Meaning of Production Function 
The Law of returns bring out clearly the functional relationship between inputs and out puts. In mathematics a function is the expression of the precise relationship existing between a number of variables where the value if one of the variables depend on the values of others. 

The production function formalizes the relationship between the quantity of output yielded by a product process and the quantities of the various input used in that process.  Inputs refer to the various factor prices, which are used in the production. Outputs on the contrary refers o the quantity of goods produced by the firm with the help of the various inputs. The relationship between the physical inputs and the physical outputs of a firm is generally referred to as the production function.  Basically a production function is a technological or engineering concept.  The production function shows for a given state of technological knowledge and managerial ability, the maximum rates of output that can be obtained from different combinations of the productive factors during a given period of time. In brief, the production function is a catalog of different output possibilities. 


The production function can also be expressed in the form of mathematical equations in which output is the dependent variable and inputs are the independent variables. In general terms this relationship can be stated as : 



P:      ( a, b, c, ……. n ) 

Where P is the rate of output of a given commodity and a, b, c, …….n are the various factor services used per unit of the time. If a small textile factory produces 5000 meters of cloth per 8 hour shift, then its production consists the maximum quantities of raw cotton, power, labour, dye materials etc.  A production is always specified for a period of time. It is flow of inputs resulting in a flow of outputs during a specified period of time. 


Each firm has its own production function which is determined by the state of technical knowledge and managerial ability of that firm. If there is an improvement in that state of technical knowledge or managerial ability of the firm, the old production function is displaced  and anew one takes its place. The new production function has a greater flow of outputs from the original inputs or it involves smaller quantities of inputs for the same original outputs. Its possible for the new production function o have a smaller flow of outputs for a given quantity of inputs, if in the meanwhile there has been a deterioration in the state of physical assets of the firm.   


The firm is thus confronted with two kinds of markets. 

The Commodity market in which it appears as a supplier, selling its goods along with the demand curve of the customers and 

The factor market for various factors of production in which the firm appears as a buyer, buying inputs so as to minimize its total cost of production. 


The second type of market put prices upon the various productive factors of the community and thus determines the distribution of income that is wages, rent, interest etc…


The study of the aggregate production function of an economy is valuable. It throws light on the behaviour of the productivity of productive factors in the economy over time. A recent study of Robert Solow, an American economist showed how technological progress has been improving the productivity of American labour and capital.

Assumption of the production function.  

The production function is based on the following assumptions. 
i) It is related to a specified period of time. 

ii) It is assumed that the state of technical knowledge does not change during the period of time. 

iii) It is assumed that the firm in question will use the best and the most efficient technique available in production.

iv) The factors of production are divisible into viable units. 

Economists in the past had formulated several production functions on the basis of statistical analysis of the relation between changes in the physical inputs and physical outputs. A well known example of a statistical production function is the Cobb- Douglas production function formulated by the famous American economist Paul H. Douglas and E.W. Cobb. This production function in its original form applied to the entire business of manufacturing in USA. It should however be remembered that the formula of production function is highly technical job.
THEORIES OF PRODUCTION

The laws of production explain the characteristics of the production function. Normally, the laws of production are divided into two parts; they are; 

1. The law of variable proportions

2. The law of returns to scale

The law of variable proportions

This law is usually associated with the early 19th century economist, David Ricardo. If one input is variable and all other inputs are fixed the firm’s production function exhibits the law of variable proportions. If the number of units of a variable input is increased, keeping other inputs constant, how output changes is the concern of this law. Suppose, land, plant and equipments are the fixed factors, and labour the variable factor. When the number of labourers is increased successively to have larger output, the proportion between fixed and variable factors is altered and the law of variable proportion sets in.

The law states that, “as the quantity of variable input is increased by equal doses keeping the quantities of other inputs constant, total product will increase, but after a point at a diminishing rate”. This principle can also be defined thus: “when more and more units of the variable factors are used, holding the quantities of fixed factors constant, a point is, reached beyond which the marginal product, then the average and finally the total product will diminish. The law of variable proportions is also known as diminishing returns. 

The law can be illustrated with the help of table. 

Output of wheat in physical units

	No of workers
	Total Product
	Average Product
	Marginal Product

	1
	8
	8
	8

	2
	20
	10
	12

	3
	36
	12
	16

	4
	48
	12
	12

	5
	55
	11
	7

	6
	60
	10
	5

	7
	60
	8.6
	0

	8
	56
	7
	-4


In the table, fixed input land of 4 acres, units of the variable factor labour are employed and the resultant output is obtained. The production function is revealed in the first two columns. The average product and marginal product columns are derived from the total product column. The average product per worker is obtained by dividing total product by a corresponding unit in number of workers. The marginal product is the addition to total product by employing an extra worker, 3 workers produced 36 units and 4 workers produced 48 units. Thus the marginal product is 12 ( 48-36 =12 ) units. 

An analysis of the table shows that the total, average and marginal products increase at first, reach a maximum and then start decreasing the total product reaches its maximum when 7 nits of labour are used and then it declines. The average product continues to rise till the 4th unit while the marginal product reaches its maximum at the third unit of labour, then they also fall. It should be noted that the point of falling output is not the same for total, average and marginal product. The marginal product starts declining first, the average product following it and the total product is the last to fall. This observation points out the tendency to diminishing returns is ultimately found in the three productivity concepts. 
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The law of variable proportions is presented diagrammatically also. 

The diagram shows the relationship between the product ( output ) of the firm and the number of units of labour ( the variable input ) employed by the firm. The units of labour are assumed to be of equal quality and to be used in conjunction with a fixed plant. Inspection of the graph shows that the total output of the firm ( T.P ) increases as the amount of labour hired increases, until the addition of a marginal labour courses total output to decrease. The total output curve is continuous because it is assumed that the units of the variable input can be made as small as desired. As the figure suggests, the total product will usually first increase at an increasing rate, then at decreasing rate until it reaches an absolute maximum and finally decrease to zero. The average product curve represents the total product of any given number of units of labour divided by the number, the marginal product curve represents the rate o increase of total product. Thus, both of these curves may be derived geometrically from the total product curve with these concepts in mind, it is possible to distinguish three stages of the law of variable proportions. 

Three stages of production:  

When one input is variable and others are held constant, the relations between the input and the product are conventionally divided into three stages. 

Stage – 1 

The first stage goes from the origin to the point where the average product curve reaches a maximum and where marginal and average products are equal. The marginal product first increases and then decrease in this region. 

Stage – 2 

The second stage begins from the point where the average product curve reaches a maximum and ends at the point where the marginal product becomes zero. The marginal product becomes zero when the total product reaches a maximum. 

Stage – 3

The third stage begins from the point where the marginal product becomes zero, and ends at the point where total product starts declining. The employment of the 8th worker, actually causes a decrease in total output from 60 to 50 units and makes the marginal product minus 4. 

The law of variable proportion occupies a very important place in economic theory. It describes the production function with one variable factor while the quantities of other factors of production are fixed. 

The law of Returns to scale  

The law of returns to scale describes the relationship between outputs and the scale of inputs in the long run when all the inputs are increased in the same proportion. To meet a long run change in demand the firm increases its scale of production by using more space, more machines and labourers in the factory. 

Assumptions

This law assumes that; 

· all factors ( inputs ) are variable but enterprise is fixed, 

· a worker works with given tools and implements,

· technological changes are absent, 

· there is perfect competition and 

· the product is measured in quantities.  

Given these assumptions, when all inputs are increased in unchanged proportions and the scale of production is expanded, the effect on output shows three stages. Firstly, returns to scale increase because the increase in total output is more than proportional to the increase in all inputs. Secondly, returns to scale become constant as the increase in total product is in exact proportion to the increase in inputs. Lastly, returns to scale diminish because the increase in output is less than proportionate to the increase in inputs. This principle of returns to scale is explained with the help of a table. 

Returns to scale in physical units

	 Units
	Scale of Production
	Total Returns
	Marginal Returns

	1
	1 worker   + 2 acres land
	8
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8

	2
	2 workers + 4 acres land
	17
	9

	3
	3 workers + 6 acres land
	27
	10

	4
	4 workers + 8 acres land
	38
	11

	5
	5 workers + 10 acres land
	49
	11

	6
	6 workers + 12 acres land
	59
	10

	7
	7 workers + 14 acres land
	68
	9

	8
	8 workers + 16 acres land
	76
	8


This table reveals that in the beginning with the scale of production total output is 8. To increase output when the scale of production is doubled total returns are more than doubled. They become 17. Now if the scale is trebled, returns increase by more than three – fold, that is 27. It shows increasing returns to scale. If the scale of production is increased further, total returns will increase in such a way that the marginal returns become constant. In the case of 4th and 5th units of the scale of production, marginal returns are 11, that is, returns to scale are constant. The increase in the scale of production beyond this will lead to diminishing returns. In the case of the 6th, 7th and 8th units, the total returns increase at a lower rate than before so that the marginal returns start diminishing successively to 10, 9 and 8. 



In the figure, RS is the return to scale curve where from R to C returns are increasing, from C and D, they are constant and from D onwards they are diminishing. 

1. Increasing returns to scale 

Returns to scale increases, because of the indivisibility of the factors of production. Indivisibility means that machines, management, labour, finance etc cannot be available in very small sizes. They are available only in certain minimum sizes. When a business unit expands, the returns to scale increase, because, the indivisible factors are employed to their maximum capacity. But the concept of indivisibility is vague. Modern economists, therefore, attribute increasing returns to scale to specialization and economies of scale. 

When the scale of the firm is expanded, there is wide scope for specialization of labour and equipments. Work can be divided in to small tasks and workers can concentrate on the narrower range of processes. For this, specialized equipment can be installed. Thus with specialization, efficiency increases and increasing returns to scale follow. 

Further, as the firm expands, it enjoys internal economies of production. It may be able to install better machines, sell its products more easily, borrow money cheaply, produce the services of more efficient manager and workers, etc. All these economies help in increasing the returns to scale more than proportionally. 

Not only this, a firm enjoys increasing returns to scale due to external economies. When the industry itself expands to meet the increased long run demand for its product, external economies appear which are shared by all the firms in the industry. When a large number of firms are concentrated at one place, skilled labour, credit and transport facilities are easily available. Subsidiary industries crop up to help the main industry. Trade journals, research and training centre appear which help in increasing the productive efficiency of the firms. Thus, these external economies are also the cause of increasing returns to scale.       

2. Constant Returns

But increasing returns to scale do not continue indefinitely. As the firm is enlarged further, internal and external economies are counterbalanced by internal and external diseconomies. Returns increase in the same proportion. So that there are constant returns to scale over a large range of output. Here the curve of returns to scale is horizontal. In the diagram CD shows constant returns to scale. It means that the increments of each input are constant at all levels of output. 

3. Diminishing Returns to scale 

Constant returns to scale are only a passing phase, for ultimately returns to scale start diminishing. Business may become unwieldy and produce problems of supervision and co-ordination. Large managements creates difficulties of control and rigidities. So these internal diseconomies are added external diseconomies of scale. These arise from higher factor prices or from diminishing productivities of the factors. As the industry continues to expand the demand for skilled labour, land, capital etc. rises. There being perfect competition, intensive bidding raising wages, rent and interest. Prices of raw materials also go up. Transport and marketing difficulties emerge. All these factors tend to raise costs and the expansion of the firm leads to diminishing returns to scale. So that, doubling the scale would not lead to doubling the output. 

In reality, it is possible to find cases where all factors have tended to increase. Whereas all inputs have increased, enterprise has remains unchanged. In such a situation, changes in output cannot be attributed to a changing scale alone. It is also due to a shift in factor proportions. Thus, in the real world the law of variable proportions is applicable to the suppliers of various productive factors, that is, wages, interest, rent, depreciation charges on fixed capital, taxes paid etc. These items together constitute ‘explicit cost of production’. Economists believed that in addition to the above, there are other items which ought to be included in the money-cost of production. These are as follows:

1. Wages for the work performed by the entrepreneur.

2. Interest on the capital supplied by him.

3. Rent on land and buildings belonging to him and used in production.

4. Such profits as are considered usual or normal in that line of business.

                    Wages for the work performed by the entrepreneur, interest on the capital supplied by him, are to be valued at the market rate for these services. They are called ‘implicit cost of production’ by economists. Accountants do not include these items in cost. Thus according to economists the term money-cost of production includes both implicit and explicit cost.

Economic cost = Explicit costs + Implicit costs

                    The firm will be earning economic profit only if it is making revenue in excess of the total of accounting and implicit costs. Thus, when a firm is in no profit and no loss position, it means that the firm is making revenue equal t o the total of accounting and implicit costs and no more. There fore:

Economic profit = total revenue – economic costs

REAL COST OF PRODUCTION 

                    Real cost of production is a subjective concept. It expresses the trouble and sacrifices involved or necessary in producing a commodity. The money paid for securing the factors of production is money-cost. The efforts and sacrifice of the factors or its owner is the real cost. Marshall defined the real cost of a thing as follows:


‘The exertions all the different kind of labour that are directly or indirectly involved in making it, together with the abstinence rather waiting required for saving the capital used in making it.’  

Though Marshall wanted to include all the efforts and sacrifices involved in production under ‘real costs’, modern economists have disregarded the concept as, it is not possible to calculate pain and sacrifice. Modern economists stress the opportunity cost.

OPPORTUNITY COST OR ALTERNATIVE COST

                     The concept of opportunity cost occupies a very important position in modern economic analysis. The principle of ‘cost’ in the modern sense is not pain or strain involved, not the money cost involved in producing a good commodity. It depends on the sacrifice of alternative products that could have been produced. This means that the, ‘cost of using something in a particular venture is the benefit foregone or opportunity cost by not using it in its best alternative use.’ 

                     The factors which are used in manufacture of a product may also be used in the manufacture of other products. This means, factors of productions are non-specific and the producer can make use of them or divert them according the decision made by him in the production of certain commodities. The opportunity cost of the production of a motor car is the output of equipment foregone or sacrificed. The opportunity cost of the production of a gun is the output of the wrist watch foregone which could have been produced with the same amount of factors that have gone into the making of a gun. For example, a farmer who is producing paddy can also produce sugarcane or wheat with the same factors. Therefore the opportunity cost of a ton of paddy is the amount of the output of sugarcane given up. Suppose a farmer growing paddy on his land, his next best alternative crop is sugarcane and that, he could have grown 140 tons of it, with the factors he used for growing paddy. Then 140 tons of sugarcane or its value is the opportunity cost of paddy.

                         Benham defines opportunity cost thus: “the opportunity cost of anything is the next best alternative that could be produced instead by the same factors or by an equivalent grows of factors, consisting of the same amount of money.”  The expression same factors or by an equivalent group of factors has been chosen by Benham with purpose to add realism. The alternative produce may be grown with the same land, same workers, and probably same manure or equipment but a different type of seed, similarly an engineering firm producing a particular product can produce the next best alternative product with same plant and equipment, labourers etc. but the raw materials would be necessarily different. Hence we have to take into consideration only the equivalent group of factors having the same money value. For instance with resources, to build 20 houses, a school may be constructed or the cost of a school is 20 houses.

                       The concept of opportunity cost was first introduced by the Austrian economist Wieser and latter on it was taken up by Devenport, Knight, Wickstead and Robbins. The concept is based on the fundamental fact that the means are scarce which the ends are unlimited. The result is that one commodity can be produced only at the cost of another of the two alternatives before a person the one which is foregone is the cost of one which has been chosen. This concept is fundamental to economics. Robbins definition of economics goes in terms of the scarcity of resources and choice to the made. If the production of one commodity is increased then the resources have to be withdrawn from the production of other goods. Thus, when the resources are fully employed, then more of one good could be produced at the cost of producing less of other goods. In order to produce a commodity the producer has to employ and pay for various factors. These factors have alternative uses. The total alternative earnings of the various factors employed in the production of a commodity will constitute the opportunity cost of the commodity.

                     From the above explanation we can infer that relative prices of goods tend to reflect their opportunity costs. The factors will remain employed in the production of a particular commodity or service, when the factors are being paid at least the money rewards that are sufficient to induce them to stay in the industry. The factors employed must be paid equal to their opportunity cost. Greater the opportunity cost of the collection of factors used in production of a commodity, the greater must be the price of the commodity. Thus if the same factors can produce either one truck or ten scooters, then the price of one truck will be ten times that of scooter. Commodities having equal opportunity cost must have equal price. The concept has the advantages that it provides an objective measure of cost.

                    The concept of opportunity cost assures that the stock of productive resources as given and analyses the alternative uses to which they can be put to. Secondly, it assumes that all factors are non-specific, so that they can move to alternative uses and have an opportunity cost. Thirdly, it assumes perfect competition.

                    The measurement of opportunity cost by firm may be easy in principle but it is beset with some practical difficulties. In the case of purchased or hired factors of production, it is easy to as certain opportunity cost. If a firm pays Rs100 per ton of coal, it has sacrificed its claim to whatever else Rs100 could buy and thus the purchase price is a reasonable measure of the opportunity cost of using one ton of coal. In the case of labour services hired, the wages paid cannot be taken as the cost of labour because the cost of labour will be higher than the wages paid as the employers usually contribute to such things as provident fund, pension and some other disability fund or insurance. There are many fringe benefits to labour. The cost of these should be added to the wages paid in determining the opportunity cost of labour employed. The exact difficulty arises in the case of factors which are neither purchased nor hired by the firm but owned and used by the firm in production. Such costs are implicit or imputed cost. Similarly if the money owned by the firm is used, the problem of ascertaining the opportunity costs arises. Suppose a firm is uses its own money worth Rs20,000 in production. This money could have been loaned out to someone at 10% yielding Rs2000 per year. This amount of Rs2000 should be deducted from the firms revenue as the cost of capital used in production. Suppose, the firm makes Rs1,600 over all other costs, we cannot say that the firm has made a profit of Rs1,600 but it has lost Rs400, because if the firm had closed down its business and merely loaned out this amount to someone else, it could have earned Rs2000

                   Similarly, the difficulty arises in the evaluation of entrepreneur cost of risk taking. The entrepreneur should be rewarded for undertaking risk of investing and operating. 
Criticisms limitations of opportunity cost;

1. The principle takes into consideration that all factors units are non-specific, homogeneous and easily move from one use to another. This is not really true. This is not applicable to specific factors. A specific factor has no alternative use. Its opportunity cost is zero. Hence the payment to this is of the nature of rent. The factor units are not homogeneous. The principle does not consider the reluctance of factors to move or leave the occupation.

2. In practical life we do not come across perfect competition.

3. The principle assumes a given stock of productive resources and then goes into analyze the alternative to which it can be put. It does not explain what amount of resources would be attainable.

                    In spite of these limitations, the superiority of opportunity cost or the significance of it cannot be minimized.
Cost and Cost Curves
FIXED COST AND VARIABLE COST                        
                The inputs or factors of production used by a firm can be divided into two classes. Some inputs can be used over a period of time for producing more than one batch of goods. The fixed capital of the firm, for example, equipment, machinery, land, buildings and permanent staff come within this class. The costs incurred on these are called “fixed costs”. They arise because certain factors of production are indivisible and they have to be engaged for technical reasons in a certain size, when once engaged, the factors can be used over a period of time. There are other inputs which are exhausted by a single use for example: raw materials, fuel, etc. The costs incurred on these are called “variable costs”.

                Fixed costs include rent on buildings, interests on capital, salaries paid to the permanent staff, insurance premier and other taxes. These fixed costs have to be incurred even if the plant is not producing any commodity. These costs will not vary with the changes in output. Whatever be the quantity of production these costs remain fixed and that is why they are called fixed costs. Some economists include opportunity cost in fixed costs.

              Variable costs vary with the changes in output. That is why they are called variable costs. They include payments for labour, raw materials, fuel, power etc. when the output has to be increased. The firm should spend more on these items. So variable costs will increase if the output is increased. If there is no output, variable costs are nil.

             Corresponding to the distinction between variable and fixed factors on which the firm has to incur variable and fixed costs, economists distinguish between the short run and the long run. The short run period is a time in which output can be increased or decreased by changing only the amount of variable factors such as fuel, labour, raw materials etc. in the short run an increase in output can be possible by increasing the variable cost. But the output in the short run cannot be increased beyond the capacity of equipment and machines. Thus in the short period, only variable cost will change. In the long period, new equipment, machines, building etc can be installed and the capacity of production can be increased. The factory would become bigger in size. So, the distinction between fixed costs and variable costs is valid only in short period. In the long period all costs become variable. Fixed costs of a firm are called supplementary cost of production or overhead costs. Variable costs are called prime cost of production or direct costs. The total cost of a business is the sum of its variable cost and fixed cost at a particular level of output. Thus,

                          TC = TFC + TVC

             Where, TC is total cost

                          TFC is total fixed cost

                          TVC is total variable cost

              We have already seen that in the short period the fixed cost will not change and whatever be the output the fixed costs will remain constant. But variable cost increases with the increase in output. So, the total cost will increase with the increase in output, as the total variable cost will increase due to increase in output.

              The distinction between the fixed cost and variable cost is of increase significance to the theory of value. During the short period, a firm can sell its commodity at a lower price to cover its variable cost with the hope of covering fixed cost in due course. This has to done because the firm cannot close down for a temporary period. It has to be working even though the prices are low. But this cannot go on indefinitely. In the long run, the firm must cover both the costs; variable and fixed. Otherwise the firm would have to close down the business. 

Total cost and fixed cost curves

We have already seen that the total cost of the firm will increase with the increase in output .The total variable cost will also increase with increase in output. The total fixed cost will be constant whatever to be the output. The diagrams illustrate the behavior of the different costs mentioned and the relationship between them.
           TTC or total fixed cost is constant and it refers to the entire obligation of the firm per Unit of time for the fixed resources. This curve is parallel to X axis showing that it is Constant regarding of output per unit of time, in the diagram, we can that the total fixed Cost curve starts from a point on the Y-axis .This means that the total fixed cost will be Incurred even if the output is zero. The curve TVC or total variable cost rises as the firms output increases since larger outputs require larger quantities of variable factors. The TVC curve increases with an increase in out put through the rate of increase are not constant. At first it increases rapidly. Then it increases at a diminishing rate and beyond a point it increases at an increasing rate .The TVS starts from the origin showing that when output is zero the variable cost is also nil .the total cost or TC is result of Variable and fixed costs.

Average fixed cost and variable costs

The concept of costs has more significance only in the content of per unit cost of production rather than total cost the per unit costs are ‘the average fixed cost, the average variable cost ,the average total cost ,and the marginal cost .

                   Average fixed cost (AFC) is the total fixed cost divided by the number of units of output produced it can be stated that AFC =TFC/Q where Q represents the number of units of output produced. The average fixed cost is the fixed cost per unit of output .The greater the output of the firm the smaller will be the average fixed cost since the TFC remains constant respective of output the fixed cost are spread over when more units are produced and consequently each unit of output bears a smaller share .The AFC diminishes as the  output increase the AFC curve is a downward sloping curve to right throughout its entire length and it is always a rectangular hyperbola since TFC for quantity produced is constant.

Average variable costs (AVC) 

AVC refers to the variable cost per unit of output It is the total variable cost divided by the number of unit of output produced therefore, AVC =TVC /Q where Q is the total output produced .the AVC will be generally u shaped, the average variable cost will fall as the output increases from zero to the normal capacity output due to the operation of increasing returns. But beyond the normal capacity output the average variable cost will rise up steeply due to the operating of diminishing returns

Average total costs (ATC) 

Is the sum of average fixed cost and the average variable cost. As output increase and average fixed cost becomes smaller and smaller .when AFC approaches the X axis, AVC curve approaches  the average total cost curve .average total cost is equal to average variable cost plus average fixed cost .The average total cost ,is also known as the unit cost since it is the cost per unit of output produced. The following diagram shows the shape of AFC, AVC and ATC in the short –period.


From this we can understand that the behavior of ATC curve depends upon the behavior of AVC and a AFC curves. In the beginning both AVC and AFC fall. So ATC curve also falls ,when AVC curve begins rising ,but AFC curve is falling steeply .The ATC curve continues to fall .because during this stage the fall in AFC is heavier than the rise in AVC .but as output increases further ,there is a sharp  rise in AVC which more than offsets the fall in AFC. Therefore the ATC curve rises from a point, the ATC curve like AVC curve falls first, reaches the minimum value and then rises. Hence it has taken a U shape

Marginal cost:

Marginal cost may be defined as the addition made to the total cost by the production of one additional unit of output. This means marginal cost is the additional to the total cost of producing n units instead of n-1 units where n is any given number .Thus when 10units of output are being produced, the marginal cost would be equal to the total cost of producing 10 units minus the cost of producing 9units. Suppose the total cost of producing 9 units is Rs 450 and the total cost of producing 10 units is Rs 510 then the marginal cost is Rs 60, by increasing the output from 9 units to 10units the marginal cost incurred is Rs 60 .the firm has incurred a sum of Rs 60 in the production of one more unit of the commodity symbolically we may denote the marginal cost thus 

We can compute marginal cost from the table of total cost and out put. The table gives output and total cost for different units produced and in the third column the marginal Cost has been calculated 
                                          Computation of Marginal cost 

	Output
	Total cost
	Marginal cost

	0
	200
	-

	1
	250
	50

	2
	290
	40

	3
	320
	30

	4
	360
	40

	5
	412
	52

	6
	472
	60

	7
	546
	74

	8
	646
	100


 According to the total when the output is zero in the short run the total cost is RS 200.this account represents total fixed cost of production. which has to be incurred even if there is no output .when one unit of commodity is produced the total cost comes to rs 250, the marginal cost of the first unit produced, therefore is Rs50 .when the output is increased to 2 units the total cost goes to Rs 290 from to Rs 250 .So the marginal cost of production of the second unit output is Rs. 40, that is, rs. 290 – Rs 250 =Rs 40. In this way the marginal cost of production for different units added to the production has been calculated and given in the third column. From the nature of the marginal cost we find that initially marginal cause decreases when the output is increased from Rs.50, it falls to Rs 40 and then to Rs 30. After reaching this, minimum level at the third unit of production the marginal cost increases with the increase in output from Rs, 30, it increases to Rs.40, Rs.52, Rs. 60, etc. We can draw the marginal cost curve by taking the output on the X axis and marginal on the Y axis. The shape of the curve will be a U shaped curve, indicating that the marginal cost declines first and afterwards increases.


Three very important points are to be remembered in the analysis of marginal cost.

1. The shape of the cost curve is determined by the law of variable proportion. If increasing returns is in operation, the marginal cost curve will be declining as the cost will be declining and as the cost will be decreasing with the increase in output When the diminishing returns is in operation, the marginal cost curve will be ascending as it is a situation of increasing cost.

2. The changes in the marginal cost is due to the changes in variable cost when the output is increased or decreased and MC is independent of the fixed cost. It is only the increase in the variable cost which will cause increase in the marginal cost and decrease in variable cost will decrease in marginal cost.

3. The price of the variable factor remains constant as the firm expands its output otherwise a change in factor price may disturb our conclusions.

Relationship of MC to AC.

  The relationship between marginal cost curve and average cost curve is unique. The relationship between these two is more a mathematical one rather than economics, according to Lipsey, the two curves should start from the same point as Mc and Ac as a very small output must be the same. Both the marginal and average cost will decline, but the former MC declines steeply at a greater rate than the latter. After a certain state, both costs rise and the marginal cost curve rises steeply, while Ac will rise smoothly. The MC curve cuts the AC curve from below at the lowest point of the latter. The diagrams indicate the position of the average cost curve in the short run.


Long-run Average Cost Curves

 
 In the short period a firm can change the output only within the range of available capital equipment and short period changes in output are due to changing proportions of variable factors. The fixed factors cannot be changed. But in the long run, a firm can change the fixed factors – viz, plants, equipments and thereby enlarge the scale of operation and produces more output in the most efficient way. So, in the long run, all factors are variable and there is nothing like fixed cost of production. If the scale of production is to be expanded, new building have be acquired or hired and new machinery can be installed and administrative and the sale s staff has to be increased. In the technical language, the indivisible factors become in visible in the long run and therefore they can be used more economically. 
In the short run, the firm is tied with a given plant, but in the long run, the firm moves from one plan to another, as the scale of operations of the firm is altered, a new plant is added. The long-run cost of production is the least possible cost of production, of producing and given level of output when all inputs become variable, including the size of the plant.

Long-run average cost is the long-run total cost divided by the level of output. This curve depicts the least possible average cost production at different levels of output. This is the cumulative picture of short-run average cost curves the short-run average cost curve are also called plant curves. Since in the short run, plants is fixed and each of the short run average cost curve corresponds to the particular plants. The long-run average cost curves is illustrated by taking 3 short run average costs as illustrated in the diagram below:


In the figure SAC, indicates the firms short period average cost curve in the first instance when the firm is working with one plant. the optimum output in this case would be one ,units at this level of output the average cost is the minimum (P,M) if the out is to be increased to OM2 In the short period ,this would be possible only by increasing the average cost to rise from P1 M 1 to P 2M 2 but in the long run when a second plant is added the short run cost curve of the firm shifts to a new position and SAC2in the diagram indicates the short period average cost curve in the second instance after installing the second plant new the same output of OM2 can be produced at the cost of P3 M2.This shows that in the long run with the addition of the second plant the increased output can be had at a lesser cost. the average cost in the long run has come down from P2M2 TO P3M2 as indicated in the figure .If further expansion of output is required ,it can be had only at a higher cost with the available plants. Suppose the third plant is installed and the output is increased to OM3, the average cost is kept at P5 M3, instead of P4M3 which will be the cost at the short period without the third plant. Thus in the long run the firm will be able to adjust scale of operation so as to produce the given output at the lowest average cost.

 
 What would be the shape of the average cost curve in the long run? It only depends on the assumptions we make. If we assume that the factors of production are perfectly divisible and the prices of inputs remain constant, then the long-run average cost curve will remain constant at all levels of output. When the prices of inputs are constant and when returns to scale are constant the cost per unit of output remains the same. In this case, the short run average cost with different plants will remain at the same height from the X axis and the curves or the lowest point of the curves will be a straight line. Long-run average cost curve in constant cost is indicated in the following diagrams:


 
In the figure it is noticeable that all the short-run average cost curves SAC, SAC2, SAC3 have the minimum average cost or production. This remains whatever the size of the plant; the minimum average of productions is the same. This explains that all the factors can be adjusted in the long-run to have such a proportion to keep the optimum level always. All levels of output can be produced at the same long run average of cost representing the same. Minimum short run average costs throughout.

The assumption of constant cost and perfect divisibility of factors so as to have a straight line long period average cost curve is rather far-fetched and away from practical. Even if all factors are divisible, management and coordination is not completely divisible. All smaller range of output, the management would be more efficient if the output is increased a little. At the higher range of production, management may be cumbersome and difficult. This may lead to inefficiency in production. Similarly, at smaller levels of output economics would arise if the output is increased due to division of labour and specialization. So, the best way is to have the assumption of variable returns to scale instead of constant cost.

  
The long run average cost curve on the assumption of variable returns to scale is given below:



 
The figure has six short run average cost curves though there may be an infinite number of short run average cost curves for a firm. The successive short run average curves indicate that they are at different heights. Now the long run average cost curves can be drawn by drawing a curve which would be tangent to all these short run curves and envelops them. In fact, the long-run average cost curve is nothing else but the locus of all these tangency points. If a firm decides to produce particular output in the long run, it will pick a point on the long run average cost curve corresponding to t6hat output and then build up to relevant plant and operate on the corresponding, short run average cost curve.

In the diagram, suppose the producer wants to produce OM output. The corresponding point on the long run average cost curves LAC is ‘K’ inSAC2. The firm will construct a plant corresponding to SAC2 and will operate on this curve at point ‘K’. Similarly, if the firm wants to increase the output to OM, the corresponding on the LAC is ‘Q’ on SAC3. The firm will built a plant to correspond to that short run average cost. The long-run average cost curve is called ‘envelope’ curve because it envelops or supports a family of short run average curves from below:

Revenue Curve

In modern days every firm whether large or small producer commodities and services with the purpose of selling them in the market in the minimum time possible and profit there by .The amount of money which the firm receives by the scale of its output in the market is known as its revenue .The concept of revenue most commonly used in economics are those of total revenue, average revenue and the marginal revenue.

Total revenue: - refers to the total amount of money that the firm receives from the scale of its products .It is the gross revenue realized by the firm in selling the output. this total revenue will vary with the firms output and sales and in our discussion .we do not consider the producers of the holding of commodities .The total revenue can be calculated by multiplying the quantity of output by the period of timer

TR=Q X P

Average revenue Where TR refers total revenue .V refers to quantity and P is the price per unit of the commodity

Average revenue is the total revenue divided by the number of units sold as to give the average revenue per unit sold. Obviously the average revenue is the price of the commodity. The price paid by the consumer is the revenue realized by the producer. Suppose a seller sells a hundred units of a product and obtains Rs. S1, 200 from the sales, his total revenue is 1,200 and the average revenue is Rs. 12. This is the revenue realized per unit of output. The revenue realized from selling one unit is its price. Hence we may write:

AR = TR/Q

 
 It follows from this that the curve which denotes average revenue in relation to output is identical with the demand curve that relates price to output.

 
 Now the question is whether the average revenue is equal to price, always or is it different from price. If the seller sells the various unit of the product at the same price than AR would mean only the price but when he sells different units at different prices then the AR will not be equal to price. But in actual life, the different units of the products will be sold at the same time, if it is not discriminating prices and so the average revenue equals price. In economics we use AR and price as synonyms except in the context of price discrimination by the seller. Since buyers demand curve represents the quantities purchased or demanded at various price of the commodity, it also refers to the average revenue at which the various amount of commodities are sold by the seller.

Marginal Revenue

 
Marginal revenue is the changes in total revenue resulting from an increase in sales by an additional unit of the product in a particular time. It is the increase in total revenue by selling one more unit of the commodity.  It can also be expressed that the marginal revenue is the addition made to the total revenue by selling in units of a product instead of n-1, where n is any given number.  Here the selling of n units and n-1 units is not at different points of time.  It does not mean that n-1 units are sold at some time and an extra unit is sold at some time later.  The concept of marginal revenue is a matter of alternative sales policies at the same period of time. Algebraically we may write:

Suppose a producer sells ten units of a product at price Rs.15 per unit.  The total revenue he will be getting equals10 x 15 = Rs. 150.  Suppose he increases sales to eleven units and consequently the price falls to Rs.14, he will obtain total revenue of Rs. 154 in selling eleven units.  The marginal revenue is Rs.4.  That is selling of eleventh unit has added only Rs 4.  Why is it that the marginal revenue is not equal to the price? The reason is this, consequent an increasing the sale by one unit the price has come down from Rs.14 and all the eleven units are sold at Rs.14 only.  Formerly, the ten units were sold at Rs.15 and now each unit of the ten has lost one rupee and so those 10 units have lost rupees ten.  This loss of Rs.10 is due to the additional unit sold which by itself has earned Rs. 14. Deducting the loss of Rs. 10 from the price of the eleventh unit, the net addition caused by the 11th unit is only Rs.4 ( 14 – 10 ) , hence the marginal revenue is Rs.4 and it is less than the price at which the additional unit is sold.

From this analysis we can infer that the marginal revenue can be found out in two ways:

1. Directly by finding out the difference between the total revenue before and after selling the additional unit 

Or

2. We can subtract the loss in revenue on the previous units due to the fall in price on account of the additional unit sold.

If there is no fall in price due to the addition of the unit sold, then there is no loss and the marginal revenue will be equal to the price as in the case of perfect competition. 

REVENUE CURVES OF THE FIRM UNDER PERFECT COMPETITION
	No of units sold
	Price of Avg.Rev
	Total Rev
	Marginal Rev

	1
	5
	5
	5

	2
	5
	10
	5

	3
	5
	15
	5

	4
	5
	20
	5

	5
	5
	25
	5


                          In the perfect competition the individual firm cannot influence the market price and whatever quantity is produced and sold, it will be at the prevailing market price balance the total revenue of the firm would increase proportionality with the out put offered for the sale. What the total revenue increase in a direction proportion to the sale of output the average revenue would remain consent. Price the market price in constant without any variation due to the 

 Changes in units sold by the individual firm, the extra output would fetch the proportionate revenue. So the MR and AR will be equal and constant. These will be equal to the price. In such a case the marginal revenue curve will be a straight line parallel to X axis. The same curve denotes average revenue and the represents the following table indicate AR/MR under perfect competition.

In the table, column 2 shows the price and AR which are equal and constant. The total revenue proportionally varies with the output. The marginal revenue is equal to average revenue and price. This is the case under perfect competition. The AR and MR curves are depicted in the following diagram

Op is the price which is equal to AR and MR

Revenue curves of the firm under imperfect competition.

                            But in the case of imperfect competition, be it monopoly. Monopoly is competition or oligopoly, the AR curve of an individual firm well slope downwards under imperfect competition a firm can sell large quantities only when it reduces the price. So when the out put in increased for selling the average revenue or the price will be declining curve. It will decline in the same fashion as the demand carves.

                          The following table gives the total revenue average revenue and marginal revenue under imperfect competition.

	Number of

 units Sold
	        Total

     Revenue
	 Average revenue

 Or Price
	Marginal revenue

(additional made

 to TR)                                                                   

	1
	10
	10
	10

	2
	18
	9
	8

	3
	24
	8
	6

	4
	28
	7
	4

	5
	30
	6
	2

	6
	30
	5
	0


                          In the table column 3 indicated the average revenue or price. As the output is increased from 1 to 2, 3, 4 etc…. the price has to be reduced to get adequate demand and consequently the AR is continuously falling from 10 to 9, 8,7etc... when price come down the total revenue realized is increasing at a diminishing rate and after the 5th unit the total revenue does not change. Consequently the marginal revenue diminished with increase in output. At the sixth unit the MR comes to zero. If seventh unit is produced and sold, it will result in negative marginal revenue.

 In the following diagram AR and MR curves are indicated.






In the curves show that AR is declining and MR is also declining the MR curve lies below the AR curve. When AR curve is falling, MR is also falling but it is falling very steeply


0




The AR and MR curves need not be a straight line. The may be either convex or concave to the origin, but in all cases the MR curve will always lie below the AR curve.

                                      _____________________________
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