
a) |4x - 2| < 22 if and only if -22 < 4x - 2 < 22 if and only if -5 < x < 6.
b) |1 - 2x| < 7 if and only if -7 < 1 - 2x < 7 if and only if -8 < -2x < 6 if and only if -3 < x < 4.
c) |x 3 - x| < x 3 if and only if -x 3 < x 3 - x < x3 if and only if -x < 0 and 2x 3 - x > 0. The first inequality 

is equivalent to x > 0. Since 2x 3 - x = x(2x 2 - 1) implies that x = 0, ±1    , the second inequality is equivalent 
to -1/      < x < 0 or x > 1/     . Therefore, the solution is (1/   , ¥).

d) We cannot multiply by the denominator x - 2 unless we consider its sign.
Case 1: x - 2 > 0. Then 2x < 4(x - 2) so 8 < 2x and x > 4.
Case 2: x - 2 < 0. Then by the Second Multiplicative Property, 2x > 4(x - 2) so 8 > 2x and x < 4. Thus, 

the solution is (-¥, 2) È (4, ¥).
e) Case 1: 3x 2 - 3 > 0. Cross multiplying, we obtain 3x 2 < 3x 2 - 3, i.e., this case is empty.
Case 2: 3x 2 - 3 < 0. Then by the Second Multiplicative Property, 3x2 > 3x 2 - 3, i.e., 0 > -3. Thus, the 

solution is (-1, 1).
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1.2.7. a) Since |x + 1| £ |x| + 1, |x| £ 4 implies |x 2 - 1| = |x - 1||x + 1| £ 5|x - 1|.
b) Since |x + 6| £ |x| + 6, |x| £ 1 implies |x 2 + 5x - 6| = |x + 6||x - 1| £ 7|x - 1|.
c) Since |x + 5| £ |x| + 5, -3 £ x £ 3 implies |x 2 + 3x - 10| = |x + 5||x - 2| £ 8|x - 2|.
d) Since the minimum of x 2 + 2x - 8 on (-2, 0) is -9, -2 < x < 0 implies |x 3 + 3x2 - 6x - 8| = |x + 1||x 2 

+ 2x - 8| £ 9|x + 1| < 9.5|x + 1|.

1.2.8. a) Since (1 - 2n)/(1 - 4n2) = 1/(1 + 2n), the inequality is equivalent to 1/(1+2n) < 0.02 = 1/50. 
Since 1 + 2n > 0 for all n Î N, it follows that 1 + 2n > 50, i.e., n ³ 25.

b) By factoring, we see that the inequality is equivalent to (n - 1)/n < 5/2, i.e., 2(n - 1) < 5n. Thus 
-2/3 < n, i.e., the solution is any n Î N.

c) The inequality is equivalent to n2 + 4 > 1000. Thus 996 31.56, i.e., n ³ 32.n > »



1.3.1. a) Since x 2 + 3x - 10 = 0 implies x = -5, 2, inf E = -5, sup E = 2.
b) Since x2 + 3x - 10 > x2 implies x > 10/3, inf E = 10/3, sup E = 10.
c) Since 2p2 - 4q2 > 0 implies p/q >    , inf E =      , sup E = 2.
d) Since (-1)n/n = -1/n when n is odd and 1/n when n is even, inf E = -1, sup E = 1/2.
e) Since 1/n + (-1)n/n = 0 when n is odd and 2/n when n is even, inf E = 0, sup E = 1.
f) Since 5 - (-4)n/22n = 6 when n is odd and 4 when n is even, inf E = 4, sup E = 6.
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1.5.1. a) f is 1-1 since f'(x) = 2 > 0 for x Î R. If y = 2x + 4, then x = (y - 4)/2. Therefore f -1 (x) =
(x - 4)/2. By looking at the graph, we see that f(E) = R.

b) f is 1-1 since f'(x) = e-1/x/x 2 > 0 for x Î (0, ¥). If y = e-1/x, then log y = -1/x, i.e., x = -1/log y. 
Therefore, f -1(x) = (-1)/log x. By looking at the graph, we see that f(E) = (0, 1).

c) f is 1-1 on (p/2, 3p/2) because f'(x) = 2 sec2 x > 0 there. The inverse is f −1(x) = arctan (x/2). By looking 
at the graph, we see that f(E) = (−¥, ¥).

d) Since f '(x) = 2x − 4 < 0 for x < −3, f is 1-1 on (−¥, −3]. Since y = x2 − 4x + 1 is a quadratic in x, we have

                                                            . But x is negative on (−¥, −3], so we must use the negative sign. 

Hence                           . By looking at the graph, we see that f(E) = [22, ¥).

e) By definition,
( )1 2 3f x x- = - +

( )( )4 16 4 1 / 2 2 3x y y= ± + - = ± +

( )
1 2

3 3 2 1

1 1.

x x

f x x x

x x

ìï - < -ïïï= + - £ £ -íïïï + > -ïî
Thus f is strictly increasing, hence 1-1, and

i.e., f −1(x) = (|x|−|x + 3| + 3x)/3. By looking at the graph, we see that f(E) = (−¥, ¥).

( ) ( )1
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f) Since f '(x) = (−x2 − 2x + 1)/(x2 + 1)2 is never zero on [−1, 0], f is 1-1 on [−1, 0]. By the quadratic formula, 

y = f(x) implies                                             . Since x Î [-1, 0] we must take the minus sign. Hence

( ) ( )( )1 1 1 4 1 / 2 0x x x x
f x

x
-

ìïï - - - ¹ï= íï =î
By looking at the graph, we see that f(E) = [0, 1].

1.5.2. a) f decreases and f(-2) = 25, f(1) = -5. Therefore, f(E) = (-5, 25). Since f(x) = -2 implies x = 
7/10 and f(x) = 1 implies x = 4/10, we also have f -1(E) = (4/10, 7/10).

b) The graph of f is a parabola whose absolute minimum is -2 at x = 0 and whose maximum on (-1, 2] 
is 2 at x = 2. Therefore, f(E) = [-2, 2]. Since f takes ±2 to 2, f -1(E) = [-2, -1) È (1, 2].

c) The graph of f is a parabola whose absolute maximum is 4 at x = 2. Since f(0) = 0, it follows that f(E) 
= [0, 4]. Since 4x - x 2 = 0 implies x = 0, 4, we also have f -1(E) = [0, 4].

d) The graph of x 2 - 4x + 5 is a parabola whose minimum is 1 at x = 2. Since log increases on (0, ¥), 
f(2) = log(1) = 0, and f(5) = log(10), it follows that f(E) = [0, log(10)]. Since 5 = log(x2 - 4x + 5) implies  

1.5.3. a) The minimum of x on [−1, 1] is -1 and the maximum of x + 1 on [-1, 1] is 2. Thus ÈxÎ[-1, 1][x, x 
+ 1] = [-1, 2].

b) The maximum of x - 2 on [-2, 2] is 0 and the minimum is of x + 2 on [-2, 2] is 0. Thus ÇxÎ[-2, 2][x - 
2, x + 2] = {0}.

c) The maximum of 1/k for k Î N is 1. Thus ÈkÎN[0, 1/k) = [0, 1).
d) The maximum of 1/k for k Î N is 1 and the minimum is of k + 1 for k Î N is 2. Thus ÇkÎN[1/k, k + 1] 

= [1, 2].
e) The minimum of 1/k for k Î N is 0 and 1 Î [1 - 1/k, 1 + 1/k] for all k Î N. Thus ÇkÎN[1 - 1/k, 1 + 

1/k] = {1}.
f) The minimum of –k for k Î N is -¥ and the maximum of k for k Î N is ¥. Thus ÈkÎN(-k, k) = (-¥, ¥).

52 1x e= ± - , we also have

e) Since sin x is periodic with maximum 1 and minimum -1, f(E) = [-1, 1]. Since sin x is nonnegative 
when 2kp £ x ≤(2k + 1)p for some k Î Z, it follows that
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