154 CHAPTER 2 [DERIVATIVES

m Exercises

1-6 Write the composite function in the form f{g{x)).
[Identify the mrer fanction v = gl x) and the outer function
v = flu).] Then find the derivative dy/dr.

L y=J1+4x
1 y=tan wx

B y=+smx

2 y=(2x 4+ 5
4, y = sinfcot x)

6 y=sm Vx

47-50 Find the first and second derivatives of the function.

a1, = cosix®) 8. y=cos’r
4x
a9, =tan 3 Bl = —
H 3t ¥ x4+ 1

7-36 Fmnd the derivative of the function.

1 Flx) = (x*+ 3x* - 2)°
9 Fx=,1-2x

1

1. .I'-('_':I = m

13 y=cosla’ + x")
15 y= xsec by

17. flx) =2 — 3t + v+ 1F

18 g(x) =[x + 1{x" + 2)°
19 8 = (e + 128 - 1P

M. y=sim,/1 + x?

M. y=smltan2x)
3.y = sec’y + tan’y

1 —cos 2o’
Bry= (1 + cos h’)
1. = cot’{sin #)
B y=[+(1- 3P
N y=+x+ x
43 glx) = (2rsanrx+ n)*

45 y = cos./sinltan wx

B Filx) = (4x— 5™
_ v
{1+ secx)?

12 Al =31+ tan+

10 fix) =

W y= a® + cos'y
16. v = 3 cotnil

200 Fiey = (3¢ — 1P 2+ 1)

T+l

. fls) = \.'f:2+4
24, f[ﬂ=ﬁ
-1
6. Cly)=———
S (# + 29"

n - cos wx

sin wx + cos wx

w70~ ()
32y = sec’(n)

1
M y=xsm—
¥ xsmx
S
{ ¢
36 (0 = \J—;: 2

3

M| y= |:a.r+ Vet )t
40, y = sin(sin(zm xJ)

@2 y=vr+rix
M. y = cos*{sin’y)

8. v =[x + (x + sin®x)*]*

51-50 Find an equation of the tangent line to the curve at the given
polnt.

Bl p=1{1+ 24" (0,1) B oy=.1+x, (2,3

5. y =sin(sinx), (m 0) 5. y=sinx+ sin'y, (0,0

ﬁ Graphing calculator of Conpater required

E‘Jm]puieralgehmsymreqnjred

55. () Find an equation of the tangent hne to the cuwrve
v = tan({wx’/4) at the point (1, 1).

@ (b)) Nhustrate part {a) by graphmg the curve and the tangent hine

on the same screen.

56. () The cwrve y = | x| /42 — &7 is called a buller-nose curve.
Find an equation of the tangent hne to this curve at the
point (1, 1).

@ (b)) Nhustrate part {a) by graphmng the curve and the tangent hine

on the same screen.

§7. (a) If lx) = x+/2 — x%, find Fix).

ﬁ (b) Check to ses that your answer to part (a) 15 reasonable by

companng the graphs of and /'

Eﬂmﬁmcﬁm Ax) = sinlx + sm 2x), 0 = x = 7, arises in

applications to frequency modulation (FM) synthesis.

(a) Use a graph of (produced by a graphing device to make a
rough sketch of the graph of /'

(b) Caleulate /(x) and use thas expreszion, with a graphing
device, to graph . Compare with your sketch m part (a).

59, Find all points on the graph of the funchon
fix) = 2 sin x + sin’x at which the tangent line is horizontal.

B60. Find the x-coordinates of all points on the curve
¥ =-=sm 2y — 2sin rat which the tangent line 15 honzontal

61 If Flx) = flgix)), where £(—2) = 8, £(-2) = 4, £'(5) = 3,
gl5) = —2. and ¢'(3) = 6, find £(5).

62 If bix) = /4 + 3fx), where 1) = T and (1) =4,
find H(1).

63 A table of values for £, g, [7, and g’ 15 given.

x fix) gixl x) g'lx
1 3 2 4 L]
2 1 3 5 7
3 7 2 7 @

(=) If Mx) = fg(x)), fnd A1)
(b) I Fx) = gl A(x)), ind FL).

1. Homework Hints available at stewartcaloulus com
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Let fand g be the fincthions i Exercise 63.
(a) If Flx) = £ Ax)). find FI2).
(B) If Clx) = glglx)), find C(3).

If F and g are the fonctions whose graphs are shown, let

w2} = Flglx)), o) = gl %)), and wix) = glg(x)). Find each
denvative, if it exists. If it does not exist, explam why.
[EYRTLNN] (b) 1) © wil)

.vu

:

1 X

If f 1= the function whose graph 15 shown, lat Alx) = A fAx))
and glx) = Flx*). Use the graph of fto estimate the value
of each denvative.

() 412) ) g12)
T
y=fix)|/
L, L/
ol

¥

E=
1] I A

Suppose f is differentiable on B and o is 3 real number.

Lat Fix) = fix®) and {ix) = [ A(x)]*. Find expressions

for (2} Fx) and (b) CMx).

Let rx) = .I"fg[h{x]ﬂ, where A1) = 2, gfﬂ =3 K1) =4,
§'(2) = 5, and £(3) = 6. Fmd r(1).

If g is a twice differentiable function and f(x) = xg(x*), find
f"in terms of g, g', and g".

If F{x) = (34 Ax))), where A0} = 0 and £(0) = 2,

find F(0).

If Flx) = fxfxfx))), where f{1) =2, A(2) =3, Fil) =4,
£1(2) = 5, and £(3) = 6, ind FY1).

73-74 Find the given derivative by finding the first faw derivatrves
and ebserving the pattern that oceurs.

T3

[P cgs 2 x M [P ysmax

T5.

T6.
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SECTION 25 THE CHAIN RULE 155
The displacement of a particle on a vibrating string 15 given by
the equation s(f) = 10 + £ sin(109¢) where 5is measuwred m
centmeters and ¢ in seconds. Find the velocity of the pariicle
after ¢ seconds.

If the equation of motion of a particle is grven by

s = Acoslws + 8], the particle is said to underzo simple
harmonic motion

(2) Find the velocity of the parhicle at ime 1.

(b) When is the velocity 07

A Cepherd vanable star 15 a star whose bnghiness alternately
increases and decreaszes. The most easily visible such star is
Deelta Cephel, for which the mterval between times of mana-
mum brightness 1z 5.4 days. The average brightness of this star
15 4.0 and 1ts bnghtmess changes by =0.33. In view of these
data, the brizhtness of Delta Cephel at time ¢, where / 15 mea-
sured mn days, has been modeled by the funchion

2me
=40 + 0.35 sin| —
B sm( 2 J
(a) Find the rate of change of the brightness after ¢ daws.
(b) Find, correct to two decimal places, the rate of increase
after one day.

In Example 4 in Section 1.3 we anmved at 2 model for the
length of dayhght {in howrs) in Pliladelphia on the sth day of
the vear:

=12+ 28 s —217{ — 80)
H=12+28s Tl

Tse this model to compare how the number of howrs of day-
light s increasmg in Philadelphia on March 21 and May 21.

A particle moves along a straight line with displacement s £),
velocity vlr), and acceleration als). Show that

Il
ali) = LJ.‘BE

Explain the difference between the meanings of the derivatives
dv/dr and dv/ds.

Airis being pumped into 3 spherical weather balloon. At any
tume ¢, the volume of the balloon iz M) and its radius 15 (1)
(a) What do the denvatives oFdr and o /'t represent?

(b) Express o I df in terms of dr/d¢

Computer algebra systems have commands that differentiate
functions, but the form of the apswer may not be convement
and so further commands may be necessary to simplify the
answer.

(a) Use a CAS to find the denvative m Example 5 and
compare with the answer in that example. Then use the
simplify command and compare again.

(b) Use a CAS to find the denvative in Example & What hap-
pens if yvou use the simplify command? What happens if
vou use the factor command? Whch form of the answer
would ba best for locating honzontal tangents?
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(2} Use a CAS to differentiate the fimetion

and to simplify the result.
(k) Where does the grapk of / have honzontal tangents?
(e} Graph Fand /" on the same sereen Ave the praphs con-
sistent with vour answer to part (b)7

, Usea the Chain Eule to prove the following.

(a) The derivative of an even function 15 an odd funchion.
() The derivative of an odd function is an even function.

. Use the Chain Eule and the Product Rule to give an

altermative proof of the Quetient Fula.
[”fn:.‘ Wnie !'fx};"yl.’x‘] = !'fﬂ[gfﬂ] '.]

(2} If nis a positive integer, prove that

d
— (sin"x cos nx) = nsn™ v cosin + 1x

dx

(&) Find a formula for the dermvative of y = cos™x cos nx
that 15 sinular to the one in part (a).

. Suppose y = flx) is a curve that always lies above the

x-axis and never has a horizontal tangent, where [ is differ-
enfiable everywhere. For what value of y1s the rate of
change m‘.'_u-‘s with respect to x exghty times the rate of
change of ywith respect to x7

87. Use the Cham Rule to show that if # 15 measured in degreas,
then

d (s . w
o sindl) = m
{Thus gives one reason for the convention that radian mea-
sure 15 always wsed when dealing with figonometric fune-
tions in caleuhns: The differentiation formulas would not be
as simple if we used degree measure.)

cozf

88, (3) Write |x| = /%% and use the Chain Fuls to show that

X

=T

{6) I £(x) = | sin x| find () and sketch the graphs of £
and /. Where 1= f not differenftiable?
{c) If g{x) = sin | x|, find g'(x) and sketch the zraphs of g
and g'. Where is g not differentiable?
89. If y = () and v = g{x), where f and g are twice differen-
tiable functions, show that

c'“_r B d"_y 'd,' 1 )
dvt dut\ dx

90. If y = ) and w = g{x), where f and g possess third deriv-
atives, find a formula for dtl-‘;"dx‘ smmlar to the one given m
Exercise 89.

dy d'u

T det

WHERE SHOULD A PILOT START DESCENT?

conditions:

,'T
.

An approach path for an aweraft landing 15 shown in the figure and satishes the following

(1) The crusing altitade is A when descent starts at a horizontal distance { from touch-
down at the ongm.
{1} The pilot must mamtam a constant horizontal speed v throughout descent.

{mi) The absolute value of the vertical acceleration should not exceed a2 constant & (which
15 much less than the acceleration due to gravity).

1. Find a cubic polynomial A x) = ax® + bx* + cx + d that satishes condition (1) by
imposing suitable conditions on M x) and P(x) at the start of descent and at touchdown.

2. Use conditions (1i) and (1i1) to show that

&ho’
Elt

=k

3. Suppose that an airine decides not to allow vertical acceleration of a plane to excead
k = 860 ma/k*. If the crmsing altitude of a plane 15 35,000 fit and the speed 15 300 mi/h,
how far away from the airport should the pilot start descent?

@ 4. Graph the approach path if the conditions stated in Problem 3 are satisfied

Graphing calculator or computer required




