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1. WHAT IS AN ISOQUANT? 
   An isoquant is a curve that shows inputs in different combinations, with the assumption that each 

input combination gives the producer the same total output as every other.  
   Let us assume that a farmer can produce 70 pounds of wheat with different combinations of 

nitrogen and potassium.  (See Table 1). The farmer may decide how much of two variable inputs it must 
choose to combine to produce a given amount of output. Because the farmer will produce the same 
amount, in spite of different combinations of inputs, this line is called an isoquant. (This is similar to the 
indifference curve in the diminishing marginal utility analysis). 

Given a choice between two inputs (e.g. nitrogen and potassium), a farmer may state that s/he gets 
the same total output (e.g. 70 pounds) from any combination of these two inputs. Here we assume that 
one bag of nitrogen is of the same quality as the second bag, and we say that the bags are homogeneous. 
And that is also true for the bags of potassium, that they are homogeneous.  In other words, whether the 
producer chooses combination A, B, C, D or E is a matter of indifference. (See Table 1 and Figure 1).  If 
the farmer decides to use the second bag of nitrogen, then s/he is willing to forgo 4 bags of potassium 
while still having the same output (70 pounds) as before. This is called the marginal rate of substitution 
(MRS), the rate at which a farmer is willing to use less of one input in order to use more of another and 
still remain on the same isoquant.  

 

 

Table 1      Calculating Marginal rate of Substitution (MRS) For Students 

1-Given 2-Given 3-Given 4=(∆ in Col.3)/( ∆ in Col. 2) Calculate MRS 

Combination 
Nitrogen 
bags/Acre 

Potassium 
bags/Acre 

MRS for each Bag of 
nitrogen MRS 

X  bags/ 
Acre 

Ybags/ 

Acre 
MRS/ each 
unit of X 

A 1 8.5     1 18  
     >            > (8.5 - 4.5) / (2-1) = 4/1 =4.0 1 : 4     > >  

B 2 4.5    2 11  

       >            > (4.5 - 3)/ (3-2) = 1.5/1 = 1.5 1 :1.5      > >  

C 3 3    3 6  

       >            > (3 - 2) / (4-3) = 1/1 = 1.0 1 : 1       > >  

D 4 2    4 3  

       >            > (2-1.7)/(5-4) = 0.3/1 =0.3 1: 0.3       > >  

E 5 1.7     5 1  
 

For Students: Isoquant and MRS 
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2. PROPERTIES OF ISOQUANTS (IQ) 

Isoquants share the following three properties:  
 a) The range in which the producer operates is in the negative (downward ) part  of the 
      isoquant. 
 b) Isoquants are convex to the axis. 
 c) Isoquants never cross each other.  
 

 

 Let us examine each of these properties in detail: 
 

a) Isoquants are always downward 
 

 The producer would naturally use the least amount of nitrogen and potassium to produce 
a given amount of output. For example, in the Figure 2, the producer can produce 75 lbs of 
wheat, at point A, by using 1 bag of 
nitrogen and 11 bags of potassium. Or 
the producer can produce the same 75 
pounds of wheat with combination D, 
using 4 bags of nitrogen and 3 bags of 
potassium or the farmer could use 
combination A or B to produce 75 
pounds of wheat. So, if the producer is 
going to produce 75 pounds, s/he 
could pick any combination of inputs 
between A, B, C or D (the downward 
sloping part of the isoquant) because 
any of those combinations would 
produce 75 pounds.  For example, if 
the farmer has only 4 bags of nitrogen, 
s/he would prefer combination D, 
where s/he would need only 3 bags of 
potassium to produce 75 pounds, rather than combination E, where s/he would need 4 bags of 
nitrogen and 17 bags of potassium to produce the same amount.  Similarly, let us assume that 
the producer has 11 bags of potassium. Then s/he would choose combination A, where s/he 
would need only 1 bag of nitrogen to produce 75 pounds. And the producer would not pick 
combination F, because to produce 75 pounds, s/he would need to use 11 bags of potassium 
and 7 bags of nitrogen, whereas at combination A, s/he can produce the same 75 pounds with 

Figure 2  Rational Part of Isoquant for the Producer 
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11 bags of potassium and only 1 bag of nitrogen. Hence, the producer will only choose the 
combination that is in the downward sloping part of the isoquant. Therefore, the part  AD of the 
isoquant is the "rational" part of the isoquant.  

 

b) Isoquants are convex to the axis 
Fewer and fewer units of one input ( in this case, bags of potassium) are needed to 

substitute for the other input (in this case, nitrogen). Since the isoquants have a diminishing 
marginal rate of substitution, the isoquants are convex to the axis. (Figure 1).  

 

c) Isoquants never intersect each other (Figure 3) 
In Figure 3, A, B, and C are combinations of nitrogen and potassium.  If the two 

isoquants, IQ1 and 
IQ2, represent 
different amounts 
of output, then, on 
curve IQ1 (65 
pounds), the output 
one gets with 
combination A will 
be equal to that 
with combination 
B, 3 bags of 
nitrogen and 5 bags 
of potassium.  So, A=B (65 pounds). 

On curve IQ2 (95 pounds), combination A gives the same output as point C, 3 bags of 
nitrogen and 2.5 bags of potassium.  Hence, A=C (95 pounds). 

At B the producer’s choice will be 3 bags of nitrogen and 5 bags of potassium; at C the 
producer’s choice will be 3 bags of nitrogen and 2.5 bags of potassium, giving the producer the 
same amount of output, which is not possible.  

Thus, B=C is not possible; therefore, two isoquants cannot intersect each other. (Figure 3). 
 

3.  SET OF ISOQUANTS (Figure 4) 
Producers may have many set of isoquants. Let us assume that the producer is able to 

purchase more nitrogen and potassium, whether because of an increased outlay or because of a 
decline in prices of nitrogen and potassium. The producer will now have sets of isoquants, 
showing a greater or lesser combination of the inputs than before.  These sets show different 
levels of output from different combinations of these two inputs. In Figure 4, isoquants giving 
greater output are to the right.  

 
 
 

 
 
 

 

4.  THE ISOCOST LINE (ICL) 
 

A) Calculating The Isocost Line (ICL) 

Once we know the producer’s isoquants, as well as his outlay and the price of each input, we can 
determine which combination of inputs will maximize his output. Let us assume that the producer 

Figure 4  Set  of Isoquants  
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  Fig. 3    Isoquants Will Never Intersect Each Other 
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has $12 to spend, and that he is thinking of purchasing two inputs: X, priced at $3.00 per unit; and Y, 
priced at $1.00 per unit.  
There are three choices:  
 

   i) Spend all the outlay on X, in which case the money will buy 4 units [12/3=] of  X and zero of  Y. 
 

 ii) Spend all the outlay on Y, in which case the money will buy 12 units [12/1=] of Y and zero of  X. 
 

iii) Spend some of the outlay on X and some on Y, to the limit of $12 total. 
 
 

The number of units of nitrogen and potassium purchased is constrained by the outlay of $12, on the 
one hand, and by the given price of the inputs, on the other.  
The isocost line represents these limits on purchasing power at any point in time. To obtain the 
isocost line, calculate as follows: 

 
 

Outlay $12 

Price of X 
= 

$3 
= 4 units of X. This calculation will give you point A on X-axis in Fig. 5-A.  

 

 

Outlay $12 

Price of Y 
= 

$1 
= 12 units of Y. This calculation will give you point E on Y-axis in Fig. 5-A. 

 
 

In other words, dividing the outlay by the price of  an input will give us the maximum 
number of input units obtainable if the entire outlay is spent only on that one input. 

 
 

Table 2-A  Calculating the Isocost Line  2-B  For Students 

1-Given 2-Given 3=1/Px 4=1/Py 5=(3 x Px) +  (4 x Py)  X=$4 Y=$1 

Outlay 

 
Combination 

X units 
/Acre= 

Y units 
/Acre= 

Check: that Total  Outlay 
of $12 is spent. 

Outlay = 
$16 

X 
units/ 
Acre 

Y 
units/ 
Acre 

$12 A 12/3 = 4 0/1 = 0 (4 x $3) + (0 x $1) = $12 $16 4  
$12 B  9/3 = 3 3/1 = 3 (3 x $3) + (3 x $1) = $12 $16 3  
$12 C  6/3 = 2 6/1 = 6 (2 x $3) + (6 x $1) = $12 $16 2  
$12 D  3/3 = 1 9/1 = 9 (1 x $3) + (9 x $1) = $12 $16 1  
$12 E  0/3 = 0 12/1 = 12 (0 x $3)+(12 x $1) = $12 $16 0  

 

 As we can see from Table 2-A, and Figure 5-A, any combination that the producer chooses on the 
isocost line (A, B, C, D or  E) will have the same price, exactly $12.00.  The producer cannot buy a 
combination of 3 units of X and 6 units of Y at “U,” because $15 [(3x$3)+(6x$1) =9+6=] is beyond the 
original outlay of $12. On the other hand, the producer will not choose combination R because at that 
point s/he will not maximize output.  At R the producer will only be spending $9 [(1x$3)+(6x$1)=] of the 
$12 outlay.  In such cases, the producer cannot maximize output since the complete outlay has not been 
spent. 
 
 
 

 
 
 
 

B) Factors that Shift the Isocost Line 

There are two factors that can shift the isocost line:  
 i) Change (increase or decrease) in outlay, and/or 
 ii) Change in price of the inputs.  

Fig. 5-A   Isocost Line (ISC) 
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Fig. 5-B  For students: Draw ISC.(Table 4-B) 
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i) Change (increase or decrease) in outlay: (Table 3 and Fig. 6-A) 
 Let us assume that producer’s outlay increases from $12 to $18, but the price of X 

and Y remains the same. The first step is to calculate the isocost line by dividing the new 
outlay by the price of X ($18/3); this will give us the value on the X-axis. Next, divide the 
new outlay by the price of Y ($18/1) and this will give us the value on the Y-axis. (These 
calculations are shown in Table 3). When these new values are drawn in Figure 6-A, we 
see that the new isocost line shifts to the right.  Hence, whenever outlay increases and the 
price of two inputs remains the same, the isocost line will shift to the right. Of course, the 
isocost line would shift to the left if the outlay were to decrease from the original $12. 
Table 3 shows how the new isocost line is calculated. 

 

 

Table 3 New Isocost  Line With Increase in Outlay While Price of X and Y remain the same.(For Fig.6-A). 

 1-Given 2-Given 3=1/2 4=1=2x3 5-Given 6=1/5 7=1=6=(5x6) 

 Outlay Line 
Total 

Outlay ($) 

Price 
X 

($) 

Quantity 
Bought of 

X 

Total  
Outlay Spent 

($) 

Price  
Y 

 ($) 

Quantity 
Bought of 

Y 
Total Outlay 

Spent ($) 

Old (Gray Line)   12 3 12/$3= 4 4 x $3 =12 1 12/$1=12 (12 x $1) =12 

New (Dotted Line) 18 3 18/$3= 6 6 x $3 =18 1 18/$1=18 (18 x $1) =18 
 

ii) Change In Price Of The Inputs 
 

  a) Change in price of the inputs in the same proportion. (Table 4  and  Fig. 6-B) 
    Table 4 and Figure 6-B also show what happens when the price of X decreases from $3/unit to $1.5/unit 
and the price of Y decreases from $1 to $0.50. Because the decline in prices is in the same ratio (50%), the 
producer can buy more units of both inputs, which will shift the isocost line parallel to the right. 

  

Table 4  For Students: Calculate the New Isocost Line with Decrease in price of X to $1.5/unit  
                            and of Y to $0.5, with outlay staying the same. (For Fig.6-B). 

 1-Given 2-Given 3=1/2 4=1=2x3 5-Given 6=1/5 7=1=4=(5x6) 

 Outlay Line 

Total 
Outlay 

($) 

Price 
X 

($) 

Quantity 
Bought 

of X 

Total 
Outlay 

Spent ($) 
Price Y 

($) 

Quantity 
Bought of 

Y 

Total Outlay 
Spent ($) 

Old  (Gray Line)  12 3   1.0   

New (Dotted Line) 12 1.5   0.5   

Figure 6    Shifts in the Isocost Lines 
 
 

Fig. 6-A  Shift in Isocost Line because of change 
in outlay, with prices of X and Y staying the same. 
 
 

18/1= 18         
   
 Y units/                      New isocost Line With 
  acre                                              $18.00 Outlay 
                 
 12/1= 12                                    Old Isocost line 

                                          With $ 12.00 Outlay
             
                            
                                                                 
                        

               0         4            6    X units/acre 
                               12/3=4       18/3=6 

Fig. 6-B   Shift in Isocost Line because of change 
in price of goods: (X=$1.50,Y=$0.50) with outlay 
staying the same. 
 

  12/0.5= 24      

   
   Y units/                         New isocost Line With  
      acre                        Lower Input Prices 
    
    12/1= 12                                Old Isocost line with 

                                             Higher Input Prices 
             
                           
                                                                 
                        

                  0            4                8   X units/Acre 
                                     12/3=4        12/1.5=8 
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b) Changes in price of the inputs in different proportions. (Table 5 and Figs. 7-A and 7-
B) 

If the price of inputs increases or decreases in different proportions, and the outlay 
stays the same, then the shape of the isocost line will change. Let us assume that the price 
of X decreases from $3.00 to $1.5 /unit, and the price of Y stays at $1.00/unit, the isocost 
line will shift outwards for X-axis, while for Y-axis the line will remain the same. (Fig. 7-
A). 

On the other hand, if the outlay is still $12, but the price of X stays at $3/unit, while 
that of Y decreases from $1.00 to $0.50/unit. This change will shift the isocost line point 
upwards for the Y-axis, while for the X-axis the point will remain the same. (Fig. 7-B). 

 
 

Table 5   New Outlay Line with Decrease in price of X and Y, with outlay staying the same.(For Fig. 7-A). 

 1-Given 2-Given 3=1/2 4=1=2x3 5-Given 6=1/5 7=1=4=(5x6) 

 Outlay Line 

Total 
Outlay 

($) 

Price 
X 

($) 

Quantity 
Bought of 

X 
Total Outlay 

Spent Price Y ($) 

Quantity 
Bought of 

Y 
Total Outlay 

Spent 

Old (Gray Line)   12 3 12/3  = 4 4 x $3=12 1    12/1= 12 (12 x $1) = 12 

New (Dotted Line) 12 1.5 12/1.5= 8 8 x $1.5=12 0.5 12/0.5= 24 (24 x $0.5) =12 

 
 

 

 

 

 

 

 

5.  PRODUCER OPTIMUM : LEAST COST USE OF INPUTS (Figure 8-A) 
Earlier in Chapter seven we saw that a consumer maximizes his/her satisfaction when 

the following equation is true: [(MUx/Px)=(MUy/Py)].  In other words, the consumer 
maximizes his/her satisfaction when the marginal utility the consumer gets from the last 
dollar spent on various goods and services has the same value. Now, we can determine 
producer output by using the same concept used above, but this time we will bring the 
isoquant and the isocost line together. The producer will maximize output when the 
isocost line is tangential1 to an isoquant.  

Let us assume we have the following information: a producer’s outlay is $10, 
Px=$2/unit, Py=$1/unit, and the isoquants are IQ1, IQ2 and IQ3. (Figure 8-A). Naturally, 
the producer wants to get the highest output for the money spent. So let us look at 
different combinations of inputs the producer can buy with the $10 outlay. Combination 
P, on isoquant IQ1, can be obtained with the given isocost line of $10.00, but it will give 
only 75 pounds of output. This is also true for combination R on IQ1.  Thus, combinations 
at points P or R on the isocost line will not be acceptable. As for isoquant IQ3, it is outside 
of the isocost line of $10.00 and therefore must be rejected also. Only combination Q ( 3 
units of X and 4 units of Y) gives the highest output, or producer optimum, of 100 pounds, 
within the outlay of $10.00 [(3x$2)+(4x$1)=]. 

                                                           
1 Tangent adj. touching at a single point.  Tangential adj. just touching. 
 

Fig. 7-B  Outlay stays at $12, but Isocost Line shifts 
because price of Y decreases from $1 to $0.50/unit, 
but price of X stays at $3/unit. 
 

    24/0.5=24                 
Y units/acre            New isocost Line  
              
        12/1=12   

                                    Old Isocost Line 
                                            
                                         

              
                0               4               X units/acre 
                                    12/3=4 

Fig. 7-A Outlay stays at $12, but isocost  line shifts 
because price of X decreases from $3 to $1.50/unit, 
but price of Y stays at $1/unit. 

 
  (12/1)=12 units of Y                   
Y/units                              
       12                        New isocost Line 
                                                                                   
                                          Old Isocost Line 
 

                            
 

                                                                 

           0       4         8      X/units 
                            12/3= 4       12/1.5=8 
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6.  THE EXPANSION-PATH  (Table 6, Fig.9) 
 

When a producer's outlay increases and the price of inputs remains the same, the 
producer can buy more inputs.  Let us assume that we are given the following pieces of 
information: Outlay=$3, Px=$2, Py=$1, and the isoquants are IQ1, IQ2 and IQ3. To 
determine how many units of X and Y the producer will buy of each input we have to 
calculate the isocost line by dividing the outlay by the price of X and then by the price of 
Y. This will give us the points where the isocost line will cut the X-axis and Y axis. From 
Table 6 and Figure 9, we can see that when the outlay is $3, the isocost line will touch the 
X-axis at 1.5 and Y at 3. From Figure 9, we can see that the isocost line is tangential to the 
isoquant (IQ1) at P. Thus, from Figure 9, we can see (at P) that the producer will purchase 
1 unit of X and 1 unit of Y, spending the total outlay of $3 [($2 x 1)+($1 x 1) =].   

The calculation of isocost lines for different outlay-- $3, $7.5 and $10 -- is shown in 
Table 6.  The same information is represented in Figure 9. 

 
 

Table 6   Calculating the Isocost Lines for Different Outlay 

 1-Given 2-Given 3=1/2 4-Given 5=1/4 

 
Total 

Outlay ($) 
Price 
X ($) 

Quantity 
At  X-axis 

Price 
Y($) 

Quantity 
at Y-axis 

 3 2 3/2=1.5 1 3/1=3 

 7.5 2 7.5/2=3.75 1 7.5/1=7.5 

For Students 10 2  1  
 

 

From Figure 9, we can see that the isocost line for the outlay of $7.5 is tangential to 
the isoquant (IQ2) at Q, and the isocost line for the outlay of $10 is tangential to the 
isoquant (IQ3) at R. We can also see, from Figure 9, that at Q, the producer will purchase 
2.5 units of X and 2.5 units of Y. At R, the producer will purchase 3 units of X and 4 units 
of Y.   

So, we can see that the producer will move from combination P to Q to R as his/her 
income increases. This movement gives us the expansion-path. Table 7 shows that the 
producer spends all of his outlay at points P, Q, or R--no more and no less.   

So, the expansion-path is a set of optimum production points that show how 
production changes when the producer’s outlay varies, with the price of inputs staying the 
same.  

 
 
 
 
 
 
 
 

 

Fig.8-B For Students: Use results from Table 5 
 

   Y   20    IQ 1  IQ 2     IQ 3  
 

units/16                                                                                    
 

 acre 12                                                        210  lbs.     
 

8                                                          95 lbs. 
 

           4                                                           60 lbs.                                                                                    
                                                                     
             0         1         2          3         4        5  X  
                                                                 units/acre 

Figure 8-A   Producer Optimum 
 

Y      10             IQ1  IQ 2  IQ 3  
 

units/  8                   P                                                                
 

 acre   6                                                                                   
 

           4                              Q                       140 lbs.    
                                                                                                                                                                             100 lbs. 
                                                                      75 lbs.   
 

             0          1         2        3         4         5  X  
                                                                 units/acre 
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Table 7 Calculations Showing the Total Outlay Spent at Different Points on the Expansion-path for 
Points P,Q and R from Fig. 9 

 1-Given 2-Given 3-Read from IQ 4-Given 5-Read from IQ 7=(2x3)+ (4x5)=1 6-Given 7-Given 

 Point 
Total 

Outlay ($) 
Price 
X ($) 

Quantity 
Bought of X 

Price 
Y($) 

Quantity 
Bought of Y Total Outlay Spent Isoquant Pounds 

P 3 2 1 1 1 (2x1) + (1x1) =3 IC1 75 

Q 7.5 2 2.5 1 2.5 (2x2.5)+(1x2.5)=7.5 IC2 100 

R 10 2 3 1 4 (2x3) + (1x4)=10 IC3 140 

 
 
 

 

 

 

 

 
 

 
 

7. INPUT SUBSTITUTION  (Table 8 and Fig. 10) 
 

So far we have seen how a producer’s behavior changes with change in outlay. Now 
we will see how a producer’s behavior changes when the price of inputs changes, with 
outlay staying the same. The first step is to calculate the isocost line by dividing the given 
outlay with the new price of X (See Table 8, column 2). Note that values in columns 4 and 
7 will always be equal to the given outlay--in this case, $10. When the price of X declines 
and the price of Y stays the same, and the outlay is unchanged, as we can see in Figure 10, 
the new isocost line shifts to the right. The next step is to see where each isocost line is 
tangential to the isoquants. We can see that the producer will use more of X  than before. 
The producer's purchase of X will move from X1 (where Px=$10) to X2 (where Px=$4) and 
to X3 (where Px=$2), as shown in Figure 10. When we join the points P, Q, and R, we get 
the input substitution. 

So, the set of optimum production points show how production changes when the 
price of  an input varies, with the producer’s outlay staying the same.  

 
 

Table 8  Input substitution- Calculation 

 1-Given 2-Given 3=1/2 4=2x3=7 5-Given 6=1/5 7=(5x6)=1 or 4 

 Point 
Total  

Outlay ($) 

Price 

X 
($) 

Quantity 
Bought of 

X 

Total  
Outlay Spent 

Price  

Y  
($) 

Quantity 
Bought of 

Y 

Total Outlay 
Spent 

P=X1 10 10 10/10= 1 10 x 1 = 10 1 10 (10 x 1) = 10 

Q=X2 10 4 10/4= 2.5 4 x 2.5 = 10 1 10 (10 x 1) = 10 

R=X3 10 2 10/2= 5  2 x 5 = 10 1 10 (10 x 1) =10 

Figure 9   Expansion-path 
 

 

  Y units/   10              
    acre 
 

                                                          IQ 3            Expansion-path                                                 
                     7.5                      IQ2         
 

                                                                                                        
                                                                                               R 
                    4                                                           
                    3                                            Q                                140 lbs.    
                            2.5                                                                                                                                                                             
                                                          

                    1                                 IQ 1 75lbs.           100 lbs. 
 
                        0            1      1.5        2.5      3     3.75                 5   X units/ acre 
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8. THE SUBSTITUTION EFFECT  (Table 9-A, Figure 11) 

Substitution effect: When a producer uses more units of a cheaper input and fewer of 
an expensive one, in such a way that his output remains unchanged (that is, he stays on the 
same isoquant), we have what is called a substitution effect. In discussing the substitution 
effect, we assume that: 

  i) the producer’s outlay remains the same; 
 ii) the relative prices of the two inputs have changed, making one cheaper than the 

other;  
iii) the increase in price of one input and decrease in price of the second input is such 

that the 
     producer’s choice remains on the same isoquant. 
 

Bearing the above three conditions, let us assume that the producer’s outlay is $15, 
Px=$7.5, and Py=$1. The first step is to calculate the isocost line by dividing the outlay 
with the Px and Py. The value of Qx we get is 2 [15/7.5=], and the value of Qy is 15 
[15/1=], as shown in Table 9-A and Figure 11. This isocost line is tangential to the 
isoquant at point A. At that point the producer purchases 0.8 units of X and 9 units of Y, 
spending the total outlay of $15 [($7.5 x 0.8)+($1x9)]. These calculations are also shown 
in Table 9-B.   

Now let us assume that the producer’s outlay stays the same at $15, but the price of X 
decreases to $3 and the price of Y increases to $2.5. Again, the first step is to calculate the 
isocost line by dividing the producer’s outlay with the new Px and Py. From Table 9-A, 
we can see that the new isocost line (gray line) has a value of Qx=5 [15/3=] and Qy=6 
[15/2.5=].  From Figure 11, we can see that the producer will choose combination B on 
the same isoquant, purchasing 2.5 units of X and 3 units of Y.  Also at B, as at point A, the 
producer will spend all his outlay of $15 [(2.5 x $3)+(3x$2.5)=]. 

Any increase in the purchase of X and thus a decrease in the purchase of Y, due to 
change in relative prices of X and Y, constitutes the substitution effect.  

 
 
 
 
 
 
 
 

 
 

Figure 10  Input Substitution 
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Table 9-A  Substitution Effect Table 9-B 

Calculating the Isocost Points for the X and Y axes. 
Values of Qx and Qy  are Read from the Isoquant 

(IQ) from  Fig.11. 

  
 1- 
Given 

2- 
Given  3=1/2  4-Given  5=1/4 

6-Read 
from IQ 

7-From 
Point-A 

8-From 
Point-B  9=(2x7)+(4x8) 

  Outlay Px($) Qx Py($) Qy Read from IQ Qx Qy Total Spent 

Old Isocost Line 
(Dark Line)   

15 7.5 15/7.5=
2 

1 15/1= 
15 

Read from A 0.8 9 15 

New isocost Line 
(Gray Line) 

15 3 
15/3= 

5 
2.5 

15/2.5
=6 

Read from B 2.5 3 15 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

9. DIFFERENTIATING SUBSTITUTION AND OUTPUT EFFECT (Figure 12-A) 
In reality, the above three assumptions of the substitution effect, mentioned in section 

8 of this chapter, are rarely met. Prices may change in such a way that the new isocost line 
may not be tangential to the same isoquant. So now we are going to look at what happens 
when the price of one input decreases and is tangential to a new isoquant, and then 
determine how much more the producer got because of the substitution effect and how 
much more he or she got because of output effect. When the price of one input decreases, 
the producer will buy more of that input for two reasons: i) the substitution effect, and ii) 
the output effect. 

 

i) The substitution effect: (Fig 12-A, read from IQ1). We have the substitution effect 
when the producer purchases more of the cheaper input than the more expensive one, 
while still staying on the same isoquant (IQ1), between A and C (Figure 12-A). In this 
case the producer purchases 1.1 more units of X [(1.9 - 0.8)=] because of the substitution 
effect. 

 

ii) The output effect: (Fig. 12-A, read from IQ2). With the relative lowering of the 
price of a input, the purchasing power of the producer increases, enabling him to buy even 
more of that input. With this higher purchasing power, the isocost line shifts to a higher 
isoquant (IQ2) –see Figure 12-A. Between C and B the producer will purchase 0.6 more 
units of X [2.5-1.9=] because of the output effect. 

 When the output effect is subtracted from the total effect, we have the substitution 
effect. In other words, total effect is equal to substitution effect plus output effect. 

 

TOTAL EFFECT = SUBSTITUTION EFFECT  +  OUTPUT EFFECT 
 

Fig. 11   Substitution Effect: Movement along the same IQ with same outlay. 
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We can use the following steps to determine the substitution and output effect when 

there is a decrease in price of one input--for example X in this case. (Figure 12-B). 
 

Step 1) Determine the original quantity purchased of an input (Fig. 12-B): Where the 
first isocost line cuts the IQ1, we find the original quantity bought of X. In this case, it is 
point A, and the producer will purchase a total of 0.8 units of X. 

 

Step 2) Determine the total effect (increase in total quantity of an input purchased  
(Fig. 12-B)):  Draw a new isocost line with the reduced price of X which, in this case, 
decreased from $7.5 to $3 per unit. See where this new isocost line (gray line) is tangential 
to the new isoquant, ( IQ 2). (The second isocost line should already be given on the 
graph). This gives us point B. This means the producer will now purchase a total of 2.5 
units of X, or 1.7 more units [2.5 - 0.8=] of X than before. 

 

Step 3): Determine the substitution effect (Fig. 12-B): Draw a parallel (imagined 
reduction in the producer outlay) line to the left of the new isocost line drawn earlier, until 
it just touches IQ1 which in this case is at 1.9 units of X. In other words, we are reducing 
the producer’s outlay. In this case, the producer’s outlay was reduced from $15 to $10, or 
by 33.33%. We can determine that the outlay was reduced to $10 by seeing where the 
parallel line drawn cuts the X-axis. We see that it cuts the X-axis at 3.3 units. So, 3.3 units 
of X, multiplied by $3/unit (new price of X), equals $10 (except for the rounding error). 
We could have also determined the reduced outlay by seeing where the new parallel line 
cuts the Y-axis. Since the reduced isocost line meets the Y-axis at 10, and since the price 
of Y is $1/unit, we see that the reduced outlay is 10 x $1= $10. So either way, using 
information from the X or Y-axis, we arrive at the same answer of $10 for the reduced 
outlay.  

  The new parallel line cuts the old IQ1 at C. Remember that when the new 
isocost line is tangential to the same isoquant, the difference in quantities of the input we 
buy is due to the substitution effect.  So in this case, the additional amount purchased due 
to the substitution effect, is 1.1 units [1.9- 0.8=] of X. 

 
 

SUBSTITUTION EFFECT = TOTAL EFFECT –  OUTPUT EFFECT 
 

 

Step 4) Determine the output effect (Fig. 14-B): the output effect is determined by 
subtracting the substitution effect from the total effect. In this case it is B minus C or 0.6 
units  [2.5-1.9=] of X. 

 Fig. 12-A  Substitution and Output Effect  
  

 

Y     15         
units/acre 

        12                                                                                    
         
        10              A                                                          

                                          B 
          6                        C                

                                                        IQ2 
          3                                          IQ1                                                                                          

                                                                     
            0      0.8        1.9     2.5   3.3                5  X 
                                                                units/acre 
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                     Effect        Effect 
 

                          Total Effect 

                                

 Fig. 12-B  Substitution and Output Effect  
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OUTPUT EFFECT = TOTAL  EFFECT –  SUBSTITUTION EFFECT  

 
10. PRODUCER OPTIMUM USING THE MPP APPROACH 

As we saw in Chapter 4, one of the goals of a firm is to maximize its profits, within 
the given the constraints of a limited outlay. It can do this by obtaining the maximum 
output with the minimum cost (outlay).  Producers can obtain the maximum output  with 
least cost outlay by selecting combinations of inputs within their outlay  constraints.  
Producers may desire to spend their entire outlay  but do not wish to exceed it. Producer 
optimum output is  based on the outlay of the producer, price of the inputs, and the 
marginal physical product of the inputs to be used by the producer. Producers minimize 
their costs when the marginal physical product--that is, the extra output-- of the last dollar 
spent from various inputs is the same for all inputs. This takes place when an isocost is 
tangent to an isoquant. At this point on the slope, the isocost is equal to the isoquant. This 
can be expressed as: 

 

Marginal Physical Product of X Marginal Physical Product of Y 

Price of X 
= 

Price of Y 

 

MPPx MPPy 

Px 
= 

  Py 
 

For us to determine the producer optimum, we need to know the following: a) the 
marginal physical product of input X and Y, which would be calculated from the total 
product of input X and Y given, b) producer outlay with which to maximize his/her 
output, c) the price of X /unit, and d) the price of Y /unit.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Ch. 8                          The Isocost and Isoquant Curves                 

 

13

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Ch. 8                          The Isocost and Isoquant Curves                 

 

14

 

Numerical Example: Let us assume that a producer has an outlay of $16, given that 
the price of X is $4.00/unit and price of Y is $2.00/unit. In Table 12 we are given the total 
output for X (column 2x) and Y (column 2y) for varying units of X and Y produced. 
Hence we have information for columns 1x, 2x and 4x; and also for 1y, 2y and 4y. 

There are two ways to determine the producer optimum. Method 1: is by completing 
Table 12, and see which values in columns 5x and 5y (MPPx/Px=MPPy/Py) are equal; and 
then see which combination of inputs we get uses all the producer’s outlay. Method 2: see 
which combination of two inputs that will use all the producer’s outlay and then see if the 
equation (MPPx/Px)=(MPPy/Py) is true.  

                     Method 1:  
Step 1: Complete Table 12, columns 3x, 3y and 5x and 5y.  
Step 2: Go down columns 5x and 5y, and see which values are equal. In this case the 

first values that are equal are 7.5 when 2 units of X and 1 unit of Y are used.  
Step 3: Now calculate if this combination of inputs applied used the producer’s entire 

outlay; which in this case is: (2X+1Y)= (2 x $4)+(1x$2)= $10. As not all the producer’s 
outlay of $16 is spent let us go to the next combination. Just as a future check, at this 
combination the total output the producer got, read from columns 2x and 2y is 77 bags 
[62+15=].  

Step 4: Go back to Columns 5x and 5y; we see that the next two values, 6,  are the 
same when 3 units of X and 2 units of Y are used. So at this combination 
MPPx/Px=MPPy/Py.  

Step 5: Check if all the producer’s outlay is spent with this combination and when we 
check we will see that it is: (3 x $4)+(2x$2)=$16. So this combination and this 
combination alone will give the optimum output with given outlay.  Which is TPx+TPy= 
86+27= 113 which is greater than the previous combination that gave total output of only 
77 bags. All other combinations will either under spend or overspend the producer outlay 
and it is only this combination that will give the producer his/her highest output.  

 
 

Table 12    Determining the least-cost use of inputs using the marginal physical product concept          
                                                                                         Outlay=$16, Px=$4/unit, Py=$2/unit 

1x= 2x=   3x= 4x= 5x=   1y= 2y=   3y= 4y= 5y= 

Given Given   ∆ in Col.2x  Given  3x/4x   Given Given   ∆ in Col.2y   Given  3y/4y 

Qx TPx  MPPx Px($) MPPx/Px  Qy TPy  MPPy Py($) MPPy/Py 

0 0           0 0         

   > 32 4 32/4=8      > 15 2 15/2=7.5 

1 32           1 15         

   > 30 4 7.5      > 12 2 12/2=6 
2 62           2 27         

   > 24 4 24/4=6      > 9 2 4.5 

3 86           3 36         

   > 12 4 3      > 6 2 3 

4 98           4 42         

   > 6 4 1.5      > 3 2 1.5 

5 104           5 45         

   > 2 4 0.5      > 1 2 0.5 

6 106           6 46         
 

Method 2: We will be looking at three combinations where: #1) the producer spends all of his 
$16.00 and the equation (MPPx/Px)=(MPPy/Py) is true; #2) the producer spends all of his $16.00 but the 
equation (MPPx/Px) is not equal to (MPPy/Py), and #3) the producer spends all of his $16.00 and again 
the equation (MPPx/Px) is not equal to (MPPy/Py).  We will see that only because in combination (#1) 
does the producer spends all of his $16.00 and the marginal physical product equation is true. 
Therefore, only in combination#1,  does he maximize his total output, which is determined by adding 
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the total product (TP, columns 2x and 2y) from Table 12. The summary of these combinations is 
shown in Table 13. 

The question remains: Which combination of activities will maximize the producer’s output?  Let 
us try some combinations (Table 12). 

 
 

Table 13     How Producers Maximize Output  
 

Producer Outlay = $ 16 
    Price of X = $ 4.00/unit 
    Price of Y = $ 2.00/unit 
 

   

 Combination # 1 Combination #  2 Combination # 3 

Combination selected: 
 

 3 units of  X and  
    2 units of  Y 

 

2   units of X and 
4   units of Y 

 

1 unit of X and  
6 units of Y 
 

 

Is the producer’s outlay 
completely spent with the 
above combination? Yes. 

      

               3X + 2Y  =16 
(3 x $4) + (2 x $2) =16 
               12  +  4  = $16 

              

               2 X + 4Y  =16  
(2 x $4) + (4 x $2 ) =16 
                   8 + 8  = $16  

             

             1X  + 6Y = 16 
(1x $4) + (6 x $2) = 16 
                   4+ 12=$16 

 

MPP of the last unit of  X 
puchased: 
 

MPP of the last unit of  Y 
puchased: 

 

MPP of 3rd. unit of  X =24 
 

  (Read from column 3x). 
 

MPP of 2nd. unit of  Y = 12 
 

(Read from column 3y). 

 

MPP of 2nd unit of X=30 
  

(Read from column 3x). 
 

MPP of 4th unit of Y= 6 
  

(Read from column 3y). 

 

MPP of  1st unit of X = 32 
  

(Read from column 3x). 
 

MPP of 6 th. unit of Y  = 1  
 

(Read from column 3y). 

MPPx MPPy  MPPx MPPy  MPPx MPPy  

Px 
= 

Py  Px 
= 

Py  Px 
= 

Py  

24 12  30 6  32 1  

4 
= 

2  4 
≠ 

2  4 
≠ 

2  

6 6  7.5 3  8 0.5  

 
 

For the producer to 
maximize output  the 
MPP equation (on the 
right) has to be true. 

 

 
 1 

= 
1  1 

≠ 
1  1 

≠ 
1  

 
  

 The above equation is 
true, hence the producer 
must maximize his/her 
total output. 
 

 

The above equation is 
not true, hence the 
producer does not 
maximize his/her total 
output. 

 

The above equation is not 
true, hence the producer 
does not maximize 
his/her total output. 

Total Product (TP) from 
each combination: 

 

TP of 3 units of X=   86 
TP of 2 units of Y=  27 
TP  of TPx+TPy  = 113 
 

(Read from columns 2x 
and 2y). 

 

TP of 2 units of X = 62 
TP of 4 units of Y = 42 
TP of TPx+TPy = 104  
 

(Read from columns 2x 
and 2y). 

TP of 1 unit of X  =     32 
TP of 6 units of Y = 46 
TP  TPx+TPy       = 78  
 

(Read from columns 2x 
and 2y). 

 
 

 

Producer maximizes 
output with the above 
combination because the 
(MPPx/Px)=(MPPy/Py) is 
true. 
 

  

With all other combinations of x and y, the producer either overspends or does not spend his/her outlay 
completely.  
 

Calculations from Table 13 are explained in detail below. 
Numerical Examples 

1) We start with an equation representing one combination of the two inputs: the 
producer decides to purchase 3 units of  X and 2 units of Y. With this combination, the 
producer spends all of his $ 16.00. 
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        3X + 2Y       = $16 
             (3 x $4)+(2 x $2) =$ 16 
                                           12   +  4         = $ 16 
 

Marginal physical product of 3rd. unit of   X =24 bags  (Read from column 3x of Table 3). 
Marginal physical product of 2nd. unit of  Y =12  bags  (Read from column 3y of Table 3). 

 

For this,      
MPPx MPPy 

Px 
= 

Py 
 

 

24 12 
4 

= 
2 

 
 

6 6 
1 

= 
1 

 
 

Since (MPPx/Px) =(MPPy/Py) is true, we know that this equation will yield the greatest total 
output. Total output can be determined by summing up the total output of X and Y. (Refer 
back to Table 12). 

 

 Total product of 3 units of X=   32+30+24  =    86 bags  (Read from column 2x of Table 12). 
 Total product of 2 units of Y=  15+12        = + 27 bags  (Read from column 2y of Table 12). 

                  Total product  of TPx+TPy     =  113 bags 
 

Because (MPPx/Px)=(MPPy/Py), we know that only this combination and no other will 
maximize output.  We can confirm that by looking at other combinations, where the 
producer again spends all his $16 outlay, but where the equation (MPPx/Px)=(MPPy/Py) is 
not true. 

 

2)   Take this combination, for instance:   
              2 units of X and 4 units of Y.  
 

             2X + 4Y        =16  
      (2 x $4)+(4 x $2 ) =16 
 

The producer spends all his $16, but does he maximize his output? 
 

Is  this equation true:       
MPPx MPPy 

Px 
= 

Py 
 

 

Marginal output of 2nd unit of X=30 bags. (Read from column 3x of Table 12). 
Marginal output of 4th unit of Y= 6 bags.  (Read from column 3y of Table 12). 

 

30 6 
4 

≠ 
2 

 
 

7.5 3 
1 

≠ 
1 

 
 

The above equation is not true. Therefore, the producer will not maximize his output. This can be 
seen  below: 
 

Total product of  2 units of X =         32+30=  62  bags  (Read from column 2x of Table 12). 
Total product of  4 units of Y = 15+12+9+6= 42  bags  (Read from column 2y of Table 12). 
Total product TPx + TPy                              104 bags 
 

So we know that this equation did not yield the maximum output as compared to the 
first combination.    

 
 

3) Next, we try a combination of 1 unit of X and 6 units of Y: 
               1X +6Y = 16 
(1x $4) + (6 x $2) = 16 
          4 + 12         = 16 

 

Although the producer again exhausts the $ 16 outlay, will s/he maximize output, 
where maximizing means, again, that (MPPx/Px) must equal (MPPy/Py) ? 
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MPPx MPPy 

Px 
= 

Py 
 

 

Marginal output of  1st unit of X = 32 bags  (Read from column 3x of Table 12). 
Marginal output of  6 units of Y  =   1 bags  (Read from column 3y of Table 12). 

 
 
  

32 1 
4 

≠ 
2 

 
 

8 0.5 
1 

≠ 
1 

 
  

The above equation is not true. Therefore, this combination will not maximize the 
producer's output. As always, this can be determined by totaling the total output of 1 unit 
of X and 6 units of Y. 

 

Total product of 1 unit of X  =   32  bags (Read from column 2x of Table 12). 
Total product of 6 units of Y =  46  bags (Read from column 2y of Table 12). 
Total product  TPx+TPy      =  78 bags 

   

4)  Let us examine how a producer will act to maximize his total output. Remember 
that the equations below must hold true in order for maximum output to be attained.   

 

Marginal Physical Product of A Marginal Physical Product of B 

Price of A 
= 

Price of B 
 

 

MPPa MPPb 

Pa 
= 

Pb 
 

 

Suppose the values in the equation are as below: 
 

MPPa MPPb 

Pa 
= 

Pb 
 

 

10 16 

2 
≠ 

2 
 

 

5 8 

1 
≠ 

1 
 

Given these values, what can be done to make the equation proportionate, so that 
producer optimum may be obtained? Looking at Law of Diminishing Marginal Returns, 
when you increase the input levels, after a certain level of input, ceteris paribus, you 
reduce your marginal physical product.  Conversely, if you decrease the input levels, 
ceteris paribus, you increase the marginal physical product. Therefore, we can do one or 
both of two things: We can increase the MPPa by decreasing input of A (so that 5 can 
become 8), or we can decrease MPPb by increasing input of B (so that 8 can become 5).  
Either action (or both), will bring the ratios to equality 

 

5)  Let us look another set of values:   

MPPa MPPb 

Pa 
= 

Pb 
 

7 5 

4 
≠ 

2 
      Or,  1.75 ≠ 2.5 

   

Once again, what can be done to obtain producer optimum? 
We can increase MPPa   (so that it becomes 2.5) by reducing the input of A, or reduce 

the MPPb (so that it decreases to 1.75) by increasing input of B.  With the law of 
diminishing marginal physical product, this just stands to reason.  
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