REQUIRED FORMULAE
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Roots of polynomials

Formula Comment Papers
a:p2+bx+c:0hasrootsx:_bi 222_4% 1,2, 3
For az? + bx + ¢ = 0 with roots a and f3:
a+B=-bla, aB =c/a 1,2,3
For az3 + bx? 4+ cx + d = 0 with roots «, 8 and ~: The pattern. is the sz.ime
0+ B+y=—bla, aB+ By +a=cla, afy=—dfa for Polynomlal equations 2,3
of higher degree
Laws of indices
Formula Comment Papers
a*a¥ = a®tY 1,2,3
a’ =1 a#0 1,2,3
(a*)¥ = a™¥ 1,2,3
4% — otlna deﬁnes a” when x is not 1.2.3 o
an integer
Laws of logarithms
Formula Comment Papers
r=a"<n=log,x x>0,a>0(a#1) 1,2,3
log, = + log, y = log,(xy) 1,2,3
log, z —log, y = log,(z/y) 1,2,3
klog, r = log, " for x >0 1,2,3
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Sequences and series

Formula Comment Papers
General (nth) term of an arithmetic progression: d is the common 193
up =a+(n—1)d difference »
General (nth) term of a geometric progression: wu, = ar™ ! r is the common ratio 1,2, 3
Sum of an arithmetic progression: S, = $n{2a+ (n —1)d} |or: S, =an+in(n—1)d [1,2,3 e
1 __ N
Sum of a geometric progression: S, = a(lr) 1,2,3 e
—-r
Sum to infinity of a geometric progression: S, = a4 1 1.9 °
1 —r ‘T’ < )y 4y 3
n!
n —
Cr = (n—r)lr! 1,2,3 e
n . . .
(a+b)" = Z"CTa"*’"br Binomial expansion, 1,2,3 o
r=0 n €N
(A4a)f=14ke+ED 2 MDD e ) g <1, ke Q 1,2,3 e
n
> or=gnn+1) 1,2,3 o
r=1
1
f(z) = Z o] f(r)(o) z" Maclaurin series 3 e
r=0 "
oo I‘T
e’ = Z T converges for all x 2,3 e
r=0
oo "L‘T
In(1+z) = Z(—l)ﬂrl? converges for —1 <z < 1 3 e
r=1
R 2r+1
. T
ST = Z(_ ) 2r + 1)! converges for all x 3 e
r=0 ’
e x2r
CcosT = Z(—l)r (2r)! converges for all 3 e
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Coordinate geometry

Formula Comment Papers
The straight line graph with gradient m passing through the 1923
point (z1,y1) has equation y —y; = m(z — x1) T
Straight lines with non-zero gradients m; and ms are per-
pendicular if and only if mymsy = —1 1,23
Trigonometry
Formula Comment Papers
Sine rule for the triangle ABC: .a = — b = — ¢ 1,2,3
sinA  sinB  sinC
Cosine rule in the triangle ABC: a? = b? + ¢ — 2bccos A 1,2,3
Area of triangle ABC: %ab sin C' 1,2,3
cos? A+sin?A=1 1,2,3
sec?A=1+tan? A 1,2,3
cosec’A =1+ cot®> A 1,2,3
sin2A4 = 2sin Acos A 1,2,3
cos2A = cos®? A —sin? A 1,2,3
tanZAzm A#(k+3)3, keZ 1,2,3
sin(A + B) = sin Acos B =+ cos Asin B 1,2,3
cos(A + B) = cos Acos B F sin Asin B 1,2,3
tan(A + B) = finti:;?;‘ﬁg A+B#(k+DmkeZ [1,2,3 o
sinf ~ 0, cosf~1-— %02, tanf ~ 6 0 small (compared with 1); 1,2,3 e

0 in radians
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Hyperbolic functions

Formula Comment Papers
et _ o7
sinhx = — by definition 3
x —T
coshz = % by definition 3
h
tanhz = Z:)nhx by definition 3
sh x
cosh? A —sinh? A =1 3

sech’4 =1 — tanh? A

cosech?A4 = coth?4 — 1

sinh 24 = 2sinh A cosh A

cosh 24 = cosh? A + sinh? A

2tanh A

tanh 24 = —
1+ tanh“ A

sinh(A 4+ B) = sinh A cosh B =+ cosh Asinh B

cosh(A + B) = cosh A cosh B + sinh Asinh B

tanh A & tanh B
tanh(A £+ B) =
anh( ) 1 4+ tanh Atanh B




Derivatives

Function Derivative Comment Papers
sinx cos T 1,2, 3
cos T —sinzx 1,2,3
tanx sec? x 1,2,3 o
cotx —cosec’x 1,2,3 e
secx secxtanx 1,2,3 e
cosec x —cosec x cot x 1,2,3 e

1
sin™!z N 2,3 e

1
tan~! 1122 2,3 o
sinh cosh x 3
cosh x sinh x 3
tanh x sech?z 3 e
coth x —cosech?z 3 e
sech x —sech x tanh x 3 e
1 —1 1
sinh T m 3 e

1 1
tanh™" x 1-.2 3 e
e’ e’ 1,2,3
1
Inx - 1,2, 3
T

f(z) + g() f'(x) +¢'(2) 1,2,3
f(x)g(z) t'(x)g(x) + f(x)g (z) product rule 1,2,3
f(x) f'(z)g(z) — f(2)g'(x) ,
— 2 quotient rule 1,2,3 o
g(x) (8(2))
f(g(z)) f'(g(z)) g (z) chain rule 1,2,3
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Integrals

Function Integral Comment Papers
" n%rl:v”“+c n#—1 1,2, 3
1 In|z| + ¢ 1,23
cosx sinz 4+ ¢ 1,2, 3
sin x —cosx + ¢ 1,2, 3
sinh x coshz + ¢ 3
coshz sinhz + ¢ 3
\/11_7 sin~tz 4+ ¢ —-l<x<l1 2,3
1—1—11‘2 tan~la + ¢ 2,3
e’ e’ + ¢ 1,2,3
t'(x) + ¢g'(z) f(x) + g(x) + ¢ 1,2,3
f’(g(x)) g'(z) f(g(ac)) +ec 1,2,3
f'(x)

f(z) In[f(z)| + ¢ 1,2,3
(f(2))" ' () = (f(:U))n+1 +c n#—1 1,2,3
u@ uv — /Udu dz integration by parts 1,2,3

dz dz
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General calculus

Formula Comment Papers
. flx+h)—1
f'(x) = }llll% fzth) — f(z) first principles definition 1,2,3 o
%
dy dy /dz for the parameterised curve
St 1,2,3
dz — dt/ dt y=y(t), z = x(t)
Area under the curve y = f(z) and above the z-axis:
b 1,2,3
/ f(x) dx
a
b 2
Volume of revolution about the z-axis: 7 / (f(z))” da 3
a
b—a
b 1 h = 7yT:y(a+Th)a
/ ydr =~ 5h(yo +yn) +h(yr +y2 + -+ Yn-1) n 1,2,3 e
“ trapezium rule
w2 _ .
i=-wa=az=Rsnwt+a) simple harmonic motion 3 e

or x = Rcos(wt+ ) or z= Acoswt+ Bsinwt
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Circles
Formula Comment Papers
. 1 .
Length of an arc of a circle of radius r: 76 o 18 angle subtended in 1,2,3
radians
. 1 .
Area of a sector of a circle of radius r: %7’29 o 18 angie subtended in 1,2,3
radians
Complex numbers
Formula Comment Papers
e = cosf +isinf 3
z =r(cosf +isinf) = 2" = r"(cosnbh + isinnh) de Moivre’s theorem 3 e
2" =1 has roots z = e*™/" where k = 0,1,...,(n — 1) Roots of unity 3 e
0 is the angle between the
Half line with end-point a: arg(z —a) =6 line and a line parallel to 2,3
the positive real axis
Circle, centre a and radius r: |z —a| =7r 2,3
Vectors
Formula Comment Papers
|71+ yj + 2k| = V22 + y2 + 22 1,2,3
a.b = a1by + azbs + azbz = |a||b|cosf scalar product, 2,3
T TP e AT a=ai+ asj+ ask ’
a x b = (agbs — asbe)i+ (azby — a1b3)j + (arba — azb1 )k vector product 3 e
la x b = [a [b|| sin | 0 is the acute angle between 3 e
the vectors
Equation of the line through the point with position vector 5 3
a parallel to b: r=a-+tb ’
Equation of the plane containing the point with position vec- 3

tor a and with normal n: (r—a)n =20
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o O =
o = O

Matrices
Formula Comment Papers
a b
For A = , det A =ad — bc 2,3
c d
a b 1 d —b
For A = Al =
wa= (") wal 07 det A # 0 23
for transformations
AB is equivalent to B then A represented by these 2,3
matrices
(AB)"! =B tA"! det AB # 0 2, 3
0 =1 reflection in the line
2,3 e
+1 0 y==*w
rotation by 6 about the
z-axis; the direction of
cosff —sinf 0 positive rotation is taken to
sinf cosf O be anticlockwise when 2,3 o
1 looking towards the origin
from the positive side of the
axis of rotation
( reflection in the plane z = 0 2.3
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Mechanics
Formula Comment Papers
mg weight 1,2,3
F<uR frictional for.ce related to 1.2.3
normal reaction R
: 9
F— ma scalar version of Newton’s 12,3
second law; constant mass
F — ma vector version of Newton’s 1.2.3
second law; constant mass
%mqﬂ kinetic energy 2,3
change in gravitational po-
mgh tential energy; h is vertical 2,3
height
mu momentum 2,3
mo — mu impulse 2,3
Az
T = 7= kx Hooke’s law 2,3
Az 9 . .
FE = o = —kx elastic potential energy 2,3
dr dv  d2r motion in a st‘ralght line
v=—, a=—=—= (where acceleration, a, may | 1, 2, 3
dt dt  dt
not be constant)
motion in a straight line
v=u-+at, s=ut+ %atz, s = %(u +o)t, v2—u?=2as with constant acceleration, | 1, 2, 3
a
motion in two (STEP 1) or
dr dv three (STEP 3) dimensions
v=—a=— . 1,2, 3
dt dt where acceleration, a, may
not be constant)
motion in two (STEP 1) or
th STEP 2) di i
v=u+at, s=ut+iat’, s=3(u+v)t, v.v—uu=2as e ( ) HEHSIONS | Ty 3
with constant acceleration,
a
v1 = v = —e(ug = up) or Newton’s experimental law 2,3
relative speed of separation = e x relative speed of approach P ’
speed = 7“9,
2 . . .
v . motion in a circle of
radial acceleration = — = 762 towards the centre, . 3
r radius r

tangential acceleration = -0
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Probability /Statistics

Formula Comment Papers

P(AU B) = P(A) + P(B) — P(AN B) probability of the union of 1.2.3 e
two events

B probability of the
P(ANB) =P(A|B)P(B) intersection of two events 1,23 ¢
E(aX +bY 4+ ¢) =aE(X) +bE(Y) + ¢ algebra of expectation 3 e
o 9 algebra of variances for
Var (aX + bY + ¢) = a* Var (X) + b* Var (') independent variables 3 e
4=EX) =Y 2P(X =) expectatlon‘of a discrete 1.2.3 o
i random variable X

expectation of a

p=EX)=[zf(z)dx continuous random variable 2,3 o
X with p.d.f. f

2 _ _ N2 o
0" = Var(X) = ;(:cl wPX = i) variance of a discrete ran- 123 o
=Y 2?P(X = ;) — p? dom variable X n

variance of a continuous

0? = Var (X) = [(z — p)?*f(z) dz = [ 2*f(x) dw — p? random variable X with 2,3 e
p.d.f. f

F(z) =P(X < z) = f f(z) dz cumulative distribution 23 e

function (c.d.f.)




Random variables

Distribution P(X =z) E(X) Var (X) Papers
n _
Binomial B(n, p) (x)px(l —p)" np np(l — p) 1,2,3 e
%(n2 -1)
. P 1 .
Uniform distribution 1 Ln+1) (included for 1.2.3 o
over 1,2, ....n n 2 completeness;
memorisation
not required)
Are™®
Poisson Po(\) , A A 2,3 o
x!
Distribution p.d.f. E(X) Var (X) Papers
%(b —a)?
. . . . 1 .
Uniform distribution % (a+b) (included for 9.3
over [a, b] b—a completeness;
memorisation
not required)
1 e_%(rgu)Q
V2mo?
) (included for )
Normal N(u,o0%) completeness: 1 o 1,2,3 e
memorisation not

required)
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