11.5 The Chain Rule

Chain Rule in 1 Variable

The Chain Rule (Case 1)

Example 1

If z = 4x?y — 5xy with x = cost and y = sint, find dz/dt'

Example 2

The volume of a coneis given by V' = énrzh. If the radius is changing at 0.1 m/s and the height

is changing at 0.2 m/s, find the rate at which the volume is changing when r = 10 m and
h=5m.



Chain Rule Case 2

Example 3

If z=x?y withx = asinf and y = a cos . Find 0z/da and dz/dp.

Chain Rule — Generalized Version

Example 4

Ifw = f(x,y,zt)and each of x, y, z, and t are functions of u and v. Find an expression for
ow /ou.



Example 5
If g(s,t) = f(s? —t2,t? — s?) and f is differentiable, show that g satisfies the equation

dg  dg
ta‘l‘SE—O

Example 6

If z = f(x,y) has continuous second order-partial derivatives and x = 72 + s? and y = 2rs,
find dz/0r and 0%r/0r2.



Implicit Differntiation

Example 7

Find y' if 3x2 — 6y3 = 6x2y.
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