MTH 251 Week 7 Lecture Notes

Last week your homework time was spent finding derivative formulas for polynomial,
trigonometric, and exponential functions and sums, differences, products, and quotients of these
functions. This week, composite functions are thrown into the mix.

Suppose that f'is some function of x and h(x) = f (xz). Suppose we wanted to know the rate of
change in the function A(x) at the point where x = 3. There are two things that need to be taken
into consideration:

e What is the rate of change in the function # = x* when x = 3?
e What is the rate of change in the function y = f (u) when-u =97 ey cd e

en\:od-\v& om‘@j\m > ar&_\wﬁ“ﬁ”m 3 d}:'(x)=fx23his

It turns \put that the derlvatlve formula for ﬁmctlons of the form
k' (x)= f‘(x )-2x. For example:

do. 3 2

a(sm(x ))= cos(x )-2x
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The "generic" chain rule can be stated (at least) two different ways:

o If h(x) = flg(x)), then ' (x)= 1 (g(x))-2 (x)

e Ifyisa "function of 4" and « is a "function of x", then i =

The order in which derivative rules are applied is the reverse of the traditional order of
operations. Table 1 illustrates this for a few functions

Table 1: Which Derivative Rule do | use first?

Function Formula Final Algebraic Operation | First Derivative Rule to Apply
sin(x* - cos(x?)) sin(u) %(sin(u))= cos(u)%(u)
sin (x2 )-cos (xz) Multiplication Product Rule
cos(x) + sin( x) - ;
A 3 Division Quotient Rule

x —4x
cos(x) sin(x

s Subtracton 2 (76 5= 1)~ £'6)




Examples to be worked in Class

1. Find the derivative of each of the following functions.

a y= sin(4x3) b. f(0)= cos(493‘) c. w=e'*
d. g(a)=tan(5a) e. h(x)=tan(5xe") f. k(x)=5xtan(e”)
g y= tan(ej') h. m(x)=xlnx i y= In(t2 +1)
i y=(n@)’ k. n=In(r') L m=4In(b)
) |
m. f(x)=In— n. h(t) = cot(cos(5¢t)) (% [PER)
x —-2x
p. k(x)=5" g y=(2-x)'(3+x)
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@) ) = tan (5xe*)
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)= ot (ge(5t))

h' &) = - cacocoy(50)) . (20)
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2. Let C= \/; be the estimated CUs con\é;%ration (in ppm) che atmosphere of an American

O city of population p (in millions of people). Assume that this function has been roughly valid
for the past 30 years.

The population of the Portland metropolitan area (in millions of people) can be somewhat
accurately modeled by the function p= 1.528(1.0242’) where ¢ is the number of years sinc
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3. When a ball is thrown straight up, it goes up into the air, reaches a maximum altitude, then
comes back down. A person stands at the edge of a building and throws a ball straight O
upward from a height of 48 ft with an initial velocity of 32 fi/sec. The height above the -

ground of a ball (in feet) ¢ seconds after it is thrown up is given by A(t) =—16¢" +32r+48.

Find the velocity, v, and acceleration, a, of the ball at time £. When is the velocity negative
and when is it positive? When is the acceleration negative and when is it positive? When is
e ball slowing down? ‘3

h(t) N ——+
= -3+ DR P
=\ ‘:5\ SR
= hntt) NL o
R :"’57_ 5oL =
Figure 1: y=h(t) 'ﬁ: e
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4. Andy Ant is running back and forth on a twig. Figure 2 shows Andy's position ¢ seconds
into his frenzy. Positive positions indicate that Andy is to the right of the midpoint along the
twig and negative positions indicate that Andy is to the left of the midpoint along the twig.

Was Andy slowing down or speeding up at t = 5? Justify your conclusionl

ion {em) vs. time

15;
:

Stnw A slope ofthe
Lone b e osiron

16 rogohve Gk t= S

()% pvolociduy Ngunve akt=5
srrttw)-%pposthbm T':Efvﬂ IS Concawé

dowan ak 1=5. _
Andiy uous Speedingy wp  SsecondS

V(5)<0 o

= o b N 1
time {seconds)

Figure 2: Andy's Position Curve
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. Andy Ant is running back and forth on the same twig on a diffefent day. Figure 3 shows

Andy's velocity t seconds into his frenzy. Positive velocities indicate that Andy is moving
right along the twig and negative velocities indicate that Andy is moving left along the twig.

Was Andy slowing down or speeding up at ¢ = 5? Justify your conclusion!
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Find &'(0) if k(x)=4/p(x) using the function
shown in Figure 4.

U CY-) = \ - %{QCX))

:'%T"}"

Chain Rule Challenges (cgnplete solutions are posted on my website)

Differentiate the following functions.

1. w(x):sin(tan(\/1+cos(x)))
2. y= sin(\"eE 5:4‘)
3. G(x)=[xsin(2x) +(tan{x"))* ]’

cos(Zx+3
4. Flx)= *es—ﬁ)
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Figure 4: y = p(x)
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