Inverse Variation





Algebra II

Two variables x and y are said to show inverse variation if they are related by an equation of these forms:
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The graph of an inverse variation equation is called a hyperbola.  A hyperbola consists of two pieces, called branches.  For k > 0, the graph of 
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 will have the branches in the first and third quadrants.  For k < 0, the graph of 
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 will have the branches in the second and fourth quadrants.  The following inverse variation graph is 
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In both cases, as x approaches  or 
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y approaches 0 (the x-axis).  Here is how you state the same thing using infinity notation:  
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This line that the hyperbola approaches is called the horizontal asymptote.  It is shown as a dotted line on the x-axis, which is the equation y = 0, but the asymptote is not considered part of the hyperbola.

The y-axis, which is the equation x = 0, is the vertical asymptote of the hyperbola.  It is shown as a dotted line on the y-axis.  In an inverse variation if x = 0, then y is undefined because 
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As x approaches 0 from the left side, y approaches negative infinity (the graph of the hyperbola goes down).  This statement us written like this:  
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As x approaches 0 from the right side, y approaches positive infinity (the graph of the hyperbola goes up).  This statement us written like this:  
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The constant k is called the constant of variation or the constant of proportionality.

For a 120 pound person, the average pressure P exerted on the snow beneath the person’s footwear is given by   
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 where A is the area of the bottom of the footwear in square feet and P is measured in pounds per square foot.  Since the Pressure and the Area both must be positive, the graph is shown only in quadrant I.  The graph is shown on the next page.


What is the pressure in pounds per square foot if a 120-pound person wore snowshoes that totaled 1 square foot?  Did you get your answer from the graph or from the equation?  Which is more accurate?

What is the pressure for the same person if his/her snowshoes had an area of 5 square feet?  Did you get your answer from the graph or from the equation?  Which is more accurate?

The volume of a fixed mass of perfect gas at constant temperature is inversely proportional to the pressure.  If the volume is 8L when the pressure is 3 atmospheres, find (a) the equation of the inverse variation and (b) the volume when the pressure is 5 atmospheres.

Solution:   Let p =  the pressure in atmospheres and v = volume in liters.  Then pv=k, where k is the constant of variation.

(a).  Find k if v = 8 when p = 3.



(b).  Find v when p = 5.
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(3)(8) = k







[image: image17.wmf]524

v

×=


24 = k







[image: image18.wmf]24

5

v

=


so 
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v = 4.8 L  Answer
Joint variation

When a quantity varies directly as the product of two or more other quantities, the variation is called a joint variation.  For example, if p varies jointly as x and y, then

p = kxy for some constant k.  In this case we also say that p is jointly proportional to x and y.

Several important physical laws combine joint and inverse variation.  For example, Newton’s law of gravitation states that the force of attraction, F, between two spherical bodies is jointly proportional to their masses, 
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[image: image23.wmf]12

2

mm

Fk

r

=×


Inverse and Joint Variation

Algebra II  

Name___________________

In problems 1-4, k is a constant and the other letters are variables.  Express each equation as a variation.

Example:  
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Solution:  V varies directly as q and inversely as r.

1.  E = kmh

2.  F = kA2B

3.  
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In problems 5-10, state an equation of the variation described.  Use k for the constant of variation.

5.  z varies directly as the square of x.

6.  w is inversely proportional to the square of u.

7.  p is directly proportional to r and inversely proportional to x.

8.  z is jointly proportional to x and the square of y.

9.  w varies jointly as u and v and inversely as x.

10.  t is directly proportional to z and inversely proportional to the product of x and y.

11.  If v is inversely proportional to u, and v = 60 when u = 0.5, find u when v = 12.

12.  If y varies inversely as the square root of x, and y = 4 when x = 9, find y when 

x = 4.

13.  If s is jointly proportional to u and v, and s = 15 when u = 2 and v = 1.5, find s when u = 0.5 and v = 6.

14.  Suppose w varies directly as u and inversely as v2, and w = 8 when u = 2 and 

v = 3.  Find w when u = 3 and v = 2.

15.  According to Ohm’s law, the current flowing in a wire is inversely proportional to the resistance of the wire.  If the current is 5 amps (A) when the resistance is 
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, for what resistance will the current be 6 A?

16.  In electromagnetic transmission, the frequency varies inversely as the wavelength.  A signal of frequency 750 kilohertz (kHz), which might be the frequency of an AM radio station, has a wavelength of 400 m.  What frequency has a signal of wavelength 600 m?

17.  A pulley 18 cm in diameter, rotating at speed 25 rev/sec (revolutions per second), is belted to a pulley 10 cm in diameter.  Find the speed (in revolutions per second) of the smaller pulley if the speeds of the pulleys are inversely proportional to their diameters.

18.  The electrical resistance of a wire varies directly as its length and inversely as the square of its diameter.  50 m of a wire with diameter 2 mm has resistance 
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.  Find the resistance of 120 m of wire of the same material if its diameter is 3 mm.

19.  The heat loss through a glass window varies jointly as the area of the window and difference between the inside and outside temperatures.  If the loss through a 3.2 m2 window is 700 BTU/hour when the temperature difference is 12°C, what is the heat loss through a 4.4 m2 window when the temperature difference is 15°C?
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