4 Section 14.5: The Chain Rule

e Chain rule in the case of one independent variable ¢ ‘:r— (X)
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m In the case of single variable calculus, we have the chain rule:

m In the case of multi-variable calculus, we have the chain rule:
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3‘.F }_{ = Example: Let@: fx,y) = 52% — 432, x(t) = sin(t), and y(t) = cos(t).
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e Chain rule in the case of two independent variable ¢

m In the case of single variable calculus, we have the chain rule:
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m In the case of multi-variable calculus, we have the chain rule:
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and

%f(x(t, s),y(t,s)) = fo(x(t), y(t))axg;’ s) + fy(z(), y(t))ayg; S)

» Example: Let z = f(z,y) = 52® + 2y —

3y?, z(t) = 2u — 3v, and
y(t) = u — 2v. Compute & and %
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e Chain rule in the case of many independent variable ¢ and for many-
variables functions

Let x = f(z1(ty, ..., tn), x2(t1, ...y tn)s -y T (t1, .-y ) ), where each of the z;(tq, ..., t,,)
is a differentiable function of tq,....¢,.

Then, z is a differentiable function of ¢y, ...,t, and
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Forall j=1,..,n

e Implicit Differentiation )
Fird —ir
s Given an equation ’F (x,y) = O,I which defines y implicitly as a function

of x, can we compute 72 without explicitly solving for y in terms of x7
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m The Implicit Functlon Theorem (for a function of two variables):
Let F(z,y) be a function of two variable. If F' is defined on a disk
containing (a,b) where F(a,b) = 0, Fy(a,b) # 0, and F, and F| are
continuous on the disk, then the equation F(z, y) = 0, defines y 1mphcltly

as a function of = near the point (a,b) , and the derivative of the function
is given by
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m The Implicit FlFunction Theorem (for a function of three vari-
ables): Let F—ér?—‘&%e a function of three variable. If F' is defined within
a sphere containing (a, b, ¢) whete F(a,b,c¢) = ) F.(a,b,¢) # 0, and F,, F,,
and F, are continuous inside the sphere, then the equation |F'(z,y, z) = 0, I
defines z implicitly as a function of z and y near the point (a,b,c) , and
the derivative of the function is given by
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s Example: Find % and g—; if g_
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