













[bookmark: bookmark0][bookmark: bookmark1]Principles of Production
[bookmark: bookmark2][bookmark: bookmark3]Learning Objectives
The students will be able to understood the following objectives after the completion of this unit.To know the meaning and importance of production
To know the concept of total, marginal and average production
To know the law of variable proportion
To explain IRS, DRS and CRS




[bookmark: bookmark6][bookmark: bookmark7]4J Introduction
Production is creation of matter. But, in reality, matter can neither be created nor destroyed. Man can only create utilities or add utility to the already existing matter by changing shape, size, form, etc. Thus, in economics, the term production refers to the creation of economic utilities in different ways. In other words, production is the combined efforts of all productive resources (factors of production). It is also called human action. There are various ways in which utility is created.
a. Form utility. Form utility is created by changing the form or shape of materials, e.g. furniture made of raw wood. Basically, form utility is created through the manufacture of goods.
b. Place utility. Place utility is created through the transportation of goods from one place to another. Thus, in marketing, the movement of goods from the factory to the market creates place utility. Similarly, when food grains are shifted from the farm to the local or city markets by the farmers or merchants, place utility is created. Place utility of a commodity is always more in an area of scarcity than in an area of abundance, e.g. Bhojpure Khukuri has a higher price in Kathmandu Valley than in Bhojpur on account of place utility.
c. Time utility. Hoarding, storing and preservation of definite goods over a period of time may lead to the creation of time utility. For instance, by producing or storing umbrellas in winter and keeping their stocks for sale at the time of monsoon, producers derive the advantage of time utility. Utility of a commodity is always more at the time of scarcity.
d. Service utility. It is created by various professionals such as teachers, lawyers, doctors, actors, etc. in rendering personal service to the customers.
4.2 [bookmark: bookmark8][bookmark: bookmark9]Meaning of production
The meaning of production means to make, create, grown up, manufacture, etc. In the language of economic production is a process of transformation. In the factor of production that are land, labour, capital, organization, technology, raw material etc. Which is the final goods and services that can fulfill consumption and investment demand of people.
According to J.R. Hicks, "Production may be define as any activity to whatever, physical or mental which is directed to the satisfaction of other peoples wants through exchange."
According to Ely, "Production means creation of utility."
4.3 [bookmark: bookmark10][bookmark: bookmark11]Importance of production
Production is the most important concept in economics theory. Theory of production is assist in different sector of an economy. Theory of production help to the living standard of people, economic growth economic development. Higher productivity increase the living standard of peoples. The importance of production are mentioned below.
1. Increase employment opportunities
A huge amount of production helps to increase the employment opportunities. Higher productions and services creators higher level of opportunities.
2. Increase living standard of peoples
Higher production increase the living standard of people because the PCI of people increase due to production. By selling goods and exporting goods.
3. Increase foreign trade
If the higher quality of goods and services produce within the country. Surplus goods sell international market which can earn the foreign currency by exporting annds.
4. It helps to fulfill the basic needs
Production helps to fulfill the basic needs of people which helps to be self-reliant of peoples. Higher production help to establish the welfare state and development activities run smoothly.
5. It helps to self-reliant of the country
Production helps to increase the productivity which helps is to be self-reliant of the country.
4.4 [bookmark: bookmark12][bookmark: bookmark13]Concept of Product
There are three concepts of product. They are:
1. [bookmark: bookmark14][bookmark: bookmark15]Total Product (TP)
It refers to the total amount of a commodity produced by the combination of all inputs in a given period of time. It is calculated in two ways:
a. Multiplying the average product with the total units of the inputs employed, i.e. TP = AP*N	.	‘
	where
	TP = Total product
AP = Average Product
N = Total units of inputs employed


b.	Summation of marginal products, i.e. TP = £MP
or, TP = ZMP = MP + MP, +	+	MPn


	where
	TP - Total product


MP, = Marginal product of 1st unit of input
MP, = Marginal product of 2nd unit of input
MPn = Marginal product of nth unit of input

2. [bookmark: bookmark16][bookmark: bookmark17]Average Product (AP)
An average product is the outcome of the total product divided by the total units of the input employed. It refers to the output per unit of the input. Mathematically,
[bookmark: bookmark18][bookmark: bookmark19]AP = IP
AF N
where AP = Average product,
TP = Total product
N = Total units of input employed
3. [bookmark: bookmark20][bookmark: bookmark21]Marginal Product (MP)
It is the addition made to total product by employing one more unit of the input. In other words, it is the ratio of the change in total product with the change in units of the input. It is expressed as:
where MP = Marginal product AP = Change in total product AN = Change in units of input
It is also expressed as,
MP = TP -TP n-1
Where, MP = Marginal product
TPn = Total product after employing one more unit (nth unit)
TPn -1 = Total product before employing one more unit (n - 1th unit)
4.5 [bookmark: bookmark22][bookmark: bookmark23]Production Function
Production process involves the use of various inputs or factor services to produce output. For example:
a. A wheat farm takes land, labour, seed, fertilizer, spades, tractors to produce wheat.
b. An airline needs airplanes, labour, fuel, terminal building and scientific management and reservation system to provide passengers with the ability to travel quickly from one place to another.
c. A nursing home takes computers, medical books, medicines, nursing staff and doctors, office space to provide medical treatment to the sick people.
All these production units always attempt to produce the optimum level of output for a given dose of inputs. Thus, output is the function of inputs. In other words, production function establishes functional relationship between inputs (as independent variables) and output (as a dependent variable).
Based on time, the production function is of two types. They are:
a. Short run production function (or Single variable production function)
Short period is a period in which supply cannot be changed according to change m the demand. It is because all factors of production cannot be varied due to lack of sufficient time in short run. The firm can increase production to a limited extent by employing worker overtime, hiring more direct labourers, using more raw materials and operating its plants and machineries more intensively, keeping the other factors constant. Thus, short run production function establishes functional relationship between the units of variable factors with constant unit of fixed factors and the output.
Algebraically, it is written as:
Q = f(Nv,K)
where Q = Output
f = Function
Nvf = Units of variable factors, K= Constant unit of fixed inputs
It is also called single variable production function or production function with one variable input.
b. Long run (or Multi-variable) production function:
Long run is a period in which supply can be changed according to change in the demand. It is because all factors of production can be varied due to the availability of sufficient time in long run.
Thus, long run production function establishes a functional relationship between the units of all inputs and output. Therefore, it is also termed as ‘multi-variable production function’. Algebraically, it is expressed as:
Q = f(Ld, L, K, M, T)
Where, Q = Output, f = function, Ld = Land, L = Labour, K = Capital, M = Management, T = Technology
4.6 [bookmark: bookmark24][bookmark: bookmark25]Law of Variable Proportions
This law is associated with the short run production function. The law of variable proportions, also known as the law of diminishing returns, shows the effect on the output with the variation in proportion of variable inputs. In other words, it examines how the output will vary in short run as we apply more of a variable factor to a given quantity of fixed factor.
According to Benham, ‘Ms the proportion of one factor in a combination of factors is increased, after a point, first the marginal product and then the average product of that factor will diminish. ”
According to Stigler, “As equal increments of one input are added, the inputs °f other production services being held constant, beyond a certain point the resulting Cerements of product will decrease, i.e. marginal product will diminish. ”
[bookmark: bookmark26][bookmark: bookmark27]Assumptions of the Law
The law of variable proportions is based on the following assumptions.
a. All units of labour are homogenous.
b. The state of technology is assumed to be given and unchanged.
c. It is possible to make proportionate change in use of capital with labour.
[bookmark: bookmark28][bookmark: bookmark29]Three stages of law of variable proportions:
The law of variable proportions is explained with the help of the following production schedule and diagram.
Production Schedule
	Units of Factor
	Output (units)
	Stage of Production

	(N)
	TP
	AP
	MP
	

	1
	10
	10
	10
	-

	2
	30
	15
	20
	1st stage

	3
	60
	20
	30
	

	4
	80
	20
	20
	"1

	5
	90
	18
	10
	2nd stage

	6
	90
	15
	0
	J 3rd stage

	7
	80
	11.4
	-10 -
	



[bookmark: bookmark30][bookmark: bookmark31]Stage I: Stage of Increasing Returns
According to given table and Fig. 4-1, this stage starts from the beginning (i.e. point of origin) and ends of till 4 workers (OB units of workers) are employed, where the average product is maximum. In this stage, the total product increases throughout, but it increases at an increasing rate initially and increases at a diminishing rate later. Similarly, marginal product rises and reaches the maximum at point T, and then starts decreasing, but it is positive. Average product goes on increasing throughout and becomes maximum. At point L the average product and the marginal product are both equal. Stage I is known as the stage of increasing returns because the average product of the variable factor increases throughout this stage.
The main causes for the operation of this stage are:
i. Indivisibility of fixed inputs
ii. Higher degree of specialisation of the variable factors by adopting the process of division of labour

[bookmark: bookmark32][bookmark: bookmark33]Stage II: Stage of Diminishing Returns
According to the above schedule and figure, the employment of fifth and sixth units of labourers (or employing BC units of labourers ) shows stage of diminishing returns. In this stage, the total product increases at a decreasing rate and reaches its maximum in Similarly, both the marginal product and the average product of the variable factors are diminishing but positive. This stage ends when TP becomes maximum or the marginal product becomes zero. This stage is called the stage of diminishing returns because both the marginal and the average products of the variable factors are diminishing. 
The main causes for the operation of this stage are:
i. Fuller utilisation of fixed inputs
ii. The proportion use of the variable factor will be greater than the proportion use of the fixed factor
[bookmark: bookmark34][bookmark: bookmark35]State III: Stage of Negative Returns
This stage is shown by the right side of the vertical line CD in Fig. 5-1 (or from the employment of 7lh unit of workers). In this stage, the total product is declining, marginal product decreases and becomes negative and average product decreases continuously but remains positive. This stage is called the stage of negative returns because the marginal product of a variable factor is negative. The main causes for the operative of this stage are:

i. Inefficient utilization of labour
ii. Overutilization of fixed inputs
Properties of the Curves of Total Product, Average Product and Marginal Product
In which stage does a rational producer seek his production process?
	At Figure
	Total Product
	Average Product
	Marginal Product

	1. State: 1st
To Point F
At points F to A
	First increases at increasing rate Then the rate of increase switches from increasing to diminishing
	Increase becomes maximum
	Increase
At a maximum begins to diminish

	2. Stage: 2nd At points A and H
	Continues to increase at diminishing rate
	At a maximum (= MP) and then begins to diminish
	Continues to diminish

	At points H and D
	Eventually becomes maximum
	Continues to diminish
	Becomes zero

	3. Stage: 3rd To right of CD vertical line
	Diminishes
	Continues to diminish
	Is negative


A rational producer will never choose the first and the third stage for its production. In other words, a rational producer would not like to operate stage ‘I’. It is because the average product of the variable input is increasing throughout this stage. If the producer stops operating before stage I ends, it means that he is not taking full advantage of the constant rising average product of the variable factor. Similarly, fixed resources are not fully utilised and it is not possible to recover cost incuned on such factors in stage ‘I’. In stage III, MP of the variable factor is negative. It is not beneficial to operate this stage. Thus, it is obvious that the rational producer will not like to operate in stage I and stage III.
It is beneficial to operate production in stage II because fixed resources are fully utilised and it is possible to recover the cost incurred on such resources. Thus the total product becomes maximum and the marginal product becomes zero It can be concluded that a rational producer seeks his production in that stage where the total product is maximum or marginal product is zero.
[bookmark: bookmark36][bookmark: bookmark37]Applications of the Law in Agriculture
1. Influence of natural factors
Agricultural operation is affected by the natural factors such as climate conditions, rainfall, fertility of the soil, open stretch of the field, exposure to locust invasion, wild animals, frost bite, harmful insects and pests, etc. So there are chances of destruction of crops. Also the fertility of the soil may go on declining with each successive crop. Artificial fertility obtained through fertilisers is not a permanent improvement. Later on their constant use make the soil crust saline and useless.
2. Less scope and machine operation
In agriculture, the scope of machine operation is comparatively low and its use is also not full time and complete. The use of thrashers, tractors, harvesters, etc. is confined only for one particular purpose. Machines do hardly one-third of the job and the rest is undertaken by labour.
3. Physical supervision is difficult
Cultivation is an ‘open operation’ where physical supervision under controlled environment is not possible. In manufacturing process, the articles are produced in a covered factory under close supervision.
4. Full time use of land is not possible
In cultivation, farmers have to keep the field fallow for some time in order to regain its fertility and some times it is to rotate crops. In rotation system only cheap value crops (fodder crops) have to be sown at the cost of high valued crops (Commercial and food crops). Thus; land cannot be used for full time as in the case of factory, which works round the clock in short system.
[bookmark: bookmark38][bookmark: bookmark39]Limitations of the Law
The main limitations of the law are: 1. Improved methods of cultivation
According to this law as the proportion of one factor in a combination of factors is increased, after a point, first the marginal and then the average output of that factor will diminish. This assumes that the state of technical knowledge is given and that there are no ‘economies of scale’. This law does not work effectively if the farmers adopt better and improved techniques of production.
New soil
Similarly, this law is not applicable when new soil, not being used for cultivation till now, is brought under the plough. Since the fertility of the soil is high, the production increases at a faster rate in the beginning when cultivation is done on this soil.

3. Insufficient capital	
If the farmers are not using sufficient amount of capital then the production will 
 increase at a faster rate when more capital is used. Later, the marginal production may decrease.
[bookmark: bookmark40][bookmark: bookmark41]Relation between average product and marginal product
Based on following production schedule and figure, the relation between AP and MP can be traced out as follows:
	Units of Inputs
	Average Product
	Marginal Product
	

	'                     1
	10
	10
	

	2
	15
	20
	

	3
	20
	30
	

	4
	20
	20
	

	5
	18
	10
	

	6
	15
	0
	

	7
	11.4	1
	-10
	




[bookmark: bookmark42][bookmark: bookmark43]4.7 Returns to Scale
Returns to scale is associated with the long run production function. In the long 
run, all the factors can be varied to increase the output. In other words, all the factors of production are variable in the long run  because the firm has sufficient time to make adjustments in all the factors.
Returns to scale reveals the total effect on output with proportionate variations in all inputs. When all the inputs are changed in the same proportion, we call this change in scale of production. The study of the change in output as a result of change in scale of production is called returns to scale. The way of the behaviour of output to change in the scale of production is known as the Law of Returns to Scale.
[bookmark: bookmark44][bookmark: bookmark45]Three Laws of Returns to Scale
1. Increasing Returns to Scale (IRS)
If the percentage of proportionate increase (or change) in output is greater than the percentage or proportionate increase (or change) in input, it is the law of increasing returns to scale in operation. In other words, if the average product and the marginal product increase with the proportionate variation in all inputs, the increasing returns to scale operates in production.
2. Constant Returns to Scale (CRS)
If the percentage or proportionate increase in output equals the percentage or proportionate increase in inputs, it is the law of constant returns to scale in operation. In other words, if the average and the marginal product both remain constant with the proportionate variation in all inputs, the constant returns to scale operates in production.
3. Decreasing Returns to Scale (DRS)
If the percentage or proportionate increase in output is less than the percentage or proportionate increase in inputs, it is the law of decreasing returns to scale in operation. In other words, if the average and the marginal product both decrease with the proportionate variation in all inputs, the decreasing returns to scale operates in production.
Three laws of returns to scale can be explained with the help of the following table.
	Inputs (N)
	% increase in inputs
	Output (Q or TP)
	% increase in output
	AP
	MP
	Degree of Returns to
Scale

	1
	—
	20
	—
	20
	20
	AQ > AN 
	IRS

	2
	100
	40
	150
	25
	30
	 AP>MP
	

	|	3
	50
	60
	80
	30
	40
	
	

	1
	—
	20
	—
	20
	20
	      Q=N
	CRS

	2
	100
	50
	100
	20
	20
	    AP = Mp
	

	3
	50
	90
	50
	20
	20
	
	

	1
	—
	20
	—
	20
	20
	AQ < AN
	DRS

	2
	100
	35
	75
	17.5
	17.5
	AP< MP
	

	3
	50
	45
	28
	15
	15
	
	


In Fig. 5-3, inputs and marginal product are measured on the X-axis and the Y-axis respectively. In the figure, PP] is the marginal product curve. It slopes upwards to the right. The slope of the curve indicates that when all the inputs are varied in the same proportion, the product obtained from each successive unit goes on increasing. This is the condition of the law of increasing returns to scale.
In Fig. 5-4, inputs and marginal product are measured on the X-axis and the Y-axis respectively. In the figure, PP, is the marginal product curve. It slopes horizontally or parallel to the X-axis. The slope of the curve indicates that when all the inputs are varied in the same proportion, the product obtained from each successive unit remains constant. It is the condition of the law of constant returns to scale.
In Fig. 5-5, inputs and marginal product are measured on the X-axis and the Y-axis respectively. In the figure, PP3 is the marginal product curve. It slopes downwards to the right. The slope indicates that when all inputs are varied in the same proportion, the production obtained from each successive unit goes on falling. It implies the law of decreasing returns to scale.

Difference between Laws of Variable Proportions and Returns to Scale
	Law of Variable Proportions

	Law of Returns to Scale

	
	l he law applies in the short run.
	1. The law applies in the long run.

	2.
	In this, the level of production is
	2. In this, scale of production is

	
	changed.
	changed.

	3.
	In this, only the units of variable
	3. In this, all factors of production are

	
	factors are changed and the units of
	changed in the same proportion.

	
	fixed factors remain the same.
	4. There are three stages in the law:

	4.
	There are three stages in this law:
	a.	Increasing returns. It occurs

	
	a. Increasing returns. In this
	when increasing in output

	
	stage, TP and AP rises, MP
	is more than proportional to

	
	rises and starts falling.
	increase in inputs.

	
	b. Diminishing returns. In this
	b. Constant returns. It occurs

	
	stage, TP rises at a diminishing
	when increase in output is

	
	rate, AP and MP decline.
	proportional to increase in

	
	c. Negative returns. In this stage,
	inputs.

	
	TP and AP decline and MP
	c. Decreasing returns. It occurs

	
	becomes negative.
	when increase in output is less than proportional to increase in inputs.



[bookmark: bookmark46][bookmark: bookmark47]Exercise J
A. Very short answer questions
1. What is production?
2. Define marginal product.
3. List down the three forms of production.
4. List down the factors of production.
5. Define average product.
6. Define total product.
7. State the law of variable productions.
8. List down the assumption of the law of variable productions?
9. What is the trend of TP, AP and MP in increasing return to scale?
10. State the law of decreasing return to scale.
13. State the law of constant return to scale.
B. Short answer questions
1. Explain the trend of TP, AP, MP.
2. What is called production function? Explain its types.
3. Explain the different stages of law of variable proportions.
4. Differentiate between SRPF and LRPF?
5. Explain the importance of production.
C. Long answer questions
1. Explain the law of variable production.
2. [bookmark: _GoBack]Explain the laws of returns to scale.
