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THE A-MATHS CHEAT SHEET

1. Polynomials:
(1) Dividend = Divisor X Quotient + Remainder

Quotient

Divisor j Dividend

Remainder
In long division: Degree of Remainder < Degree of Divisor

(2) Remainder Theorem: When f(x) is divided by
b
(ax — b) then remainder R = f(a)

(3) Factor Theorem: If (ax — b) is a factor of f(x), then

b
f(g)=o
(4) a®*+b3=(a+b)(a®—ab+b?
a®— b3 = (a—D>b) (a®>+ab+b?)

2. Partial Fractions:
If the fraction is improper, use long division to express it

as a (polynomial + proper fraction) first.

px+q A B

@ (ax +Db)(cx + d) :ax+b+cx+d
(Linear factors)

@ px?+qx+r _ A N B N C
(ax +b)(cx+ d)> ax+b cx+d (cx+d)?
(Repeated factors)

3) px>+qx+r _ A +Bx+C
(ax +b)(x?+ ¢c?) ax+b x?+c?

(Non-factorisable quadratic factor)

3. Discriminant, D = b? — 4ac:

(1) D > 0 < 2real &distinct roots < cuts x-axis at 2

points or line intersects curve at 2 points

N T

(2) D = 0¢2real & equal roots < touches x-axis or line

is a tangent to the curve

AN NS
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(3) D <0 < Noreal roots < curve is entirely above
x-axis (expression is always positive, a > 0, or always

negative, a < 0) or line does not intersect curve
—

TS

—_—
(4) D = 0% Real roots <> curve meets x-axis or line
meets the curve

(5) D < 0 <expression is always negative or positive

4. Quadratic Inequalities:

If @ and B are roots of f(x) = x2 + bx + ¢ = 0,

where 8 > «a, then

i) x—a)x—B)>0=>x<aorx>p +\ /+

() x—a)x—pB)<0=>a=<x<p a —- /B

5. Quadratic Functions:

The coordinates of the turning point or the vertex of the

graph of y = a(x — h)? + k are (h, k).

e Ifa > 0, the minimum value of y is k, which occurs
when x = h.

e Ifa < 0, the maximum value of y is k, which occurs

when x = h.

6. Binomial Theorem:

(1) (a+b)"=a+(7])a b+ (3)a" 22+ ...+
() avrbr+....+b

where n is a positive integer and

ny _ n! _nn—1)..(n—r+1)
(T) Crltn-r)! 7!

(2) General Term: T, = (?) a* Th"

(3) Useful results:

CNGEE RGO EES
(i) (1;) _ n(n — 13)!(11 -2)
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7. Surds:

1) vaxvb=vab (2 £=F
L

3) Vax+va=a (4) mya + n/a=(m+n)a
(5) (a+vb)Na—vVb)=a-b

(6) Rationalising of surds:

) a a b avb
O GFTHE e
" N )
Vb+ve Vbive Nb-ve  b-c
8. Logarithms: Fory > 0,a > 0,b > 0,a # 1:
(1) Definition:log,y =x=>a* =y
Special cases: (i) lIgy = x & 10* =y
(iDlny=xee*=y
(2) (@) log,m+log,n =log,(mn)
(i) log,m —log,n =log, (%)
(iii) log, m™ = nlog,m
(iv) log,1=0
v) logaa=1
(3) Change of Base:log, b = log. b
log. a
Special case:log, b = log,
9. Coordinate Geometry
y tan 8 = gradient
B

Jﬁi =Y, =m(x; — x3)

i gradient

A \O O

Perpendicular Lines:

mm, = -1

(1) Given A(xy,y1)and B(xy, y,),

(i 4B = \/(xz —x)%+ (2, —y1)?

(ii) Gradientof AB,m = Y2~ N1
Xy — Xq
X, +Xx +
Gif) Midpoint of AR = (2222, 212.02)

(iv) Equation of a straight line AB:y — y; = m(x — x;)

2 NA ftrianel L1y xp x3 x1|
(2) (i) Areao riangle =1,y 4.y
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Tyx; %, x3 X4 X
21 Y2 Y3 Ya )1

Points need to be obtained in an anti-clockwise direction.

(ii) Area of quadrilateral =

10. Equation of Circle

(1) Standard Form: (x — a)? + (y — b)? = 12, centre = (a, b)
and radius = r units

(2) General Form: x2 +y2 + 2gx + 2fy+c¢ =0,
centre = (—g,—f) and radius = m

(3) The perpendicular bisector of any chord of a circle will

pass through the centre of the circle.

11. Basic Trigonometric Graphs:

(1) y =sinx

0 VA 3r / 2n

iy S, S .

-1

(3) y =tanx
y

o
N O B T

In general,

(i) Fory=asinbxtcandy =acosbhx tc,
21
Amplitude = |a|, Period = 5

/i
(ii) Fory =tanbx t+c, Period = 3
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12. Trigonometric Identities & Formulae

1 1
(1) Reciprocal Identities: cosec x = —— ,secx = )
cos x
1
cotx =
tanx
. . sin x Cos x
(2) Quotient Identities: tan x = ,cotx = —
COS X sin x

(3) Pythagorean Identities:
sin?x + cos?x =1
tan?x + 1 = sec?x
cot?x + 1 = cosec? x
(4) Addition Formulae:
sin(A + B) =sinAcosB + cosAsinB
cos(A + B) = cos Acos B ¥ sin Asin B
tanA + tanB

1+ tanAtanB
(5) Double Angle Formulae:

sin24 = 2sinAcosA

tan(A+ B) =

cos2A = cos?A—sin2A=2cos?A—1=1-2sin%4
an 24 = 2tan A
1 —tan’ A
(6) Complementary Angles:

sin(90° — A) = cos 4,

cos(90° — A) = sin 4,

tan(90° —A) = cot4
(7) Supplementary Angles:

sin(180° — A) = sin 4,

cos(180° — A) = —cos A4,

tan(180° — A) = —tan4
(8) Negative Angles:

sin(—A) = —sinA,cos(—A) = cosA,tan(—A) = —tand4
(9) R —Formulae: asinf8 + bcosf = Rsin(f + a)

acosf + bsinf = R cos(0 F a),

b
whereR =/ a?+b%?andtana = P

(10) Special Angles:

[l 0° 30° 45° 60° 90° 180° 270° 360°
1
sin @ 0 1 — V3 1 0 -1 0
2 V2 2
V3 1 1
cos 6 1 - — - 0 -1 0 1
2 V2 2
tan @ 0 ! 1 V3 0 0
an = [ee] [ee]
V3
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13. Differentiation Techniques:

(1) Given that n is a rational number and k is a constant,

d
[f(0)] = kf'(x)

d
® a[kf(x)] = ka

. d d d
(i) T [f(x) £ g(x)] = T [f(x)] + T [8(x)]

(2) Chain Rule: %[f(x)]n = n[f(x)]" (%)

(3) Product Rule:

d
T O - 8(0)] = f(x) - g'(x) + 8(x) - /(%)
(4) Quotient Rule:

A )] _ sf'(x) — f(x)g'(x)
dx | g(x) [g(x)]?

(5) Derivatives of Algebraic Functions:

Given that n is a rational number and a is a constant,

a(ax") = anx™1

. L d
Special Cases: (i) a(ax) =a
I I
(i) (@ =

(6) Derivatives of Trigonometric Functions:
Given that n is a rational number, a and b are constants,
(@ O d% (sinx) = cosx

(i) 4 (cosx) = —sinx
dx

(iii) d% (tanx) = sec?x

() ®

(i) % [(cos(ax + b)] = —a sin(ax + b)

% [(sin(ax + b)] = a cos(ax + b)

(iii) d% [(tan(ax + b)] = a sec?(ax + b)
© @O d% (sin®x) = nsin®'x cosx
(i) % (cos™x) = —ncos™ 1 x sinx
i) < (tan"x) = ntan™ ' x sec? x
dx
(7) Derivatives of Exponential Functions:

Given that n is a rational number and a is a constant,

d
L] = e
Special cases: (i) i[e"] =e*
N dx

d
(ll) a[eax+b] — aeax+b
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(8) Derivatives of Logarithmic Functions:

4 nfeo] = L&
o )] = )
d 1
Special cases: (i) o [Inx] = <
d

(i) P [In(ax +b) ] =

14. Increasing & Decreasing Functions:

d
(i) yisanincreasing function & d_icl >0

d
y is an decreasing function & % <0

d 2
(i) 2 isan increasing function & i >0
dx dx?
dy . . . ?

2 isan decreasing function & £y <0
dx dx?

15. Applications of Differentiation:

(i) Gradient Function & Tangent:
Gradient of curve at A

= Gradient of tangent at A

dy
= Value of T atA

i) Ratesof Change: =% &
(ii) Rates of Change: Frinirraler

(iii) Stationary points/ Problems of Maxima & Minima:

For Stationary points or maximum/minimum y;,

d

= =0
Checking of nature of stationary points: 1st or 2nd
derivative test

16. Graphs of Exponential Functions:

Y y=e**t 4 c,a>0
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17. Graphs of Logarithmic Functions:

y= logax, where g > 0 and a # |

y a>1 y 0<a<l

»
>

18. Integration
(1) Indefinite integral:

%[f(x)] =f'(x) ff’(x)dx = f(x) + C,

where C is an arbitrary constant

(2) Definite integral:

b
[ e ax = e = F) - F@

3) @ J af(x) dx =0

b a
(ii) J f(x) dx = — J f(x)dx
a b

(iii) be(x) dx + chf(x) dx = ch(x) dx

19. Integration Techniques

1. Integration of ax™ and (ax + b)™:

Given that n is a rational number, a and b are constants,

axn+1

+C
n+1

(i) f ax™dx =
Special Case: f adx=ax+C

(ii) f(ax+b)"dx= %+c

2. Integration of Trigonometric Functions:

O o fcosx dx =sinx +C
(ii) f sinx dx = —cosx + C
(iii) f sec2xdx =tanx + C
1
2 o f cos(ax + b) dx = Esin(ax +b)+C
1
(ii) f sin(ax + b) dx = -7 cos(ax+b) +C

1
(iii) fsecz(ax +b)dx = atan(ax +b)+C
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3) W fcoszx dx = f%(l + cos 2x)dx

1 1
=—(x+zsin2x)+C

2
1
(ii) fsinzxdx= fz(l—cos 2x)dx
—1( Lsin2 )+c
=5 (¥ —5sin2x
(iii) ftanzxdx=f(sec2x—1)dx
=tanx —x+C

3. Integration of Exponential Functions:

f e tbdy = leax+b +C
a

Special Case: f e*dx=e*+C

4. Integration of (ax + b)~*:

1 1
-1 _ __
f(ax+b) dx—fax+bdx—aln(ax+b)+C

1
Special Case: f x ldx = f; dx=Inx+C

20. Applications of Integration:

1. Area under a curve:

(i) Areabounded by a curve and axes:

y  y=fx)

/

0

b b
A=f xdy=f g(y) dy
a a
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(ii) Negative area:

y

0]

b c
Since f f(x) > 0 and f f(x) <0
a b

Az-Lbf(x)+

f Cf(x) dx
b

(iii) Area between a curve and line

Y y=fx) y=gk

Ty

ola

b b
A= f(x)dx —f g(x)dx

S

=] [f(x) —g(x)]dx
a
2. Kinematics:

1 ds dv d3s
- = — - = —_—= —
D s-ov=g-a=g =5z

s=fvdt<—v=fadt<—a

(2) (i) Instantaneousrest:v =0

(ii) Max or Min velocity: a = 0

(iii) Returns to reference point O:
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21. Plane Geometry:
(1) Midpoint Theorem:
In AABC, D and E are midpoints D E

of AB and AC respectively.
Then, (i) DE is parallel to BC, and (ii) DE = %BC

B C

(2) Alternate Segment Theorem (or Tangent-Chord Theorem)
The angle between the tangent A
and the chord at the point of
contact is equal to the angle
subtended by a chord in the

alternate segment.

zZza=¢b and zc =z4d

22, Linear Law
To convert a non-linear equation involving x and y into the
linear form, express the equation in the form of Y = mX + ¢,
where X and Y are expressions in x and/or y.
e The variables X and ¥ must contain only the original
variables x and/or y, but they must not contain the
original unknown constants such as a and b.
e The constants m and ¢ must contain only the original
unknown constants such as @ and/or b, but they must

not contain the original variables x and y.
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