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TOPIC:

Functions and their graphs.
Graphs in economic modeling.
Simple and compound interest In
economic studies



ECONOMIC PROBLEMS

Total cost functions

TC=a+ bq - cq? + dg°

TC

a = fixed cost

Output (q)
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Economic function in MATH

A firm’s total cost of production, TC, depends on its output, . The TC
function may include a constant term, which represents fixed costs, FC.
The part of total cost that varies with g is called variable cost, VC.

Total cost functions

TC =a + bg — cg? + dg3

TC %

a = fixed cost

>

Output (q)
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Economic function in MATH

A firm’s total cost of production, TC, depends on its output, Q. The TC function may
include a constant term, which represents fixed costs, FC. The part of total cost that
varies with Q is called variable cost, VC. We have, then, that TC = FC + VC. Average
cost per unit of output is found by dividing by Q. We can find average total cost,
denoted AC, which is given by AC = TC + Q. rtogether with average
variable cost AVC = VC + Q and average fixed cost AFC = FC + Q.

FC is the constant term in TC. R@m@mb@mmq

VC =TC - FC

AC =TC/Q
AVC = VC/Q
AFC = FC/Q
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Economic function in MATH

For a firm with total cost given by

TC =120+ 450~ Q° + 0.40Q°
idenufy its AC, FC, VC, AVC and AFC functions. List some values of TC, AC and
AFC, correct to the nearest integer. Sketch the total cost function and, on a
separate graph, the AC and AFC functions.

TC =120 +45Q - Q7 + 0.40Q°
AC=TC/Q=120/Q+ 45 - Q + 0.40°
FC = 120 (the constant term in TC)
VC=TC - FC = 45Q - Q* + 040’
AVC=VC/Q=45 - Q+ 040Q°

AFC = FC/0Q = 120/Q

Some possible values for Q and for each of the terms in the toral cost function are
shown in the table. The corresponding TC, AC and AFC values are calculated and
are plotted in figures 1 Notice that when Q = 0 the first terms in AC
and in AFC involve dividing by zero. To avoid the problem of an infinite result,
the smallest value of Q for which AC and AFC are calculated is 0.3.
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Economic function in MATH

Q 0 03

1 g 5 8 10 12 15
450 0 135 45 135 225 360 450 540 675
Q’ 0 0.09 1 9 25 64 100 144 225
04¢ 0 0.0108 04 108 50 2048 400 6912 1350
Correct to the nearest integer
TC 120 133 le4 257 370 621 870 1207 1920
AC 445 164 86 74 78 87 101 128
AFC 400 120 40 24 15 12 10 3

2000 T
TC TC = 120 + 45Q - Q7 + 0.40°

1500

1000 T

500 A

Figure 1
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1. Sets

The belonging of the element x to the set X
IS symbolized in the following way:

Xe X

If X does not enter In the set X It Is written as

xe X
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1. Sets

It IS advisable to introduce Into consideration
a set containing not a single element.

Such a set is called empty and it is denoted

by the symbol D
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2. Sets of real numbers or
sets on the real axis

1. Sets of the form
(a,b),(~o0,b),(a,+) and (-oo,+ o)
consisting, respectively, of all X & R such that

a<x<b, x<b, x>a,

and Xx Is arbitrary, are called open Iintervals
(sometimes simply intervals).
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2. Sets of real numbers or
sets on the real axis

1. Sets of the form
(a,b),(~o0,b),(a,+) and (-oo,+ o)
consisting, respectively, of all X & R such that

a<x<b, x<b, x>a,

and Xx Is arbitrary, are called open Iintervals
(sometimes simply intervals).

(a;b) & {xeR|la<x<b}
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2. Sets of real numbers or
sets on the real axis

2. Sets of the form

[a,b]

consisting of all X&€R such that a<x<b are
called closed intervals or segments.
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2. Sets of real numbers or
sets on the real axis

2. Sets of the form

[a,b]

consisting of all X&€R such that a<x<b are
called closed intervals or segments.

[a:b] < {xeR|a<x<h|
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2. Sets of real numbers or
sets on the real axis

3. Sets of the form
(a,b], [a,b), (= 0, b], [a,+ )

consisting of all x such that

a<x<b a<x<b x<b Xx=a

are called half-open intervals.
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4. A function

Definition. If for every value of a variable x belonging to some Yy <Y
set X ( X € X) there corresponds by the rule f a definite number
then it is said that on the set X the function ¥ = f (X) is given.
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f: X —>Y

Example

or  y=f(x)
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Please, remember
a domain of the function definition,
a range of the function values.
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Definitions. The set X is called the domain of the function definition,
the set Y Is a range of the function values.

Definitions. Thus x is called an independent variable or an argument,
y is a function.

y=x2 i
y=i‘j;
y=x|
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The function Yy =sin X

Ilts domain of definition iIs the whole numerical axis

X = (—oo;—l—oo)

D( f)
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The function Yy =sin X

Ilts domain of definition iIs the whole numerical axis

X =(—o0;+0)  D(f)

and its range Is the segment

PhD Misi

(a1 Em

a le.lu. / pou,.
€.10.



Please, remember
a single valued function,
a multivalued function.
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Definition. If for each value of variable the X e X there is more than
one correspondent value y Y (and even an indefinite set of them),
then this function is called multivalued as against single valued

function defined above.

X2 4 y2 _ R? It's the equation of a circle

R Is a radius Y
A

M

R

/ "\
/

\

\\

N,
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Please, remember

all names of methods of representing
functions
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Methods of Representing Functions

1) Analytical method

In this case a formula is indicated by means of which it is
possible to compute (X) forany Xe X . For

Instance, y = 6)(3 , X Is the infinite interval —00 < X < 400
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Methods of Representing Functions

2) Tabular method

We simply write down a sequence of values of the
Independent variable and in the values of the function
corresponding to them we also indicate the method of
computing y for intermediate values of x, using the values

given in table. Let's consider the table.
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Methods of Representing Functions

2) Tabular method

Table of values of the independent and dependent variables
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Methods of Representing Functions

3) Graphic method

The graph of a function (in rectangular Cartesian
coordinates) Is the locus of all points in which abscissas
are values of the independent variable and ordinates are

the corresponding values of the function.

PhD Misiura le.lu. / gou. Mictopa 26
€.10.



Methods of Representing Functions

3) Graphic method

In other words, if we take the abscissa equal to the value of
the Independent variable and the ordinate of the
corresponding point of the graph is equal to the value of the
function corresponding to that the value of the independent
variable. When plotting a graph we can take similar or

different scales along the coordinate axes.
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Methods of Representing Functions

3) Graphic method

Y A

| > X
0 a X b
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Classification of
one Argument Functions
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Straight line
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Straight line
(inclined, horizontal and
vertical)

FOPMUZOHTANDBHAaN NpAaMman

BepTUHRANLHAA npaMan
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Straight line
(inclined, horizontal and
vertical)
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Parabola

y=ax ya Y= ax’
a>0 a>0
0 > l
X I
a<0
SRR Tt 0 NET W
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Parabola

Quadratic functions y =ax? + bx + ¢
(1)

if a is positive (2)

(3)

X

(3)
if a is negative (2)
(1)
(Db2-4ac<0; @)b2-4ac=0; B)b2-4ac>0
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Parabola
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1) The square trinomial P, (x) =ax* +bx+c ,where D>0
( D=Db%—_4gc isthe discriminant of gx2 +bx+c=0), can be
presented as a product of linear factors:

where X; and X, are roots of the square trinomial.

2) Vieta theorem
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Hyperbola
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Hyperbola

V ¥
A IL A .\!1-
y=— y=—
X X
k>0 k<0
= X == X
() (0
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Roots

y=ix
Y A

—F
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Trigonometric functions

y=sinx y=cosx
Y4
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Expontial and logarithmic
functions

D<a<l] 1
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Types of functions

Composite Function y=F (X) = f (go(X))

It is said that F (X) as a function of x Is a composite

function (“a function of a function”) formed of the function f
and ¢ . The function U = ¢(x) entering the expression

f (¢(X)) IS referred to as the intermediate variable.
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Types of functions

Implicit Function F(x,y):O

We can say that an implicit function y (which can be
multiple-valued) of an independent variable x is a function
In which values are found from an equation connecting X

and y not solved in .

1 .
y=—=sIny+X
2
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Types of functions

Inverse Function

One of the methods of implicit representation of a function
is representing the function y=f (x) by means of

the relationship X = (0( Y)

y=x" y =X
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Types of functions

Inverse Function

y A
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Simple and compound
Interest In economic studies
(percent)
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Percent

When we say "Percent” we are really saying "per 100"

One percent (1%) means 1 per 100.

| EEEESNEEENENESNE NN NN EEEEE NSNS NEN NSNS NN SR EEENESNEEEENESSNENNERENENEEEEEEE !

o| (50% of this box is green) (25% of this box is green)

......

.....

19% of this line is shaded green: it is very small isn't it?

50% means 50 per 100 25% means 25 per 100

..........

........

.........

..........
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Examples:

100% means all

17 ] ]
] 1 ) e
i [ | |
: : Example:
!
!
| | . 100
T i &) —
| | { = 100% of 80 is 100 x 80 = 80
50% means half
)= |
!
!
HEEE NN _'_%_ﬁ_m Example:
50% of 80 is —22— x 80 = 40
S O B T 100
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Examples:

100% means all

1]

Example:
100% of 80 is 7o X 80 = 80
5% means T%ths
Example:
5% of 80 is 100 x 80 =4
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Because "Percent” means "per 100" think:

"this should be divided by 100"

75
0 e
So 75% really means 100

And 100% is %, or exactly 1

(100% of any number is just the number, unchanged)

And 200% is %g%, or exactly 2

(200% of any number is twice the number)
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A Percent can also be expressed as a Decimal or a Fraction

A Half can be written...

As a percentage: 50%
As a decimal: 0,5
As a fraction: /5
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Example: 15% of 200 apples are bad. How many apples are bad?

15
0fn — _—~
15% 100
15 B 200
And 100 x 200 = 15 X 100
= 15 x 2
= 30 apples

30 apples are bad
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Example: A Skateboard is reduced 25% in price.
The old price was $120.
Find the new price.

First, find 25% of $120:

25
100

25% =

And £

X $120 = $30

25% of $120 is $30

So the reduction is $30

Take the reduction from the original price

$120 — $30 = $90

The Price of the Skateboard in the sale is $90
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Compound interest formula

Compound interest is interest calculated on top of the original amount including any
interest accumulated so far. The compound interest formula is:

A=P(l+—1)"
100

Where:

e A represents the final amount
e Prepresents the original principal amount
e ris the interest rate over a given period

e n represents the number of times the interest rate is applied
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Compound interest

Compound interest is similar to simple interest in that the interest is added on
annually.

The difference between the two is that simple interest is a fixed amount of
interest that is added on every year, whereas with compound interest the
amount you are calculating interest on, changes every year.

The interest is calculated for the first year and is then added on to the original
amount to give you the amount after the first year.

The interest for the second year is then calculated from the amount after the
first year, which then gives you a different amount of interest gained from the
first year.
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Example

Calculate the amount of compound interest Jane will have earned on £6000

at 2.8% for 3 years.

Method 1

Year 1
2.8% of 6000
= 0.028 x 6000

= £168

Year 2
2.8% of 6168
= 0.028 x 6168

= £172.70

Year 3

2.8% 0f 6340.70

= 0.028 x 6340.70

= £177.54

Amount after year 3: £6340.70 + £177.54 = £6518.2)

Total amount of compound interest earned
= £6518.24— £6000 = £518.24
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Example

Calculate the amount of compound interest Jane will have earned on £6000
at 2.8% for 3 years.

Method 2 A=P(l+——)"
100

This is a much quicker method.

As the interest is going up by 2.8% p. a. this means that each year the amount

is 102.8% of the previous year. Therefore:
102.8% of 6000
= 1.028 x 6000

= £6168

However, this only gives you the amount after year 1. To get the amount after
year 3:

(1.028)3 x 6000

— £6518.2/
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Now try this:
Question

Calculate the compound interest earned on £8000 at 2.2% per annum for 5
years.
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Question

Calculate the compound interest earned on £8000 at 2.2% per annum for 5
years.

answer
(1.022)° x 8000

— £8919.58
Total amount of interest earned = £8919.58 — £8000 = £919.58

Answer: £919.58
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Compound interest

Compound interest means that each time interest is paid onto an amount
saved or owed, the added interest also receives interest from then on.

Put simply, compound interest changes the amount of money in the bank
each time and a new calculation has to be worked out.

Examples

Calculate the interest on borrowing £40 for 3 years if the compound interest
rate is 5% per year.

e Year 1: £40 + 5% = £40 + £2 = £42

s Year2: £42 + 5% = £42 + £2.10 = £44.10

s Year3: £44.10 + 5% = £44.10 + £2.21 = £46.51

As this is a problem involving money, all rounding should be done to 2 decimal
places to represent the pence.

Note that the example above is exactly the same as the example for simple
interest, but the answers are different as compound interest changes the
amount each period.
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Compound Interest Formula

A=P(1+ )k

A is the balance in the account after ¢ years.

P is the starting balance of the account (also called initial deposit, or principal).
7 is the annual interest rate in decimal form.

k is the number of compounding periods in one year.

e If the compounding is done annually (once a year), k = 1.

If the compounding is done semiannually (twice a year), k = 2.
If the compounding is done quarterly, k = 4.

If the compounding is done monthly, & = 12.

If the compounding is done daily, k = 365.
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Rounding

It is important to be very careful about rounding when calculating things with expo-
nents. In general, you want to keep as many decimals during calculations as you can.
Be sure to keep at least 3 significant digits (numbers after any leading zeros). Rounding
0.00012345 to 0.000123 will usually give you a “close enough” answer, but keeping
more digits is always better. If your calculator allows it, do all your calculations without
rounding in the calculator and only round the final answer.
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Annual Percentage Yield

The annual percentage yield is the actual percent a quantity increases in one year. It
can be calculated as

APR=(1+I)f -1

Notice this is equivalent to finding the value of $1 after 1 year and subtracting the origi-
nal dollar.
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