3.2

p. 188: 7-9, 11-19, 25-27, 30-34, 53-56, 67-70, 74-76 o

7.

11.

It appears that fis an odd function, so /" will be an even function — that is, f'(—a) = f"(a)
(a) £'(=3)~—0.2 '

(b) f(=2)=0 (c) f'(-1) =1 (d) F(0)~2 2y
(e) f(H)=1 ® f(2)=0 (2) f'(3)=-0.2 B ! 3

———2 1 I

. Your answers may vary depending on your estimates. :

(a) Note: By estimating the slopes of tangent lines on the graph of g, it 51

appears that g'(0) = 6. |

(b)g'(H)=0 (c)g'(2)=-1.5 (dg'(3)=-13 \,

@2 @=-08 (Dg()~03  (9g'(6)=0 .,\

(f) g'(7)=0.2 \ L
IR j/""E 7 %

p.

(a) True. Because f'(5)exists, the function must be continuous at x =5 and lirrql £ (x)must equal
f(5)=2.
(b) True. Using the definition of the derivative at x =3, limM= f(5)=3.

x5 1r—5
(¢) True. Using the definition of the derivate at x =3,
im? CF=2 ﬂs"‘:_ﬂﬂ — £'(5)=3.

H=30 h =30
f3+h)—f(3)
h

(d) We cannot determine whether lim

lim exists without more information about f. The

information given does not allow us to tell whether fis defined, continuous, or differentiable at x = 3.

(a)' = I, since from left to right, the slopes of the tangents to graph (a) start out negative, become 0,
then positive, then 0, then negative again. The actual function in graph Il follows the same pattern.

(b)" =1V, since from left to right, the slopes of the tangents to graph (b) start out at a fixed positive
quantity, then suddenly become negative, then positive again. The discontinuities in graph IV
indicate sudden changes in the slopes of the tangents.

(¢)' =1, since the slopes of the tangents to graph (c) are negative for x < 0 and positive for x = 0, as
are the function values of graph L.

(d)" =111, since from left to nght, the slopes of the tangents to graph (d) are positive, then 0, then
negative, then positive, then 0, then negative again, and the function values in graph III follow the
same pattern.



12.

15.

Hints for Exercises 12-19: First plot x-intercepts on the graph of f' for any horizontal tangents on
the graph of f. Look for any corners on the graph of f—there will be a discontinuity on the graph of
f'. On any interval where f has a tangent with positive/negative) slope, the graph of ' will be
positive/negative. If the graph of the function is linear, the graph of " will be a horizontal line
whose height is of the slope of the function.
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25.
The slope at x = —2m, 0 and 2x appears to be one.
Atx =-3m/2, —n/2, 3n/2, and 3w/2, the slope 1s zero.
At x = =m, the slope appears to be —1. Therefore, we might guess that f"(x)= cos(x).




26.

The slope at 0 appears to be 1 and the slope at | appears to be 2.7. As x decreases, the slope gets
closer to (). Since the graphs are so similar, we might guess that f'(x)=¢".

27. As x increases toward 1, f'(x)decreases from very large numbers to 1.
14+
As x becomes large, f'(x)gets closer to 0. Asa guess, f'(x)= 12 or /
X

f(x)= 1 makes sense.
x

y=fixi=Inx

30. f(x)= f(x+h) fx) _ li 3(-’C+h)—3—(3x—3]=lim3x+3h—8—3x+8

:.—m h h—0 h
3h i i ,
=lim—= 11m3=3. Domain of ' =
h—=0
31.f’(x}=limﬂx+h) f(x) I m(x+h}+b—(mx+b}:mnrm:+mh+b—mx—b
h— h—m h h—0 h

=lim@—lunm m. Domain of fand f is R.
h=0 f



f{; N ;1) £ _ 2.5(r+ h)* +6(t+ h)—(2.5¢* +6t)

32. f(1)= lim .
i 2.5(r~ +2rh R +6E+6h—2.5P 6t 2.5 +5th+2.5h® +6h—2.5¢
= h bt h
2 h(5t+2.5h+6
lim 2+ 6h o RSIH2IN6) o 5t 42.5h46)= 5146,
Py h hs0 h B0

Domain of fand /' is IR,

33. f/(x)=lim S+ —f(x) . A+8(+h)-S(xr+hy —(4+8x-5x7)

h—0 h h—0 h
4+Sx+8h—5(x2+lxh+h2)—4—8x+5x2 8h—5x2 —10xh — S5h? + 532
=lim =lim
h—0 h h—0 h
— —5h? h(8—10x—5h
i S1100=SH o PETAOCTIR) e 8 10x—5h)=8—10x
h—0 h =0 h h—=0

Domain of fand /' is .
f{x+h} f(x) i (x+h)’ =2(x+h)’ —(J;;2 —2x3)

4 fi(x)=

h—=0 h

i x? +21h+h —2x —6x"h—6xh* —2I" —x* +2x°
= 0 h

 2xh+ W —6xh—6xh* =2 . h(2x+h—6x" —6xh—2h")
= lim = lim

h—0 h h—0 h
=Lin"]1(2x+h—6f —6xh—2h")=2x—6x". Domain of fand " is .
-

53. f1is not differentiable at x = —4, because the graph has a corner there, at x = 0, because there is a
discontinuity there, and at x = 2 because there is a vertical tangent line there.

54. fis not differentiable at x =—1, because there is a discontinuity there, and at x = 2, because the graph
has a corner there.

55. fis not differentiable at x = 1, because fis not defined there.

56. fis not differentiable at x = -2 and x = 3, because the graph has corners there, and at x = 1, because
there is a discontinuity there.

67. If x+ v = k is tangent to the graph of y = fix) at x = 2 then

f{ﬂ f(E}
x—>
which is (B].
68.If f(x) =|x+5—|3x—6],whenx =—1, f(x) =(x+5)—[-Bx—-6)] =x+5+3x— 6 =4x — 1.
In this case, f'(x) = 4 (the slope of the line), so f'(—1) is (A) 4.

= f'(2)is equal to the slope of the line x+ y =k,



69. (a) True; if lim f5+ h; fG5%) _

aothen f(5) does not exist because f has a vertical tangent line

atx = 35.

(b) False. If fhad a horizontal tangent line at the point (3, 7), then ng SO+ h)h_ AELY would have
—
to be zero.

(c) False. Because f'(5)= f{5+h) J(5x) _

o, f(5)=7.

(d) False. Because f(5)= f {5”"') SN _ o £1(5) 0.
70. Because the line 2x+ y = 13 is langent tey = f(x)atx =3, the line and y intersect at the point
(3, £(3)). Therefore f(3)=13-2(3)=17.

The slope of the line 2x+ v =13 is —2, and this slope must also be the value of the derivative of fat
x=3. So f'(3)=-2.

74. (a) Note that we have factored x — a as the difference of cubes in the third step.

u3i_ 13 (T J T
f !{a}:“ﬂ fx)-/) :Ii_[BI . :Ii_[f_} T - 23 5 3_13, 23
x x—a x xX—a x (x —a )(:r +xa +a ]
= Iim 1 ! L -4

— QI — (1
5T 73
(x Yo xBa" v a” ) 3a 3

f(ﬂ+Fz} f(ﬂ)_l -0 _. 1
h h=0 23

(b) £1(0)=

the limit dees not exlet, and therefore £f'(0) does not exist.

1 . . .\ : :
- = and fis continuous at x = 0 (it is a root function), so f has a vertical
2

tangent at x = 0.
g0-80) _ lim—x‘l =0 lim—
1 —() =0y =0

M lim x —a” —lim (xm —ﬂl"'l](xl” +a“3)

x—a =0 x—g H'J(x“'l—a”)(x +x"a" +a? 1]

75.(a) g'(0)= lirr(} which does not exist.
x—

1/3 2

(b) g'(a) =

% +a” 24" 2 2
=lim TR =—;=-70r—a
=0 7+ xa"” +a®” 32 347 3
(c) g(x)=x*"is continuous at x = 0 and this shows that g has a vertical tangent line at x = 0.

(d) § (.4




x—6 ifx-6z20 [x-6 ifxz6
e f{x)=|x_6|:{—{x—6) if x—6< G:{

6—x ifx<6
_ x—6/—0 _
So the right-hand limit is lim 2=/ ©®) _ jj, FE=6=0 i =6 _im1=1. and the lefi-hand
=60 x—6 =6 x—06 =60 X —6 a6

— —6l-0 —
limit is lim JX)=7©) = lim |x | = limu = lim—1=—1. Since these limits are not equal,
R e =6 x—6 6T X —6  xoE

f(6)= lnjﬂﬂ;g{m does not exist and f'is not differentiable at 6.
X '\“:_
) 1 ifx=6 . . x—>6
(b) A formula for is f'(x) = U if x <6 Another way of writing the formula is f'(x) = W
-1 ifx< x—

A graph of the function and its derivative are shown here:
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