SECTION 24 .. The Chain Rule 133

‘We.conclude this section with a summary of the differentiation rules studied so
far. To become skilled at differentiation, you should memorize each rule.

 Letf, g, and u be differentiable functions of x -

Constant Multiplé Rule: _ Sum or Difference Riile:
Dpefi=er Lprg=yee
Prodict Rule: '~ i : QuoﬁénrRulé:ﬁ 7
d — d[f] gf = fs
| dx[fgj'f-'fg' gfg wled TR
DR ‘ S Constant Rule: © O (Simple) Pm_verRule:
Igsindih : ' d R , T d e S SRR R
drq od g Ay T
a}[smx] .=_:co.sx o : E[tépf]‘%.S'CCQ»x. | 'l";ix[secﬂ .:.secxtan'.x o
d o _ d ’__ ’ 2' o d S
E;[cosx] = —sinx _ ;I;[cotx] = —csc2x E);[cscx] = —cscxcotx
(i I e S . ChaimRule: - o+ . General-Power Rule:
d ) 3 . f‘ ..l d ,,‘I i n—l“f’ -
S =’ gpl ] = et

STUDY TIP  As an aid to memorization, note that the cofunctions (cosine, cotan-
gent, and cosecant) require a negative sign as part of their derivatives.
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LXERCISES FOR SECTION 2.4

e 351—6, cbmplete the table using Example 2 as a model, 15. y-:-,:;/g_xz T 4 16. gly) = /x> —2x + 1
Fe) w=gl) ¥ | @y =294-+ 1800 = 392
ed to _ EERt B T o . S
Bl oA %/%9.y 2 20, (1) 7= 1
L:. e i i a0 @ ( Y 5
. o ] f(i)# —(z—3)j 22.):——0‘_!_3)3
— ' 3 tan(qrxi) i SR g . 23, y= )—41 24, g(t) = /_-——1
csc3x CT o i x+2 ¢o2
Cay ' ‘ o i /25. Fl) = xMx — 2} 26. f{x) = x(3x — 9P
y = cos = S R 1 27,y = xJS1 — #? '28.y=%x.2«/16fx2'
: X X
_ 29, y = —— 30, y=
ercises 7-34, find the derivative of the function. . Va1 Jxt 4
' x+ 5% 2\
Te y= (@x—73 8. y= (2% + 12 L3 glo) = (m) 32. W) = (m)
‘ 8(8) =34 — oxp 10. y = 3(4 — x%° . )= (1 — 2\ ) - 352 - 2)1
7 )10 = 0 — <2 12. 70 = (O + 2 A 80 =\ 53
- Sfy=vi-+ 14, g(x) = /5 - 3%
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% In Exercises 35-44, use a computer algebra gystem o find the %‘% In Exercises 6774, evalnate the derivative of the function at the
g utility to verify your result.

derivative of the function. Then use the utility to graph the indicated point. Use 2 graphin

function and its derivative on the same set of coordinate axes. g ) Point
Describe the behavior of the function that corresponds to any Fynction Pomnt

zeros of the graph of the derivative. sl = W (2,4)
Jrri ; 2x 68. y = I3+ ax . (2,2)
3= L6y = Nyt : - | /R
: & £ = (rl, ~f)

3
x3—4 5

3¢2 ‘

— ———— = — 2 - .

i I s 0. 16 = (7P (+35)
: T - WP 16

39-y=./%i 40, y= @ -9Vt 2 3(»t+2 ) .

gz - /Tt 0=t ©.-2 -
4l s=—""3 42, g(x):\/x—l_[+«/x+1 : L1 ‘
‘ o ) .1 , 72'f(x)=2xH3 {2,3)
_gcosmx T L RN
43. y X 44, y =atmans 73, y =37~ sec™(2x) (0, 36)
D y . o 2
In Exercises 45 and 46, fihd the slope of the tangent line to the T4y T t Joosx (E’ q—-r)

sine function at the origin. Compare this value with the numbey
of complete cycles in the interval {0, 277). What can you concinde E@ In Exercises 75-78, (@) find an equation of the tangent line {0

about the slope of the sine function sin ax.at the origin? the graph of f atthe indicated point, (h) usea graphing wtility
45. (2 3 (b) y to graph the function and its tangent line at the point, and (¢)
. } . s use the derivative feature of a graphing utility to confirm your |
y‘,="s1n'2x_ |
AR results. !

. Function__ Point

5) floy = /3 —2 (3,5)

16. flx) = 1xJxt +.5 2,2)

AR flx) = sin 2x (o, 0}

46. (a) -
' 78, fix) = tan2x (—Z, 1)

In Exercises 79-82, find the second derivative of the funciion.

@ 1) =267~ 1P 0. 169 = 1
@ flx) = sin x? 82, f(x) = secr X

In Exercises 47-66, find the derivative of the function.

47. y = cos 3x 48. y = sinmx Tt 1 t!p ‘
49, glx) = 3tan 4x 50. h(x) = sec x2 In Exercises §3-86, the graphs of a function f and its dexiv=)
51 y= sin(mn)? 5. y= cés(l . Q'x)z ative f’ are shown. Label the graphs a8 forf and write
53, hG) = s ‘ _ ‘(,‘ ) (l ) short paragraph stating the criteria used in making the
. hlx) = sin2x 005 2 54, gl6) = seclzt) 20 28 selection. To print an enlarged copy of the graph, go to the
cot x cosv - website www.mathgraphs.cam.
£5. = . = :
f(x) sin x -56 ‘g(v) csc v ‘
gl y= 4 sec? x 58, y = 2 tan® X
59. f(g) = 3 sin* 28 60. g(n) = 5cos® 7t
61, N =3 sec?(mt — 1) 62. h(H =2 cot2{art + 2)
6. y=x+ ! sin(2x)? 64 y=3x—35 cos(mxp

65. y = sin(cos x) 66, y = sin ¥x + Ysin x




