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Implicit Differentiation Method
Reference:  Larson, Ron, Robert P. Hostetler, & Bruce H. Edwards, Calculus with Analytic Geometry, 8th edition (2006) Houghton Mifflin Publishing, ISBN 0-618-50298-X
Some functions to be differentiated are expressed in explicit form where the dependent variable is the only variable on the left-hand side of the equal sign and any other variables and/or constants are exclusively on the right-hand side of the equal sign.  For example, in the equation
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the variable 
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 is expressed explicitly in terms of 
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.  Such an expression is relatively easy to differentiate.
Some functions, however, are difficult, if not impossible, to express explicitly in this form.  For example, the equation


[image: image4.wmf]23

242

xyy

-+=


Is very difficult, at best, to express in explicit form where 
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 is equal to some expression involving 
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 and/or constants only.

How, then, can such a function be differentiated?

To differentiate such a function, we can use implicit differentiation.
The method of implicit differentiation results from a direct application of the Chain Rule in Differential Calculus.  The Chain Rule says the following:
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or, equivalently,
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To perform a differentiation of a function, it is important to keep in mind what variable you are differentiating ‘with respect to’.  When you are differentiating terms involving 
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 ‘with respect to’ 
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, you can differentiate as usual.  However, when you are differentiating terms involving 
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 ‘with respect to’ 
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, you will have to apply the Chain Rule, because you are assuming that 
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 is defined implicitly as a differentiable function of 
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.
For example, to find 
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, notice that you are differentiating a term expressed explicitly in terms of 
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 (
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) ‘with respect to’ 
[image: image24.wmf]x

, so you can apply the Power Rule directly to the differentiation.  However, to find 
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, you must recognize that you are differentiating a term (
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) that is assumed to be implicitly defined in terms of 
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, but you are differentiating ‘with respect to’ 
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.  In this case, the Chain Rule must be applied as follows:
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Another example of using implicit differentiation:
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And still another example of using implicit differentiation:
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