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Chain Rule from Calculus 1:  A Review
Let w = f(x), where f is a differentiable function of x.  Suppose also that x = g(t).  Sketch a diagram for the composition of the functions:  w = f(g(t)).






Theorem:  Let w = f(x), where f is a differentiable function of x, and suppose that x = g(t) is a differentiable function of t.  Then w is a differentiable function of t, and …
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Chain Rule:  One Independent Variable
Let w = f(x , y), where f is a differentiable function of x and y.  Suppose also that x = g(t) and y = h(t).  Sketch a diagram for the composition of the functions, w = f(g(t),h(t)).









Theorem:  Let w = f(x , y), where f is a differentiable function of x and y, and suppose that x = g(t) and y = h(t) are both differentiable functions of t.  Then w is a differentiable function of t, and …
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Exercise 1a:  Let w = xy, where x = 2sin(t) and y = cos(t).  Determine 
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dw

 by using the appropriate Chain Rule.
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Exercise 1b:  Let w = xy, where x = 2sin(t) and y = cos(t).  Determine 
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dw

 by converting w to a function of t before differentiating.


     w = xy =





Hence, 
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Chain Rule:  Two Independent Variables
Let w = f(x , y), where f is a differentiable function of x and y.  Suppose also that

x = g(s,t) and y = h(s,t).  Sketch a diagram for the composition of the functions,

w = f(g(s,t),h(s,t)).






Theorem:  Let w = f(x , y), where f is a differentiable function of x and y.  Suppose also that x = g(s,t) and y = h(s,t).  If the first partial derivatives 
[image: image8.wmf]s

x

¶

¶

, 
[image: image9.wmf]t

x

¶

¶

,
[image: image10.wmf]s

y

¶

¶

, and 
[image: image11.wmf]t

y

¶

¶

 all exist, then 
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 both exist and are given by the following formulas.




[image: image14.wmf]s

w

¶

¶

 =







[image: image15.wmf]t

w

¶

¶

 =
Exercise 2a:  Let w = sin(2x + 3y), where x = s + t and y = s – t.  Determine
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 by using the appropriate Chain Rule.
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Exercise 2b:  Let w = sin(2x + 3y), where x = s + t and y = s – t.  Determine
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 by first writing w as a function of s and t.



w = sin(2x + 3y) =
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Implicit Differentiation:  A Review
Exercise 3a:  Differentiate 
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First, note that we could rewrite the equation as



Differentiate implicitly:


Isolate (solve for) 
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Implicit Differentiation and Implicit Partial Differentiation
We will now look at a convenient alternative to the implicit differentiation done in Calculus 1.

Theorem:  Suppose that x and y are related by the equation F(x , y) = 0, where it is assumed that y = f(x) is a differentiable function of x.  Then …
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Theorem:  Suppose that x, y, and z are related by the equation F(x , y , z) = 0, where it is assumed that z = f(x , y) is a differentiable function of x and y.  Then …
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Exercise 3b:  Differentiate 
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 implicitly, using a theorem from the bottom of page 4.



First, we write:
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Thus, 
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Exercise 4 (Section 13.5 #38):  Differentiate implicitly, using a theorem at the bottom of page 4, in order to determine the first partial derivatives of z in 
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First, we write:
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Thus, 
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and 
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