2.6 Concept Questions
1. The derivative of /1 (x) = g (f (x)) is equal to the derivative of g evaluated at f (x) times the derivative of f evaluated at x.
2oa.g @=L =nlf®]"" 1)
b. i’ (x) = jT [sec £ (x)] = sec f (x) tan £ (x) - f” (x)

P ; y :
3. a. ar measures the rate of change of the population P with respect to the temperature of the medium.

dT : : ;
b. I measures the rate of change of the temperature of the medium with respect to time.

dP dP dT

c. I @ f'(T) g (t) measures the rate of change of the population with respect to time.

d. (fog)(t) = f(g(t)) = P gives the population of bacteria at any time ¢.

dP
e. f"(gt)g ()= ar (by the Chain Rule) gives the rate of change of the population with respect to time. See part c.

20.f(x):(x2+ﬁ)6:(x2+x]/2)6=>f’(x):6(x2+x1/2)5 (2x+ X '/2) (x +f) (2x+—)

N
3/2
0=
Friy= g(x+2)1/2 =31 -Cx+201) g(x+z)1/2_ S5 1564d)'2 154553
=3 3 (x —3)2 2\x-3 =32  2(x=352 2(x-3)°2

30. y = cos (x3) =y = —sin (x3) % (x3) = —3xZsin (x3)
32.y = cos(x2—3x—|—l) +tan(z) = 3 = —sin(x2—3x+1) 3 (x2—3x+1) +
X dx

sec? (2) ;i (2x_1) — (2x — 3)sin (x —3x+ 1) - % sec? (i)

38. g(x) = tan? (x2 + x) =

g (x) =2tan (x2 +x) di tan (x2 +x) = 2tan (x2 +x) sec? (x2 +x) % (x2 -+ x)

X
=2(2x + 1)tan <x2 + x) sec? (x2 + x)

d
1 + sec? 3t — (3¢) 2
1 dt 1 4 3 sec” 3¢
46. g(t) =/t +tan3t = g’ (¢) = t +tan3t) = =
g g0= 2«/t+tan3 dt( )= 24/t + tan 3t 24/t + tan 3t
48.y=sec3 (i)ﬁ
1+ x
d—y=35602 i sec vx tan /5 i vx
dx 1 +x 1+x 1+x dx \1+x
(I4+x) —=—Vx (1)
1 -2
=3sec3(i)tan(ﬁ) [ —3sec3(ﬁ)tan(ﬁ). L £
I +x 1+x (1+x)2 I+x I+x/) 2y/x(1+x)?
1 —
zums( VX )tan( ﬁ)
2/x (1 + x)? 1+x 1+x

52. y=xtan®? 2x +3) =
dy

d d d
— = x— tan® (2x + 3) + tan? 2x + 3) — (x) = x [2tan (2x 4 3)] — [tan (2x + 3)] + tan? (2x + 3)
dx dx dx dx

d
= 2x tan 2x + 3) sec? (2x + 3) o 2x+3)+ tan? (2x 4+ 3) = tan 2x + 3) [4x sec? (2x + 3) + tan 2x + 3)]
%



d d
54. g (t) = tan (cos 21) = g’ (t) = sec? (cos 27) e (cos2r) = sec? (cos 2¢) (— sin 27) = (2t) = —2 sin 2t sec? (cos 27)

56. y = /sin(cos2x) =

d_y ! [sm (cos2x)] =

dx — 2./sin(cos2x) (cos2x) dx

cos (cos 2x)

cos (cos 2x) (cos 2x)

1
2.4/sin (cos 2x)

in2 2
(— sin2x)i(2x) __sin2xcos (cos2x)

- 2.4/sin (cos 2x) dx B 4/sin (cos 2x)
58. g (x) = _ x+1D)"2= g (x) = —20Qx+ 1)-3 i Qx+1)=—-4Qx+1)3 = L SN
(2x + 1)2 2x +1)3
// _ _ 24
(x) = (—4) (- 3)(2x+1)4—(2x+1)—24(2x+1)4 &

1
60. y =xsin— =
x

dy d 1 1d 1d1 1 1( 1) o1 1 1 o1
=x—sin—+sin——x=xcos———+sin—=xcos— |—— ) +sin— =—x""cos— +sin— =
xd X X X X X

dx dx  x x dx X x x2

d2y -1 al Ccos ! Ccos ! -1 + cd sin -1 sm1 4 1 Ccos ! ! —+ cos L @
—_— = —X —_ _ — —_—X —_ — = —X — - —— - - —— _——
dx2 dx dx x ) dx x X x2 d

2 g b 3
x“sin< ifx #0
99. f(x) = *
d [ 0 ifx=0

Since
JLX (x2 sin %) e xz%\, (sin %) +sin%% (xz) =x2cos %JLX (%) + 2x sin% = x2 (—é) cosJ\l,+2x sin%
_ 1 s d
= —cos ¢ + 2xsin ¢

h) — (0 h2sin 1 1
and lim f®B=-70 = lim ——" = lim hsin— = 0 (by the Squeeze Theorem), we see that
h—0 h h—0 h h—0 h

) = [ 2xsin%—cosxl ifx #0

0 ifx =0
Next,
% (2x sin% — cos %) =2x% (sm )+smxdx (2x) + sin %di (%) =2 (—XLZ) cos% +2sin% + (—%) sin%

=2sin%—%cos%—%sin%

Thus, 7 (x) = (2 - ﬁ) sin% - %cos )% for x s 0. Since % sin% does not exist at x = 0, we conclude that /" (x) does

not exist at x = 0.

107. False. Let f(x) =2x + land g (x) = x2. Then h X)=g(f(x)=QC2x+ 1)2, soh/ (x)=2Q2x+1)(2)=42x+1)
and i’ (x) =8. Butg' (x) =2x = g"(x)=2s50g"(fx))f"(x)=2f"(x) =2(0) = 0. Therefore
B (x) #g" (f () f" (x).

108. True. If 7 (¢) = f(a+bt) + f(a—Dbt), then
W ()= f"(a+bt) L (a+bt)+ [ (a—bt) & (a—bt) = bf (a+bt) = bf' (a—bt).

109. True. %f (%) f/( ) a;‘i (%) _ (%) (_XLZ) _ _f/x(j)'

110. True. h (x) = [(f o N @] = [f (f D] = W ) =2[£ (f @] 45/ (f @) =2[f (f @] 1/ (f @) f' @) ox
W=2(fof)(fof)S.




2.7 Concept Questions

1. a. We differentiate both sides of F' (x, y) = 0 with respect to x, then solve for dy /dx.

b. The Chain Rule is used to differentiate any expression involving the dependent variable y.

2. Differentiating both sides of the equation xg (v) + yf (x) = 0 with respect to x gives
d d d d dy dy
x—[gM]+eM @O +y—[fO]+ /) =N=0=2x- ) =+g() 1+y- X))+ f(x)- = =0
dx dx dx dx dx dx

dy __gW+y/(x)
dx [ &) +xg' ()

302 y(3x2)—x3y’ 2 (291/) — 12 (2x
8. 4+ 2 35 + @ry) =" )=O = 30y —xTy + 233y -2t = 0=
¥ x2 y2 x4
y 2y3 — 3x5)
V=—ra—=
X (2y3 —x5)
Alternate Solution: Start by multiplying both sides of the original equation by x2y: x> + 3 = 3x2y =
X (6y - 5x3)
5x4 + 3y2y’ =6xy + 3x2y/ == W
Y- —x
x=»(1+)y)=G+y)(1=)
055 _ 2y o 6 »(1+)) (2 »n(-y) _ 2y =
x=y =y
xxy =y = —x =y =2y (2 2y +32) = 20 - 252 +any =23 =2y =
Y= -
x 4+ 2xy2 —x2y —y3
Alternate Solution: Start by multiplying both sides of the original equation by x — y:
x+y=(-y) (y2 + 1) =x+x—p -y 14y =+ +1-3% -y = (3y2 —2Xy+2)y’ =y
2
=y = S S
392 —2xy+2
—10.8/5
5/2 2 2 (1 10x )
2 2 _ 2 2\ _ ,2/5 ) _2,-3/5 P e —
12. (Zx + 3y ) x = (2x + 3y ) X412 = 4x + 6yy 5X = 6yy 5235 4x 375 =
, 1—10x%
= 15x3/5y

. . . sinxy + 1

16. x +y? = cosxy = 1 + 2’ = (=sinxy) (y +x)’) = 2y +xsinxy) y' = —ysinxy — 1= )’ = JE T

2y 4+ xsinxy
2xy 2(=Dy(1) 1 .
2 3 _ 2./ 2.0 _ r_ / _ _
22. x*y+y" =22y +x7y +3y7y =0=y = x2+3y2,soy|(_1,1)— 33 - 2.Anequatlonofthe
tangentlineisy—l:%(x+l)ory:%x+%.
, _ ycosxy

24. y =sinxy =y = (cosxy) (v +xy) =y = y"(ﬂ_/z’l) = 0. An equation of the tangent line is

1 —xcosxy

y=1=0(x-F)ory=1
26. x23 +y23 =5 2713 4 2718y =0 AL (1,8), 2 + 3 -8713)y =0y = -2,

Bl—

28. tan (x +2y) —sinx = 1 = sec? (x +2y) (142y) —cosx =0.At (0, §),2(1+2)) - 1=0=y = -



2
30. x3 — y3 =8 = 3x2 — 3y2 Y =0=) = x_2 Differentiating both sides of the next-to-last expression yields
y

6x—6y(y/)2—3y2y”=0 N y//zz[x yj;(y/)]zz[x yfz /y) =ZX(yj)5 X3)

b4

32. tany —xy = 0= (seczy)y’—y—xy/ =0=) =—
sec?y —x

. Differentiating both sides

of the next-to-last expression yields (2 sec? y tan y) ' )2 + (sec2 y) Vi—y =y —x) =0=>

’ y | y sec? ytany
2y’ [1 — (seczytany) y’] sec?y —x secy —x 2y (seczy —x — ysec? ytany)
1
y — — =

sec2y — x sec2y —x

(sec? y — x)3

d d
57. True. Differentiating both sides of the equation with respect to x, we have o [ f)g (y)] = 0) =
X X
d d "(x .
F@EN L 4 0801 =0 2 = LOED bigeq 1) £ 0and g () 0.
dx dx S g W) p J J
58. True. Differentiating both sides of the equation with respect to x, ™ [ fx)+g (y)] =7 O)=1x)+g B d_y =0
B X X

dy _ [
dx g’

Chapter2  Review

- Concept Review

La f(x)= hlgno Sa+rh =/ b. limit c. tangent line; (a, f (a))

h
d. f(x);x;(a, f(a) e. y=f'(a)(x —a)+ f (a)
2. a. number; f (x) = [x|; 0 b. continuous; f (x) = |x]; 0; 0
3.a.0 b. nx"~!

d d d
4 el @] =/ @x [/ @0 +g@] = /@) +8 0 [ ®e®] =/ 0)g )+ @) S @):
d [f(x)] _ g0/ -0

dx | g (x) [¢ )]
d
N d_y 6. a. f1(0); [ () 7 (0 | S @)
X
b. >0;<0;0
7.C;R;P;C 8 x;¢ (f(x): f (x)

9. a n[f®]"" /S ®

b. cos f (x) - £/ (x); —sin f (x) - £/ (x); sec? £ (x) - [ (x); sec f (x)tan £ (x) - f7 (x); —cse £ (x)cot £ (x) - 1/ (x);
—osc? f(x) - f (x)

. dy dy
10. both sides; — 11. y; —;
oth sides; Ix V; dt’a
ydy —ydx
12, — ==, == 13. a. xp — x b. f(x+ Ax) — f(x)
xdt xdt

14. Ax; Ax;x; f/(x)dx



