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Solutions Section 0.1

Section 0.1

1. 2(4 + (−1))(2 ⋅ −4)

= 2(3)(−8) = (6)(−8) = −48

2. 3 + ([4 − 2] ⋅ 9)

= 3 + (2 × 9) = 3 + 18 = 21

3. 20∕(3 * 4) − 1

=
20

12
− 1 =

5

3
− 1 =

2

3

4. 2 − (3 * 4)∕10

= 2 − 12

10
= 2 − 6

5
=

4

5

5. 
3 + ([3 + (−5)])

3 − 2 × 2

=
3 + (−2)

3 − 4
=

1−1
= −1

6. 
12 − (1 − 4)

2(5 − 1) ⋅ 2 − 1

=
12 − (−3)

16 − 1
=

15

15
= 1

7. (2 − 5 * (−1))∕1 − 2 * (−1)

=
2 − 5 ⋅ (−1)

1
− 2 ⋅ (−1)

=
2 + 5

1
+ 2 = 7 + 2 = 9

8. 2 − 5 * (−1)∕(1 − 2 * (−1))

= 2 − 5 ⋅ (−1)

1 − 2 ⋅ (−1)

= 2 − −5

1 + 2
+ 2 = 2 +

5

3
=

11

5

9. 2 ⋅ (−1)2∕2 =
2 × (−1)2

2

=
2 × 1

2
=

2

2
= 1

10. 2 + 4 ⋅ 32 = 2 + 4 × 9 = 2 + 36 = 38

11. 2 ⋅ 42 + 1

= 2 × 16 + 1 = 32 + 1 = 33

12. 1 − 3 ⋅ (−2)2 × 2

= 1 − 3 × 4 × 2 = 1 − 24 = −23

13. 3^2+2^2+1

= 32 + 22 + 1 = 9 + 4 + 1 = 14

14. 2^(2^2-2)

= 2(22−2) = 24−2 = 22 = 4

15. 
3 − 2(−3)2

−6(4 − 1)2

=
3 − 2 × 9−6(3)2

=
3 − 18−6 × 9

=
−15−54

=
5

18

16. 
1 − 2(1 − 4)2

2(5 − 1)2 ⋅ 2

=
1 − 2(−3)2

2(4)2 ⋅ 2
=

1 − 2 × 9

2 × 16 × 2

=
1 − 18

64
= −17

64

17. 10*(1+1/10)^3

= 10(1 +
1

10)3

= 10(1.1)3

= 10 × 1.331 = 13.31

18. 121/(1+1/10)^2

=
121

!1 +
1

10
"2

=
121

1.12

=
121

1.21
= 100
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Solutions Section 0.1

19. 3[ −2 ⋅ 32

−(4 − 1)2]
= 3⎡⎣⎢⎢−2 × 9−32

⎤⎦⎥⎥ = 3[−18−9 ]
= 3 × 2 = 6

20. −[ 8(1 − 4)2

−9(5 − 1)2]
= −[ 8 × 9−9 × 16] = −( 72−144)
= −(−1

2) =
1

2

21. 3⎡⎣⎢⎢1 − (−1

2)2⎤⎦⎥⎥
2

+ 1

= 3[1 − 1

4]2

+ 1

= 3[3

4]2

+ 1 = 3[ 9

16] + 1

=
27

16
+ 1 =

43

16

22. 3⎡⎣⎢⎢1

9
− (2

3)2⎤⎦⎥⎥
2

+ 1

= 3[1

9
− 4

9]2

+ 1

= 3[−3

9 ]2

+ 1 = 3[−1

3 ]2

+ 1

= 3
1

9
+ 1 =

3

9
+ 1 =

4

3

23. (1/2)^2-1/2^2

= #1

2
$2 − 1

22
=

1

4
− 1

4
= 0

24. 2/(1^2)-(2/1)^2

=
2

12
− #2

1
$2

=
2

1
− 4

1
= −2

25. 3 × (2 − 5) = 3*(2-5) 26. 4 +
5

9
 = 4+5/9 or 4+(5/9)

27. 
3

2 − 5
 = 3/(2-5) 28. 

4 − 1

3
 = (4-1)/3

29. 
3 − 1

8 + 6
 = (3-1)/(8+6)

Note 3-1/8-6 is wrong, as it corresponds to

3 − 1

8
− 6.

30. 3 +
3

2 − 9
 = 3+3/(2-9)

31. 3 − 4 + 7

8
 = 3-(4+7)/8 32. 

4 × 2

!2

3
"

 = 4*2/(2/3) or (4*2)/(2/3)

33. 
2

3 + 1 − 122 = 2/(3+x)-x*y^2 34. 3 +
3 + 112  = 3+(3+x)/(x*y)

35. 3.113 − 41−2 − 6012 − 1

        = 3.1x^3-4x^(-2)-60/(x^2-1)

36. 2.11−3 − 1−1 +
12 − 3

2

        = 2.1x^(-3)-x^(-1)+(x^2-3)/2
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Solutions Section 0.1

37. 
!2

3
"

5

        = (2/3)/5

38. 
2

!3

5
"

        = 2/(3/5)

39. 34−5 × 6

        = 3^(4-5)*6

Note that the entire exponent is in parentheses.

40. 
2

3+57−9

        = 2/(3+5^(7-9))

Note that the entire exponent is in parentheses.

41. 3(1 +
4

100)
−3

        = 3*(1+4/100)^(-3)

42. 3(1 + 4

100 )
−3

        = 3((1+4)/100)^(-3)

43. 321−1 + 41 − 1

        = 3^(2*x-1)+4^x-1
44. 212 − (221)2

        = 2^(x^2)-(2^(2*x))^2

45. 2212−1+1

        = 2^(2x^2-x+1)

Note that the entire exponent is in parentheses.

46. 2212−1 + 1

        = 2^(2x^2-x)+1

Note that the entire exponent is in parentheses.

47. 
45−21

2 − 35−21
        = 4*e^(-2*x)/(2-3e^(-2*x))

        or 4(*e^(-2*x))/(2-3e^(-2*x))

        or (4*e^(-2*x))/(2-3e^(-2*x))

48. 
521 + 5−21
521 − 5−21

        = (e^(2*x)+e^(-2*x))/(e^(2*x)-

e^(-2*x))

49. 3(1 − !−1

2
"2)2

+ 1

        = 3(1-(-1/2)^2)^2+1

50. 3⎛⎝⎜⎜1

9
− (2

3)2⎞⎠⎟⎟
2

+ 1

        = 3(1/9-(2/3)^2)^2+1
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Solutions Section 0.2

Section 0.2

1. 33 = 27 2. (−2)3 = −8

3. −(2 ⋅ 3)2 = −(22 ⋅ 32) = −(4 ⋅ 9) = −36

or−(2 ⋅ 3)2 = −62 = −36

4. (4 ⋅ 2)2 = 42 ⋅ 22 = 16 ⋅ 4 = 64 or

(4 ⋅ 2)2 = 82 = 64

5. (−2

3 )2

=
(−2)2

32
=

4

9
6. (3

2)3

=
33

23
=

27

8

7. (−2)−3 =
1

(−2)3
=

1−8
= −1

8
8. −2−3 = − 1

23
= −1

8

9. (1

4)−2

=
1

(1∕4)2
=

1

1∕16
= 16 10. (−2

3 )−2

=
1

(−2∕3)2
=

1

4∕9
=

9

4

11. 2 ⋅ 30 = 2 ⋅ 1 = 2 12. 3 ⋅ (−2)0 = 3 ⋅ 1 = 3

13. 2322 = 23+2 = 25 = 32

or

2322 = 8 ⋅ 4 = 32

14. 323 = 3231 = 32+1 = 33 = 27or

323 = 9 ⋅ 3 = 27

15. 222−1242−4 = 22−1+4−4 = 21 = 2 16. 525−3525−2 = 52−3+2−2 = 5−1 =
1

5

17. 1312 = 13+2 = 15 18. 141−1 = 14−1 = 13

19. −121−32 = −12−32 = −1−12 = −21 20. −12−11−1 = −11−12−1 = −102−1

= −12

21. 
13

14
= 13−4 = 1−1 =

11 22. 
25

23
= 25−3 = 22

23. 
1222

1−12 = 12−(−1)22−1 = 132 24. 
1−121222

= 1−1−221−2 = 1−32−1 =
1132
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Solutions Section 0.2

25. 
(12−1<3)2

122<2
=

12(2−1)2(<3)2

122<2

=
122−2<6

122<2
= 12−22−2−1<6−2

= 102−3<4 =
<4

23

26. 
122<2

(12<−1)−1
=

122<2

1−12−1(<−1)−1

=
122<2

1−12−1< = 12−(−1)21−(−1)<2−1

= 1322<4

27. !12−2<1−1< "3
=

(12−2<)3

(1−1<)3

=
132−6<3

1−3<3
= 13−(−3)2−6<3−3

= 162−6<0 =
16

26

28. (122−1<0

12< )
2

=
(122−1<0)2

(12<)2

=
142−2

1222<2
= 14−22−2−2<−2

= 122−4<−2 =
12

24<2

29. (1−12−2<2

12 )
−2

= (1−1−12−2−1<2)−2

= (1−22−3<2)−2 = 1426<−4

=
1426

<4

30. ( 12−2

122−1<)
−3

= (11−22−2+1<−1)−3

= (1−12−1<−1)−3 = 1323<3

31. 4√ = 2 32. 5√ ≈ 2.236

33. 
1

4√ =
1√
4√ =

1

2
34. 

1

9√ =
1√
9√ =

1

3

35. 
16

9√ =
16√
9√ =

4

3
36. 

9

4√ =
9√
4√ =

3

2

37. 
4√

5
=

2

5
38. 

6

25√ =
6

5

39. 9√ + 16√ = 3 + 4 = 7 40. 25√ − 16√ = 5 − 4 = 1

41. 9 + 16√ = 25√ = 5 42. 25 − 16√ = 9√ = 3

43. 8 − 27
3√ = −19

3√ ≈ −2.668 44. 81 − 16
4√ = 65

4√ ≈ 2.839

45. 27∕8
3√ =

27
3√

8
3√ =

3

2

46. 8 × 64
3√ = 8

3√ ⋅ 64
3√ = 2 ⋅ 4 = 8
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Solutions Section 0.2

47. (−2)2√ = 4√ = 2 48. (−1)2√ = 1√ = 1

49. 
1

4
(1 + 15)√ =

16

4√ =
16√
4√ =

4

2
= 2 50. 

1

9
(3 + 33)√ =

36

9√ =
36√
9√ =

6

3
= 2

51. @2A2√ = @2√ A2√ = @A
52. 

@2

A2√ =
@2√
A2√ =

@A

53. (1 + 9)2√ = 1 + 9

(1 + 9 > 0 because 1 is positive.)

54. ( 1 + 9√ )2
= 1 + 9

55. 13(@3 + A3)
3√ = 13

3√ (@3 + A3)
3√

= 1 (@3 + A3)
3√      (Not 1(@ + A))

56. 
14

@4A4

4√ =
14

4√
@4

4√ A4
4√ =

1@A

57. 
4123

122√ =
422

1√ =
4√ 22√

1√ =
22

1√ 58. 
4(12 + 22)E2√ =

4√ 12 + 22√
E2√

=
2 12 + 22√ E      (Not 2(1 + 2)∕E)
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Solutions Section 0.3

Section 0.3

1. 31−4 =
314

2. 
1

2
1−4 =

1

214

3. 
3

4
1−2∕3 =

3

412∕3
4. 

4

5
2−3∕4 =

4

523∕4

5. 1 − 0.31−2
− 6

5
1−1 = 1 − 0.312 − 6

51 6. 
1

31−4
+

0.11−2

3
=

14

3
+

0.1

312

7. 22∕3 = 22
3√ 8. 34∕5 = 34

5√

9. 14∕3 = 14
3√ = 13

3√ 13√ = 1 13√ 10. 27∕4 = 27
4√ = 24

4√ 23
4√ = |2| 23

4√

11. (11∕221∕3)1∕5
= 1√ 23√5√ 12. 1−1∕323∕2 =

23∕2

11∕3
=

23√
13√ =

|2| 2√
13√

13. −3

2
1−1∕4 = − 3

211∕4
= − 3

2 14√ 14. 
4

5
13∕2 =

4 13√
5

=
4|1| 1√

5

15. 0.21−2∕3 +
3

71−1∕2
=

0.212∕3
+

311∕2

7

=
0.2

12
3√ +

3 1√
7

16. 
3.11−4∕3

− 11

7
1−1∕7 = 3.114∕3 − 11

711∕7

= 3.1 14
3√ − 11

7 17√ = 3.11 13√ − 11

7 17√

17. 
3

4(1 − 1)5∕2
=

3

4 (1 − 1)5√
=

3

4 (1 − 1)4√ 1 − 1√
=

3

4(1 − 1)2 1 − 1√

18. 
9

4(1 − 1)−7∕3
=

9(1 − 1)7∕3

4

=
9 (1 − 1)7

3√
4

=
9 (1 − 1)6

3√ 1 − 13√
4

=
9(1 − 1)2 1 − 13√

4

19. 3√ = 31∕2 20. 8√ = 81∕2

21. 13√ = 13∕2
22. 12

3√ = 12∕3
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Solutions Section 0.3

23. 122
3√ = (122)1∕3 24. 122√ = (122)1∕2

25. 
12

1√ =
12

11∕2
= 12−1∕2 = 13∕2 26. 

11√ =
111∕2

= 11−1∕2 = 11∕2

27. 
3

512
=

3

5
1−2 28. 

2

51−3
=

2

5
13

29. 
31−1.2

2
− 1

312.1
=

3

2
1−1.2 − 1

3
1−2.1 30. 

2

31−1.2
− 12.1

3
=

2

3
11.2 − 1

3
12.1

31. 
21
3

− 10.1

2
+

4

311.1

=
2

3
1 − 1

2
10.1 +

4

3
1−1.1

32. 
412

3
+

13∕2

6
− 2

312

=
4

3
12 +

1

6
13∕2 − 2

3
1−2

33. 
3 1√

4
− 5

3 1√ +
4

31 1√
=

311∕2

4
− 5

311∕2
+

4

31 ⋅ 11∕2

=
3

4
11∕2 − 5

3
1−1∕2 +

4

3
1−3∕2

34. 
3

5 1√ − 5 1√
8

+
7

2 13√
=

3

511∕2
− 511∕2

8
+

7

211∕3

=
3

5
1−1∕2 − 5

8
11∕2 +

7

2
1−1∕3

35. 
3 12

5√
4

− 7

2 13√ =
312∕5

4
− 7

213∕2

=
3

4
12∕5 − 7

2
1−3∕2

36. 
1

81 1√ − 2

3 13
5√ =

1

813∕2
− 2

313∕5

=
1

8
1−3∕2 − 2

3
1−3∕5

37. 
1

(12 + 1)3
− 3

4 12 + 1
3√

=
1

(12 + 1)3
− 3

(12 + 1)1∕3

= (12 + 1)−3 − 3

4
(12 + 1)−1∕3

38. 
2

3(12 + 1)−3
− 3 (12 + 1)7

3√
4

=
2

3
(12 + 1)3 − 3

4
(12 + 1)7∕3

39. 4−1∕247∕2 = 4−1∕2+7∕2 = 46∕2 = 43 = 64
40. 

21∕@
22∕@ = 21∕@−2∕@ = 2−1∕@ =

1

21∕@

41. 32∕33−1∕6 = 32∕3−1∕6 = 31∕2 = 3√ 42. 21∕32−122∕32−1∕3 = 21∕3−1+2∕3−1∕3

= 2−1∕3 =
1

21∕3
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Solutions Section 0.3

43. 
13∕2

15∕2
= 13∕2−5∕2 = 1−1 =

11 44. 
25∕4

23∕4
= 25∕4−3∕4 = 21∕2 = 2√

45. 
11∕222

1−1∕22 = 11∕2−(−1∕2)22−1 = 12 46. 
1−1∕221223∕2

= 1−1∕2−221−3∕2 = 1−5∕22−1∕2

47. (12)1∕3(21)2∕3
=

11∕3

21∕3
⋅ 22∕3

12∕3

= 11∕3−2∕32−1∕3+2∕3

= 1−1∕321∕3 or (21)1∕3

48. (12)−1∕3(21)1∕3
=

1−1∕3

2−1∕3
⋅ 21∕3

11∕3

1−1∕3−1∕321∕3+1∕3

= 1−2∕322∕3 or (21)2∕3

49. 12 − 16 = 0 ⇒ 12 = 16⇒ 1 = ± 16√ ⇒ 1 = ±4

50. 12 − 1 = 0 ⇒ 12 = 1⇒ 1 = ± 1√ ⇒ 1 = ±1

51. 12 − 4

9
= 0 ⇒ 12 =

4

9

⇒ 1 = ±
4

9√ ⇒ 1 = ±
2

3

52. 12 − 1

10
= 0 ⇒ 12 =

1

10

⇒ 1 = ±
1

10√ ⇒ 1 = ±
1

10√

53. 12 − (1 + 21)2 = 0 ⇒ 12 = (1 + 21)2

⇒ 1 = ±1 + 21
If 1 = 1 + 21, then −1 = 1 ⇒ 1 = −1.

If 1 = −(1 + 21), then = −1 ⇒ 1 = −1

3
.

So, 1 = 1 or −1

3
.

54. 12 − (2 − 31)2 = 0 ⇒ 12 = (2 − 31)2

⇒ 1 = ±2 − 31
If 1 = 2 − 31, then 41 = 2 ⇒ 1 =

1

2
.

If 1 = −(2 − 31), then −21 = −2 ⇒ 1 = 1.

So, 1 = 1 or 
1

2
.

55. 15 + 32 = 0 ⇒ 15 = −32⇒ 1 = −32
5√ = −2

56. 14 − 81 = 0 ⇒ 14 = 81⇒ 1 = ± 81
4√ = ±3

57. 11∕2 − 4 = 0 ⇒ 11∕2 = 4⇒ 1 = 42 = 16

58. 11∕3 − 2 = 0 ⇒ 11∕3 = 2⇒ 1 = 23 = 8

59. 1 − 112
= 0 ⇒ 1 =

112

⇒ 12 = 1 ⇒ 1 = ± 1√ = ±1

60. 
213

− 614
= 0 ⇒ 213

=
614⇒ 214 = 613 ⇒ 21 = 6 ⇒ 1 = 3

61. (1 − 4)−1∕3 = 2 ⇒ 1 − 4 = 2−3 =
1

8

⇒ 1 = 4 +
1

8
=

33

8

62. (1 − 4)2∕3 + 1 = 5 ⇒ (1 − 4)2∕3 = 4⇒ 1 − 4 = ±43∕2 = ±8⇒ 1 = 4 ± 8 = −4 or 12
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Section 0.4

19. (12 − 21 + 1)2 = (12 − 21 + 1)(12 − 21 + 1)

= 12(12 − 21 + 1) − 21(12 − 21 + 1) + 1(12 − 21 + 1)

= 14 − 213 + 12 − 213 + 412 − 21 + 12 − 21 + 1

= 14 − 413 + 612 − 41 + 1

20. (1 + 2 − 12)2 = (1 + 2 − 12)(1 + 2 − 12)

= 1(1 + 2 − 12) + 2(1 + 2 − 12) − 12(1 + 2 − 12)

= 12 + 12 − 122 + 12 + 22 − 122 − 122 − 122 + 1222

= 12 + 212 + 22 − 2122 − 2122 + 1222

21. (23 + 222 + 2)(22 + 22 − 1)

= 23(22 + 22 − 1) + 222(22 + 22 − 1) + 2(22 + 22 − 1)

= 25 + 224 − 23 + 224 + 423 − 222 + 23 + 222 − 2
= 25 + 424 + 423 − 2

1. 1(41 + 6) = 412 + 61 2. (42 − 2)2 = 422 − 22

3. (21 − 2)2 = 212 − 22 4. 1(31 + 2) = 312 + 12

5. (1 + 1)(1 − 3) = 12 + 1 − 31 − 3

= 12 − 21 − 3

6. (2 + 3)(2 + 4) = 22 + 32 + 42 + 12

= 22 + 72 + 12

7. (22 + 3)(2 + 5) = 222 + 32 + 102 + 15

= 222 + 132 + 15

8. (21 − 2)(31 − 4) = 612 − 61 − 81 + 8

= 612 − 141 + 8

9. (21 − 3)2 = 412 − 121 + 9 10. (31 + 1)2 = 912 + 61 + 1

11. !1 +
11"

2
= 12 + 2 +

112
12. !2 − 12"

2
= 22 − 2 +

122

13. (21 − 3)(21 + 3) = (21)2 − 32 = 412 − 9 14. (4 + 21)(4 − 21) = 42 − (21)2 = 16 − 412

15. !2 − 12"!2 +
12" = 22 − !12"

2
= 22 − 122

16. (1 − 12)(1 + 12) = 12 − (12)2 = 12 − 14

17. (12 + 1 − 1)(21 + 4)

= 12(21 + 4) + 1(21 + 4) − 1(21 + 4)

= 213 + 412 + 212 + 41 − 21 − 4

= 213 + 612 + 21 − 4

18. (31 + 1)(212 − 1 + 1)

= 31(212 − 1 + 1) + 1(212 − 1 + 1)

= 613 − 312 + 31 + 212 − 1 + 1

= 613 − 12 + 21 + 1
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Solutions Section 0.4

22. (13 − 212 + 4)(312 − 1 + 2)

= 13(312 − 1 + 2) − 212(312 − 1 + 2) + 4(312 − 1 + 2)

= 315 − 14 + 213 − 614 + 213 − 412 + 1212 − 41 + 8

= 315 − 714 + 413 + 812 − 41 + 8

31. @ = 2, A = 6, E = 5, so that the discriminant isA2 − 4@E = 62 − 4(2)(5) = 36 − 40 = −4

As the discriminant is negative, the expression does not factor at all.

32. @ = 4, A = −6, E = 2, so that the discriminant isA2 − 4@E = (−6)2 − 4(4)(2) = 36 − 32 = 4 = 22

As the discriminant is a perfect square, the expression factors over the integers.

33. @ = −3, A = −2, E = 3, so that the discriminant isA2 − 4@E = (−2)2 − 4(−3)(3) = 4 + 36 = 40

As the discriminant is positive but not a perfect square, the expression factors, but not over the integers.

34. @ = 1, A = −4, E = −7, so that the discriminant isA2 − 4@E = (−4)2 − 4(1)(−7) = 16 + 28 = 44

As the discriminant is positive but not a perfect square, the expression factors, but not over the integers.

35. @ = 8, A = 12, E = 4, so that the discriminant isA2 − 4@E = 122 − 4(8)(4) = 144 − 128 = 16 = 42

As the discriminant is a perfect square, the expression factors over the integers.

23. (1 + 1)(1 + 2) + (1 + 1)(1 + 3)

= (1 + 1)(1 + 2 + 1 + 3)

= (1 + 1)(21 + 5)

24. (1 + 1)(1 + 2)2 + (1 + 1)2(1 + 2)

= (1 + 1)(1 + 2)(1 + 2 + 1 + 1)

= (1 + 1)(1 + 2)(21 + 3)

25. (12 + 1)5(1 + 3)4 + (12 + 1)6(1 + 3)3

= (12 + 1)5(1 + 3)3(1 + 3 + 12 + 1)

= (12 + 1)5(1 + 3)3(12 + 1 + 4)

26. 101(12 + 1)4(13 + 1)5 + 1512(12 + 1)5(13 + 1)4

= 51(12 + 1)4(13 + 1)4[2(13 + 1) + 31(12 + 1)]

= 51(12 + 1)4(13 + 1)4(513 + 31 + 2)

27. (13 + 1) 1 + 1√ − (13 + 1)2 1 + 1√
= (13 + 1) 1 + 1√ ⋅ [1 − (13 + 1)]

= −13(13 + 1) 1 + 1√
28. (12 + 1) 1 + 1√ − (1 + 1)3√

= 1 + 1√ ⋅ [12 + 1 − (1 + 1)2√ ]

= 1 + 1√ ⋅ [12 + 1 − (1 + 1)]

= (12 − 1) 1 + 1√
= 1(1 − 1) 1 + 1√

29. (1 + 1)3√ + (1 + 1)5√
= (1 + 1)3√ ⋅ [1 + (1 + 1)2√ ]

= (1 + 1)3√ ⋅ (1 + 1 + 1)

= (1 + 2) (1 + 1)3√

30. (12 + 1) (1 + 1)4
3√ − (1 + 1)7

3√
= (1 + 1)4

3√ ⋅ [12 + 1 − (1 + 1)3
3√ ]

= (1 + 1)4
3√ ⋅ [12 + 1 − (1 + 1)]

= (12 − 1) (1 + 1)4
3√

= 1(1 − 1) (1 + 1)4
3√
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36. @ = 1, A = 2, E = 19, so that the discriminant isA2 − 4@E = 22 − 4(1)(19) = 4 − 76 = −72

As the discriminant is negative, the expression does not factor at all.

37. @ = 40, A = −64, E = 24, so that the discriminant isA2 − 4@E = (−64)2 − 4(40)(24) = 4,096 − 3,840 = 256 = 162

As the discriminant is a perfect square, the expression factors over the integers.

38. @ = −10, A = −32, E = −32, so that the discriminant isA2 − 4@E = (−32)2 − 4(−10)(−32) = 1,024 − 1,280 = −256

As the discriminant is negative, the expression does not factor at all.

39. @ = 6, A = −22, E = 16, so that the discriminant isA2 − 4@E = (−22)2 − 4(6)(16) = 484 − 384 = 100 = 102

As the discriminant is a perfect square, the expression factors over the integers.

40. @ = 48, A = 32, E = 4, so that the discriminant isA2 − 4@E = 322 − 4(48)(4) = 1,024 − 768 = 256 = 162

As the discriminant is a perfect square, the expression factors over the integers.

41. a. 21 + 312 = 1(2 + 31)

b. 1(2 + 31) = 01 = 0 or 2 + 31 = 01 = 0 or −2∕3

42. a. 22 − 42 = 2(2 − 4)

b. 2(2 − 4) = 02 = 0 or 2 − 4 = 02 = 0 or 4

43. a. 613 − 212 = 212(31 − 1)

b. 212(31 − 1) = 012 = 0 or 31 − 1 = 01 = 0 or 1∕3

44. a. 323 − 922 = 322(2 − 3)

b. 322(2 − 3) = 022 = 0 or 2 − 3 = 02 = 0 or 3

45. a. 12 − 81 + 7 = (1 − 1)(1 − 7)

b. (1 − 1)(1 − 7) = 01 − 1 = 0 or 1 − 7 = 01 = 1 or 7

46. a. 22 + 62 + 8 = (2 + 2)(2 + 4)

b. (2 + 2)(2 + 4) = 02 + 2 = 0 or 2 + 4 = 02 = −2 or −4

47. a. 12 + 1 − 12 = (1 − 3)(1 + 4)

b. (1 − 3)(1 + 4) = 01 − 3 = 0 or 1 + 4 = 01 = 3 or −4

48. a. 22 + 2 − 6 = (2 − 2)(2 + 3)

b. (2 − 2)(2 + 3) = 02 − 2 = 0 or 2 + 3 = 02 = 2 or −3

49. a. 212 − 31 − 2 = (21 + 1)(1 − 2)

b. (21 + 1)(1 − 2) = 0

21 + 1 = 0 or 1 − 2 = 01 = −1∕2 or 2

50. a. 322 − 82 − 3 = (32 + 1)(2 − 3)

b. (32 + 1)(2 − 3) = 0

32 + 1 = 0 or 2 − 3 = 02 = −1∕3 or 3
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51. a. 612 + 131 + 6 = (21 + 3)(31 + 2)

b. (21 + 3)(31 + 2) = 0

21 + 3 = 0 or 31 + 2 = 01 = −3∕2 or −2∕3

52. a. 622 + 172 + 12 = (32 + 4)(22 + 3)

b. (32 + 4)(22 + 3) = 0

32 + 4 = 0 or 22 + 3 = 02 = −4∕3 or −3∕2

53. a. 1212 + 1 − 6 = (31 − 2)(41 + 3)

b. (31 − 2)(41 + 3) = 0

31 − 2 = 0 or 41 + 3 = 01 = 2∕3 or −3∕4

54. a. 2022 + 72 − 3 = (42 − 1)(52 + 3)

b. (42 − 1)(52 + 3) = 0

42 − 1 = 0 or 52 + 3 = 02 = 1∕4 or −3∕5

55. a. 12 + 412 + 422 = (1 + 22)2

b. (1 + 22)2 = 01 + 22 = 01 = −22

56. a. 422 − 412 + 12 = (22 − 1)2

b. (22 − 1)2 = 0

22 − 1 = 02 = 1∕2

57. a. 14 − 512 + 4 = (12 − 1)(12 − 4)

= (1 + 1)(1 − 1)(1 + 2)(1 − 2)

b. (1 + 1)(1 − 1)(1 + 2)(1 − 2) = 01 + 1 = 0 or 1 − 1 = 0 or1 + 2 = 0 or 1 − 2 = 01 = ±1 or ±2

58. a. 24 + 222 − 3 = (22 − 1)(22 + 3)

= (2 + 1)(2 − 1)(22 + 3)

b. (2 + 1)(2 − 1)(22 + 3) = 02 + 1 = 0 or 2 − 1 = 0 or 22 + 3 = 02 = ±1

(Notice that 22 + 3 = 0 has no real solutions.)

59. a. 12 − 3 = (1 − 3√ )(1 + 3√ )

b. (1 − 3√ )(1 + 3√ ) = 01 − 3√ = 0 or 1 + 3√ = 01 = ± 3√

60. a. 22 − 7 = (2 − 7√ )(2 + 7√ )

b. (2 − 7√ )(2 + 7√ ) = 02 − 7√ = 0 or 2 + 7√ = 02 = ± 7√
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Section 0.5

1. 
1 − 41 + 1

⋅ 21 + 11 − 1
=

(1 − 4)(21 + 1)

(1 + 1)(1 − 1)
=

212 − 71 − 412 − 1

2. 
21 − 31 − 2

⋅ 1 + 31 + 1
=

(21 − 3)(1 + 3)

(1 − 2)(1 + 1)
=

212 + 31 − 912 − 1 − 2

3. 
1 − 41 + 1

+
21 + 11 − 1

=
(1 − 4)(1 − 1) + (1 + 1)(21 + 1)

(1 + 1)(1 − 1)
=

312 − 21 + 512 − 1

4. 
21 − 31 − 2

+
1 + 31 + 1

=
(21 − 3)(1 + 1) + (1 − 2)(1 + 3)

(1 − 2)(1 + 1)
=

312 − 912 − 1 − 2

5. 
12

1 + 1
− 1 − 11 + 1

=
12 − (1 − 1)1 + 1

=
12 − 1 + 11 + 1

6. 
12 − 11 − 2

− 11 − 1
=

(12 − 1)(1 − 1) − (1 − 2)

(1 − 2)(1 − 1)
=

13 − 12 − 21 + 312 − 31 + 2

7. 
1

( 11−1) + 1 − 1 =
1 − 11 + 1 − 1 =

1 − 1 + 1(1 − 1)1 =
12 − 11

8. 
2

!1−212 "
− 11 − 2

=
212

1 − 2
− 11 − 2

=
212 − 11 − 2

9. 
11 ⎡⎣⎢⎢1 − 312 +

12⎤⎦⎥⎥ =
11 ⎡⎣⎢⎢1 − 3 + 112 ⎤⎦⎥⎥ =

21 − 3122
10. 

22

1 ⎡⎣⎢⎢21 − 32 +
12⎤⎦⎥⎥ =

22

1 ⎡⎣⎢⎢21 − 3 + 112 ⎤⎦⎥⎥ =
22(31 − 3)12 =

2(31 − 3)1 =
312 − 321

11. 
(1 + 1)2(1 + 2)3 − (1 + 1)3(1 + 2)2

(1 + 2)6
=

(1 + 1)2(1 + 2)2[(1 + 2) − (1 + 1)]

(1 + 2)6
=

(1 + 1)2

(1 + 2)4

12. 
61(12 + 1)2(13 + 2)3 − 912(12 + 1)3(13 + 2)2

(13 + 2)6

=
31(12 + 1)2(13 + 2)2[2(13 + 2) − 31(12 + 1)]

(13 + 2)6
=

31(12 + 1)2(−13 − 31 + 4)

(13 + 2)4

13. 

(12 − 1) 12 + 1√ − 14

12+1√12 + 1
=

(12 − 1)(12 + 1) − 14

(12 + 1) 12 + 1√ =
−1

(12 + 1)3√

14. 

1 13 − 1√ − 314

13−1√13 − 1
=

1(13 − 1) − 314

(13 − 1) 13 − 1√ =
−214 − 1

(13 − 1)3√ =
−1(213 + 1)

(13 − 1)3√
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15. 

1

(1+2)2
− 112

2 =
12 − (1 + 2)2

212(1 + 2)2
=

12 − 12 − 212 − 22

212(1 + 2)2
=

−2(21 + 2)212(1 + 2)2
=

−(21 + 2)12(1 + 2)2

16. 

1

(1+2)3
− 113

2 =
12 − (1 + 2)2

212(1 + 2)2
=

13 − 13 − 3122 − 3122 − 23

213(1 + 2)3

=
−2(312 + 312 + 22)213(1 + 2)3

=
−(312 + 312 + 22)13(1 + 2)3
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Section 0.6

11. @1 + A = E ⇒ @1 = E − A ⇒ 1 =
E − A@

12. 1 − 1 = E1 + H ⇒ (1 − E)1 = H + 1 ⇒ 1 =
H + 1

1 − E
13. 212 + 71 − 4 = 0 ⇒ (21 − 1)(1 + 4) = 0 ⇒ 1 = −4,

1

2

14. 12 + 1 + 1 = 0 ⇒ Δ = A2 − 4@E = −3 < 0, so this equation has no real solutions.

15. 12 − 1 + 1 = 0 ⇒ Δ = A2 − 4@E = −3 < 0, so this equation has no real solutions.

16. 212 − 41 + 3 ⇒ Δ = A2 − 4@E = −8 < 0, so this equation has no real solutions.

17. 212 − 5 = 0 ⇒ 12 =
5

2
⇒ 1 = ±

5

2√
18. 312 − 1 = 0 ⇒ 12 =

1

3
⇒ 1 = ±

1

3√

19. −12 − 21 − 1 = 0 ⇒ −(1 + 1)2 = 0 ⇒ 1 = −1

20. 212 − 1 − 3 = 0 ⇒ (21 − 3)(1 + 1) = 0 ⇒ 1 =
3

2
, −1

21. 
1

2
12 − 1 − 3

2
= 0 ⇒ 12 − 21 − 3 = 0 ⇒ (1 + 1)(1 − 3) = 0 ⇒ 1 = −1, 3

22. −1

2
12 − 1

2
1 + 1 = 0 ⇒ 12 + 1 − 2 = 0 ⇒ (1 + 2)(1 − 1) = 0 ⇒ 1 = −2, 1

1. 1 + 1 = 0 ⇒ 1 = 0 − 1 ⇒ 1 = −1 2. 1 − 3 = 1 ⇒ 1 = 1 + 3 ⇒ 1 = 4

3. −1 + 5 = 0 ⇒ −1 = −5 ⇒ 1 = 5 4. 21 + 4 = 1 ⇒ 21 = −3 ⇒ 1 = −3

2

5. 41 − 5 = 8 ⇒ 41 = 13 ⇒ 1 =
13

4
6. 

3

4
1 + 1 = 0 ⇒ 3

4
1 = −1 ⇒ 1 = −4

3

7. 71 + 55 = 98 ⇒ 71 = 43 ⇒ 1 = −43

7
8. 31 + 1 = 1 ⇒ 21 = −1 ⇒ 1 = −1

2

9. 1 + 1 = 21 + 2 ⇒ −1 = 1 ⇒ 1 = −1 10. 1 + 1 = 31 + 1 ⇒ −21 = 0 ⇒ 1 = 0
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23. 12 − 1 = 1 ⇒ 12 − 1 − 1 = 0 ⇒ 1 =
−A ± A2 − 4@E√

2@ =
1 ± 5√

2

24. 1612 = −241 − 9 ⇒ 1612 + 241 + 9 = 0(41 + 3)2 = 0 ⇒ 1 = −3

4

25. 1 = 2 − 11 ⇒ 12 = 21 − 1 ⇒ 12 − 21 + 1 = 0 ⇒ (1 − 1)2 = 0 ⇒ 1 = 1

26. 1 + 4 =
11 − 2

⇒ (1 + 4)(1 − 2) = 1 ⇒ 12 + 21 − 8 = 1 ⇒ 12 + 21 − 9 − 0

⇒ 1 =
−A ± A2 − 4@E√

2@ =
−2 ± 40√

2
= −1 ± 10√

27. 14 − 1012 + 9 = 0 ⇒ (12 − 1)(12 − 9) = 0 ⇒ 12 = 1 or 12 = 0 ⇒ 1 = ±1, ±3

28. 14 − 212 + 1 = 0 ⇒ (12 − 1)2 = 0⇒ 1 = ±1

29. 14 + 12 − 1 = 0 ⇒ 12 =
−A ± A2 − 4@E√

2@ ⇒ 12 =
−1 ± 5√

2
⇒ 1 = ±

−1 ± 5√
2√

30. 13 + 212 + 1 = 0 ⇒ 1(12 + 21 + 1) = 0 ⇒ 1(1 + 1)2 = 0 ⇒ 1 = 0, −1

31. 13 + 1612 + 111 + 6 = 0 ⇒ (1 + 1)(1 + 2)(1 + 3) = 0 ⇒ 1 = −1, −2, −3

32. 13 − 612 + 121 − 8 = 0 ⇒ (1 − 2)3 = 0 ⇒ 1 = 2

33. 13 + 412 + 41 + 3 = 0 ⇒ (1 + 3)(12 + 1 + 1) = 0 ⇒ 1 = −3

(For 12 + 1 + 1 = 0,  Δ = A2 − 4@E = −3 < 0, so there are no real solutions to this quadratic equation.)

34. 23 + 64 = 0 ⇒ 23 = −64 ⇒ 2 = −64
3√ = −4

35. 13 − 1 = 0 ⇒ 13 = 1 ⇒ 1 = 1
3√ = 1

36. 13 − 27 = 0⇒ 13 = 27 ⇒ 1 = 27
3√ = 3

37. 23 + 322 + 32 + 2 = 0 ⇒ (2 + 2)(22 + 2 + 1) = 0 ⇒ 2 = −2

(For 22 + 2 + 1 = 0,  Δ = A2 − 4@E = −3 < 0, so there are no real solutions to this quadratic equation.)

38. 23 − 222 − 22 − 3 = 0 ⇒ (2 − 3)(22 + 2 + 1) = 0 ⇒ 2 = 3

(For 22 + 2 + 1 = 0,  Δ = A2 − 4@E = −3 < 0, so there are no real solutions to this quadratic equation.)

39. 13 − 12 − 51 + 5 = 0 ⇒ (1 − 1)(12 − 5) = 0 ⇒ 1 = 1,   ± 5√

40. 13 − 12 − 31 + 3 = 0 ⇒ (1 − 1)(12 − 3) = 0 ⇒ 1 = 1,   ± 3√
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41. 216 − 14 − 212 + 1 = 0 ⇒ (212 − 1)(14 − 1) = 0 ⇒ (212 − 1)(12 − 1)(12 + 1) = 0

(Think of the cubic you get by substituting 2 for 12)

⇒ 1 = ±1,   ±
1

2√

42. 316 − 14 − 1212 + 4 = 0 ⇒ (312 − 1)(14 − 4) = 0⇒ (312 − 1)(12 − 2)(12 + 2) = 0

(Think of the cubic you get by substituting 2 for 12)

⇒ 1 = ± 2√ ,   ±
1

3√

43. (12 + 31 + 2)(12 − 51 + 6) = 0 ⇒ (1 + 2)(1 + 1)(1 − 2)(1 − 3) = 0⇒ 1 = −2, −1, 2, 3

44. (12 − 41 + 4)2(12 + 61 + 5)3 = 0 ⇒ (1 − 2)4(1 + 1)3(1 + 5)3 = 0⇒ 1 = −5, −1, 2
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Section 0.7

1. 14 − 313 = 0, 13(1 − 3) = 0, 1 = 0, 3

2. 16 − 914 = 0, 14(12 − 9) = 0, 1 = 0, ±3

3. 14 − 412 = −4, 14 − 412 + 4 = 0, (12 − 2)2 = 0, 1 = ± 2√

4. 14 − 12 = 6, 14 − 12 − 6 = 0, (12 − 3)(12 + 2) = 0, 1 = ± 3√

5. (1 + 1)(1 + 2) + (1 + 1)(1 + 3) = 0, (1 + 1)(1 + 2 + 1 + 3) = 0,

(1 + 1)(21 + 5) = 0, 1 = −1, −5∕2

6. (1 + 1)(1 + 2)2 + (1 + 1)2(1 + 2) = 0, (1 + 1)(1 + 2)(1 + 2 + 1 + 1) = 0,

(1 + 1)(1 + 2)(21 + 3) = 0, 1 = −1, −2, −3∕2

7. (12 + 1)5(1 + 3)4 + (12 + 1)6(1 + 3)3 = 0,

(12 + 1)5(1 + 3)3(1 + 3 + 12 + 1) = 0,

(12 + 1)5(1 + 3)3(12 + 1 + 4) = 0, 1 = −3

(Neither 12 + 1 = 0 nor 12 + 1 + 4 = 0 has a real solution.)

8. 101(12 + 1)4(13 + 1)5 − 1012(12 + 1)5(13 + 1)4 = 0,

101(12 + 1)4(13 + 1)4[13 + 1 − 1(12 + 1)] = 0,

101(12 + 1)4(13 + 1)4(1 − 1) = 0, 1 = −1, 0, 1

9. (13 + 1) 1 + 1√ − (13 + 1)2 1 + 1√ = 0,

(13 + 1) 1 + 1√  [1 − (13 + 1)] = 0,−13(13 + 1) 1 + 1√ = 0, 1 = 0, −1

10. (12 + 1) 1 + 1√ − (1 + 1)3√ = 0,1 + 1√  [12 + 1 − (1 + 1)] = 0,

(12 − 1) 1 + 1√ = 0, 1(1 − 1) 1 + 1√ = 0, 1 = −1, 0, 1

11. (1 + 1)3√ + (1 + 1)5√ = 0,

(1 + 1)3√  (1 + 1 + 1) = 0,

(1 + 2) (1 + 1)3√ = 0, 1 = −1

(1 = −2 is not a solution because (1 + 1)3√  is not defined for 1 = −2.)

12. (12 + 1) (1 + 1)4
3√ − (1 + 1)7

3√ = 0,

(1 + 1)4
3√  [12 + 1 − (1 + 1)] = 0,

(12 − 1) (1 + 1)4
3√ = 0, 1(1 − 1) (1 + 1)4

3√ = 0,1 = −1, 0, 1

13. (1 + 1)2(21 + 3) − (1 + 1)(21 + 3)2 = 0,

(1 + 1)(21 + 3)(1 + 1 − 21 − 3) = 0,

(1 + 1)(21 + 3)(−1 − 2) = 0,1 = −2, −3∕2, −1
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14. (12 − 1)2(1 + 2)3 − (12 − 1)3(1 + 2)2 = 0,

(12 − 1)2(1 + 2)2(1 + 2 − 12 + 1) = 0,−(12 − 1)2(1 + 2)2(12 − 1 − 3) = 0,1 = −2, −1, 1, (1 ± 13√ )∕2

15. 
(1 + 1)2(1 + 2)3 − (1 + 1)3(1 + 2)2

(1 + 2)6
= 0,

(1 + 1)2(1 + 2)2[(1 + 2) − (1 + 1)]

(1 + 2)6
= 0,

(1 + 1)2

(1 + 2)4
= 0, (1 + 1)2 = 0, 1 = −1

16. 
61(12 + 1)2(12 + 2)4 − 81(12 + 1)3(12 + 2)3

(12 + 2)8
= 0,

21(12 + 1)2(12 + 2)3[3(12 + 2) − 4(12 + 1)]

(12 + 2)8
= 0,

−21(12 + 1)2(12 − 2)

(12 + 2)5
= 0,

−21(12 + 1)2(12 − 2) = 0, 1 = 0, ± 2√

17. 

2(12 − 1) 12 + 1√ − 14

12+1√12 + 1
= 0,

2(12 − 1)(12 + 1) − 14

(12 + 1) 12 + 1√ = 0,

14 − 2

(12 + 1) 12 + 1√ = 0, 14 − 2 = 0, 1 = ± 2
4√

18. 

41 13 − 1√ − 314

13−1√13 − 1
= 0,

41(13 − 1) − 314

(13 − 1) 13 − 1√ = 0,

14 − 41
(13 − 1) 13 − 1√ = 0, 14 − 41 = 0, 1(13 − 4) = 0, 1 = 0, ± 4

3√

19. 1 − 11 = 0, 12 − 1 = 0, 1 = ±1

20. 1 − 412
= 0, 12 − 4 = 0, 1 = ±2

21. 
11 − 913

= 0, 12 − 9 = 0, 1 = ±3

22. 
112

− 11 + 1
= 0, 1 + 1 − 12 = 0, 12 − 1 − 1 = 0, 1 = (1 ± 5√ )∕2

23. 
1 − 41 + 1

− 11 − 1
= 0,

(1 − 4)(1 − 1) − 1(1 + 1)

(1 + 1)(1 − 1)
= 0,

−61 + 4

(1 + 1)(1 − 1)
= 0, −61 + 4 = 0, 1 = 2∕3
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24. 
21 − 31 − 1

− 21 + 31 + 1
= 0,

(21 − 3)(1 + 1) − (21 + 3)(1 − 1)

(1 − 1)(1 + 1)
= 0,

−21
(1 − 1)(1 + 1)

= 0, −21 = 0, 1 = 0

25. 
1 + 41 + 1

+
1 + 4

31 = 0,
31(1 + 4) + (1 + 1)(1 + 4)

31(1 + 1)
= 0,

(1 + 4)(31 + 1 + 1)

31(1 + 1)
= 0,

(1 + 4)(41 + 1)

31(1 + 1)
= 0,

(1 + 4)(41 + 1) = 0, 1 = −4, −1∕4

26. 
21 − 31 − 21 − 31 + 1

= 0,
(21 − 3)(1 + 1) − 1(21 − 3)1(1 + 1)

= 0,

(21 − 3)(1 + 1 − 1)1(1 + 1)
= 0,

(21 − 3)1(1 + 1)
= 0, 21 − 3 = 0, 1 = 3∕2
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Solutions Section 0.8

Section 0.8

1. K (0, 2), L(4, −2), M(−2, 3), N(−3.5, −1.5), O (−2.5, 0), P(2, 2.5)

2. K (−2, 2), L(3.5, 2), M(0, −3), N(−3.5, −1.5), O (2.5, 0), P(−2, 2.5)

3.

4.

5. Solve the equation 1 + 2 = 1 for 2 to get 2 = 1 − 1. Then plot some points:

Graph:

6. Solve the equation 2 − 1 = −1 for 2 to get 2 = −1 + 1. Then plot some points:

1 −2 −1 0 1 2

2 = 1 − 1 3 2 1 0 −1

1 −2 −1 0 1 2

2 = −1 + 1 −3 −2 −1 0 1
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Solutions Section 0.8

Graph:

7. Solve the equation 22 − 12 = 1 for 2 to get 2 =
1 + 12

2
. Then plot some points:

Graph:

8. Solve the equation 22 + 1√ = 1 for 2 to get 2 =
1 − 1√

2
. Then plot some points:

Graph:

1 −2 −1 0 1 2

2 =
1 + 12

2
2.5 1 0.5 1 2.5

1 0 1 4 9 16

2 =
1 − 1√

2
0.5 0 −0.5 −1 −1.5
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Solutions Section 0.8

9. Solve the equation 12 = 4 for 2 to get 2 =
41 . Then plot some points:

Graph:

10. Solve the equation 122 = −1 for 2 to get 2 = − 112
. Then plot some points:

Graph:

11. Solve the equation 12 = 12 + 1 for 2 to get 2 = 1 +
11 . Then plot some points:

1 −3 −2 −1 1 2 3

2 =
41 −4

3
−2 −4 4 2

4

3

1 −3 −2 −1 1 2 3

2 = − 112
−1

9
−1

4
−1 −1 −1

4
−1

9

1 −2 −1 −1

2

1

2
1 2

2 = 1 +
11 −5

2
−2 −5

2

5

2
2

5

2
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Solutions Section 0.8

Graph:

12. Solve the equation 12 = 213 + 1 for 2 to get 2 = 212 +
11 . Then plot some points:

Graph:

13. (2 − 1)2 + (−2 + 1)2√ = 2√

14. (6 − 1)2 + (1 − 0)2√ = 26√

15. (0 − @)2 + (A − 0)2√ = @2 + A2√
16. (A − @)2 + (A − 0)2√ = 2(A − @)2√  or 2√ |A − @|

17. Set the two distances equal and solve:

(1 − 0) * 2 + (Q − 0)2√ = (1 − 2)2 + (Q − 1)2√
⇒ 1 + Q2√ = 2 − 2Q + Q2√⇒ 1 + Q2 = 2 − 2Q + Q2

⇒ 2Q = 1 ⇒ Q =
1

2

18. Set the two distances equal and solve:

(Q + 1) * 2 + (Q − 0)2√ = (Q − 0)2 + (Q − 2)2√
⇒ 2Q2 + 2Q + 1√ = 2Q2 − 4Q + 4√⇒ 2Q2 + 2Q + 1 = 2Q2 − 4Q + 4

⇒ 6Q = 3 ⇒ Q =
1

2

1 −2 −1 −1

2

1

2
1 2

2 = 212 +
11 15

2
1 −3

2

5

2
3

17

2
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Solutions Section 0.8

19. Circle with center (0, 0) and radius 3.

20. The single point (0, 0).
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Solutions Section 0.9

Section 0.9

1.

2.

3.

4.

5. log4 16 = the power to which we need to raise 4 in order to get 16. Because 4boxed 2 = 16, this power is 2, so

log4 16 = 2.

6. log5 125 = the power to which we need to raise 5 in order to get 125. Because 5boxed 3 = 125, this power is 3,

so log5 125 = 3.

7. log5
1

25
 = the power to which we need to raise 5 in order to get 

1

25
. Because 5boxed −2 =

1

25
, this power is −2, so

log5
1

25
= −2.

8. log4
1

64
 = the power to which we need to raise 4 in order to get 

1

64
. Because 4boxed −3 =

1

64
, this power is −3, so

log4
1

64
= −3.

Exponential Form 102 = 100 43 = 64 44 = 256 0.450 = 1 81∕2 = 2 2√ 4−3 =
1

64

Logarithmic Form log10 100 = 2 log4 64 = 3 log4 256 = 4 log0.45 1 = 0 log8 2 2√ =
1

2
log4! 1

64
" = −3

Exponential Form 101 = 10 55 = 3,125 63 = 216

Logarithmic Form log10 10 = 1 log5 3,125 = 5 log6 216 = 3

Exponential Form 0.53 = 0.125 41∕4 = 2√ 3−4 =
1

81

Logarithmic Form log0.5 0.125 = 3 log4 2√ =
1

4
log3! 1

81
" = −4

Exponential Form 0.32 = 0.09 !1

2
"0

= 1 10−3 = 0.001

Logarithmic Form log0.3 0.09 = 2 log1∕2 1 = 0 log10 0.001 = −3

Exponential Form 9−2 =
1

81 210 = 1,024 64−1∕3 =
1

4

Logarithmic Form log9
1

81
= −2 log2 1,024 = 10 log64

1

4
= −1

3

Exponential Form 2−1 =
1

2 105 = 100,000 10−5 = 0.00001

Logarithmic Form log2
1

2
= −1 log10 100,000 = 5 log10 0.00001 = −5

Exponential Form 211 = 2,048 16−1∕4 =
1

2 0.252 = 0.0625

Logarithmic Form log2 2,048 = 11 log16
1

2
= −1

4
log0.25 0.0625 = 2
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Solutions Section 0.9

9. log 100,000 = log10 100,000 = the power to which we need to raise 10 in order to get 100,000. Because

10boxed 5 = 100,000, this power is 5, so log 100,000 = 5.

10. log 1,000 = log10 1,000 = the power to which we need to raise 10 in order to get 1,000. Because

10boxed 3 = 1,000, this power is 3, so log 1,000 = 3.

11. log16 16 = the power to which we need to raise 16 in order to get 16. Because 16boxed 1 = 16, this power is 1,

so log16 16 = 1.

12. log1∕2
1

2
 = the power to which we need to raise 

1

2
 in order to get 

1

2
. Because !1

2
"boxed 1

=
1

2
, this power is 1,

so log1∕2
1

2
= 1.

13. log4
1

16
 = the power to which we need to raise 4 in order to get 

1

16
. Because 4boxed −2 =

1

16
, this power is −2,

so log4
1

16
= −2.

14. log2
1

8
 = the power to which we need to raise 2 in order to get 

1

8
. Because 2boxed −3 =

1

8
, this power is −3, so

log2
1

8
= −3.

15. log2 2√  = the power to which we need to raise 2 in order to get 2√ . Because 2boxed 1∕2 = 2√ , this power is

1

2
, so log2 2√ =

1

2
.

16. log4 2√  = the power to which we need to raise 4 in order to get 2√ . Because 4boxed 1∕4 = 2√ , this power is

1

4
, so log4 2√ =

1

4
.

17. By Identity (1), logA 3 + logA 4 = logA(3 × 4) = logA boxed 12.

18. By Identity (2), logA 3 − logA 4 = logA boxed
3

4
.

19. logA 2 − logA 5 − logA 4 = logA 2 − (logA 5 + logA 4) = logA 2 − (logA(5 × 4)) (Identity 1)

= logA! 2

5 × 4
" (Identity 2) = logA boxed

1

10

20. logA 3 + logA 2 − logA 7 = logA(3 × 2) − logA 7 (Identity 1) = logA!3 × 2

7
" (Identity 2) = logA boxed

6

7

21. logA 3 − 3 logA 2 = logA 3 − logA 23 (Identity 3) = logA! 3

23
" (Identity 2) = logA boxed

3

8

22. 3 logA 2 + 2 logA 3 = logA 23 + logA 32 (Identity 3) = logA(23 × 32) (Identity 1) = logA boxed 72

23. 4 logA 1 + 5 logA 2 = logA 14 + logA 25 (Identity 3) = logA boxed 1425 (Identity 1)
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Solutions Section 0.9

24. 3 logA R − 2 logA S = logA R3 − logA S2 (Identity 3) = logA boxed
R3

S2
 (Identity 2)

25. 2 logA 1 + 3 logA 2 − 4 logA < = logA 12 + logA 23 − logA <4 (Identity 3)

= logA(1223) − logA <4 (Identity 1) = logA boxed
1223

<4
 (Identity 2)

26. 4 logA R − 3 logA S − 2 logA T = logA R4 − logA S3 − logA T2 (Identity 3)

= logA R4 − (logA S3 + logA T2) = logA R4 − logA(S3T2) (Identity 1) = logA boxed
R4

S3T2
 (Identity 2)

27. 1 logA 2 − 2 logA 1 = logA 21 − logA 12 (Identity 3) = logA boxed
21
12

 (Identity 2)

28. R logA S + S logA R = logA SR + logA RS (Identity 3) = logA boxed SRRS (Identity 1)

29. log 21 = log(3 × 7) = log 3 + log 7 = A + E (Identity 1)

30. log 14 = log(2 × 7) = log 2 + log 7 = @ + E (Identity 1)

31. log 42 = log(2 × 3 × 7) = log 2 + log 3 + log 7 = @ + A + E (Identity 1)

32. log 28 = log(2 × 2 × 7) = log 2 + log 2 + log 7 = 2@ + E (Identity 1)

33. log!1

7
" = − log 7 = −E (Identity 5)

34. log!1

3
" = − log 3 = −A (Identity 5)

35. log!2

3
" = log 2 − log 3 = @ − A (Identity 2)

36. log!7

2
" = log 7 − log 2 = E − @ (Identity 2)

37. log!4

7
" = log 4 − log 7 (Identity 2) = log 2 + log 2 − log 7 (Identity 1) = 2@ − E

38. log!2

9
" = log 2 − log 9 (Identity 2) = log 2 − (log 3 + log 3) (Identity 1) = @ − 2A

39. log 16 = log 24 = 4 log 2 = 4@ (Identity 3)

40. log 81 = log 34 = 4 log 3 = 4A (Identity 3)

41. log 0.03 = log! 3

102
" = log 3 − log 102 = log 3 − 2 log 10 = A − 2

42. log 7,000 = log(7 × 103) = log 7 + log 103 = log 7 + 3 log 10 = E + 3
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Solutions Section 0.9

43. log 5 = log!10

2
" = log 10 − log 2 = 1 − @ (Identity 2)

44. log 25 = log!100

4
" = log 100 − log 4 = log 102 − log 22 = 2 log 10 − 2 log 2 = 2 − 2@

45. log 7√ = log(71∕2) =
1

2
log 7 =

E
2

46. log! 2

3√ " = log(2) − log 3√ = log(2) − log(31∕2) = log 2 − 1

2
log 3 = @ − A

2

47. 4 = 21 is exactly the equation we solve in order to calculate log2 4; answer: 2. Alternatively, write the

equation 4 = 21 in logarithmic form to get 1 = log2 4 = 2.

48. 81 = 31 is exactly the equation we solve in order to calculate log3 81; answer: 4. Alternatively, write the

equation 81 = 31 in logarithmic form to get 1 = log3 81 = 4.

49. Take the base 3 logarithm of both sides of the given equation 27 = 321−1 to get

log3 27 = log3 321−1

3 = (21 − 1) log3 3 By Identity 3

3 = 21 − 1 By Identity 4

1 =
3 + 1

2
= 2 Solve for 1.

50. Take the base 4 logarithm of both sides of the given equation 42−31 = 256 to get

log4 42−31 = log4 256

(2 − 31) log4 4 = 4 By Identity 3

2 − 31 = 4 By Identity 4

1 =
2 − 4

3
= −2

3
Solve for 1.

51. Take the base 5 logarithm of both sides of the given equation 5−1+1 =
1

125
 to get

log5 5−1+1 = log5!
1

125
"

(−1 + 1) log5 5 = − log5 125 By Identities 3 and 5−1 + 1 = −3 By Identity 41 = 1 + 3 = 4 Solve for 1.

52. Take the base 3 logarithm of both sides of the given equation 312−12 =
1

27
 to get

log3 312−12 = log3!
1

27
"

(12 − 12) log3 3 = − log3 27 By Identities 3 and 5

12 − 12 = −3 By Identity 41 = ± 9√ = ±3 Solve for 1.

53. First divide both sides of the given equation by 50 to get 2.4 = 23U. Take the common logarithm of both sides:

log 2.4 = log(23U)
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Solutions Section 0.9

log 2.4 = 3U log 2 By Identity 3

3U =
log 2.4

log 2
Divide.

U =
log 2.4

3 log 2
≈ 0.4210 Solve for U.

If instead you take the base-2 logarithm, the answer is represented as 
log2(2.4)

3
.

54. First divide both sides of the given equation by 500 to get 2 = 1.12U. Take the common logarithm of both

sides:

log 2 = log(1.12U)
log 2 = 2U log 1.1 By Identity 3

2U =
log 2

log 1.1
Divide.

U =
log 2

2 log 1.1
≈ 3.6363 Solve for U.

55. First divide both sides of the given equation by 300 to get 
10

3
= 1.34U−1. Take the common logarithm of both

sides:
log!10

3
" = log(1.34U−1)

log 10 − log 3 = (4U − 1) log 1.3 By Identities 2 and 3

4U − 1 =
log 10 − log 3

log 1.3
Divide.

U =
1

4
!log 10 − log 3

log 1.3
+ 1" ≈ 1.3972 Solve for U.

56. First divide both sides of the given equation by 700 to get 
100

7
= 1.043U+1. Take the common logarithm of

both sides:
log!100

7
" = log(1.043U+1)

log 100 − log 7 = (3U + 1) log 1.04 By Identities 2 and 3

3U + 1 =
log 100 − log 7

log 1.04
Divide.

U =
1

3
!log 100 − log 7

log 1.04
− 1" ≈ 22.2675 Solve for U.
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