Advanced Higher Formula List
Note: no formulae given in exam - remember everything !
Unit 1

Binomial Theorem

Factorial n

def
n = nxm-1DxnM-2)x..x3 x2x1

Binomial Coefficient

n) d nl
nc = -
4 (rj rlt(n - r)l

Symmetry Identity

Binomial Theorem

(X + y)ﬂ — Z /IC',v Xﬂ—l" yf‘ — Z ﬂC‘r Xl" yﬂ—f‘

r=0 r=0

General Term in Binomial Theorem

ﬂC'r X/’ yﬂ*/’



Partial Fractions

Non-Repeated Linear Factor: (ax + b)

S
ax + b

Repeated Linear Factor: (ax + b) ?

s, T
ax + b (ax + bY

Irreducible Quadratic Factor: (ax % + bx + c)

Sx + T
ax® + bx + ¢

Differential Calculus

n " Derivative

df v dfd(d [dfd | ]|.
dx"  dxldxldx |dxldx

n  times

Product Rule
b(rg) = (OF)g + £ (Dg)
(fg) = f'g + fg
Quotient Rule

D{zj _ (A g - f(g)

g g°

(F/7g) = %(f’g - fg’)



Reciprocal Trigonometric Functions

cosec x = ;
sin x

df cos X
cot x = -
sin x

Trigonometric Identities

1 + tan’x = sec’«x
1 + cot?x = cosec’x

Derivatives of Reciprocal Trigonometric Functions and tan x

D(sec x) = sec x tan x
D (cosec X) = - cosec x cot x
D(cot X) = — cosec® x

D(tan xX) = sec® x

Derivative of Natural Logarithm

D(n %) = %

Derivative of Exponential

D(e*) = e~

D(expx) = expx



Applications of Differentiation

Velocity
v 2L = s
Acceleration
am L X5 s

Integral Calculus

-1

Integrals of e *. x ! and sec ? x

Iexdx= e + C

1
j—a’x=ln|x|+6‘

X
jseczxdx=fanx+ C

Generic Forms of Integration by Substitution

I(Df)fa’x: P C
Df
Ide: Inlf| + ¢

Area Between a Function and the y-axis

A=jfwww



Area Between 2 Curves about the y-axis

d

A = J. F¢y) - 97 () ay

c

Volume of Solid of Revolution about x-axis

b

Vsz.yza’x

a

Volume of Solid of Revolution about y-axis

d

V=m I x% dy
Rectilinear Motion
v(t) = a(t) dt
s(t) = v (1) dt

Functions and Graphs

Modulus Function

Modulus of a Function

o | f (F20)
- {—f (F <0)



Domain and Range of Inverse Trigonometric Functions

dom (sin® x) = [ -1,1], ran(sin™ x) = {—g g}

dom (cos™ x) = [ -1,1], ran(cos™ x) = [0, 7]

dom(tan™ x) = R, ran(tan™ x) = {—E, Ej

Even and Odd Functions

Even: F(x)=fFf(-x) (Vxe dom £)

Odd: fFf(x)=-Ff(x) (Vxe dom f)

Asymptotes

px) _ 9x)
a0 - Y6

Vertical Asymptote(s): solve g(x) = O for x

f constant = Horizontal Asymptote : y

constant

f(x) =mx + ¢ = Oblique Asymptote: y

mx + ¢

Gaussian Elimination

Elementary Row Operations

Interchange 2 or more rows : R < R,
Multiply a row by a non-zero real number : R — & R,

Replace a row by adding it to a multiple of anotherrow: R — R + k R,



No Solutions

a b c|J
0O e |k (/+0)
0O 0 0}/

Unigque Solution
a b c|j
0 e | k (r+0)
O 0 7|/

Infinitely Many Solutions

a b c| g
O e |k
O 00O

Unit 2

Proof and Elementary Number Theory

Even and Odd Numbers

2k

3
Il

n=2k+1 o n=2k -1

Further Differentiation

Derivative of Inverse Function

1

D(F') = ———
(#) (OF)of!
ax _ 1

ay B



Derivatives of Inverse Trigonometric Functions

D(sin'x) = ]
- X
4 1
D(cos™ x) = -
1 - x?
D(tantx) = —
1 + x°

I5" Derivative of Parametric Functions

@ _ & _ax _y
dx  dr = dr @ x

2nd Derivative of Parametric Functions

dy _ iy -yE _ dmxi
X

ax? x3 T odt\ X

Applications of Differentiation

Displacement Vector and Distance

S 2 (xWy®) = x®i + y) ]
s 2 1y

Velocity Vector, Speed and Direction of Motion (Velocity)

) 2 S Gy ) = XD+ @)

R ET

tan & = y_
X



Acceleration Vector, Magnitude and Direction of Acceleration

a) = L =GFOYD) = Wi+ D)

def

a ) = %+ 7
fann = )/_
X

Further Integration

Standard Integrals

;a’x= L:sin‘lﬁ+c
Ja® - x° a® - x*° a

—21 - dx = —Za’x ~ = Liant [X] 4 ¢
a + x a + x a a

Integration by Parts

IU(DV) =uv - J.(Du)v

b

jL/(DV) ax = [uv]j— I(Du)vdx

a

Separable Differential Equation

dy _
o - f(x)gy)

Complex Numbers

Definition of i




Cartesian Form

Z = X + iy

Complex Conjugate

— def
Z =

X — iy
Modulus and Principal Arqument
def
ro=lz] = Yxf 4y

Generic Arqument

def
Argz = {argz + 2mn: n e 7}

Polar Form
Z = r(cos@ + isin@) = rcisé

Properties of Conjugate, Modulus and Arqument

=2z = xX° + )P

7\
SN
N——
1]
SN

‘zw‘ = ‘z‘ ‘w‘ , Argzw = Argz + Argw
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Argz - Argw

I
>
=3

(a]
|
I

De Moivre’s Theorem

z=r(cos@ + isin@) = z*

r* (cos k6 + isin k@)

n"" Roots of 2" = w with w = (cos 8 + i sin 8)

%( (9 + 211/(] , [9 + 211/(}]
z,=r’"|cos| ———| + sin | —————

n n

(k=0,1,2,...,n-1)

Roots of Unity

Solve z7 =1

Sequences and Series

Sum to n Terms of a Seguence

Sum to Infinity

def
S = lims

N—o0

n” Term of an Arithmetic Sequence

u =a+ (n-1d (ae R ,de R \{0})

n

11



Sum to n Terms of an Arithmetic Sequence

s, = 3(2a + (n - 1))

n”? Term of a Geometric Sequence

u =ar™

n

(ae R \0},r e R\O,1}

Sum to n Terms of a Geometric Sequence

s - a(l -r")
1-r

n

Sum to Infinity of a Geometric Sequence

Expansion of (1 - x) !

(1—X)‘1=11—X=1+X+ X2+X3+...dg2x’

Definition of e as a Power Series

def

. 1Y 1 1 -l
e = Lm(1+;j _2+2_!+ﬁ+m=zb_!

Definition of e* as a Power Series

n

def X

e = lim (1 + —J
N—oo n

Sum of the Number 1 n times

12



Sum of the First n Natural Numbers

n

1
Zr: Eﬂ(ﬂ+1)

r=1

Sum of the Squares of the First n Natural Numbers

Zrz - %n(ﬂ 1)@+ 1)

r=1

Sum of the Cubes of the First n Natural Numbers

2/‘3 = %nz(n + 1?2 = {Zﬂ:rjz

r=1 r=1

Unit 3

Matrices

Determinant of a 2 x 2 Matrix

(z f/]‘ = ad - bc

A =

Determinant of a 3 x 3 Matrix

4

1
Q Qo
>0 O

~ Th 0
I
Q

Inverse of a 2 x 2 Matrix

1 d -b
At = ——
aa’—bc(—c a)
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Matrix and Determinant Properties

A+ B = B + A

A + (B + C)

(A + B) + C

k(A +B) = kA + kB
(A + B8) = A" + 87
(A7) = 4
(kA) = kAT

A(BC) = (AB)C

AB + C) = AB + AC

(AB)" = BTAT
48 = |4 = |8
kA = k"|A  (keR,neN,Aisn xn)
AT = A
-1 _ i
‘A ‘ - A‘
(A1 =4
(A—I)T — (AT)—I
(kA 1) = %A‘l
(AB)*' = B A"
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Vectors

Vector Product

def
axb =

a‘ ‘b‘ siné n
axb = (ah - ab)i+(ah - ah)j+(ab - ah)k

Properties of the Vector Product

i xj =Kk
J x k =i
k x i =
ixi =jJxj=kxk =20

axb = -bxa
ax((b +c) = (axb)+ (a xc)

(@ +b)x ¢c =(axc)+ (b xc)

Scalar Triple Product

al aZ a3

def
[a,b,c] = ae (b xc) = b b b
Cl CZ C3

Cartesian Eguation of a Plane with normal (a. b, c)”

ax + by + cz =d

Vector Equation of a Plane with b, ¢ Parallel to Plane and a in Plane

r=a + b + vc
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Vector Equation of a Line with Direction (a. b, c)” and a on Line

Parametric Eguations of a Line

X=x + aft, y=y,+ bt, z=2z + ct

Symmetric Equations of a Line

Further Sequences and Series

Maclaurin Expansion of a Function

=

£ = Z F20
nl

n =0

F) = £(0) + F(0)x + f”(O);—T s f’”(O);(_? .

Specific Maclaurin Expansions
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Binomial Series

oo

e B e

k=0

Further Ordinary Differential Equations

17 Order Integrating Factor Differential Equations

dy _
o " P(x)y = 1f(x)

solved by multiplying both sides by the Integrating Factor ol 70X &

and integrating both sides

2nd Order Ordinary Differential Equations

2
ady + bd—i + cy =fFfx)

ax’? d
solved by adding Complementary Function to Particular Integral.

Further Proof and Number Theory

Linear Diophantine Equations

Solutionsof ax + by = carex, = ks + bnand y, = kt — an,
where n € Z and ¢ = kd with GCD(a, b) = d = as + bt.
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