19. (a) False. If a = 3, b = 4, then (a +b)? = 7> = 49,
but a? 4 b? = 3% + 4% = 9 + 16 = 25. (b) False. If
a=—-2,b=—3,thena > b, buta? =4 <9 =12
(c) True.

21. (a) True. (b) False. If f(x) = x+1 and
¢(x) = x+2, Then f(x)-g(x) = x> +3x+2
is not a linear function. (c) True.

23. (a) If 2 and b are prime numbers, then a + b is

prime. False: take a =3 and b = 5.

(b) If a and b are prime numbers, then a + b is not
prime. False: take s =2 and b = 3.

(c) If x is a prime number, then x is odd. False:
take x = 2. (This is the only counterexample.)

(d) If x is a prime number, then x is even. False:
takex =3 (or50r7or...)

25. (a) If x is a solution of x +5 = 9, then x is odd.

False: take x = 4.

(b) If a 3-sided polygon has equal sides, then it is
a triangle. True. (We also have non-equilateral
triangles.)

(c) If a person is a calculus student, then that per-
son studies hard. False (unfortunately), but
we won’t mention names.

(d) If x is a (real number) solution of x> — 5x +
6 = 0, then x is even. False: take x = 3.

Section 1.0

-9 —0.1791
1. (@m=415 Tfx=297,m=="42 =597 If
x = 3.001, m = 2% = 6.001. If x = 3+h,
(B+h)?2-9  9+6h+h—9
O A - I +
(b) When F is close to 0, 6 + h is close to 6.
3. @ m = Y5 Ifx =199, m = =209 — 499
If x = 2,004, m = 203016 = 5.004. If x =2+ h:
2+h)?+(2+h)—-2] -4
o [@EM2H Q2+ 2] -4
(2+h) -2
(b) When h is very small, 5 + h is very close to 5.

5. All of these answers are approximate. Your an-
swers should be close to these numbers.

(a) average rate of temperature change ~
80° —64°  16° 1 °
1pm.—9am. 4hours  hour

As

(b) At 10a.m., temperature was rising about 5° per
hour; at 7 p.m., its was rising about —10° /hr
(falling about 10° /hr).

7. All of these answers are approximate.

(a) average velocity ~ M =15 i
& yNZOsec—Osec -7 sec

(b) average velocity ~ 100ft =200ft -5 ft
30 sec — 10 sec sec
(c) Att =10 seconds, velocity ~ 30 feet per second
(between 20 and 35 ft/sec); at t = 20 seconds,
velocity ~ —1 feet per second; at t = 30 sec-
onds, velocity ~ —40 feet per second.

9. (a) A(0) =0, A(1) =3, A(2) =6, A(25) =75,
A(3) =9 (b) The area of the rectangle bounded
below by the t-axis, above by the line y = 3, on
the left by the vertical line t = 1 and on the right

by the vertical line ¢t = 4. (c) Graph of y = 3x.

Section 1.1

1. (a) 2 (b) 1 (c) DNE (does not exist) (d) 1

(@) 1(b) —1(c) —1(d)2

(a) —7 (b) & (DNE)

(a) 0.54 (radian mode!) (b) —0.318 (c) —0.54
(@) 0(®)0(c)0

11. (a) 0 (b) —1 (c) DNE

13. The one- and two-sided limits agree at x = 1,

R L

x =4 and x = 5, but not at x = 2:

Jim g(x) Jim g (x) lim g(x)

lim g(x) =1 lim g(x) =4 lim g(x) DNE
x—2~ x—2+ x—2

li =2 i =2 i =2
Jim g(x) Jim g (x) lim g(x)

Jim g (x) Jim g (x) lim g(x)

15. (a) 1.0986 (b) 1

17. (a) 0.125 (b) 3.5

19. (a) A(0) =0, A(1) =2.25, A(2) =5, A(3) =825
(b) A(x) = 2x + 1x? (c) The area of the trapezoid
bounded below by the t-axis, above by the line
y = 3t +2, on the left by the vertical line ¢ = 1
and on the right by the vertical line t = 3.



A6 ANSWERS

Section 1.2
1. (a)2 (b) 0 (c) DNE (d) 1.5
3. (@)1(b)3(c)1(d)~0.8
(e)slope of secant line = w
(2+h)-2
f(2+h) :
s 1 I f2+h)-£(2)
f(2) -
s
(f) slope
of this
secant line
secant line 2+h
7. (a) 2 (b) —1 (c) DNE (d) 2
(e)2(f)2(g) 1 (h)2 (i) DNE
9. (@) Whenv=0,L=A.(b)0
11. ()4 ()1(c)2(d)0(e)1(H)1
13. (a) Slope of the line tangent to the graph of
y = cos(x) at the point (0,1). (b) slope =0
15. (a)~1(b)~343(c)~4
17. At x = —1: “connected and smooth”; at x = 0:
“connected with a corner”; at x = 1: “simple
hole”; at x = 2: “vertical jump”; at x = 3: “sim-
ple hole”; at x = 4: “corner”; at x = 5: “smooth”
19. Many lists will work. Here is one example: Put
a, =2+ % so a, approaches 2 and % =1 for
all n. Put by =2~ L sob, —2and =3 = -1
for all n.
1
21. —x2 < x%cos (xz) < x% 50 limitis 0
2 2. (1 2 e
23. —x~ < x“sin (x < x“ so limit is 3
1 1 1
25. ;,1 < LCZJ < g} so limit is 1
Section 1.3
1. Discontinuous at 1, 3 and 4.
3. (a) Discontinuous at x = 3: fails condition (i)

there. (b) At x = 2: fails (i). (c) Where cos(x) < 0
(for example, at x = 7): fails (i). (d) Where x? is

5

7

9

1

[

13.

15.

17.

19.

21.

23

an integer (for example, at x = 1 or x = 2): fails
(ii). (e) Where sin(x) = 0 (for example, at x = 0,
x = +m, +2m...): fails (i). (f) At x = 0: fails (i).
(g) At x = 0: fails (i). (h) At x = 3: fails (i). (i) At
x = 7 fails (i).

. (a) f(x) = 0 for at least 3 values of x in the inter-
val0 < x <5.(b)1(c) 3 (d) 2 (e) Yes. (It does not
have to happen, but it is possible.)

. (@ f(0) =0, fB3 =9and 0 < 2 < 9;
c =2 1414 (b) f(-1) = 1, f(2) = 4 and
1 <3< 4 ¢c=+3=~1732() f(0) =0,
f(3=1and 0 <} < 1;c = arcsin(}) ~ 0524
(d) f(0) =0, f(1) =land 0 < I <1l c=1
() f(2) = 2, f(5) = 20 and 2 < 4 < 20;
c = 7 ~ 2561 () £(1) = 0, £(10) ~ 230

and 0 <2 < 2.30; ¢ = €2 =~ 7.389

. Neither student is correct. The bisection algo-
rithm converges to the root labeled C.

. (@) D (b) D (c) hits B

[—0.9375, —0.875], root ~ —0.879; [1.3125,1.375],
root ~ 1.347; [2.5,2.5625], root ~ 2.532

[2.3125,2.375], root ~ 2.32
[-0.375, —0.3125], root ~ —0.32

T/\Qf N v (C)/f.z\

(a)
fhas a comer at

} }
' w
3
f(3)=5 and f(7)=-3 x=2 but fis

but f does not have a continuous at Xx=2
root between x=3 and x=7

A(21) — A(2)
bounded below by the t-axis, above by the

both functions have a root
between x=2 and x=5 but f{2)
and f(5) are both positive

(a)

is the area of the region

graph of y = f(t), on the left by the vertical
line t = 2, and on the right by the vertical

line t = 2.1. ACDAQ) & r() or £(2.1) =
A(Z.lg'IA(Z) ~1

A(41) — A(4) is the area of the region
bounded below by the t-axis, above by the
graph of y = f(t), on the left by the vertical
line t = 4, and on the right by the vertical line
t=41 ABDAG & gy~

. (a) Yes (you justify). (b) Yes. (c) Try it.



Section 1.4

1.

11.

13.

15.

17.
19.

(a) If x is within % unit of 3 then 2x + 1 is within
1 unit of 7. (b) 0.3 (c) 0.02 (d) 5

(a) If x is within % unit of 2 then 4x — 3 is within
1 unit of 5. (b) 0.1 (c) 0.02 (d) §

Ini,m=2,6=5;in2,m=3,0=%;in3,m=4,

(5:i;in4,m:5,(5:§.1ngeneral:(5:@—‘.

0.02 inches

(a) Any value of x between V75 ~ 1.957 and
\3/% ~ 2.043: If x is within 0.043 units of 2 then
x% will be within 0.5 units of 8. (b) Any x be-
tween v/7.95 ~ 1.9958 and v/8.05 ~ 2.0042: If x
is within 0.0042 units of 2 then x® will be within
0.05 units of 8.

(a) Any value of x between 0 and 8: If x is within
3 units of 3 then /1 + x will be within 1 unit of
2. (b) Any x between 2.99920004 and 3.00080004:
If x is within 0.00079996 units of 3 then /1 + x
will be within 0.0002 units of 2.

0.0059964 inches

On your own.

Assume lin} f(x) exists. Let € = 0.1, so there
X—r

must be a ¢ so that:
2-0<x<240=L-01<f(x)<L+01

Now, f(x) =4 forany x with2 —¢6 < x < 2, s0
it must be true that:

2-6<x<2=L-01<4<L+01
= L>39

21.

23.

Az

Similarly, f(x) =3 for any x with2 < x <2+,
so it must be true that:

2<x<24+6=L-01<3<L+01
=L <31

But no value of L can simultaneously satisfy
L > 39 and L < 3.1, so we have reached a
contradiction and our assumption must be false:
lim f(x) does not exist.

x—2

Assume lim2 f(x) exists. Let € = 0.1, so there
X—

must be a ¢ so that:
2-0<x<2+46=L-01<f(x)<L+01

We can assume that § < 1 (if not, we can replace
our initial J with § = 1 because any smaller value
will also work). Now, f(x) = x for any x with
2 — 4 < x < 2, s0 it must be true that:

2—-d6<x<2=L-01<x<L+01
=L <0l1+x<21

On the other hand, f(x) = 6 — x for any x with
2 < x <246 <3, s0 it must be true that:

2<x<2+6=L-01<6—x<L+01
=L>59—x>29

(because x < 3). But no value of L can simulta-
neously satisfy L < 2.1 and L > 2.9, so we have
reached a contradiction and our assumption must
be false: lim f(x) does not exist.

x—2

Given any € > 0, we know § > 0, so there
is a number d; > 0 such that [x —a| < Jf =
|f(x) —L| < §. Likewise, there is a number
d¢ > 0 such that [x —a| < d¢ = |g(x) — L| < 5.
Let 6 be the smaller of d7 and J¢. If [x —a| < 6
then |f(x) — L| < § and |g(x) — M| < § so:
|(f(x) = g(x)) = (L= M))|

= [(f(x) = L) = (g(x) — M)]

< f(¥) — L1+ 300 — M

BENC

22

so f(x) — g(x) is within € of L — M whenever x
is within ¢ of a.



