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Inequalities, operators, calculus, ...

X>y

X<y
X<y
x>0
x>0

Xx<0

X<0

X is

X is

X is

X is

X is

X is

greater than Y (X is larger than y).

greater (than) or equal to V.

smaller than Y.

smaller (than) or equal to V.

positive.
positive
negative.

negative

or zero.

or zero; X is non-negative.

Small Greek letters used in mathematics

Greek alphabet notations

Lower case Greek alphabet
name symbol | name symbol | name symbol
alpha Q iota L rho p
beta 5} kappa K sigma o
gamima 9 lambda A tau T
delta ) mu 1 upsilon v
epsilon € nu v phi o)
zeta C Xi £ chi X
eta n omicron o psi ()
theta 7 pi T omega W




Greek Alphabet

[griik] ['®lfobet]

alpha ['&lf9] iota [a1'outo] ['rov]
beta ['bi:to] kappa sigma [sigmo]
gamma ['gema] lambda tau [to:]
delta ['delto] mu [mju:] upsilon
['Aps1,lpn]
epsilon [epsilon] nu [nju:] phi [fa1]
zeta ['ziito] Xi [zar] chi []
eta ['i:to] omicron psi ['psi]
[ov'martkron]
Theta ['6i:to] pi [par] omega [‘ovmigo]
« alpha 3 beta v  gamma ) delta
€, epsilon ( =zeta 17 eta 0,9  theta
L iota Kk  kappa A lambda 7! mu
v nu & xi 0 omicron m,owo pil
p,0 rho o sigma T  tau v upsilon
¢, phi X chi 1 psi w omega
Capital Greek letters used in mathematics
B Beta I' Gamma A Delta © Theta
A Lambda = Xi IT Pi >, Sigma
T Upsilon ® Phi ¥  Psi ) Omega
X, — () | 1. The limit of x, n as n tends to the infinity equals (is equal to)
N 00 zero.
2. The sequence x, n tends to zero as n tends to the infinity.
3. X, ntends to zero as n tends to the infinity.
x _1, | Xoveryequals x times y minus one.
— = (y )7
Y
XUY ={z:2€X or & € Y} | seiofxsuh that x elongs big
or x belongs big Y




2 3Y

two to the X times three to the VY.
two to the power of X times three to the

power of y.

A=A" <=V (4,j):a;y =a;

The matrix A is Hermitian if and only if,
for all i, j we have a,i,j equals a,j,i bar.

The matrix A is equal to A star if and only
if, for all i, ] we have a,i,j equals a,j,i bar.

S=T SimpliesT; if Sthen T
SeT Sisequivalentto T; Siff T
(1+ 2)2+2 one plus two, all to the power of two plus two
.T2 X squared
7 X cubed
x™ X to the (power of) n
5-2=3 Five minus two equals three
5_2 five to the minus two
L_2 X minus two
for each [= for every] x in A ...
VeeA.. for every x belongs to A ....
1 one half
2
1 one third
3
1 one quarter [= one fourth]
4
1 one fifth
5
1 minus one seventeenth
17




—0.067 minus nought point zero six seven
81.59 eighty-one point five nine
2.3 . 106 minus two point three times ten to the six

= —2 300 000 |minus two million three hundred thousand

4-1073

four times ten to the minus three

0.004 = 4/1000 four thousandths

().}

the set of all x such that . . .

AUB

the union of (the sets) A and B; A union B

ANB

the intersection of (the sets) A and B; A
intersection B

Ax B

the product of (the sets) A and B; A times B

T,y €A

(both) x and y are elements of A; . . . liein A,
...belongto A;...arein A

r,yg A

(neither) x nor y is an element of A; . .. liesin A;
...belongsto A;...isin A

ANB =

@ Ais disjoint from /4’ the intersection of A
and B is empty.

r € A

X is an element of A
X liesin A

X belongs to A

X isin A

3 + 5 =8 three plus five equals [= is equal to] eight
3 — 5 = —2 three minus five equals [= . . . ] minus two
3 -5 =15 three times five equals [= . . . ] fifteen

(2-3)-6+1=

—5 two minus three in brackets times six plus one equals minus five




A'[=1-2-3.4]four factorial.

3 three divided by five equals zero point six.

- =0.6

J

Jr € A ... |thereexists [=thereis] an x in A (such that) . ..

dlz € A... | there exists [= there is] a unique X in A (such that) . ..
E”TEA”' there is no x in A (such that) . . .

3 three eighths

8

26 twenty-six ninths

9

5 minus five thirty-fourths

34

-245 minus two hundred and forty-five
1—-3 1 | one minus three over two plus four equals minus one third.
2+4 3

r>0Ny>0=zxz4+y>0

if both 2z and yare positive,
so is 2+ v

Ar e Q

2 =2

no rational number has a square equal
to two

for every real number x
VLL' S R Ely € Q |$ _ yl < 2/3 there exists a rational
number y such that the
absolute value of x minus
yis smaller than two third.
sine x

sin(x)

cos(z)

cosine X




tan x
tan(x)
arcsin(z) arc sine x
arccos(g;) arc cosine x
arctan(x) arc tan x
Siﬂh($) hyperbolic sine x
CDSh(:};‘) hyperbolic cosine x
¢ h( ) hyperbolic tan x
annti.r
Sin($2) sine of x squared
Sin(zc)z sine squared of x; sine x, all squared
r+1 X plus one, all over over tan of y to the
W four
BI—CDS(ZT) three to the (power of) x minus cosine of two
X

exp(z”® +y°)

exponential of x cubed plus y cubed

p ¢ R

p does not belong to (the set) R.
pisnotinR.

p is not an element of R.

p does not lie in R.

(z+y) 2+ xy

X plus y in brackets times z plus x, y

x saquared plus y cubed plus z to the power of five.

A= a°

Capital a equals small a squared.




I —2

Z

1+

The complex conjugate of one minus two i equals one

plus two |.

One minus two i bar equals one plus two i.

The conjugate of a complex number z.

X <0 : X Is negative or zero.
x <0 : xis negative.

x <y :xis smaller or equal to y or x is smaller than or equal to y.

T—y=1x+(-y)

X minus y is equal to x plus, minusy

ax? + 2hxy + by® =0

We consider the equation star: a, x squared
plus two h, x,y plus b (times), y, squared is
equal to zero.

B=A-(A-B)=A[l- A" (A-B))]

| minus A minus one times ]
B equals A [(A minus B)
minus (A minus B) equals
A times

1 | The limit as x tends to zero of f two primes of x

over big f two primes of x is equal to the limit
as X tends to zero of minus exponential x over
four which is equal to minus one over four.

U U U We consider the subsequence u,n one, u,n, two, ...
nisy “nos YNz and so on.
A B If A'is similar to B, then exponential A is also
A U B :> e ~ € similar to exponential B.

Ais similar to B, implies exponential A is
similar to exponential B.




r = \/z2 + y2 | R equals the square root of x squared plus y squared.

mﬂ_l_yﬂ:

ZT],

x to the n plus y to the n equals z to the n

(z+y)z+ay

X plus y in brackets times z plus x y

cA={cx|xe A}l c,A equals the set c times x such that x belongs to

A

An — {$ c A ‘ T < ’I’L} A,n equals to the set of x belongs to A

such that x is less or equal to n.

f(x) f of X

(a,b) open interval a b.

[a:b] closed interval a b.

(a‘b] half open interval a b (open on the left,
‘ closed on the right)

[a b) half open interval a b (open on the right,
’ closed on the left).

X<y x is smaller (than) or equal to y.

f.i'

f dash; f prime; the first derivative of f£

f double dash; f double prime; the second
derivative of £

the third derivative of f

the n-th derivative of £




d y by d x; the derivative of y by x

n is less or equal to x which is strictly less
n § r<n-+l. than n plus one.

. ‘33| < r< |LU| Minus the absolute value of x is less or equal to x which is less
— — " | or equal to the absolute value of x.

| ab\ — ‘ CL| . ‘ b‘ The absolute value of a,b is equal to the absolute value of a
" | times the absolute value of b.

b=x-y: b equals x minusy.

a=x+y a equals x plus y.

A ?A @ A is different from the empty set.
A is non-empty.

C=X-Yy-Z Cc equals x times y times z
C=XYyzZ c equals x,y,z

The sum for k from one to n of ¢ times r to the

mn

ower of k.
E Cfr‘k, n=12,....1°
k=1

The sum of c times r to the power of k, for k
from one to n

Ak A k | The norm of A to the power of k over k factorial is less or
‘ ‘ < H || equal to the norm of A to the power of k over k factorial.
k!

- Kl




n

k=1

The absolute value of the sum for k from one to n
of x,k is less or equal to the sum for k from one to

n
n of the absolute value of x,k.
k=1

}Ellf to two.

(aj) — 9 The limit of f of X as X tends to one is equal

a"+1—bn+1:(a—b)-2akb"_k, n=12....
k=0

a to the power of n pus
one, minus b to the
power of n plus one
equals a minus b times
the sum for k from zero
to n, of a to the power of
k, b to the power of n
minus K.

1 X to the minus one

X to the power of minus one

the square root of x.

3 the cube root of x.
\/E

the fifth root of x.

i 1 e to the (power of) pi, i equals minus one.

h (2z, 3y) h of two X (comma) three Y.

10




The product of Ak for k from one to n is
equal to the product of A k for k from one to

n
H Ak = H Ak X An n minus one times A,n.

o o n plus one all factorial equals n
(n + ]-)‘ - TL' ) (’TL + 1)7 n — Oa 1; 2: -+ - | factorial times n plus one,
where n equals zero, one,
two,..., and so on.

A={zeR|z<p}, A ={zeR|z<q} Acasthestofal

less or equal to p.

n The binomial formula a plus b to the power of n
n L L is equal to the sum fro k from zero to n of C,k,n
(CL + b)n = Z a“b" . | (the binomial coefficient n over k) times a

k to the power of k times b to the power of n

k=0 minus K.
n n C,k,n (the binomial coefficient n over k) equals n factorial
— : over k factorial times n minus k factorial.
(k) kl (n — k)
(the binomial coefficient) n over k

The inner product of f and g equals the
integral from a to b of f of x times g of x

<f79>:/ f(x)g(x)dx|dx

b\ " X b over a all to the power of n equals b to the power of n over a to the
- — ——_ | power of n.
a a™
a™ o, ato the power of n over a to the power of m equals a to the
am = a power of n minus m.

11




q = sup M.

g equals the sup of M.

The sum for k from one to n of x,k

mn
minus X,k minus one equals x,n minus
E (il?k — Ll?k_l) — Tn — T |Xx, zero.
k=1
00 The intersection of the closed intervals a,n,b,n for n from

ﬂ [y, bn] # 0.

n=1

one to the infinity is nonempty.

n

a—p

a minus p to the power of n all over p plus one to the power
of n minus p to the power of n.

One plus the product of p,k, for k from one to n.
One plus the product, for k from one to n, of p,k.

™
1+ H Pk
k=1
erA

cllzAl

1 JleA|

=1
W

|

(€x|.A 1
||

- HAH) 0

The norm of
exponential x,A
minus | over X
minus A is less
or equal to
exponential of
the norm of x,A
minus one minus
the norm of x,A
over the absolute
value of x which
is equal to
exponential of
the a the sum of
the absolute
value of a,k to
power of p all to
power of one
over p, times
bsolute value of
X times the norm
of A minus one
over the absolute
value of X minus
the norm of A
which tends to

12




Zero.

det(fQ) AlAQ

product of lambda,i for i from one to n
A €Sp(A) which is equal to the product of
lambda,i, where lambda,i belongs to
S,P (the spectre) of A.

H )\ The determinant of A equals the

- T a is strictly larger than one if and only if a to the
a > ]- a > 1 power r is strictly larger than one.

{L/— The n-th root of a.
a
a |
The fifth root of a.
1 1 One over p to the power of n is strictly less than one over a.
() <3
p" a

Tr1 + Yi xoneplusyi

R o R, 1]
1] capital R subscript i
capital R lower i j
(capital) R (subscript) i j; (capital) R lower i j

Jka (capital) M upper k lower i j;
ij (capital) M superscript k subscript i j

sum of a i x to the i for i from nought [= zero]

n . 7 |to n;
Zi:(} A;L

sum over i (ranging) from zero to n of a i
(times) x to the i.

product of b m for m from one to the infinity;

o0
:[ITn:=1 bﬂ1 product over m (ranging) from one to the infinity of
bm

13




D im0

(s

sum of n over i x to the 1 y to the n

minus 1 for i from nought
n.

[= zero] to

(z—y

)3m

X minus y

in brackets to the (power of) three m

x minus y, all to the (power of) three m.

St < (S hael) " (Z )"

The absolute value
of the sum of
a,k,b,k is less or
equal to the sum of
the absolute value
of a,k to power of p
all to power of one
over p, times the
sum of the absolute
value of b,k to
power of g all to
power of one over

g.

D(E) = {z| ||lz|| <1},

D of E is equal to the set of all x such that the
norm of x is less or equal to one

==
K=

One over p plus one over q equals one.

T

2 AS

+ 3] + .+t ..

Exponential A
equals I,n plus A
plus A squared over
two factorial plus A
cubed over three
factorial Plus plus
A to th power of n
over n factorial
plus, and so on
which is equal to
the sum of A to the
power of k over k
factorial, for k from
zero to the infinity.

||a, + b”p <

lallp +11bllp-

a, p plus the norm of b, p.

The norm of a plus b, p is less or equal to the the norm of

14




b 1/p The norm of f,p equals the
integral from a to b of the
1 fllp, = (/ |f(33)|pd$) < 00. |absolute value of f of x to the
a power of p d,x all to the power of
one over p, is finite.

sup |£C (t) — LL‘(t) | —5 () | The sup, where t belongs to the closed interval
te[a,b] " a,b, of the absolute value of x,n of t minus x of t
’ tends to zero.

The limit as n tends to the infinity of the norm of the

n
1; T 12 | sum for I from one to n of alpha, i, e,i which equals
im || E ajeq|| = E |a@| the square root of the sum of the absolute value (the
n—oo T

modulus) of alpha,i squared.

— _ _ Big f to the minus one of C equals f to
1 1 1
F (C) = f (C) Ug (C) the minus one of C union g to the minus

one of C.

Q) The empty set (= set with no elements).

f minus one of B bar is a proper subset of f minus

f_l(B) C f_l(B) one of B bar.

im T ). | The limit, as n tends to the infinity, of f of x,n is
n—00 f( ”) ?é f( ) different from f of x.

: _ The limit of f of x,n as n tends to the infinity equals f
0, (o) = () o i

]p(a:‘, Y) — P(Z, Y)’ < ;O(ZL‘, Z) The absolute value of rho of x,Y

minus rho of z,Y is less or equal to
rho of x,z.

15




the second derivative of y by x; d squared y
by d x squared

the partial derivative of f by x (with respect
to x); partial d f by d x

the second partial derivative of f by x (with
respect to x)

Ox?2
partial d squared f by d x squared
Vf nabla f; the gradient of f
delta £
Af
A Y c X |Aisasubsetof Y which is a subset of X.

We consider the infinite series: The sum for k from zero to the infinity
of A to the power k over k factorial.

k=0
00 o0 1 n 1 1 The sum for n from one
- - _ - —1 to the infinity of the
Hxn H < 9 — 9 1 — 1 — | norm of x,n is strictly
n—=—1 n=1 2 less than the sum for n
from one to the infinity
of one half to the power
of n which is equal to
one half times one over
one minus one half
which equals one.
1 The norm of | minus T to the minus one is less or
H (I — T)—l || < —~ |equal to one over one minus the norm of T.
L]
sup HAH < 00. The sup of the norm of A, where A belongs to 4, is finite.
AcA

16




The inner product of T x,Y

<T.§C, Y> = <ZC, T*Y> YV x,y € H. |equalsthe inner product of x,

to H.

T star Y, for every X,y belong

A squared is greater than or equal to

n
2 E : 2 2 : . the sum for j from one to n of the
A Z / ‘ f J ‘ dr = IL=n integral from zero to one of the

absolute value of f,j of x squared d x,
and this equals the sum for j from one
to n of one which is equal to n.

dim(M) < A2 The dimension of M is less or equal to A squared.

Dim of M is less or equal to A squared.

fz) = f)—/f Gl y)dy for all f € M.

f of x equals e,x
of f which is
equal to the
integral from
zero to one of f
of y G of x,y bar
dy, forall f
belongs to M.

Hf” <AHfH <AHfH The norm of f, infinity, is less or equal to
oo — p — 2 i . .

A times the norm of f, p which is less or
equal to A times the norm of f, two.

E, ={x: sup |Az|| <n} = () {x:[Az| < n}
AeA

E,n is equal to
the set of all x
such that sup of
the norm of A X,
where X belongs
to A'is less or
equal to n which
equals the
intersection of
the sets of all x
suxh that the
norm of A, x is
less or equal to
n, where A
belongs to A

The sum for n from one to the infinity of sup

of the absolute value of f,n of x, where x
E sup ’fn (IE) ’ § E Mn < OO | belongs to E,c is less or equal to the sum for n

n=1 reke n=1

from one to the infinity of M,n which is finite.

17




9 The norm of the sum for n from
N N one to N of ¢,n,f,n infinity
2 2 2 2 | squared is less or equal to B
E Cn fn S B Z ‘ Cn ‘ S b ‘ C‘ squared times the sum for n
from one to N of the absolute
value of ¢,n squared which is

less or equal to B squared times
the absolute value of ¢ squared.

n=1 0O n=1

HS — S,n” — () as n — oo. | The norm of S minus S,n in the infinity tends
o0 to zero as n tends to the infinity.

integral of f of x d x

J f(z) dx

fb 2 Jt integral from a to b of t squared d t
double integral over S of h of x y d
ffs (x,y) dr dy xd 7y

The norm of f equals the integral over X of the

1/p
[ absolute value of f to the power of p d,mu all to
HfH — / |f‘ dp the power of one over p.
X

The absolute value of g,f

gl \* i equals g, and the
‘gﬂ :gf and (—) — ( ) a.e. ?ﬁescr)llcl)lrt;\/oafll;(’eqo{ogtﬁ;/er

Hqu Hpr power of g equals the
absolute value of f over
the norm of f,p to the
power of p, about every.

A e M, (K) A belongs to M,n of K.

The matrix A belongs to M,n of K.

—10 Exponential minus i, theta.
&
cosl  sinf A is a squared matrix of order two defined by A
A = ( ) ) equals cosine theta, sine theta, minus sine theta
—sinf cost /| and cosine theta.

— _ The characteristic polynomial of A : P,A of X is
PA (:C) det (A :C[) equal to the determainant of A minus x, I.

18




X0 X zero; X nought

1 The inverse of A (A to the minus one) equals

A—l

~ det (A)

(Com (A))t one over the determinant of A times the
comatrix of a transpose.

P,A,B of lambda is equal to P,B,A of lambda, wehere p
paB (A) = ppa (M)

Is characteristic polynomial.

The eigenspace associated with
_ n . _
E/\ — {33 - R ) ALE — /\33} lambda equals the set of all x
belongs to R,n such that A,x equals
— ker (A — /\]) . lambda X, which is equal to the
kernel of A minus lambda .
f is an Endomorphism defined on the
: —
f P {ZC] Pr [:c] vector space P,n of x by f of p equals p
p — f(p)=p prime.

f squared plus three f plus four times the identity

2 .
f + 3f + 47de =0 mapping of E (plus four i,d,E) equals zero.

¢ Veel:|z||>0,et |z]|=02=0
¢ VIeK Vel ||| =|A. |«
¢ Vaoyel:lzt+y| <zl + Iyl

For every x in E: the norm
of X is positive or zero and
the norm of x equals zero

if and only if x equals zero

For ecery lambda in K and
for every x in E: the norm
of lambda x equals the
absolute value (the
modulus) of lambda times
the norm of x.

For every x,y in E: the
norm of x plus y is less or
equal to the norm of x plus
the norm of y.

19




1 Let x be a vector. The norm
n n 5 2 pfx, one equals the sum for
el = D lal el = { Dl | oot

The square root of the norm
H:EHOO — 1H<1a<X ‘x%‘ y of X, two equals the sum for

S i from one to n of x,i
squared (of the modulus of
X.i squared)

The norm of x infinity is
equal to the max for i from
one to n of the absolute
value of x,I (of the modulus
of x,i).

The norm of the matrix A,
one equals the max over j of

n n
|All; = max Y ag|, |A]lo =max Y " |ag]| | thesumfor i fromoneton
J 1 v =1 of the absolute value of a,i j.

The norm of the matrix A
infinity equals the max over i
of the sum for j from one to
n of the absolute value of a

ij.

The norm of A,x is less
||A3:|| g ||A|| HxH 3 VA S Mn (K) 3 Vxe K™. or equal to the norm of
A times the norm of x,
for all A belongs to M,n
of k and for all x
belongs to k,n.

__ R _ The scalar product of x,x is
2 Oe <$ $> =0 r =0 positive or zero and the

) {
r,y) =(y,z) Ve,ye k scalar product of x,x
Y

equals zero if and only if x

) {
) {
) <)\$a >:)\<$ay> Va,yec EetV AR |equaszero.
) {

The scalar product of x,y
equals the scalar product
of y,x for every x and y in
E.

The scalar product of
lambda X, y equals lambda
times the scalar product of
X,y for every x,y in E and
lambda in R

20




The scalar product of x
and y plus z equals the
scalar product of x,y plus
the scalar product of y,z
for every x,y,z in E.

n The inner product of x and y is equal to the sum, for i from
<5E, y> — E X;1; | One to n, of x,i (times) v, i.
1=1
Da (:)C) — det (A _ x[) The characteristic polynomial of A: p,A of
. X is equal to the determinant of A minus Xx,l.
= det ((4 —2I)")
: Equals ...
= det (A - éUf) Equals ...
= Dbal <x) | Equals p, A transpose of X.
f : R™ % R™ R fis a mapping from R, ntimes R, nto R

defined by f of x,y equals x transpose A, y.
(z,y) — 2'Ay

Af =0 the Laplace equation

A f — )\ f the Helmholtz equation

__ dg |the heat equation
Ag = 5

Ag = 8% | the wave equation

eAt ] The limit as t tends to zero of exponential A,t minus i over
lim — A t equals A.
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Lambda times the inner product of x,y
— <A,§U, y) equals the inner product of lambda x,y
and this equals the inner product of A

X,y

|
S

i

L

~ @ ~

~——

|

B

s

=

— /6 <5C7 y> which equals beta times the inner
product of x,y.

L 12 t I\t l A transpose A, all transpose equals A
(A A) — A (A ) — A A transpose A transpose, transpose which

equals A transpose, A.

m m—1 Alpha zero times A to the m plus
04014 -+ OélA T T @m[ alpha one times A to the m inus one

plus ... plus alpha m time L.

1 1 The matrix M is always written as the sum
_ . t = t of two matrices A and B, where A equals M
M = 2 (M M ) + 2 (M + M ) minus M transpose over two and B equals
N - s/ N\ -~ ~ | M plus M transpose over two.
A B

M., (R) =S, (R) ® A, (R) M,n of R is equal to the direct sum of S,n of R and

Anof R.
(Bt _ —B) B transpose equals (is equal to) minus B.
L Lambda times the inner
)\ <$3 SC> o <)\5E, CE> product of x,x equals the
t— inner product of lambda
— <A(E, .CU> — (A.CE) X x,x which equals the inner
, " product of A x,x and this
t Al—= t A — equals A X transpose, X
— xAx—x((A))x o P

= 2'Ax = 2'Ax
= (z, Az) = (2, \x) = X\ (2, ) | which equals lambda bar

times the inner product of
X, X.
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A—l _ A*

A to the minus one equals A star.
The inverse of A is equal to A star.
The inverse of A equals A star.

1 n A minus one equals minus one over c,zero times
A—l _ c Ak—l the sum for k from one to n of c,k,A to the power
T k k minus one.
0 %=1

E k —1 | Ato the power of k equals P times B to the power of k times P
A" =PB"P minus one.

2 _ t __ A transpose, A, equals A, A transpose
A"A=AA" =1,

At = A1
|Az|| = ll]ls ¥ @ € R™.

(Az)" (Ay) = 'y ; ¥V o,y € R™

which is equal to I,n.
A transpose equals A to the minus one.

The norm of A x is equal to the norm of x,
for all x belongs to R,n.

A X transpose A,y equals x transpose, y, for
all x and y belong to R,n.

ar® + br + ¢

a X squared plus b X plus C

VE+ i

the square root of x plus the cube root of y

ity

the n-th root of x plus y

a-+b
c—d

a plus b over ¢ minus d

(m)

(the binomial coefficient) n over m
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