@+7cos@d+17

=13V2sin(0 +22.4°) +17

OR

=18.4sin(0 +22.4°) +17 Al

[4]

[3]
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(c) Find the maximum value of P and the corresponding value of & .

max P =+/338 +17
=35.38477

sin(0 +22.3801°) =1
6 =90-22.3801
= 67.6199
Y AT 1) — B1

[2]



10 A cylindrical pipe of surface area S m? has a circumference of (a+%} mand length

of x m. Corresponding values of x and S are shown in the table below.

16

X 0.5 1.0 15 2.0
S 23 19 21 24.5
(@) Draw a straight line graph of Sx against x?.
X2 0.25 1.0 2.25 4.0
Sx 115 19.0 315 49.0
a
Sx
701
60 1=
507
40 +
30T
20 =+ Ppint- Bl
Line — B1
|
I
10+ I
/ I
I
I
I
L1 l l
| | | |
1 4 5

[2]
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(b) Use the graph to estimate
(1)  the value of each of the constants a and b,

Cc=

9 M1
39-9
m="——
3-0

=10 M1

S=(a+%jx
X
Szax+E
X
Sx=ax’+b M1
a=10

b=9 Al

(i)  the surface area of the pipe with a length of 0.8 m.

x> =0.64 M1
from the graph,

Sx=15.5 M1

155

08

=19.375

=19.4 m? (3sf)-----mmmmmmeemm Al

S

(c) By drawing a suitable straight line, find the length of the pipe when its surface

area is 5[x+§j cm2.

S :5(x+§J
X

Sx =5x*+15 M1
From the graph,

x*=1.2 M1

x=+12
=1.095
=1.10
the length is 1.10 cm------------------ Al

END OF PAPER

[4]

[3]

[3]



