
640:135, extra notes for lecture 18, p. 1

Section 12.3 The exercises from sections 12.1 and 12.2 will not be done here, but should be
done in recitation. If there are any aspects of the basic properties of the trigonometric functions that you
need to review, it will help todiscussthe exercises. However, presentation here will do little more than show
the answer. Moving on to the calculus seems a better use of lecture time.

Typically, a function f (x) will be given andf ′(x) is to be found.

Exercise 2

f (x) = sin 5x

f ′(x) = ( cos 5x
)(

5
) = 5 cos 5x

Exercise 6

f (x) = cosπx2

f ′(x) = (− sinπx2 )(2πx
) = −2πx sinπx2

Exercise 17

f (x) = ex secx

f ′(x) = (ex)(secx tanx)+ (secx)(ex)

f ′(x) = ex · (secx) · (tanx + 1)

Exercise 25

f (x) = sinx

x

f ′(x) = (x)(cosx)− (sinx)(1)

x2

f ′(x) = x cosx − sinx

x2

This formula is not defined whenx = 0, but the limit asx→ 0 exists and is equal to 1 (becauseradian
measure of angles isalways usedfor trigonometric functions in calculus). This use of differentiation
formulas is also only valid forx 6= 0. More advanced methods are required to evaluate the derivative at
x = 0 and to show that the curve is as smooth as it appears (see graph below).
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Exercise 31 This asks for the tangent line to the graph ofy = cot 2x at the point(π/4,0). First,
check that the information has been correctly transcribed and interpreted by verifying that the point lies on
the curve. Ifx = π/4, the2x = π/2, and

cot
π

2
= sin π

2

cosπ2
= 0,

sincecosu = 0 andsinu = 1 atu = π/2.
Now, differentiate

dy

dx
= −2 csc 2x,

which comes from combining the formula for the derivative ofcotu with that ofu = 2x by thechain rule.
Next, evaluate atx = π/4, which gives2x = π/2, to get that the slope of the tangent line is−2, and

the equation of the tangent line (inpoint-slope form is

(
y− 0

) = −2
(

x − π
4

)
.

Simplification is not required.

Exercise 36 The instructions are to gather information that can be used to sketch a graph of

y = x − sinx

for 0 ≤ x ≤ 2π . This requires the first and second derivatives:

dy

dx
= 1− cosx

d2y

dx2
= sinx

First, consider the first derivative. A fundamental property of trigonometric functions is−1≤ cosx ≤ 1, so

0 ≤ dy

dx
≤ 2.

The graph must then beincreasing, although it hascritical points wherecosx = 1. These are at theinteger
multiples of 2π (when the point drawing a circle gets back to its starting position on thepositive x axis).
For the given interval, this happens only at the endpointsx = 0 andx = 2π .

Now, consider the second derivative. Inflection points can occur only where the second derivative (if
it exists) is zero. For this graph, that requiressinx = 0. Such values are theinteger multiples of π (when
the point drawing a circle gets back to thewhole x axis). In addition to the endpoints, this allowsx = π .
For 0 < x < π , sinx > 0 and the curve isconcave upward; for π < x < 2π , sinx < 0 and the curve is
concave downward. To check this information, here is a plot produced by a graphing program including
a sketch of the requested function together with the tangent lines at thecritical points and at thepoint of
inflection. Note how much of what isseenin the graph is given by the way that it relates to these three lines.
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