Advanced Higher Mathematics: Formulae Qov*“'f:;'_

Green (G): Formulae you must memorise in order to pass Advanced Higher

maths as they are not on the formula sheet.
Amber (A): These formulae are given on the formula sheet. But it will still
be useful for you to memorise them.

Red (R): Don’t worry about memorising these, but they might be useful to
save time in classwork and homework.
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Trigonometric Identities: (including those from National 5 and Higher)

Essential Formulae to know
off by heart for the exam (G)

Other useful ones that may
be useful for
homework/classwork etc.

Links cos’A+sin® A=1 1+tan’ A=sec’ A
bet inA 2 = 2
V\feen tan A = sin cot"A+1=cosec” A
ratios COosA
cos’ x=21(1+ cos2x)
Squared .
sin” x =2(1—cos2x)

Compound sin(A+ B)=sinAcosB =+ cosAsinB tan(A+B)= tanA £ tanB
Angle cos(A £ B)=cosAcosBFsinAsinB 7 1T tanAtanB
Double sin(2A)=2sinAcos A 2tanA

5 ., tanQA)=———
Angle cos(2A)=cos’ A—sin’ A 1-tan’ A
Exact Values (you should know all these for the non-calculator paper)
6 4 3 2 2
sin 0 1 i ﬁ 1 0 -1 0 .
2 2 2 Negative facts:
sin(—9)=—sin(J
cos 1 ﬁ i l 0 -1 0 1 =l &
2 2 2 cos(—19) = +cos(9)
tan(—89)=—tan(9
tan 0 1 1 \/5 undef. 0 undef. 0 an{-9) an(@)
V3
Complex Numbers
For the complex number, z=a + bi,
e the modulus is given by |z|=+a® + b’
b
e andthe argumentis given by tand=— -n<d<n
a

e The conjugateis Z =a — bj

De Moivre’s Theorem says that

forany z=r(cos® +isin®), then z" =r"(cosn® +isinnd) (neQ)
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Advanced Higher Mathematics Formulae

Differentiation

du dv
dv  du Vax  Vax
Product Rule: u— +v-— Quotient Rule; —2*— 9%
dx dx V
f(x) f'(x) ,
0 f(x) f'(x)
sin™x = sec x secxtanx
1-x
L cosec x —cosec x cot x
cos'x |- - cot x —cosec’x
Lo £'(x)
X
tanx L e )
X
1+x°
tanx sec’ x To differentiate an inverse
. dx 1
Inx x>0 1 function: —=—
X dy &
e* e*

Parametric Equations (where x = f(t),y =g(t) ):

dy

57
=2 _ v

dx.
dx &

Gradient (direction of movement) =

Speed = (%)2 + (%)2

. d’y _Xy-yX
dx’ X
Integration
On Formula Sheet To save you time in harder questions for
f(x) '[f(x)dx homework/classwork, no need to memorise:

7 f(x) [ F0dx

2

sec’ ax —tan(ax)+C

a tanx In|secx| +C

1 . 1(xj cosecx | —In|cosecx + cotx|+C
sin” | — [+C

a’ —x* a cot x In|sinx|+C
1 1. . (x secx | In|secx+tanx|+C
> > —tan | — [+C
a” +x a a
o 1 ., C Integration by Parts
e —e” +
dv du
a J.u—dx =uv—Iv—dx
dx dx

Volume of solid of revolution f(x) between a and b:

b b
About x axis: V = nJ‘ f(x)*dx About y axis: V = nj fly)dy
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AN
R Advanced Higher Mathematics Formulae
A

———O€QUences and Series

Arithmetic Series Geometric Series
nt term u =a+(n-1)d u =ar"!
S Sn:%n[20+(n—1)d] S :M r«1

terms n 1_r
Sum to a

S =—— ri<1
infinity n/a 2=7 I

Important Identities

k=1
- n(n+1) 2, n(n+1)(2n+1)
7=l r=1
5, ni(n+1)
r=1 4
Maclaurin Series
”0 mo (n) 0
X)= + X+ X+ X 4.+ X" 4+
2! 3! n!

and in particular:
Very useful to memorise: Less essential to memorise:

X2 3 Xn
e =1+x+—+—+..+—+..

2' 3' n! X3 X5 X7

2 x5 X tan ' x=x-—+"—-"— 4
sinx=x——+———+... 3 5 7

31 51 7] LT B

2 K InL+x)=x- 2+ -2
cosx=1-—+———+...

21 41 6l

Functions

0Odd function: f(—x)=—f(x) Even function: f(—x)= f(x)

(180° rotational symmetry) (line symmetry about the y-axis)
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fa Advanced Higher Mathematics Formulae

s BiNOMial Theorem

n
The coefficient of the r'" term in the binomial expansion (a + b)" is [ ]a’”br
r

ncr=(nj= n!
r) rli{n—r)!

Vectors, Lines and Planes

Angle between two vectors: (Higher) aeb= |a| |b| cosv

Equations of a 3d line: through (x,,y,,z,) and with direction vector d =ai + bj+ ck

Parametric form Symmetric form
X=X, +at

X—X - z—-2z
y=y, +bt (x=a+td) L VTN _2Th Ly
a b c
z=2z +ct
Equations of a plane:
/
Normalnis | m Point on line = P (with position vector a)
n
Vector equation Symmetric/Cartesian Parametric (A)
Xen=aen IX+my+nz=k x=a+sb+tc
where k=aen (b and c are any two non-

parallel vectors in plane)

Angle between two lines = Acute angle between their direction vectors.
Angle between two planes = Acute angle between their normal.
Angle between line and plane = 90° — (Acute angle between n and d)

Cross (vector) product:

i j k
a, a a, a a, a
axb=|a|bsinon=|a, a, af=i|" ’|-j" ’|+k|*
b2 b3 bl b3 bl bZ
bl bZ b3
al 02 03
Scalar triple product: asbxc)=b, b, b,
Cl CZ C3
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»{Mnf\— Advanced Higher Mathematics Formulae
i
v VIQTFICES
Determinant and Inverse
a b » 1 d -b
2x2 matrices A= detA=ad—bc and A =
c d ad—bcl—-c a
a b c
e f d f d e
3x3 matrices A=|d e f detA=a |-b |+c
) h i g i g h
i
(AB) ' =BA™ (AB) =B" A’ det AB=detAdetB (A)

Transformation Matrices
cos

Anti-CW Rotation by ¢ degrees [ ]
sing

a O
Dilatation by scale factor a (0 j,
a

cos¥

—sing - (-1 0
, Reflection in y-axis 5

1
Reflection in x-axis {0

)

Differential Equations

dy

For —
x

+ P(x)y = Q(x) , the Integrating Factor /(x) is e

IP(x)dx

and the solution is given by /(x)y = II(X)Q(x)dx

Second Order Differential Equations

COMPLEMENTARY FUNCTION (Homogeneous Equations)

Nature of roots

Form of general solution

Two distinct real m and n

y=Ae™ + Be™

Real and equal m

y=(A+ Bx)e™

Complex conjugate m=p tiq

y =e”™(Acosgx + Bsingx)

PARTICULAR INTEGRAL (Inhomogeneous Equations)

Right-hand side contains...

For Particular Integral, try...

sin ax or cos ax

y =Pcosax + Qsinax

eax y=Peax
Linear expression y =ax + b y=Px+Q
Quadratic expression y =ax> + bx +¢ y=Px’ +Qx+R
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