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As you zoom in, the graph of y, = x* + 1 appears to be locally the graph of a horizontal line, whereas the graph of
¥, = |x| + 1 always has a sharp corner at (0, 1). y, is not differentiable at (0, 1).

Section 2.2

Basic Differentiation Rules and Rates of Change

1. @) y=x2 (b) y=x3 () y=x @ y=i
Yy =gx12 y' =312 y =2 yr= 38
y(1) =3 y(1) =3 y(1) =2 y(1) =3
2. () y=x2 b y=x! () y=x37 @ y=x7?
y! = _%x—s/z y'=—x? y'= _%x—sfz y'=—2x"3
y(1) = -4 y(1) = -1 y(1) = -3 y(1) = -2
3. y=3 4. flx) = -2 5. fx)=x+1 6. glx) =3x—1
y'= f@®=0 ) =1 g0 =3
7. gx)=x +4 8. y=2+2u-3 9. f() =—22+31—6 10 y=x3-9
g'(x) = 2 y'=2+2 ) =—4r+3 y’ = 3x2

11. s()=F -2t + 4
s(=32-2

14, y =5+ sinx

y'=cosx
Function Rewrite
=1 g
17'y_3.x3 y_—3x
2 2
18. y = 2 y= Ex'z
1 1
P = oy O
= _7 = =z
20. y B2)? y gx

—CONTINUED—

12. f(x) = 23 — 22 + 3x
fix)=6x2—2x+ 3

1 ’
15. y=;—35mx

13. y=x"-—%cosx

y’=2x+%sinx

16. g(t) = wcost

| g’(t) = —wsint
y' = 2 3cosx
Derivati Simplif;
4, __4
="y T8
¢ - _._l —4 f = _L
=gk Y= Toa
f_ 27T 4 ro 2T
Y 97" Y 9x3
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—CONTINUED—
uncti Rewrite Derivative Simplify
: 1
2.y = é y = x-12 y = —=x~32 y'= 537
22.y=;—3 y =4 y' =124 y' = 1222
_1 =_33) i 13(_1)
23 fx) = (1, 1) . f=3-5 (5.2 25, fl) = -5+ = (0,—3
1
) =-= o () = 2L 2
X2 f(f) 5.‘:2 f(x) SX
o] 3

26. y= 3.r(.r2 = %), (2,18)

=352 —6
y’ = 9x?
y(2) = 36

29. f(6) = 4sin 6 — 6, (0,0)
f(6) =4cos 6 — 1
F0)=4(1) = 1=3

32 flx) = x> =3y —3x~2
f)=2x—3+6x2

6
—2x—3+;5

x3—3x2+4=

xZ

it § B =B
f(x)_l x3_ r;

35. fln) =

37. y=xF+ )= +x

y=32+1

x= 3 4y

27. y=(2x+ 12 (0,1)

28. f(x) = 3(5 — x)% (5,0)

45 + Ax + 1 =3x> — 30x + 75
= X

i el () = 6x = 30
y(0) = 4 #19) =0

30.
g’t) = —3sint
g'(m) =0

33, gy =27 — 4!
g'l) =2+ 42

gt) =2+ 3cost, (m, —1)

3. flx) =x—3x— 22
JUxY = 32 —3 + Bt

8
= 938 - A
3x 3+

34. flx) =x+ x72

flx)=1-2x73
2
36. h(x)=2x2—_jx—+1-=2x—3+x"‘
1 22—1
e

38, f(x) = ¥x + Yx =X+ x5

1 1

1 L
f’(x) =§x'_2/3 +§I ‘us'—'m'l"sxT/s
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39, h(s) = 543 40. f() =1/ -1
, _i—us_ 4 4 21—2/3: 1
h'(s) = 5 =5 0 3 32/3
41. f(x) = 4/x + 3cosx = 4x'/2 + 3 cos x 42. f(x) = 2sinx + 3cos x
flx) =22 — 3sinx f(x)=2cosx — 3sinx
2
=—=—3sinx
Jx
43. (a) y=x"—3x2+2 4. (@) y=x*+x
y' = 4x3 — 6x y'=3a+1
At(1,0): y'=4(1)* — 6(1) = —2. At(=1,=2) y'=3(=1)2+ 1 =4,
Tangent line: y—0=-=-2(x-1) Tangent line: y+2=4(x+1)
2x+y—=-2=0 4x—y+2=0
(b) 3 (b) 5
7
\ s / s
-2 N V\ 2
=, _?
1 _ - 2
45. (a) f(x) 4 3 46. (a) y=(+ 2)(x + 1)
=x*+ 3% + 2x
f@) = 25 = -2
3 33/ y'=3xr+6x+2
I B l At(1,6): y'=3(1) + 6(1) + 2 = 11.
m(sd)ym 2oL
3(¥/3) Tangent line: y — 6 = 11(x — 1)
1 1 oy
e I - O=1lx—y-5
Tangent line: Y- g Is-(x 8) )

(b) 2

~48y + 12 =x— 8
0=x+48 - 20
(b) 1 e

P 7 2
L -e




47, y=x*—-8*+2
Y =48 — 16x
= 4x(x2 — 4)
= dx(x — 2)(x + 2)
y=0= x=0,%2
Horizontal tangents: (0, 2), (2, —14), (=2, —14)

49, y=$=x'2

=2
y==20"3= —3 cannot equal zero.

Therefore, there are no horizontal tangents.

51. y=x+sinx,0 € x <27
y'=1+cosx=0
cosx=~—1 = x=m
Atx=my=m

Horizontal tangent: (m, )

53. ¥

If fis linear then its derivative is a constant function.

48. y=x>+x
y'=3x2+1 > Oforall x.

Therefore, there are no horizontal tangents.

50. y=x2+1
y=2=0=x=0
Atx=0,y= 1.

Horizontal tangent: (0, 1)

52. y=\/?_ax+2cosx, 0<x<2mw
y'= J3=2sinx=0

sinx = — x=£or2ﬂ
Ry 3973
+
Arg=T ﬁ\/?m' 3
3
2 =
Atx«-—z?w,y ﬁ;r 2

i —
Horizontal tangents: (—E —‘/M). (2—‘” 23-/—_3-11.——?—)

37 3 3

If fis quadratic its derivative is a linear function.
flx) =ax*+bx+c
f(x) =2ax + b

3

flx) =ax+ b
fX)=a
=35, 153

Jmust be continuous at x = 2 to be differentiable at x = 2.

8a=4+b

S0 = Jig o’ = 8a
Jim ) = Jim, 2+ 6) = 4 +5

o | 30X 2
f(x}_[zx, x> 2

8a—4=5p

For fto be differentiable at x = 2, the left derivative must equal the right derivative.

3a(2)? = 2(2)
12a = 4



