Introduction to mathematical expressions

with International Phonetic Alphabet (IPA)
https://en.wikipedia.org/wiki/International Phonetic Alphabet

1 Notation (nou ter [an)

B
where “a” is the left hand superscript ('su par skript), “b” is the left hand subscript
('sAb skript)

x5
where “c” is the right hand superscript, e.g., (e.g. means for example; for the sake of
example; such as) power ('paw ar), “d” is the right hand subscript, e.g., index ('tn deks).

y = f(x)
In mathematics, a function is a rule for taking an input (in the simplest case, a number or set
of numbers) and providing an output (which may also be a number). A symbol that stands
for an arbitrary input is called an independent (,1n d1'pen dant) variable ('vear i a bal), while a
symbol that stands for an arbitrary output is called a dependent (dependant (d1'pen dant)
variable. The most common symbol for the input is x, and the most common symbol for the
output is y; the function itself is commonly written y=f(x).

2 Addition (3'd1f an)
a+b=c

addends sum

(‘sed end, a'dend) (sam)
To be read:
a plus b is equal (to, with) c (ai 'plas 'bi: '1z 'i:kwal ("tu: wid) 'si:)
a plus b equals (to, with) c (ai 'plas 'bi: "i:kwalz ('tu: wid) 'si:)
a plus b is c (ai 'plas 'bi: '1z 'si:)
a added to b is c (equals to ¢, etc.)
thesumofaandbisc

3 Summation (sa mei [an)

n
Zai =b
i=1

In mathematics, summation is the addition of a sequence of any kind of numbers, called

addends or summands ('sam &nd, sam’'and, sa'maend); the result is their sum or total.
n

a1+a2+a3+---+an=2ai=b

i=1
2 is an enlarged capital Greek letter sigma ('s1g ma), but in this context its pronunciation is
sum.


https://en.wikipedia.org/wiki/International_Phonetic_Alphabet

To be read: Sum fromiequalsltonai isb.
(‘sam fram ‘a1 'i-kwalz 'wan 'tu: 'en er1 'a1 '1z 'bi:)

The subscript gives the symbol for a dummy variable (i in this case), called the "index of
summation" together with its lower bound (1), whereas the superscript (here n) gives its
upper bound. The lower and upper bound are expressions denoting integers. The factors of
the sum are obtained by taking the expression following the summation operator, with
successive integer values substituted for the index of addition, starting from the lower

bound and incremented by 1 up to and including the upper bound. So, for example:
5

§P=1+2+3+4+5=15

i=1

To be read: Sum fromiequals1ton iis15

'sam fram ‘a1 'i:kwalz 'wan 'tu: 'farv 'ar '1z_fif'ti:n

4 Subtraction (sab'traek [an)
a—b=c
To be read:
a minus ('maz nas) b is equal (to, with) c
a minus b equalsto c
aminusbisc
b subtracted from a is c (equals to c, etc.)
the difference ('dif ar ans, 'dif rans) of aand b is c

The change of a certain quantity (e.g., temperature, T) is often denoted as the difference
from its initial value to its final value. It is expressed by a capital Greek letter delta ('del ta)
AT = Trinar — Tinitiai

Toberead:delta T

5 Multiplication ( mal ta pl1'ke1 [an)
aXb=a-b=axb=c
multiplicand * multiplier product

(,malta pli’keend 'malta plazar 'prod akt, -nkt)

To be read:

a multiplied by b is equal to c

a multiplied by b equals to ¢

a multiplied by b is c

a times b is ¢ (equals to ¢, etc.)

the product of aand b is ¢

6 Product of sequences



n

[Jor=s

i=1
The product of a sequence of terms can be written with the product symbol, which derives
from the capital letter M (Pi) in the Greek alphabet but in this context its pronunciation is
product ('prod akt, -Akt).

n
al-az-ag-----an=1_[ai =b

i=1
The subscript gives the symbol for a dummy variable (i in this case), called the "index of
multiplication" together with its lower bound (1), whereas the superscript (here n) gives its
upper bound. The lower and upper bound are expressions denoting integers. The factors of
the product are obtained by taking the expression following the product operator, with
successive integer values substituted for the index of multiplication, starting from the lower

bound and incremented by 1 up to and including the upper bound. So, for example:
5

ni=1-2-3-4-5=120

i=1

To be read: Product fromiequals1ton iis120

('prodakt fram ‘a1 ‘i-kwalz 'wan 'tu: ‘faiv ‘a1 '1z 'han drid send twelv)

7 Division (d1'viz an)

a
a+b=a:b=a/b=3=c
To be read:

a divided (d1'vai did) by b is equal to ¢
a divided by b equalsto c
adivided by bis c
a by (ba1) b is ¢ (equals to ¢, etc.)
aover (‘ouvar) bis c (equals to ¢, etc.)
A way to express division all on one line is to write the dividend (or numerator), then a slash
(sleef) , then the divisor (or denominator), like this: a/b
a dividend _ numerator

a/b=—-= = = guotient
/ b divisor denominator 1

(‘divi dend d1'var zar ‘'nu ma re1tar, ‘nyu- di'nom a nerts 'kwou [ant)

The result of the division is called quotient, or a/b could be called as the ratio ('re1 [0v, -[i 00)
of a and b if they are simple numbers.

1/b is called the reciprocal (r1'sip ra kal) of b.

The naming of rational fractions ('fraek [an) (quotients of whole numbers)

% half

1/3 one third

Y quarter

2/5 two fifth. etc.

i.e., the numerator is a normal number, the denominator is an ordinal number.




The naming of decimal fractions

0 (the number) is called zero ('ziar 0v) or nought (nat) or naught (not) if something is
perfectly nil (n1l)

0 (the number) is called O (oh, ov) if it is part of a decimal number

E.g.,a+b =0, the sum of a and b is zero.

0.01 g of mass, to be read as_oh point oh one gram or as one hundredth gram

0.0124 g of mass to be read as oh point oh one two four gram

With measurement units the division is often abbreviated by “per” (p3r; unstressed par)
meaning “for each; for every”

E.g.,

b= miles travelled ”  hour — mil R
MR = ours needed 0 for each hour = miles per hour = mp

In chemistry:

moles ] ] mol
- = moles for each liter = moles per liter = —
liters L

concentration =
8 Exponentiation ( ek spow nen [i'e1 [an, -spa-)

n_ ¢

Exponentiation is a mathematical operation, written as b", involving two numbers, the base
b and the exponent or power n. When n is a positive integer, exponentiation corresponds to
repeated multiplication of the base: that is, b" is the product of multiplying n bases:

b™ =b X b XX b (ntimes)

The exponent is usually shown as a superscript to the right of the base. In that case,

b" is read

b raised (reizd) to the n-th power (‘pau ar),

b raised to the power of n,

the n-th power of b,

b to the nth,

or most briefly as b to the n.

E.g., 103 can be read as

ten raised to the minus third power, ten raised to the power of minus three, the minus third
power of ten, ten to the minus three.

The expression b2 =b - b is called "the square of b" or "b squared" because the area of a
square with side-length b is b?.

The expression b3=b - b - b is called "the cube of b" or "b cubed" because the volume of a
cube with side-length b is b3.

With measurement units the order often changed, i.e.,

(cm)? or simply cm? is called centimeter squared or most often square centimeter

(cm)? or simply cm3 is called centimeter cubed or most often cubic centimeter
Exponentiation with base 10 is used in scientific notation to denote large or small numbers.
For instance, 299792458 m/s (the speed of light in vacuum, in meters per second) can be




written as 2.99792458x108 m/s and then approximated as 2.998x108 m/s. It is read as two
point nine nine eight times ten to the 8 meter per second.

We often use the natural exponential function, f(x) = e or f(x) = exp(x) where e is the Euler’s
number (approximately= 2.718). e can be defined as

1 n
e = lim (1 + —)
n—oo n
see the meaning of limit in chapter 10, or e can be calculated by the summation:

21_ IR SN SO
T 1IT1IT1 27123

where i! (i factorial (faek'tor i al, -'towr-) is the product of a given positive integer ('1n tr d3ar)
multiplied by all lesser positive integers: E.g., the quantity four factorial (4!)=4-3-2-1=
24,i.e.,

l
j=1

(The value of 0! is 1, according to the convention for an empty product.)

An nth root (rut, rot) of a number b is a number x such that x" = b.

If b is a positive real number and n is a positive integer, then there is exactly one positive real
solution to x" = b. This solution is called the principal nth root of b. It is denoted

Vb

where V s the radical ('rad 1 kal) sign or radical symbol or root symbol;

alternatively, the principal root may be written b". For example:

1 1
92=39=3and83=3VY8=2
If n=2 it is called the square root
If n=3 it is called the cube root

9 Logarithm ('Io ga rid am, - ri6-, 'log o-)

log,x=c
In mathematics, the logarithm is the inverse function to exponentiation. That means the
logarithm of a given number x is the exponent to which another fixed number, the base b,
must be raised, to produce that number x.
The logarithm of x to base b is denoted as logy, x. The logarithm to base 10 (thatis b =10) is
called the common logarithm and has many applications in science and engineering. Shortly
is is denoted as Ig (said ‘el dzi ).
The natural logarithm has the number e (that is b = 2.718) as its base; its use is widespread
in mathematics and physics, because of its simpler derivative. Shortly is is denoted as In (said
el en).

10 Limit ('lim 1t)
limf(x)=1L

X—C



In mathematics, a limit ('lzm 1t) is the value that a function (or sequence) "approaches" as
the input (or index) "approaches, =" some value.
In formulas, a limit of a function (f) is usually written as
limf(x) =L
X—C
and is read as the limit of f (of) x as x approaches (a'prout[) c equals L.
As for sequences, see e.g., Euler’s number
1 n
e = lim (1 + —)
n

n—-oo

n
To be read as e is the limit of the sequence of (1 + %) as n approaches infinite ('1n fa nit).

For finite ('far nart) values
. 1\

ifn=1, (1+1) =2

. 1\%2 _

itn=2, (1+1) =225

10
if n=10, (1 + 110) —2.593742

1 100
if n=100, (1 + E) — 2704814

1

1000
if n=1000, (1 + —) = 2716924
1000

if n approaches, - o, (1 + é) = e = 2.718281 828 459 045 235 360 287 471 35 ...

11 Derivative (d1'riv a tiv)
Y _ i Y
— = lIm —
dx AMx-0Ax

The derivative of a function of a real variable measures the sensitivity to change of the
function value (output value) with respect to a change in its argument (input value).
Derivatives are a fundamental tool of calculus. For example, the derivative of the position of
a moving object with respect to time is the object's velocity: this measures how quickly the
position of the object changes when time advances.

Differentiation (,d1f o ren fi'e1 [an) is the action of computing a derivative. The derivative of a
function y = f(x) of a variable x is a measure of the rate at which the value y of the function
changes with respect to the change of the variable x. It is called the derivative of f with
respect to x. If xand y are real numbers, and if the graph of f is plotted against x, we can

define the slope of this graph at each point as
_ changeiny Ay

" change inx Ax
called the ratio (quotient) of differences
If
Ay

lim
Ax—0 Ax



exists, it is called the differential ratio (quotient), the derivative of f with respect to x.

It is often symbolized as

dy

dx

suggesting the ratio of two infinitesimal (infinitely small, differential) quantities.

The above expression is read as

the derivative of y with respect to x,

dy by dx (di war bar di €ks)

dy over dx.

The oral form "dy dx" is often used conversationally, although it may lead to confusion.

12 Integral ('In tz gral, 1n'teg ral)

b
f f(x) dx

The integral with respect to x of a real-valued function f(x) of a real variable x on the interval
[a, b] is written as

b
ff(x) dx

Itis read as integral from a to b f of x (times) dx

The integral sign [ (elongated S) represents integration (as an abbreviation of an infinite
summation of infinitesimal (infinitely small) products of f(x) dx. The symbol dx, called the
differential of the variable x, indicates that the variable of integration is x. The function f(x)
to be integrated is called the integrand ('1n t1 graend) The symbol dx is separated from the
integrand by a space (as shown). If a function has an integral, it is said to be integrable

('tn tz gra bal). The points a and b are called the limits of the integral. An integral where the
limits are specified is called a definite ('def o n1t) integral. The integral is said to be over the
interval [a, b].

When the limits are omitted, as in

[ re ax = Feo

the integral is called an indefinite (zn'def a n1t) integral.
It is read as integral f of x dx.

It simply means, that

dF (x) B
=)

It is read as d F of x by dx is f of x




