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1. INTRODUCTION 

1.1 AIMS, COMPETENCIES AND CONDITIONS OF COMPLETION OF 

THE COURSE 

1.1.1 Aims 

The aim of the course is to offer a mathematical model of the rational 
behaviour of the participants in the market, and of way in which national 
economy functions, and to develop and further deepen the studentsô 
mathematical model based interpretation of economics. The course fur-
ther aims at using the opportunities offered by methods provided by 
mathematics in modelling aspects related to the consumer, producer, or 
decision making, and of other processes taking place in national econo-
my, and thus to contribute to the participantsô properly grounded views on 
economic developments. 

1.1.2 Competencies 

Following the acquisition of the material of the course the student will: 
ï know and understand the basic relationships between func-

tions, which are indispensable for modelling the economic 
processes, particularly with regards to background analysis. 

ï possess views on economics inclusive of tools offered by 
mathematics that serve economic decision, 

ï identify economic problems, which can be solved with the 
help of some of the micro-, and macro-economic models 
studied. 

ï identify the economic relationships mathematically formulated 
values by way of which the behaviour of individual partici-
pants and its consequences can be forecast. 

ï be capable of abstracting, and simplifying the processes of 
economy. 

ï be able to produce a mathematical model of the rational be-
haviour of consumer market. 

ï produce a mathematical model of market behaviour of firms 
functioning under different market conditions and of firms 
which aim at maximum profit. 

ï be capable of producing mathematical models of some mac-
roeconomic processes. 

ï be capable of practical assessment of the results offered by 
the mathematical models of economic processes. 
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ï be able to formulate independent opinions and arguments re-
garding economic policies and other economic problems. 

ï be receptive to mathematics based approach to different 
problems of economics. 

ï be open to the study of economic processes on the principles 
of mathematical models. 

ï be interested in the application of mathematical tools in the 
field of economics. 

1.1.3 Conditions of the completion of the course 

The course can be regarded completed in case the student is in pos-
session of all the required competencies of each lesson, as described in 
the earlier sub-chapter and comprehend the material included into the 
study material provided by the individual units. 

1.2 THE CONTENTS OF THE COURSE 

 

Figure 1 Mind map 
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1.3 SUGGESTIONS FOR STUDY 

Since mathematics based economics employs chiefly the tools of 
functions theory to create models of economic interactions, before we 
start examining it, it seems appropriate to revise some of our knowledge 
of function analysis acquired earlier seems appropriate. Particular em-
phasis should fall on the interpretation of functions, their transformations 
and derivation. It follows from the above that most of the illustration of the 
economic interrelationships is provided through function graphs. The 
illustrations are always accompanied by textual explanations, and when 
we try to interpret these explanations it would be important to try and 
recognize them on the graphs ourselves. The material thus transmitted 
can be considered knowledge if we understand the economic aspects of 
the descriptive material and recollecting the interrelationships described 
does not recall the text but the respective illustration, and following the 
illustration visualised in our memory we can reproduce the acquired 
knowledge. Under the same logic it is advisable to answer the questions 
to be found at the end of the lessons and the tests should also be com-
pleted. It is important to emphasize that mathematical economy which 
forms the core of the course is a science built on logical structure and 
thus it can be studied by way of close interpretation. Consequently we 
should avoid memorizing and we should insist on understanding the de-
scriptions and explanations. Should we have problems in understanding 
certain categories of economics, or accurate definitions, we should make 
inquiries at the following entry: 

1. http://www.dictionaryofeconomics.com/dictionary  

As demonstrated by the structure of the course, the material is basi-
cally divided into two sections macro-, and micro-economics. We are 
going to get acquainted with the major representatives of the two fields 
when discussing the different themes, but we have to state from the very 
beginning that John Maynard Keynes produced scientific results which 
are of great relevance even for contemporary study of macro economy. 

2. http://www.maynardkeynes.or g/maynard-keynes-economics.html 

 
The material was written and edited by: 
 
T§nczos Tam§s PhD 
Associate professor 
Eszterh§zy K§roly College 
Institute of Economic Studies, Department of Economics and Law 

http://www.dictionaryofeconomics.com/dictionary
http://www.maynardkeynes.org/maynard-keynes-economics.html
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2. UNIT: THE INFLUENCE OF CONSUMERSô WILLINGNESS TO 

PURCHASE ON DEMAND 

2.1 AIMS AND COMPETENCIES 

The role of the lesson is to analyse the influence of consumersô will-
ingness to purchase on individual goods market demand with the aim to 
make the modelling of consumer behaviour possible. This can help within 
the production process to produce goods which can occupy an advanta-
geous position in the competition with other alternative products and thus 
enable us to realize the greatest possible profit. The mathematical mod-
elling of consumer purchase readiness makes possible not only the for-
mal revelation of consumer readiness, but also makes possible its profit-
ability based visual representation. 

2.2 STUDY MATERIAL 

 

Figure 2 Mind map  

2.2.1 Utility as a factor influencing demand 

As we already know it from our earlier studies (Economics I.), individ-
ual demand is the amount of goods the consumer is ready and able to 
buy in a given period of time, for a given price. In the present section we 
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are going to discuss the influence of  consumersô willingness to purchase 
on demand from among the factors influencing demand.  

The consumer is ready to buy a product if the product disposes of 
some characteristics that they want. This means that the willingness of 
the consumer depends on the utility of the product. 

Ç Utility  is the feeling of satisfaction caused by the consumption of a 

product or stock to the consumer. 

The utility of a product depends on the qualities of the product and the 
quantity consumed. As utility depends on the quantity of consumed 
goods it can be illustrated as a function of the consumed goods. The 
function thus arrived at is called total utility function (abbreviation: TU; 
Total Utility). 

Ç The total utility function shows utility in function of the amount of 

goods (Q) and illustrates the shape of Total Utility (TU). 

Ç Marginal utility  (abbreviation: MU) is the extra profit generated 

by the consumption of a given unit of the extra goods. The figure 

which shows the amount of gowth of utility if we increase the 

amount of consumed goods by one unit. 

MU = 
æTU

æQ
 

 
Marginal utility can also be illustrated in function of the amount of con-

sumed goods, the function thus arrived at is called marginal utility func-
tion. 

 The marginal utility function (MU) shows the state of the margin utility 
as a function of the quantity (Q) of the consumed goods. 

The marginal utility function is the primary quantity based derivate of 
the total utility function. 

 

MU = 
dTU

dQ
 

 
From the derivate it follows that the marginal utility function shows the 

growth rate of the total utility factor in a mathematical sense. 
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Figure 3 Total utility and marginal utility function  

The figures that can be read alongside the functions should be inter-
preted as follows. If we use the fourth product unit as an example, the 
figure 120 which can be read on the total utility factor means that in case 
of consumption of four units the total utility feeling of the consumer will be 
120 units. The decreasing phase of the total utility factor is expressive of 
the fact that following the maximum point (point of saturation) parallel to 
the increase of consumption utility is decreasing, that is the consumer 
feels worse. The design of the function shows that there exists a certain 
consumption level where utility becomes zero again. 

Value 18 alongside the utility margin function also means that in case 
of consumption of a fourth product unit the utility of the consumer in-
creases by 18 units. This also means that the utility of the fourth unit is 
18. The negative values of the marginal utility are derived from the de-
creasing section of the total utility function, as in this region through the 
consumption of every new good unit the total utility factor of the consum-
er depreciates. 
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The increase rate of the total utility function and the direction of the 
marginal utility function equally demonstrate that with the increase of the 
consumed goods the marginal utility is continually decreasing. This is 
expressed by Gossenôs 1st law. 

Ç With the consumption of every additional unit of stock the 

consumerôs total utility factor increases in ever lower rate, that is 

the marginal utility decreases. 

 

3. http://www.encyclopedia.com/topic/Hermann_Heinrich_Gossen.aspx  

 
In order to produce a model of the transformations of utility with the 

help of the above and other functions, and if we want to draw economic 
consequences from the changes of utility, utility has to be measured. 

 
There are two widespread theories regarding the way in which utility 

can be measured: 

ī According to the cardinal view the consumer can express the 
utility of the goods in cardinal numbers. 

ī According to the ordinal view the consumer is not able to express 
the utility of the consumed goods in cardinal numbers, yet the 
consumer arranges the goods on the basis of their utility, creating 
a so called preference system. 

 
Contemporary economics accepts the ordinal view. 
As according to the accepted view utility cannot be expressed through 

figures, when we create a mathematics based model, we have to ab-
stract from reality. In mathematical models utility can be given estimated 
values formulated as figures, but it is essential that the relationship of the 
figures should reflect the appropriate utility transformations. In most cas-
es this means that we should connect increasing utility values with ever 
increasing quantities of goods, yet the measure of the increase of utility 
values should be smaller and smaller (Gossenôs 1st law). 

 
Rational consumers attempt to maximize their total utility and to this 

aim they never buy one item, but rather a combination of goods or in oth-
er words a consumer basket. For the sake of simplicity we use a two 
goods (x and y) consumer basket in microeconomic models. In these 
cases the total utility function shows the transformation of total utility on 
the basis of the goods. In mathematical terms this isbivariate utility func-
tion . 

http://www.encyclopedia.com/topic/Hermann_Heinrich_Gossen.aspx
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Figure 3 Bivariate utility function 

In the case of the above function the qualities of X and Y goods can 
be read on the horizontal axes while the vertical axis shows the prospec-
tive utility (U) that can be attained by the joint consumption of both goods 
(consumer basket). 

 

2.2.2 The role of indifference and replacement in consumer 
decision 

As we mentioned it earlier, the utility maximizing consumer do not 
choose one product, but a combination of goods, that is a consumer bas-
ket. 

The consumer is able to compose consumer baskets, which contain 
different quantities of the individual goods with the result that their utility 
is different as well, but can also select consumer baskets with different 
goods and quantities which nevertheless represent an identical utility. If 
we illustrate the letter on a curve the result is an indifference curve. 
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Ç An indifference curve is the sum total of reference points in a 

coordination system, which contains consumer baskets of 

identitcal utility (combination of goods) for consumers. 

Ç The indifference map shows the totality of  different utility levels 

in a chart on the coordination system. 

 

Figure 4 Total indifference map  

The illustration shows a total indifference map. Distancing from the or-
igo produces increase in utility up to the point of saturation (the centre of 
the concentric cycles). One circle of the map is the indifference curve. 

We arrive to the total indifference map from the utility function if we 
Ăslice it upò with a horizontal plane. Because the circle situated in the 
innermost centre of the indifference map (U5) is at the top of the two vari-
able utility functions, its utility is the greatest on the next utility map. As 
the given circle was dissected in horizontal direction from the two varia-
ble utility functions identical utility can be measured at all its points. The 
next interior circle can be obtained from the two variables utility function if 
we cut a new slice from the next less valuable utility level, and so on. 
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If we divide the indifference map into four quarters and examine the 
given quarters individually we can see that the quarter situated closest to 
the origo is the only one in which if we increase the consumption of any 
goods, utility increases as well. In any of the other quarters it is possible 
in the case of at least one product that increasing the quantity results in 
decrease of utility. Because a rational consumer intends to maximize 
profit, he will consume from the first quarter. As during our analysis we 
are going to assume rational consumers, we intend to examine only the 
quarter next to the origo of the total indifference map. 

 

Figure 6 The relevant section of the indifference map  

Characteristics of well-functioning indifference curves: 

1. Total utility is constant along the curve. This characteristic derives 
from the definition of the indifference curve. On the basis of the 
following illustration identical utility is provided by 2,64 units "x" 
plus 12,53 units of "y" goods (basket "A"), as 12,49 units"x" plus 
2,65 units "y" goods (basket "B"). That is the two baskets are in-
different from the consumerôs point of view, because their utility is 
identical. 
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2. The curve has a negative sloping. This means that if we increase 
the consumption of one of the goods (e.g.: x) we have to de-
crease the consumption of the other one (e.g.: y) to avoid chang-
ing total utility and remain on the indifference curve. This is due to 
the fact that increasing consumption of good Ăxò utility grows, de-
creasing consumption of good Ăyò utility decreases, that is the to-
tal utility does not change as a result of the two influences. 

 

Figure 7 Constant utility, negative sloping curve on a well-functioning 

indifference curve  

3. The curve is convex onto the origo. This means that if we in-
crease the quantity of good Ăxò by one unit constantly, the amount 
of consumed Ăyò good should be reduced to a lesser extent, not to 
change total utility that is to remain on the indifference curve. 
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Figure 8 The convex character of a well-functioning indifference curve  

The figure which shows the necessary rate by which the units of good 
(y) should be reduced in case of an optional increase in the amount of 
consumption by a small unit in the case of one good (x) so that total utility 
stays unchanged is called marginal rate of substitution and is abbreviated 
as MRS. 

Ç Marginal Rate of Substitution (MRS) is the figure which shows 

that if we increase the consumption of one good (x) by one 

constant unit, there is a necessary units reduction of the 

consumption of the other (y) good so as to avoid changing total 

utility that is to remain on the indifference curve. 

From the above definition it follows, that in case of well-functioning in-
difference curves the marginal rate of substitution is always negative, so 
in our calculations we are going to handle it in absolute values. 

On the basis of the convex character of the well-functioning indiffer-
ence curve we can state that the marginal rate of substitution is decreas-
ing along the curve. 
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The interrelated formulae are known for the calculation of the marginal 
rate of substitution: 

 

MRSx,y =  -
æY

æX
 

 
The negative sign in the formula suggests that increase in the con-

sumption of good Ăxò imposes the decrease of consumption of good 
marked Ăyò to avoid changes in total utility. 

We use this formula when neither of the two variables utility function, 
nor the equation of the indifference curve is known, but the coordinates 
of the curve are numerically specified. 

 

MRSx,y =  
dY

dX
 

 
The marginal rate of substitution is the first rate derivate of good Ăxò on 

the indifference curve. We use this formula when we know the equation 
of the indifference curve. 

 

MRSx,y =  
MUØ

MUÙ
 

 
The marginal rate of substitution is identical with the rate of marginal 

utility of the goods. 
The above formula is used when the equation of the two variables util-

ity function is known, or the utility values related to the good-units are 
numerically available. If the equation of the two variables utility is known 
we define the equation of the margin utility of goods Ăxò and Ăyò as the 
partial derivate of the two variables function. 

 

4. The indifference curves cannot intersect or meet. 
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Figure 9 Intersection of indifference curves  

As baskets ĂAò and ĂBò are on the same indifference curve, as far as 
utility is concerned ĂA = Bò. As baskets ĂAò and ĂCò are also on the same 
indifference curve as far as utility is concerned ĂA = Cò. From the pre-
sumption that ĂA = Bò and ĂA = Cò, the conclusion that ĂB = Cò should 
follow. But as on the basis of the illustration this is not true the two indif-
ference curves cannot intersect nor can they meet. 
On the basis of the illustration consumer basket ĂAò could represent a 

basket with two different utilities for the consumer. This is practically im-
possible. 

 

Å We shall discuss special-shaped indifference curves later. 

2.3 SUMMARY, QUESTIONS 

2.3.1 Summary 

In this unit we discussed goods utility as a factor which influences 
consumer willingness. We clarified the relationships between the quantity 
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of consumed goods and utility with respect to total consumption and the 
last unit of consumed goods. With the help of the two variable utility func-
tions, we examined basic consumer behaviour aimed at maintaining a 
constant utility level through substitution of goods. Thus we paved the 
way for the analysis of cost and income as factors which determine con-
sumer ability and stated that the substitution of goods is determined not 
only by utility but costs and income obviously play an important role as 
well.  

2.3.2 Self assessment questions 

? How do you define total utility function? 

? What is utility margin? 

? What is the relationship between total utility and margin utility func-
tions? 

? Characterize the well-functioning indifference curves! 

? What is marginal rate of substitution and how can it be calculated? 

2.3.3 Practice tests 

? Moving outwards from the origo in the first quarter of the indiffer-
ence map containing well-functioning indifference curbs: 

ï utility grows at a lower rate 
ï grows at a greater rate 
ï it decreases at a lower rate 
ï it doesnôt change 

 

? Total utility attainable by classically defined consumer: 

ï is independent from the quantity of the consumed goods 
ï grows at a slowing rate with the growth of the quantity of the 

consumed goods 
ï decreases parallel with the rate of growth of the consumed 

goods 
ï grows parallel with the growth of the quantity of the con-

sumed goods 
 

?  On the well-functioning indifference curve: 

ï the marginal rate of substitution decreases in absolute terms, 
because the consumer has to replace a given constant unit of 
one good with an ever smaller unit of the other good in order 
to preserve total utility 
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ï the marginal rate of substitution decreases in absolute terms, 
because the consumer has to replace a constant unit of a 
given product with an ever smaller unit of the other product to 
preserve total utility 

ï the marginal rate of substitution decreases in absolute terms,  
because the consumer has to reduce consumption of one 
product to increase the consumption of the other product if he 
wants to maintain total utility 

ï the marginal rate of substitution decreases in absolute value 
because the curve is negative in direction 

 

? Utility margin at the maximum point of total utility function is: 

ï positive 
ï negative 
ï zero 
ï decreasing 

 

? If in the case of five good units utility margin is fifteen this means 
that: 

ï if the consumer consumes five units of good, his utility margin 
will be fifteen 

ï a consumer can attain fifteen units of utility by consuming five 
units of the good 

ï the consumerôs utility cannot exceed fifteen units, as it has 
reached the limits of its utility 

ï the utility of the fifth product is fifteen 
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3. UNIT: THE INFLUENCE OF CONSUMERSô ABILITY TO 

PURCHASE ON DEMAND, INDIVIDUAL DEMAND 

3.1 AIMS AND COMPETENCIES 

The aim of this unit is to analyse the interrelationship among factors 
which determine consumersô ability to purchase and its influence on de-
mand as well as the examination of the optimal income spending, chang-
es of real wages, and cost with emphasis on demand.  

In the course of our expertise we are going to find out more about 
changes in cost, real wages, the potential of mathematical and geomet-
rical models of rational consumer decisions contained by price-value re-
lationship, and with the help of the above we intend to set up individual 
demand functions based on the changes in real wages and price level. 

3.2 STUDY MATERIAL 

 

Figure 10 Mind map  
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3.2.1 The appearance of consumersô ability to purchase on 
the budget line 

The purchasing potential of the consumer depends on his real wages. 
Real wages depend on the nominal wages and the cost of a good. On 
the above basis we can state that consumersô ability to purchase is de-
fined by nominal wages and the price of a good. 

In accordance with the above consumer ability can be modelled with 
the help of the budget line. 

Ç The budget line or budget constraint (e) is the sum of combination 

of goods the consumer is able to buy spending all his given income 

at given prices of the market in the coordinating system. 

The equation of the budget line: 
 

)  0Ø ɕ Ø  0Ù ɕ Ù 
 
Where: 
ï I:  the income of the consumer; constant 
ï Px: the price of good Ăxò; constant 
ï Py: the price of good Ăyò; constant 
ï x:  the quantity of good Ăxò; variable 
ï y:  the quantity of good Ăyò; variable 

Å While discussing consumersô ability to purchase in relation to the 
budget line of the consumer, for the sake of easier modelling, 
similarly to earlier cases, we are going to start from the simplifying 
hypothesis that the consumer buys or consumes only two goods 
as Ăxò and Ăyò. 

In order to be able to examine consumersô willingness to purchase 
(indifference curve, indifference map) and consumersô ability to purchase 
(budget line) together we have to illustrate budget line on a coordinate 
system with axes Ăx; yò  as well. This imposes arranging the equation of 
the budget onto Ăyò. 

 

y =  -
Px

Py
 * x + 

I

Py
 

 
As Px; Py and ĂIò are constants, on the basis of the above equation we 

can state that the budget line has a negative sloping, where the vertical 
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axis intersecting is 
I

Py
. If we rearrange the above equation onto Ăxò it is 

also easy to realize that the horizontal intersection of the axis will be
I

PØ
. 

 

 

Figure 11 Budget line (constraint)  

From the definition of the budget line it follows that at any given point 
on it, the consumer can purchase the resulting combination of goods Ăx, 
yò if he spends all his income. From this it also follows that because the 
value of Ăyò on the horizontal axis intersecting the horizontal axis crossing 
of the line shows the quantity of good "x" the consumer can buy if he 
spends all his income on good Ăxò. The vertical axis intersecting the line 
shows the same with reference to good Ăyò. This can be testified by sub-
stitution with the parameters which signal the intersecting axes. 

On the basis of the equation of the budget line we can say that the 
line has a negative sloping. This is due to the fact that on the budget line 
the income of the consumer is constant and if the consumer increases 
the amount of the good (x) purchased the amount of the other good (y) 
he buys has to decrease. Although the sloping of the budget line is nega-


