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59. —CONTINUED—

(b)

X —-500 | —400 | —300 | —200 | —100 0 100 | 200 | 300 | 400 [ 500

d 0 415 3 6.75 12 1875 | 12 | 6.75 3 5 0

For —500 < x < 0,d = (ax?® + bx + ¢) — (—0.09x).
For0 < x < 500,d = (ax® + bx + ¢) — (0.06x).

(c) The lowest point on the highway is (100, 18), which is not directly over the point where the two hillsides come together.

61. True. See Exercise 25.

Section 3.2

1. Rolle’s Theorem does not apply to f(x) = 1 — |x — 1|

over [0, 2] since fis not differentiable at x = 1.

5 f)=x/x+4
x-intercepts: (—4, 0), (0, 0)

) = x%(x + 4)71/2 + (x + 4)1/2
= (x-+ 4)—1/2(% F i+ 4))

flx) = (%x L 4)(x +4)"1/2=0atx = —%

9. f=ix— D= 2)x - 3),[1,3]
H)=rB)=0

fis continuous on [1, 3]. fis differentiable on (1, 3).

Rolle’s Theorem applies.
fB=x®-—622+11x—6
F)=32 —12x + 11

6+ 3
3

-1+ 11=0=>x=

6-V3. _6+3
SRS VS AR

63. True.

Rolle’s Theorem and the Mean Value Theorem

. f=xr—x—-2=GKG—-2)x+1)
x-intercepts: (—1, 0), (2, 0)

f'(x)=2x—1=0atx=%.

7. f(x) = x* — 2x, [0, 2]
f0)=£2)=0

fis continuous on [0, 2]. fis differentiable on (0, 2).
Rolle’s Theorem applies.

fo)=2x-2
w—2=0=x=1

* cvalue: 1

1. f(x) = 3 — 1,[-8,8]
f(=8)=f@®) =3

fis continuous on [—8, 8]. fis not differentiable on

(—8, 8) since £(0) does not exist. Rolle’s Theorem does

not apply.
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=22 -]

EY=£6)=0

fis continuous on [— 1, 3]. (Note: The discontinuity, x = —2, is not in the interval.) fis differentiable on (—1, 3). Rolle’s
Theorem applies.

Gt -2 - @-2-30) _,

F® (x + 2)?
g 1o 0
(x + 2)?
¢ value: —2+/5
6x ;
15. f(x) = sinx, [0, 27] 17. f(x) = =g 4 sin%x, [O, %T]
£0) = f@m =0 .
: ; - 2 . f(0)=f('6’)=0
fis continuous on [0, 277]. f is differentiable on (0, 27).
Roffe s dheoremizptc fis continuous on [0, 7/6]. fis differentiable on (0, 7/ 6).
f(x) = cos x Rolle’s Theorem applies.
w 3w e Ot =
c values: > 2 f(x)—7r 8sinxcosx =0
— = 8sinxcosx
T
3 o
7T s sin 2x
23—7r = sin 2x
- arcsin(—3—) =x
2 2
x =~ 0.2489
c value: 0.2489
19. f(x) = tanx, [0, ] 21 flo)=lz] =1, (=1, 1]
) =f(m) =0 fE)=f1=0
fis not continuous on [0, 7] since F(ar/2) does not exist. fis continuous on [— 1, 1]. fis not differentiable on
Rolle’s Theorem does not apply. (=1, 1) since £/(0) does not exist. Rolle’s Theorem does

not apply.
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2. f() =4 — tanmx, [_1 1]

44
1 1
IERCR
fis continuous on [—1/4, 1/4]. fis differentiable on

(—1/4, 1/4). Rolle’s Theorem applies.

fx) =4 — wsec2mx =0

2 4
sec’ Tx = —
T
2
secawx =+——=
J
1 2 1 Jr
x = x—arcsec —= = *— arccos —
ar Jr T 2

> =~ +(.1533 radian
¢ values: +0.1533 radian

0.5

27. 4

et

31. f(x) = x*is continuous on [—2, 1] and differentiable on
(=2,1).

fO)-f(-2) _1-4

=2 o

f(x) =2x = —1 whenx = —%. Therefore,

25. f(f) = — 1612 + 48¢ + 32
@ f(1) = f(2) = 64
(b) v = f/(z) must be 0 at some time in (1, 2).
f=-32t+48=0

3
t= 2 seconds

29. f(x) = ;—é—s [0, 6]

fhas a discontinuity at x = 3.

33. f(x) = x*/3 is continuous on [0, 1] and differentiable on
(©, 1).
-0 _,
1E=20)

@) =51 =1

G-
’ 3 27

8
(e

27
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35. f(x) = /2 — x is continuous on [—7, 2] and

37. f(x) = sinx is continuous on [0, 7] and differentiable on
differentiable on (—7, 2).

(0, m).
IO +fEN - 0=3 '} fm —f©0) _0-0_,
22— 9 3 m—0 ™
sl O b fx) =cosx=0
f(x)—,)_r———l_)t 3 s
2J2—x=3 o
VESES
2—x=%
o
i
C b
S g
39. f(x) =xji lon[—%, 2].
/| = l __2_
(a) 1,3,,26,“ - © fx) = GFIE 3
-05 Am 2 (x 5 1)2=%

= =gt S
. ¢ * 1 \/2 : 2

(b) Secant line: In the interval [—1/2,2), ¢ = —1 + (/6/2).
@ —f(=1/3) _2/8-(-1)_2

_ -1+ (S6/2))  _—2+6_ -2
i e 0 e AT

slope =

y—%=z(x~2)

3 Tangent line: y — 1 +%=§(x_\_§_§+ 1)
3yv—2=2x—4

y l+‘—/_-6-—3 _ﬁ_,_z

3y—2x+2=0 s / _3x 3 2

3y—2x—5+2/6=0
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4. ) = B dlo)
1,1),(9,3)

1 3
y—“'x+4
O0=x—4y+3

43. s(r) = —4.9¢2 + 500

= s(3) — s(0) _ 4559 — 500
3510 3

(@) Vig = —14.7 m/sec

(b) s(t) is continuous on [0, 3] and differentiable on (0, 3).
Therefore, the Mean Value Theorem applies.

v(t) = s(t) = —9.8t = —14.7 m/sec

=147
t= = 1.5 seconds

47. Let S(z) be the position function of the plane. If # = 0 corresponds to 2 M., S(0) = 0, S(5.5) = 2500 and the Mean Value

Theorem says that there exists a time 75, 0 < #, < 5.5, such that

St)) = () = % ~ 454.54.

||—|

[ %)
S
SN

(c,f(0)) = 4,2)

m=f =3

Tangent line: y — 2 = %(x —4)

0=x—4y+4

45. No. Let f(x) = x2on[—1, 2].

£(0) = 0 and zero is in the interval (— 1, 2) but
f(=1) # f2).

Applying the Intermediate Value Theorem to the velocity function on the intervals [0, #,] and [z,, 5.5], you see that there are at

least two times during the flight when the speed was 400 miles per hour. (0 < 400 < 454.54)
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49. (a) fis continuous on [— 10, 4] and changes sign,
(f(=8) > 0, f(3) < 0). By the Intermediate Value
Theorem, there exists at least one value of x in
[—10, 4] satisfying f(x) = 0.

(b) There exist real numbers a and b such that
—10 < a < b < 4 and f(a) = f(b) = 2. Therefore,
by Rolle’s Theorem there exists at least one number ¢
in (= 10, 4) such that f’(c) = 0. This is called a criti-
cal number.

-

© d

.....

(e) No, f” did not have to be continuous on [— 10, 4].

51. fis continuous on [—5, 5] and does not satisfy
the conditions of the Mean Value Theorem.
= fis not differentiable on (—5, 5).
Example: f(x) = |x|

53. False. f(x) = 1/x has a discontinuity at x = 0.

55. True. A polynomial is continuous and differentiable everywhere.

57. Suppose that p(x) = x*"*! + ax + b has two real roots x, and x,. Then by Rolle’s Theorem, since p(x,) = p(x,) = 0, there

exists ¢ in (x;, x,) such that p/(c) = 0. Butp(x) = 2n + 1)x* + a # 0, sincen > 0, a > 0. Therefore, p(x) cannot have two
real roots.

59. If p(x) = Ax2 + Bx + C, then

) a4 5= JO = F@ (4B 4 Bb+ )~ (ha* + Ba + O

b—a Di=%a
A - + B(b — a)
= b—a
_ (b—a)AM + a) + B]
> b=a
=A(b + a) + B.

Thus, 2Ax = A(b + a) and x = (b + a)/2 which is the midpoint of [a, b].
61. f(x) = 3 cos x differentiable on (— oo, co).
5
&) = —% sin x
—% < flx) < %=> f’(x) < 1 for all real numbers.

Thus, from Exercise 60, f has, at most, one fixed point. (x = 0.4502)

End



