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4.0 OBJECTIVES

After going through this unit, you will be able to :

o state the concept of total product, average product and marginal product;

o explain the nature and relationship of total, average and marginal product
curves;

o analyse the operation of the law of variable proportions; and

o identify the three stages of production.

4.1 INTRODUCTION

For the purpose of production, we require a combination of various inputs or
factors of productions. It is only with the joint efforts of these inputs (like
labour, machines, land, raw materials etc.) that output is produced. Normally,
production is carried out under conditions of variable proportions which
implies that the rate of input quantities may vary. Fixed proportions production
means that there is only one ratio of inputs that can be used to produce a good.
For example, only one driver can work one truck. In this case, the ratio of
driver and truck is technologically determined and is fixed. It is beyond the
capabilities of the producer to change it. However, the ratio of land and labour
in agriculture can be changed and is thus regarded as variable. In the short run,
not all inputs are variable. In the long run, however, all inputs are variable and
the ratio of inputs may also vary. This is the case of technological Progress. In
this unit, we shall focus only on short run production. In the short run, for the
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purpose of analysis, it is often assumed that only one input is variable and all
other inputs are fixed. We shall follow this convention.

4.2 TOTAL, AVERAGE AND MARGINAL
PRODUCTS

At the outset we shall explain the concept of total, average and marginal
products. The short run production function, whether it is shown as a table, a
graph or as a mathematical equation, gives the total output obtainable from
different quantities of the variable inputs given a specified amount of the fixed
input. Let us now consider the case in which capital is fixed, but labour is
variable, so that the firm can produce more output by increasing the labour
input. For example, consider a firm manufacturing garments. It has a fixed
amount of equipment, but it can hire more or less labour to operate the
machines. For decision making, the firm’s manager (or owner) must know how
the amount of total output or product (Q) increases (if at all) as the labour input
(L) increases. Table 4.1 provides this information about the production
function.

Table 4.1 shows the output that can be produced with different amounts of
labour and with capital fixed at 5 units. The first column shows the fixed
amount of capital, the second shows the amounts of labour from zero to 10
units and the third shows total product or output. From the table, it is clear that
when labour input is zero, output is zero because capital alone cannot produce
anything. Then, upto a labour input of seven units output increases first at an
increasing rate and then at a decreasing rate in response to increased use of
labour. The eighth unit of labour input does not raise output. Whether firm
applies 7 or 8 units of labour input to a fixed amount of capital input, total
output remains 224 units. Beyond this point using more units of labour input is
counter productive because output declines as use of labour is increased.

Table 4.1: Production with One Variable Input

Amount | Amount of Total Average | Marginal
of Capital Labour Product or | Product | Product
X) L) Output (Q) | (Q/L) | (AQ/AL)
5 0 0 -- --
5 1 20 20 20
5 2 60 30 40
5 3 120 40 60
5 4 160 40 40
5 5 190 38 30
5 6 216 36 26
5 7 224 32
5 8 224 28
5 9 216 24 -8
5 10 200 20 -16

Although the figures provided in Table 4.1 are hypothetical, the general
relationship they indicate is common. To examine the relationship further, we
introduce the concepts of average product and marginal product of an input.



The average product (or average physical product) of an input can be
defined as total output (or total product) divided by the amount of input
used to produce that output. For example, 4 units of labour input produce
160 units of output, so the average product of labour is 40 units of output per
worker at that level of employment. In a more general way, we may express

APL= %

where, AP, = average product of labour

Q

L = amount of labour

total output or total product

The fourth column in Table 7.1 shows the average product of labour (APL).
The average product for each quantity of labour is derived by dividing total
output shown in column 3 by corresponding amount of labour in column 2 that
produces each output level. In our illustration, the average product of labour
increases initially but when labour input exceeds 4 units, it tends to fall.

The marginal product (or marginal physical product) of an input is
defined as the change in total output due to a unit change in the use of an
input while quantities of other inputs are held constant. For example, with
capital fixed at 5 units when the amount of labour increase from 3 to 4 units,
total output rises from 120 to 160 units or by 40 units. So the marginal product
of labour, when fourth unit of labour input is employed, is 40 units of output.
We may thus generalise,

A
MP, = A—‘L’

where, MPL

Marginal product of labour
AQ = Change in output
AL = Change in labour input

In Table 4.1, the fifth column shows the marginal product of labour. It may be
noted that like the average product, the marginal product increases initially and
then falls and finally becomes negative. In the present example, the marginal
product of labour becomes negative when labour input exceeds 8 units. This
happens when the variable input is used too intensively with the fixed input.

The marginal product is greater than average product when average
product is rising, equals average product when average product is at
maximum, and is less than average product when average product is
falling.

This proposition is, in fact, true of all marginal and average relationships.

43 TOTAL, AVERAGE AND MARGINAL
PRODUCT CURVES

Fig. 7.1 plots the information provided in Table 4.1 (it has been assumed in
drawing the graphs that both labour input and the product are divisible into
smaller units and thus the relationships are smooth curves rather than discrete
points). The total product curve shown in Fig. 4.1 indicates how the total
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product varies with the quantity of labour input used. As indicated in Table 4.1,
Fig. 4.1 a also shows that first the total output increases at an increasing rate
upto point E as more labour is used. The point E where total product stops
increasing at an increasing rate and begins increasing at a decreasing rate is
called the point of inflexion. Total product reaches a maximum at 224 units
when 7 units of labour input are used. The use of an additional unit of labour
input at this stage does not lead to any increase in total product. Beyond this
point, further use of labour input results in a fall in total product.

That portion of total product curve (TP) is shown by dashed segment which
indicates a decline in output as a result of increased employment of labour. In
Fig. 4.1 a when labour input is expanded beyond eighth unit, output falls which
means that production is not technically efficient and is thus not a part of the
production function.

Fig. 4.1 b shows the average and marginal product curves for labour. (The
units of the vertical axis have been changed from output per period of time to
output per unit of labour). Hence, average product and marginal product curves
measure the output per unit of labour. It may be noted that as the use of labour
input increases, initially the marginal product of labour increases, reaches a
maximum at 3 units of labour, and then declines. The marginal product of
labour in our example becomes zero at 8 units of labour and thereafter turns
negative. However, technical efficiency rules out the possibility of negative
marginal products and is, therefore, not a part of the production function. The
average product of labour also increases initially, reaches a maximum at 4 units

of labour input, and then declines.
Relationship between MP and AP Curves:

Let us now consider the relationship between the marginal and average product
curves. As is true of all marginal and average curves, there are definite
relationships between the marginal and average product curves.

i)  When marginal product increases, average product also increases though
at a rate lower than that of the marginal product. It is important to note in
this context that even when marginal product starts declining but remains
greater than the average product, the latter shows a tendency to increase.

ii)  When the average product is maximum, the marginal product is equal to
it. This is the reason why the marginal product curve intersects the
average product curve at its highest point.

iii) Beyond this point, when the marginal product declines, it also pulls down
the average product. However, the rate of decline in the average product
is less than that of the marginal product.

Relationship between TP and MP Curves

The relationship between the total product curve and the marginal product
curve can be stated as under:

i)  As long as marginal product is positive, total product curve will continue
to rise.
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Fig 4.1: Production with one variable input (labour). In the upper part of the figure, the
total product curve (TP) of labour is shown. The lower part of the figure shows how
average product curve (AP) of labour and marginal product curve (MP) of labour are
obtained with the help of information contained in the upper part

i)  When marginal product is zero, total product curve reaches its highest
point. It may be noted that when eighth unit of labour input is employed,
marginal product of labour becomes zero and total product is at the
maximum.

iii)  Thereafter, marginal product of labour is negative and total product curve
has a downward slope which means that total product falls.

Check Your Progress 1
1) Indicate the following statement as true (T) or false (F):

i)  The marginal product is greater than average product when average
product is falling.

ii) As long as marginal product is rising, total product curve will
continue to rise.

2) Discuss the relationship between the marginal and average product
curves.
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