Chapter 2. 

Sect. 2.3. Business Applications of Quadratic Functions 
a) Supply, Demand and Market Equilibrium

Linear models for supply and demand functions are the simple ones. In reality, these two functions may be quadratic or of higher degree. Like it was in linear application, price of the item is a function of the quantity of items (supplied or demanded):  p = f (q). The graphs of typical quadratic supply and demand functions are below. We consider only their first-quadrant parts (x and y>).

[image: image1.wmf]1500

12

.

0

180

)

06

.

0

(

2

180

2

=

=

-

-

=

-

a

b


[image: image4.wmf] 

      

Example 1. Supply and demand functions for a certain product are:

p = q2 + 25  

- supply    (quadratic f-n)

p = (20q + 550  

- demand (linear f-n)
Find market equilibrium point.

At market equilibrium the demand price equals the supply price, or in mathematical language, both functions have the same value of  p (price). Graphically, it will be the point of intersection of supply and demand f-ns:
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   To find equilibrium point = to solve the system  

   two equations: 

        p = q2 + 25  



         p = (20q + 550     
   Substitute q2 + 25 for p in the second  eq-n 

   and get:

   q2 + 25 = (20q + 550     

   q2 + 20q – 525 = 0     

   Using quadratic formula, find solutions:

   
q = 15; 
q = -40. 

    Disregard negative value and find 

    p(15)=250 (using any of 2 equations).

So, market equilibrium point is (15, 250). Market equilibrium occurs when 15 items are sold at a price of $250 per each item. 

b) Break-Even Points

Cost and revenue functions may be considered as linear (Chapter 1-6), but in real life they often are more complicated. Cost of production at certain level may increase sharply and revenues may be not proportional to the # of items sold.

We will consider example, where one of the functions (cost) is quadratic.

Example 2. The total costs for a production are given by

C(X) = 2000 + 40x + x2
The total revenues are given by

R(x) = 130x

Find the break-even points.

To find the break-even point = to find the quantity x that makes costs equal to revenues:
C(X) = R(x)

1) The first step - to solve 2 equations together (simultaneously):

C(X) = 2000 + 40x + x2
R(x) = 130x

Because their left sides are equal, their right sides will be equal as well:

2000 + 40x + x2 = 130x
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x2 + 40x – 130x + 2000 = 0

x2  – 90x + 2000 = 0

We can use here factoring method to solve equation:

Factor +2000 into possible factors, that give you in sum –90, there are 2 options:

2000 = (+40)(+50)
or

2000 = (-40)(-50).

Choose the second option, because

(-40) + (-50) = -90 and get:

(x-40)(x-50)=0
x1 = 40 x2 = 50
So break even point occur when the quantity of items produced is equal to 40 and 50 – two points!

2) The second step – to find the corresponding values of Cost (Revenue). To find them, use any of the two equations above (use the simplest one) and find:

R(x) = 130x = 130(40) = $5200 

R(x) = 130(50) = $6500

So, break-even points are: (40, 5200), (50, 6500). 

Graph both functions to confirm answer (see Fig. above).


c) Maximization 
In business we often need to know:

· what is minimal cost of production?

· what are maximal revenues?

· what is maximal profit?

We can answer these questions mathematically by finding maximum (minimum) values of function.

Example 3. Find the maximum revenue for the revenue function 

R(x) = 180x – 0.06x2
We have quadratic function which graph is parabola opening downward (a < 0):

y = -0.06x2 + 180x. 

This graph has a maximum value of function in its vertex. 

Find vertex: x= 
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At x = 1500 we have maximal value of the function:

Y(1000) = – 0.06(1500)2 + 180(1500) = -135000 + 270000 = $135,000

Answer: maximum revenue of $135,000 is achieved when x units are produced.

Graph of the function:
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Example 4.  Macro Manufacturing estimates that its weekly profit, P, in hundreds of dollars, can be approximated by the formula[image: image3.wmf]P

x

x

x

b

g

=

+

+

–

,

2

4

2

2

where x is the number of units produced per week, in thousands. How many units should the company produce per week to earn the maximum profit? Find the maximum weekly profit.

Answer: 1000 units, $400 
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