2.2 CGoncept Questions

d
1. a. The Power Rule: If # is any real number, then P (x”) = nx"" 1.
x

b. The Constant Multiple Rule: If f is a differentiable function and c is a constant, then di [c f (x)] =cf’ (x).
X

d
¢. The Sum Rule: If f and g are differentiable functions, then . [f()+g@)] =/ (x)+g ).
x

2. a. Ifh (x) =2 (x), then & (x) = 2./ (x) and } (2) = 2" (2) =2 -3 = 6.
b. If F (x) =2f (x) —4g (x), then F/ (x) = 21" (x) — 4g’ (x) and
FlQ)=2f"(Q2)—4d () =2(3) —4(=2) = 6+8 = 14.

d (2 d 1
8. /") du (ﬁ) 2du (u ) 2( 2)” u 32

13. f/(r) = (71'1" + 27rr) =2nr 427

d
18. H(u):(2u)3—3u+7:8u3—3u+7:>H’(u):d—(8u3—3u+7)=24u2—3=3(8u2—1)
u

4. f'(x)= j_x [—% (X_3 —x6)] = —% (—3x_4 —6x5) =x"t 420 =200+ )%

4. f(x) = (4x5/4 +2x3/2 +x) —5xl/4 13 1/2 4

a. [f(0)=50)+30)+1=1
b. f/(16) =5(16)/*+3(16)/2+1=10+12+1
=23
0.¢(x)=x>-x-l=-12x>-x=xx-1)=0=>x=00rl.g(0)=landg()=1 -1 —1+1=-L sothe
points are (0, 1) and (1, —%)

d 1 1 1 2(3)+1 7 2(=-3)+1 5
2. F()=—2+-)=—5=——-2s?=925=43. F(3) = —~2—— and F(-3)=—"—"2" =2 5o
) ds(+s) 2 9" g &= (=) ="23 3
the points are (3, ;) and ( %)
48. y = %x3 -2 +5= Z—y =x2—2. The slope of the given line is 2, so setx2—2=2=x2=4=x =+2. The required
X

points are (—2, %) and (2, %)

d
50. The line y = 2x has slope 2. Also y = x2 + ¢ = d_y

= 2x,80 2x = 2 = x = 1. Therefore y = 2. Substituting into the
x

second equation gives2 = 1 +¢,soc = 1.

52. The parabola y = x2 —6x + 11 = (x — 3)% 4 2 has vertex (3, 2), so the slope of the line passing through the vertex of the

. 2-0 . .
parabola and (1, 0) is 3o 1. The slope of the normal line is then —1/m = —1. The slope of the tangent line to the

= [2x — 6]y—y, = 2x¢ — 6. Since the slope of the required normal line is —1, it follows
xX=xq

dy
dx

2
that 2xg — 6 = 1 and xo = % Since f (%) e (%) -6 (%) + 11 = 7, the point of intersection of the normal line and the

9
4>
parabola is (%, %), and an equation of the normal line is y — ?T ( ) ory=—x +



5 5
—1 1+ 1)’ =1
54, fim = = gim SEDTTL ) Shere £ = x5 £ () = 5 s0 £ (1) = 5.
h—0 x —1 h—0

8+0/3 - 18 8+1l/3 -2
56. Let /() = x/3. Then f'(8) = lim 20T =/® 1 @077 =2
t—0 t t—0 t
1 1
(8 = %x‘2/3 e W = 13050 the required limit is ﬁ
58. We use the definition of the derivative to write
1 1 1 1
i XA * 'x+h_;_ﬁ: lim 2t x o VxR Vx o d (] +i(ﬁ):_L+L
h—0 h h—0 h h—0 h dx \x dx x2  2x
72. In order for f to be continuous at ¢, lim f(x) = lim x2 = 4% must be equal to
xX—a~ x—a~
lim f(x)= lim (Ax + B) = Aa + B, thatis, a4 + B = a*. In order for f to be differentiable at a, we must have
x—at x—at
h) — h) —
lim fla+h - /@ = lim flath -/ @ or 2a = A. Therefore, A = 2a and B = a? —2a? = —a>.
h—0- h h—0+ h

75. False. f/ (x) = 2nx2"~1. For example, forn = 3, f (x) = x® = x23 and f’ (x) = 6x°, whereas
2nx2(0=1) = 2. 3x26-D = gx4.
76. False. f (x) = 2* is not a power function. The exponent in a power function must be a constant.

77. True by the Sum and Constant Multiple Rules.

2
78. False. Take f (x) = x2. Then g (x) = [ (xz) = (xz) =x* s0 g (x) = 4x3. On the other hand, /” (x) = 2x, so

1 (xz) =2 (xz) =2x2. Thus, g’ (x) # 1’ (xz).

2.3 Concept Questions

1. a. The derivative of the product of two functions is equal to the first function times the derivative of the second function,
plus the second function times the derivative of the first function.

b. The derivative of the quotient of two functions is equal to another quotient whose numerator is given by the denominator
times the derivative of the numerator minus the numerator times the derivative of the denominator, and whose
denominator is given by the square of the denominator of the original quotient.

2oa ()= g @+ ()gk),soh D)=fM)g D+ (DHg)=0C)@)+(-1)(2) =10
g/ W =L@ oy gD/ D= 2D =3¢ _ T
[g )] ’ [eF 22 2

b. F/ (x) =

18. f'(0) = (1+1172) A (22 -3) + (22 -3) 4 (1+172) = (1+2) @ + (22 =3) (3172)

di dt
3
=4+ 4832 4532 23712 =532 4 -
d b 2 d
st = A [@EDC=D]_d (2253 _(3r+1)5(2r —sr=3) = (22 =58 =3) 2 Gr+1)
o T dr 3r+1 Cdr 3r+1 N Gr + 1?2
GreD@r=5—(22=5=3)0) (122=15r+4r=5) = (62 =155 =9) 244 44
B Gr+1)2 B Gr+1)?  Gr+1)?

2 (3r2 +or+ 2)
Gr+1)2



d d
Qr=1) @+ D=+ D)@ =1 i ho)—@e41)Q)

4. f/(x) =

(2x — 1)2 (2x —1)?
pon 2@ -1 -2@)+1]@2) 6-10_ 4
re= 2@ - 117 99

(x4 — 22— l) % x) —x% (x4 — 22— 1) (x4 —2x2 - 1) (1) —x (4x3 —4x)

36. [/ e =
7 (x4 —2x2 — 1)2 (x% —2x2 - 1)2 -
P 1)_[(—1)“—2(—1)2—1]—(—1)[(4(—1)3—4<—1>)]_ 1—2-1 2 1
(1t 212 1] (-2-17 4 2

48. 1/ (x) = (x2 + 1) gm+g@ )= 1) =210 +gMH@Q=Q2)B3)+(-2) () =2

d d
[/ () —gW)] I [f()g@] = fx)g) I [/ () —gW)]

[f ) —g@)]
[f () —g®][f ) ) +g @)/ @)] = f @) g@) [/ &) —g ()]
[f ) —g®]
[F ) -gO][f Mg O +g0) /W] - F Mg [f D) —g )]
[f)-gm]
2 - (=2)1[) ) + (=) (=D = @) (=) (=1 = 3) _
2-(-2)P

50. 1’ (x) =

W(1) =

1

_ 2 _

52. Take f(x) = (x + )%, Then £ (1) = fim 28 =S D _ j, G+D" =4 o
x—1 x—1 x—1 x—1

(x +1)2—4

d d
/oy 2 _ 2 _ .
S x) = . (x+1) Ir (x +2x + 1) 2x + 2. Therefore, xlgnl —

— /(1) = @x+ D),y =4

54. F(x) =)  —2x)2 +1=16x*—4x? + 1= f/(x) = 64x> —8x = ' (x) = 192x% — 8
1

58.y:x2<x-|——):x3-|—x:>y’:3x2+1:>y”:6x
X

62. a. f(x) = 8x7 _ 6X5 +4)C3 - = f/ (x) — 56x6 _ 30x4 + 12x2 -1 = f// (x) — 336)65 _ 120x3 +24x —
7 (x) = 1680x* — 360x2 + 24, s0 " (0) = 24.

-2 "

b.y=xl=y =—x = Y=y =—6x"4s0y"|,_, =-6(1)"*=—6.

73. False. Take f (x) =x and g (x) = x. Then f (x) g (x) = x2,s0 % [f x)g (x)] . % (xz) =2x# ff(x)g (x)=1.

74. True. Using the Product Rule, % [x/ ()] = f &) % (x) +x% [f @] =) @) +xf (x).
75. True.
d : . : :
o W@ -f®e®]=rg" X+ (x)g &) - x)g@-1"xegk)=r,x)e" x~—f"xegx.

76. True. If P (x) = apx" 4+ a,_1x" ' + - + apx? + ayx + ag is a polynomial of degree n, then

2

P'(x) = nanx" '+ (= Dap_1x"" 2+ + 3a3x% + 2arx + ay

P'x) = n(n=Dapx" 24+ m—=1)(n—2)ap_1x" 3+ + 6a3x + 2ay

PP D) = nn=1)(n=2)---Q)x
PMx)y = nmn=1)n—-2)---@2)()
PU+D () = 0

77. True. g (x) = [f (x)]2 = f(x) f (x), so by the Product Rule, g’ (x) = £ (x) f/ (x)+ f" (x) £ (x) =2/ (x) 1 (x).

78. True. g(x) = [f (x)]_2 = ;2, so by the Quotient Rule,
[/ ()]
Vol £0-1- 40P 27@r/0 270

g x)= = = :
[f @] [f @] [f @]




2.5 Concept Questions

d d d d d
1. — (sinx) = cosx, — (cosx) = —sinx, — (tanx) = sec? x, — (cotx) = —csczx, — (secx) = secx tanx,
dx dx dx dx
d
— (cscx) = —cscx cotx
dx
h) —
2. a. hlimo cos (@ +h) cosa _ /' (a), where f (x) = cosx. Since f/ (x) = —sinx, we see that
-
) —
Jim cos (a + h) cosa _ ) = =i
sec (T +h) — /2 sec (X 4+h) —sec T
b. lim % = lim (4 ) 4 , where f (x) = secx. Since f” (x) = secx tanx, we see that
h—0 h h—0 h
sec (X +h) —+/2
hﬁ_l)%% =f (F)=secTtan T = v2(1) = V2.

d
2. ¢ (x) = . (x +tanx) = 1 + sec? x

d d d i
4. y = - (v/x sinx) =x1/25 (sinx)+sinxa (xl/z) = Jxcosx + ;1%

d d d
8. /(1) = 7 (secttant) = secta (tant) + tantE (sect) = (sect) sec? f + tant (secttant) = sect (seczt + tan? t).

Alternative answers are sec ¢ (1 + 2 tan? t) or sect (2 sec? 1 — 1), using the identity sec? 7 = 1 + tan? 7.

1. o — d ( cos @ )_(1—sin9)(—sin9)—cos@(—cos@) _—sin0+sin20+00529_ 1 —sin@
=40 \1=sine (1 —sin6)? (1 —sin6)? (1 —sin0)2
_ 1
" 1-—sin@
16. y = cos2x =cos?x —sin?x =2cos?x — 1 =

y = % (20052x - 1) = 2% [(cosx) (cosx)] — % €))

=2[cosx (—sinx) + cosx (—sinx)] = —4sinx cosx = —2sin2x

26. W' (1) = % [(t2 + 1) sint] = (t2 + 1) % (sin¢) +sint% (t2 + 1) = (t2 + 1) cost + 2t sint =
n (1) = % [(rz + 1) cost + 2t sint] = (t2 + 1) % (cost) +cost;—t (ﬂ + 1) +2 [t% (sin?) +sinz% (t):|

= - (t2 + 1) sint + 2t cost + 2t cost + 2sint = 4t cost — t2 sint + sint

d d
28 dvo d (0030) _ 0% (0030)—0030% ©) __Bsinf+cosb
“de  do\ o ) 62 N 02
5 d ) . d 2
dz_w _ _0 E(Gsm@—l—cos@)—(0s1n0+cosO)d—0 (0 )
de? o*
62 (sin® + O cos O —sin ) — (@sinO + cos 0) (20)  2cos O + 20'sin 6 — 62 cos O
B 6* B 63
2 2
51. True. f (x) = 1—512n 2 == 2 =1,and so f/ (x) = 0.
cos2 2x cos? 2x
52. True.

d d d d
— [cos (x + /)] = — (cosx cosh — sinx sinh) = — (cosx cosh) — — (sinx sin k)
dx dx dx dx
d d
=cosh— (cosx) —sinkh— (sinx)  (since / is a constant)
dx dx

= —coshsinx —sinhcosx = — (sinx cosk + cosx sink) = —sin (x + /)



