Chain rule — technique clinic
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Practice problems

1. Find the derivative of y = z In(z? + 1).

2. Find the derivative of y = sin*(3z).

3. Find the derivative of y = —

cos(z) "



Solutions

1. Find the derivative of y = x In(z? + 1).

e Identify this as a product of u = z and v = In(2? + 1).

e The derivative of u is v’ = 1.
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e The derivative of v requires the chain rule: v/ = a2 =5 il'
e Apply the product rule: ¢/ = v/v+uv' =1-In(z? +1) + 2 - xg—il
e Simplify the expression to In(z? + 1) + f;fl

Answer: \fracdydx = \In(x"2 + 1) + \frac2x"2x"2 + 1
2. Find the derivative of 3 = sin*(3z).

e Rewrite the function as y = (sin(3z))%.

e The outermost layer is the power of 4. Its derivative is 4(sin(3x))3.

The next layer is the sine function. Its derivative is cos(3x).

The innermost layer is 3z. Its derivative is 3.

Multiply all layers together: 3 = 4sin®(3x) - cos(3z) - 3.
Simplify to 12sin®(3x) cos(3x).

Answer: \fracdydx = 12\sin"3(3x)\cos(3x)
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3. Find the derivative of y =

cos(x)*

e Identify this as a quotient with u = €** and v = cos(z).

e Find v/ using the chain rule: u/ = €%* - 2 = 2¢%*.

e Find v": v/ = —sin(x).
e Apply the quotient rule: y' = u"u;zuv’ — (Qegz)(cos(é)gs_(;ijz)(_ sin(x)).
e Factor out €2* in the numerator: 3 = (2 C(?(S)S();F)Sin(x))-

Answer: \fracdydx = \frace 2x(2\cos(x) + \sin(x))\cos"2(x)
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