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1 Polynomials Answers 1
1 Polynomials
1.1 Factorisation
1. ®: all except C, @: A, B, &, F, G 2. @: all except F, @: B,C,&,G, H
®: A @: &£, G ®: & @: C,H
3. a) 2(222 + 6z) = 22(2z + 6) = 4a(x + 3) 4. a) 3(2z —42?) = 3x(2 — 4x) = 6z(1 — 22)
b) 3z(2z°y* — day*) = b) 4(3zy® — 22°y°) =
6ay(a?y — 2ay°) = 22°y* (3z — 6y°) 2zy(6y — 4zy?®) = day?(3 — 2zy)
¢) 2(4a—b)=4(2a— %) =1 (32a—8b) c) 24z +2y) =8 (z+¥) =1 (162 +8y)
d) 2(2z+y) = 1(8z+4y) = + (20x + 10y) d) 2(a— 2b) = 1(4a — 6b) = % (6a — 9b)
¢) de(d - 3) =8 (5ed - je) = § (12d — 30) e) 2p(§ +1) =5 (2pg +4p) = § (3¢ + 6)
f) 1 (3a+18b) = 2 (3a + 9b) = 3(5a+8b) f) $(4z+8)=3(32+3) =2 (3z+5)
5. @-G, @-&, ®-B, ®-C, ®-H, ®-A, ©-F, ®D 6. ©-F, @-D, ®-B, -G, ®-A, ®-H, ©-E, ®-C
a) 2(3z +2y) d) 2a(a —3) 8. a) 5(3a+2b) d) 56%(b—2)
b) a(x —y) e) 3b(2b+ 3a) b) z(a—b) e) 2le(e —2f)
¢) 7(5a — 12) f) 422(3z — 2) c) 8(7x +12y) f) 6a%(a —7)
9. a) ala—1) d) a*b?(a® +b?) 10. a) 2%(z —1) d) a®b*(a® +0?)
b) a?b3(a?b® + 1) e) 8ab(2ab+ 1) b) y*22(y* + 1) e) 27xy(3my -1)
c) 27yz(3z — 2) f) 9a2b*(3ab — 4) ¢) 2lac(3b— 2) f) 82222 (xz — 2)
11. a) 11(11a — 8b+6) 12. a) 12(12z — 6y + 5)
b) a(a® — a3 +1) b) b*(b* + b2 + 1)
c) Tabe(5a — 2b + 3c?) c) 8xyz(bz? — 8y? + 32?)
13. a) —1l(a+b—¢) c) —1(x*+22+1) 14. a) —1(z—2y—2) c) —1(a®>+a—1)
b) —1(—a—2b+5)  d) —1(—a—a—1) b) —1(—2z—y—8)  d) —1(—a?+ 155)
15. a) $(a+2b+6) 16. a) 15(3z + 4y + 24)
b) $(2a? + 5a — 15) b) 1(322 + 4z — 20)
¢) 15(32% — 8z +12) ¢) 1z(3a® — 10a — 30)
d) 55(9a? — 8a + 48) d) 5(10a? — 3a +12)
17. a) 2(x +y)(3z +4) 18. a) 3(5 — 2a)(1 + 2a)
b) v(t—7) b) q(—3u + 4v)
c) f%(3g — 12h + 2k) c) m?(8n — 15)
19. a) (5—2h)(9g + 11) 20. a) (u+v)(4—5a)
b) (2d — 1)(c3d + 2f?) b) (dy + 3)(8y + 7z)
c) (4—3m)(6k—"7u) = (3m—4)(—6k+Tu) c) (6p—1)(13p—4) = (1 —6p)(4 — 13p)
d) (20+5)(3—a+6¢) d) (10k —11v)(k +v —m)
e) (h—47)(15+j) = (4 — h)(=15 — j) e) (6p—5)(r* —5) = (5 —6p)(5—r?)
f) (r+9)(g—s)=(=r-9)(-¢+5s) f)y 8 =2)(t —u) = (z—-8)(u—1t)
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Answers

1.1 Factorisation

21.

23.

25.

27.

29.

31.

33.

35.

37.

39.

a) 8(a® —1) 22.
b) 6zy(2x — 3y)
¢) correct
d) correct
a) (p+2q)(6—11p) 24.
b) (3z — 5y)(1 —r)
c) (k—m)(k+m)
d) (6a+5)(4b — 3¢)
a) (Tu+ 5s)(4s — 3w) 26.
b) (=92 — 1)(4z + w)
a) (a+b—c)(2m+n) 28.
b) (3—4s+a)(c+s)
) (~p—q+r)3—-2)
a) (z—5)2 c) (x+6)(z—6) 30.
b) (z+12) d) (z+2)?
a) (3—2x)(3+2x) ¢) (a+14)(a—14)  32.
b) (2m + 3)?2 d) (b—22)?
2) (f+ 1) — (2 + 1) 34
b) (3¢ + 5d)?
c) B—z)B3+z)(9+z°)
d) (7a — 5b)?
a) x? — 16z + 64 = (z — 8)? 36.
b) :c2:l:69:+9—(x:|:3)

28z +16=(z—4)2
c) y* =2 =(y+2)(y—2)
d) 2522 — 20z +4 = (52 —2)?2
a) 2(x —4)? 38.
b) —25(2a + 1)?
c) 3a(9r — 2t)(9r + 2¢)
d) dw(w + 2z2)(w — 22)
a) b(3b+ 1)(3b — 1)(96% + 1) 40.
b) a?(a+5)?
&) (k+m)(k—m)(p—q)
d) 3(r+2)(r—2)(p+k)

a
b

o

d

a
b

C

[N

N N N N N N N N N N N N NN N NN N N

a
b

a
b

(¢

b

15r(—2s — 3r) = —15r(2s + 3r)

correct

(

3— h)(2 + 4h)

+(15m — 12n — 2)

(
(
(7 -
(
(
(
(
(
(
(
(
(
(
(
(
(42
(

f+39)(7f =2)
12b + 13¢)(1 + d)
m)(j +4)

y)(2x +y)

3a? — b)(4a + 3b?)
8ef +79)(5f +6)
t+v+2)(z+3y)
5—2b+11c¢)(4 — 9a)
u—5v + 3)(t + w?)
z+7)? c)
x+15)(z—15) d)

4r —

n—2)? ¢)
2q)* d)
5p — 6q)?

13 4 20v%)?

3+ k)G = k)G + k)
10m + 11n)?

3p+

2% + 260 + 169 = (z + 13)?
2?2 —20.25 = (z + 4.5)(z — 4.5)
922 — 24z + 16 = (3z — 4)?

25a2 — 40ab + 16b% =
25a2 — 20ab + 4b% =

(5a —
(5a — 2b)?

—~ o>~
—~
—_
\]
CO
S
~—
—~
—_
EN|
+
w
3
~—

1+z)(1—2)(2—a)

42—-a)(2+4a)(3 —w)

—~

2+ 0)(2 —v)(4+0v?)
—2(2 - 5y)*
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1.1 Factorisation Answers 3
41. a) (c—4+7a)(c—4—Ta) 42. a) (x+y+2)(r—y+2)
b) (64 g+ 3h)(6 — g — 3h) b) (9 +c—1)(9b — ¢ + 1)
¢) (z+y+a)(x+y—a) c) (s—=2t+u)(s—2t—u)
d) d=f+g)d—f—9) d) (j+k+m)(j—k—m)
e) (5—a+b)(b+a—-0) e) (1-=m+n)(l—m—n)
f) (r=34s)(r—3—2s) f) 2+z+y)2+z—y)
43. a) (3t —7)(4t+12) = 12t> + 8t — 84 44. a) impossible
b) (—a+9)(3a+2) = —3a% + 25a + 18 b) (z +28)(z + 11) = 2% + 39z + 308
¢) impossible c) 2y —6)(y+7) =2y*+ 8y —42
d) impossible d) impossible
e) 22+9)(—z+1)=-222-72+9 e) (m—16)(z+ (—11)) = m? —27Tm + 176
45. a) 2t —3t+ (—=35) = (t —5)(2t +7) 46. a) —3a®+1la+20 = (3a+4)(—a+5)
b) —c®> —17c =72 = (—c+ (=9))(c + 8) b) —222 — 13z + 7= (x + 7)(—2x + 1)
47. a) (m+3)(m+4) 48. a) (a+8)(a+2)
b) (k—5)(k - 6) b) (b—3)(b—4)
c) (x+T7)(x+9) c) (d+5)(d+12)
d) (y=3)(y—38) d) (7 -8)(j —12)
49. a) (b—6)(b+4) 50. a) (d—5)(d+11)
b) (q—28)(g— 1) b) (1w — 4)(w+ 11)
&) (u—9)(u—10) &) (2 43)(x—2)
d) (p+13)(p—2) d) (z - 1)(z +6)
51. a) (z+11)(z—9) 52. a) (m+4)(m — 15)
b) (t2 —2)(t2 +5) b) (52 —5)(s2+3)
¢) (v+18)(v—23) c) (w+T7)(w+12)
d) (z—14)(z—=7) d) (u—10)(u+1)
53. a) a®>+2a—3=(a—1)(a+3) 54. a) y? —1ly+28=(y—4)(y—7)
b) ¢+ 8c+ 16 = (c+4)? b) u? —121 = (u + 11)(u — 11)
c) 12— 36 = (t+ 6)(t — 6) ¢) 12 457 — 50 = (r + 10)(r — 5)
55. a) x2 4+ 12x — 13 = (z — 1)(z + 13) 56. a) x? — 14z + 33 = (z — 11)(z — 3)
b) 22 — 2z — 15 = (x — 5)(z + 3) b) z? + 18z + 81 = (x + 9)?
¢) 22+ 14x — 15 = (z + 15)(z — 1) ¢) 22 =22 -8 = (z —4)(z +2)
d) 22 —14x +49 = (2 - 7)2 d) 22 -7 -8 = (x+1)(z — 8)
57. a) irreducible 58. a) irreducible
b) irreducible b) (t —4)?
c) (b+5)(b—5) ¢) irreducible
d) (y+3)(y+9) d) irreducible
&) (z—1)(+8) &) (g+1)(g+12)
f) irreducible f) irreducible
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Answers

1.1 Factorisation

59.

61.

63.

65.

67.

69.

71.

73.

75.

a) 3(g—4)(g —2)
b) —2(h +5)(h — 10)
10 =8)(G = 7)
a(z+1)(z —17)
Bb+1)(b-1)
(=bu+2)(u+1)
(2s—3)(s+1)

d

a
b
c

d) (3t+1)(2t+1)

(x+2)(3y—5)
5(d - 2)?
ab(1 — 2a)(3b —4)

a) 2
25
8
80m (3 + 5m)(n — 1)2
2
8

b
d
e) 22(2b+1)(2b—1)(b+5)

b

)

) —

)

) —

)

)

)

)

)

)

)

)

)

) 8(b+1)(b—1)
) (z—9)(z—6)
) 67(s+ 3t)?

) d(c—d)

a) (b+2)(b+3)
)
) —
)
)
)
)
)
)
) —
)
)
)
)
)
)
)
) x

C

[=9

b) (9 —4d)(z —3)
c) —q(m+q)?

(2y +1)°

a) (m+8)(m—11)
b

d

—9)?
15 —m)(—14 +m)
b—2)(b—4)
c—1)(c+2)
2(d - 8)?

o o

(

(

2
a) 6(
b
c) (j—k)(2m+n)
(2 +2)
(c—2)(c+3)(c—3)
4(k+3)(k —6)
3(z +2)(z + 10)
5 — 3a)(v + 2w)

d

b

(
(22 +1)(z —1)(z+1)
2(22 + 49?)

a
b

60.

62.

64.

66.

68.

70.

72.

4.

76.

c( - 11)( ~1)

6c+1)(—c—2)

(=)
i~
\-/\/

(f+8)(f+4)
(3 — 4a)(9 — h)
(y+1(=y+3)
(42 +1)(2t +1)(2t — 1)
(12+2)(12 — )
clc+2)(c—2)

3( + )(a+b)
(7r + 2s)
( 4)

a a2+
3j — 4k) (35 — 4k — 1)
24 6)(z —12)
x+5)(z+4)

v*(z +y)?
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1.2 Polynomial Long Division Answers 5

e
78.
79.

80.

81.

82.

83.

85.

87.

1.2

89.

93.

The number can be expressed as 2k and (2k)? = 4k?

The number can be expressed as 10z and (102)? = 10022

a)
b)

a
b

(@]

d

o

)
)
)
)
)
b)
c)
d)
)
)
)
)
)

e

a
b
¢
d

a® —a = a(a+1)(a—1) The product of three consecutive numbers contains a multiple of

2 and 3 and is therefore also divisible by 6.

b® —b=b(b+1)(b— 1) is the product of three consecutive numbers, of which b — 1 and
b+ 1 are even. One of these two numbers is divisible by 4, the other at least by 2. One of
the three numbers is divisible by 3. Divisibility by 3 and by 2 -4 = 8 implies divisibility
by 24.

3 —3c? 4+ 2¢ = ¢(c — 1)(c — 2) The product of three consecutive numbers contains the
multiples of 2 and 3 and is therefore also divisible by 6.

d® —3d?+2d = d(d — 1)(d — 2) The product of three consecutive numbers, of which d and
d — 2 are even. One of these two numbers is divisible by 4, the other at least by 2. One of
the three numbers is divisible by 3. Divisibility by 3 and by 2 x 4 = 8 implies divisibility
by 24.

(k2 4 s + ks)(k? + 52 — ks) 84. a) (b+c)(b—c)(b—2¢)(b+ 2¢)
(r? — 352 + 4rs)(r? — 352 — 4rs) b) (a? — 2+ 9a)(a® — 2 — 9a)
(r? — 352 + 4rs)(r? — 352 — 4rs) c) (a®> —2+9a)(a®? — 2 — 9a)
(z+1)(z—1)(z+2)(x-2) d) (v =T+4y)(y* -7 4dy)
(4 +5)(z + 3) 86. a) 2(4a+b+5)(4da+b—15)
(y2 =2y —1)(y? +2y — 1) b) 20(s+4)(s+1)(s — 1)

(29 +3)(3g9 + 2) c) 4z —1)(z+1)(x+3)
(n+2)(n—2)(n+4) d) (Ta+b+7)(Ta—b—-T7)
(=3d+1)(2d+1) e) (32—2)(3z—4)

(5 — 6)(17x + 6) 88. a) (5m — 3)(2m — 3)
(da+T7)(—a+2) b) 3(2a —c+6)(2a —c—6)
18(v — 2)2(v +1)2 c) (a® + ab+ b?)(a® — ab + b?)
(x4+11)(=3z-17) d) 2(z+3)(z —3)(z+1)

Polynomial Long Division

)
b)
)
4)
a)
b)

2 -z -1 90. a) y?+y—1 91. a)r?—r-3 92. a) d*>+3d—1
a’?+2a+4 b) b2 +3b+9 b) 2 +3c—1 b) % -3
m2 —m—1 c) s2—-25—6 c) f2-2f+3 c) n?—n—2
p?—2p+1 d) d? —5d+2 d) y+9 d) ¢> —4q+4
mb +m* +m? 4 2 94. a) K*+ K2+ k> +k

22 +3 b) —a—7
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6 Answers 1.3 Higher Powers of Binomials
95. a) ( ]=-30,22* -3z +5 96. a)D: n®—2n% —n—4
b) ([ )=29, 3m® 4 8m? + 16m + 3 b) ([ )=24, —a* +a* -4
97. a) —k — 2 remainder 3k 98. a) x — 2 remainder 3x
b) 3y — 2 remainder — 21y + 10 b) 2b — 3 remainder — 16b+ 15
¢) ¢+ c+ 1 remainder 1 c) d* —d+1 remainder —1
d) ¢ — 1 remainder 1 d) m? + 1 remainder 1
99. a) x® — 2% + 2r — 3 remainder 5z — 3 100. a) 22—z +1
b) g?+g—1 b) u? + 1 remainder 1
c) n®+n+1 c)m —-m+1
d) 22 + 0.5z — 0.75 remainder — 0.875z + d) t5 —t* +¢2 — 1 remainder 1
0.75
1.3 Higher Powers of Binomials
101. a) ¢® + 3c?d + 3cd® + d3 102. a) ut + 4udv + 6u?v? + duv® + vt
b) 75 +5rts + 10r3s? + 101253 + 5rst + s° b) mS® + 6mSn + 15m*n? 4+ 20m3n> +
15m?n* + 6mn® + n®
103. a) —a® 4+ 3a®b — 3ab® + b? 104. a) x* —dady + 62%y? — 4oy + y*
b) 162t + 3223 + 2422 + 8z + 1 b) 2723 — 54z? + 36z — 8
c) 0.125 — 0.75g + 1.5 — ¢* c) 15— 3t+ 32 —23 + ¢4
d) $+2a+32a*+d® d) 0.512 +1.92a + 2.4a” + a*
105. ) 625n% + 50075 + 150n* + 2002 + 1 106. a) ™ —m? + 6m? — 16m + 16
b) ¥ +3z+2+ % b) 216n® — 540n?s + 450ns* — 125s3
c) r12 —d4rtl 4 6710 — 499 4 o8 c) y3 —3y+f—F
d) B 40 2 4 4 d) ul + 9u® + 27ut + 270
107. a) a® + 5a* + 10a® + 10a® + 5a + 1 108. a) b5 — 5b* + 106 — 106> + 5b — 1
b) —gs T 307 — o +8 b) s+ oz + a5 +1
¢) 64mS — 144m*n + 108m?n? — 27n3 c) rist+12r3s3t 45412522 +108rst3 481t
d) 612 +2 d) —h° 4 3n5 — Th3 — 12h% — 12 — 3
e) —4k® — 6k* + 12k2 + 22 e) 2a® — 6a® + 6a — 2
f) 0 f) 6n° + 2n3
109. a) —36 ¢) 2 110. a) 80 c) 54
b) 96 d) 150 b) —2 d) 300
111. a) (4t —3)3 = 643 — 14462 + 108t —27 112, a) (2 = 1)* = 5% —45° + 651 — 45> + 1
b) (—a+10)% = —2® + 3022 — 300z + 1000 b) (2k—1)°+ (Lk+1)° = 22
113. a) 70 b) 1% 114. a) 70 b) 63
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2 Rational Terms and Rational Equations

Answers

2 Rational Terms and Rational Equations

2.1 GCD and LCM

Note:

The greatest common divisor of —4x and 6z can be given as 2z and —2z. This means that
for each sub-task, there are two possibilities for both the GCD and the LCM. For the sake of

simplicity, only one of the two solutions is noted.

d) z+1; (x = 3)(z —5)(x+ 1)
7. a) 2rs; 24rts?
b) a—b; 10(a —b)

c) m+n; dn(m+n)?(m —n)

1. a) 5a2y; 175232 c) 1; 2m? +m
b) 2a; 12a d) k—k?% k*—
3. a) 1; 2162 + 3622y + 6zy> + o3
b) 4+ 22; 32 — 22
c) 4a?b; 144a*b>c3
d) 2y — 3z; 12xy? — 27222
5. a) x+2y; 5(z +2y)?
b) b+c; 12(b+c)?
c) u—wv; (u—v)%(u+v)
)
)
)
)
)

d) ¢—5; 2(c—5)%(c—2)

2.2 Reducing and Expanding Fractions
5m
9. a) 2b c) —>5F 10.
3z 2
b) 5% d) 35
11. a) 2c—d c) 25 12.
2 2_g2
b) 3 d) e
13. a) k? ¢) 1 14.
b) d)
15. a) 2 c) &r 16.
. .
b) 3 d) 7(;‘]71)
17. a) —1 c) -1 18.
b) —2 d) —1
3x—4 —
19. a) =2 c) 7= 20.
h+3j —24m
b) j—}-l‘7 d) 24_1'— .

k‘3

a
b

a
b
¢
d

a

)
)
) 8
)
)
) 9
)
b)
)
)
) w
) 1
)
)

o

d

a
b

d

3a; 45ab ¢) Tuv; 14uv?
1; a® — b2 d) r+y; 22—y
mip?; 96mSp
3r —4s; 30r — 40s
2a + 3b; 110a + 165
9k2p%; 189k3m

2+ d; 4(2c + d)?

1; (a— 2)(a+2)(a —5)(a+5)

11+ 7z; 22(11 — 72)(11 4 72)
3v; 18ubv?t

L 2k(2k +1)(2k + 2)

a+b; 2a(a+b)*(a—0b)

d+1; (d+1)(d-2)(d+2)(d+3)
1
3 ) 3m
5 Q2
x—5
) O
3(1,2—1 d) ”E—mzy
3(f—h) c) 3
1
y+z d> 71371
4r—3 2m—3n
5s C) 7'
(u—1)? d) ol
-1 c) —1
3 d) —2
9:v2+7 C) 357:;_120
= y b
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Answers

2.2 Reducing and Expanding Fractions

21.

23.

25.

22 44)(z—2
a) Y ¢ 13
— 16—2s
b) 217431 d) 3s
a) 2a—5b+1 c) _75v+iW+8
— (’+¢*)(p—q)
b) c—d+1 d) e ired
b) 42% + 3z + 2 d) 9.52% +9

27. ©-D, @-A, ®-C, ®-B, ®-F, ®-&

29.

31.

33.

35.

37.

39.

41.

43.

a)
b)

a)
b)

o T 9
z 2L 2 =

ol

c T e 2o T e

(oW
z L I

Q0

=3

ol
N NN s

o

15+3a C) —24+428m
15 —16—20m
Tz —T7z” d) —Szx0
21z2+14x 8z+12+2fx+3f
—8k _c—ab_
4—5k C) a—b—c
—6m—n (z4+1)(xz—2)
—4 d) 3—x
4dm—3p __ 72Om2p2+15mp3
12m2p — —60m3p3
25k%m_ _ 125k*mn
9m2—4k — 45k2m2n—20k3n

24x __ 4+4:c+rc2
3+x = 6+5x+x2

142%2-56 _ —2z+44
—352—70 b

—352+55 C) —15p24+61p—60
202—10 3p2+13p—30

90m+40n d) 84r—14s
26m—8n Tr+7s

2
y z?

4:cy; dzy
81ls . _100r
9072527 90r2s2
6 . 5v2—10v
2(v2—4)" 2(v2-—4)
6p+2 . 25p
104+10q’ 10410q

4k 42k—2 . 10k®—10k>
k(k+1)2(k—1)" k(k+1)2(k—1)
—24a4+12b. _5a+6b
—3a—12b ' —3a—12b

8 ._—15
125—6t° 12s—61

11—z . 14+x
1—227 1—22

—42. 40 . 35
70a ’ 70a’ 70a

2—-2b . 3—3b . 4+44b
2-2b% 7 2—2b2 7 2202
5s2—15s. —s2—8s+33. 2s

s2—9 s2—9 ) 529

6k+2 . _ 35k4+10 . —42k—12

42k2126k+4° 42k2+26k+4° 42k>+26k+4

2 errors ¢) 2 errors

3 errors d) 3 errors

22.

24.

26.

28.

30.

32.

34.

36.

38.

40.

42.

44.

3) ots

2y%2—2
b) 113T

a) a—%—b
1422)(1—2)?
p) Uta?)0-o)

a) 202 —Ta+1
b) =1

3m2—7

2 1
c) jjj2

10a+15
d) 12a—18

c) m+n+2
—3+2p—
d) 20=g
1
) —sT3

d)

p2+2

@-D, @-F, ®-A, ®-53, ®-C, ©-&

—18+16b —1lp+10p*
a) b ¢) —9p+8p?
2% k—6ck? r?—2rs
b) Sar—ser d) =556
27p Lﬁ(f—zl
a) 575 ¢) Tq+8p+a
b) —m=n G=D0G+D)
) S 4 o
9ab?—9b®
a) “Grome
b) 9m2+10m+1
m2+6m+5
C) 4a+b __ 28a%+7ab
3a—2b ~ 2la2—14ab
—154+15a
d) =5
12r—24t du—Tv
a) Srret ¢) ut3o
49a+98¢ 4y®—492>
b) Zoatirs d) F5=56-
7547, 155+5s>
a) 3550 s
b) 12k2 . 132m?
1dkm’ 4dkm
C) —r2—9r—18 .
3(r+3)(r—3)7 3(r+3)(r—3)
d) 4dm+4n . Sm+4mn
m(m+n)’ m(m+n)

12+4u

12+3u

(4d+51)*

2u(u—1)’ 12ulu—1)

(4d—5f)?

12+4d .

p’—pg. 1—q
p2_q2 b p2_q2

6bc. Tac. 8ab

abc? abc’ abe
15m+15

(Ad=57)(4d+57)° ~ (Ad+51)(4d—57)

> +6¢d
4c2+44cd’ 4c2+4cd

. + 9
—3m2+3m+6’ —3m2+3m+6’ —3m2+3m+6

z2—22—8

z2—2—6

2r2—8r46 .

7% _Ba? 22124 23522 22124 75 _ba? 20124

r2—1

)
)
) 2 —Te412
)
)
)
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T3 —4r243r) 13 —dr243r 7 r3—4rZ43r

¢) 1 error

d) 2 errors



2.3 Addition and Subtraction

Answers

45. a) £ < ot b) & =2a% 46. a) £ > 2=t b) § =4
47. a) — b) — 48. a) — b) —
true false true false true false true false
49. a) O X c) O X 50. a) O X c) X O
b) O X d) O X b) X O d) X O
true false true false true false true false
51. a) K O ¢ X O 52. a) K O ¢ X O
b) X O d) X O b) X O d) O X
2.3 Addition and Subtraction
53. a) & c) —4 54. a) & c) 2
b) -2 d) 2 b) 1 d) 2
55. a) o4 c) & 56. a) — ) —5%
3x+2 5
b) 4 d) 5552 b) —5n d) 3
57. a) 20m-28 ¢) Bite? 58. a) f=le ¢) Grs2T
_ r2436 1-324> 5y°+3y—2 _4
b) T d) 7d b) Y d) ¢
59. a) 2a ) —= 60. a) Su—tv c) 55"
—n —a _ e
b) 43 d) G b) Smget D g
U 1
61. a) wQ_w c) 73 62. a) —1 c) ﬁ
b) 2 d) 75 b) 513 d) 1
—102—105
63. a) 2 c) gyyw 64. a) 7#1_24 ) Ter o7
1 1 s _
b) 6+6x d) 5(m+2) b) 3—s d) gf%
65. 66.
9 394130a
5+5x 30a
5 29 1+18a 17420a
6+6x 30+30x 6a 15a
2 1 _4 —7+8a 4+5a 3—5a
343 6462 5+5a 6a 3a 15a
67. 68.
_’11274r:+2f;2741' —12y2+430y—15
utv—2 u? —2uv—2u—2v+v> —2y%4+19y—2 —10y%+11y—13
u—v w2 —ov2 4—y2 1—y2
u+tv 2 u—v 1+3y —2+5y —9—y—5y°
uU—v v—u u—+v 2—y |7‘,/L’
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10 Answers 2.4 Multiplication, Powers and Division
a+b 1 6 6y272y+2
69. a) S c) —5- 70. a) o c) =1
4xy—2z—y 2b 1 3c+15
b) =5z d) 3% b) —5 d) 3+5
—5c—40d 10t+28 1 2k2419k+5
1. a) 5aop c) t(t2—4) 72. a) z+y c) 8kZ+12k+4
m—6 —2m? —m+421 16(3r—5)
b) m—+3 d) 10 b) 6(1—m?2) d) r(r—4)2
3a—2b 4c r48
73. a) o2 ¢) o1 4. a) c) 7
8y c v2
b) Tu—2 d) 4 b) 5 d) 15
75. + 1 2+4a 3+a 4
3x 1 1+a 24x
2 e 22 —2x+8 22452—2 6x+4
T 3z 4z —x4x2 2z+x2
1 5 22242 2224 7x—1 9x+2
2 6x 4 —2x+2x2 224z
3 10z+1 r2—2410 =247z 10+7x
z+1 3x24-3x lo+4 r2—1 24342
T—zx 73x2+20x+1 26—z —x°> 4—2x 18+z7z2
1—=x 3x—3x2 4—4x 1 —a 2—x—x2
6 192+2 20422 z®41lz 10
24z 6x+3x2 8+4x —24x+x? 2+
76. + 31 7 6 2—y
+y l—y y—1
5 —3y—17 19 —12y+17 2y+1
2—2y 2y2+4y—6 2—2y 2—2y 2—2y
4 7 —17y—67 18y+58 —3y*+y+14
9+3y 3y+9 3y?2+6y—9 9+3y 3y2+6y—9
2 3y+3 19—5y 6y—16 —y2+7y—8
y—3 y2—9 y2—4y+3 y—3 y2—4y+3
-5 75@};14 51y+2 1 7T—6y
Yyt -y y—1
9 10y+28 2y—16 6y+15 —y24+10y—7
1+y y2+4y+3 y2—1 1ty y?—1
z+4 a—5 16
7. a) T ¢) 0 78. a) oy ) 1%
z—5 1 2 t
b) 2+5 d) k+6 b) p>—p d) t+1
1 _ 2 1 12
79. a) by C) F2—4af+3 80. a) — st C) P4
u+5 6 2 9
b) 5u d) v2—1 b) p d) u—4
2.4 Multiplication, Powers and Division
4b 3zy s 50
81 a) Be C) 5. 82 a,) e C) 7
15 10 2
b) — 1 Q) 1 b) —8= Q) %’
57 1462 4922 2t5
83. a) 5 c) —5¢ 84. a) —=5— c) 3~
27s be 22 12
b) == d) e b) & d) ==
3 10x
85. a) —6 C) _m 86 a) 73 C) —Qy—SZ
— 5b —f+2h d+8
b) —4 d) 573 b) f+3h d) 73
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2.4 Multiplication, Powers and Division Answers 11

9b 28m 55zy 9pg®+9¢*
87. a) 5 c) T 88. a) s c) paA
7d> _8u 3fh® 15
b) -5z d) -5 b) —=55 d) —575w
1 15k2(k—1) 8 15
89. a) 3 ) s 9. 2a) —gro5 ) s
2c—2 5g+10 —2t—2 v+2
b) 3 d) “3(gth) b) t—1 d) 20+2
91. 92.
-1 llc
z3 25
3 __2_ _22 _3c
2x 322 15 10
4(z+y) 9 _ 16x+16y 11c—22d 14c+2 3¢2 _6ed
3z 8z+8y 272 21c+3 10d—5c¢ 28c+4
Am—4 a—2b Z+de—5 4t+16
93. a) 5mZ410m c) 2a+4b 94. a) 1 10ct21 ) 3ite
__ 6 _ p>—p—20 —22— 2z _2k+3
b) 5r+5x2 d) pT—bp—24 b) 242—6 d) 4
95* __h® 16¢2d? 946d+d>
95. a) Gam2 C) 4+4h+h2 96. a,) 25 C) 4
343 1 512 81y?
b) -3 d) = b) fa5,0 d) =t
121p> 36—12a>+a* 169n> 16—8x2 4zt
97 a) 9(]2 C) ~ 4az 98 a) T C) T Az2
144—24 2 34352 43s+1 4—12¢+9c> 8a®—12a%4+6a—1
b) 9m+m d) s3 b) c2 d) a3
_42a 9b3 9
99. a) —5&¢ c) 55 100. a) 10u ) wrimTa
35427 14z _ 105z 3246
b) s—1 d) e b) y d) 32
3 1 p*—p>¢®+p° 6n2+2
101. a) ab + 2a C) 5 102. a) T C) 3
16—49z° 12y%+16 k43 ad
b) z? d) - y27 b) 41512 d) ¢
3m
103. a) % c) % 104. a) S c) %
5a s 3 v
b) 4b2¢? d) 19¢ b) 8q d) 25z
4 2z-3 —3b 11— f2
105. a) g c) % 106. a) =2 ) ML
2a—b a—f 17n 22y —3yz
b) 12a2b d) 5df b) 3p? d) 1622
5 __9a 1 _u
107. a) 22 ¢) —Topca 108. a) —i ) —3
s 4hm? 21 62>y
b) 3 d) =75 b) o5 d) oz
109. 110.
12¢ 75
25¢c+5d 56
15d 8c? _15m __5
10c*+42cd 25d 4 14m
25¢ 12cd 102 +2¢d 9m>243m 5n—10m 3m+1
]c2 25c+5d 1542 Am—2n 6m+2 14m2 —7mn
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12 Answers 2.5 Miscellaneous Exercises
111. a) w c) —%gi 112. a) 75“;4_1/) ) 50
u 224z 3y+3
b) 402 d) % b) 2a2372 d) 25—4
22— 2244z 24d+424
113. a) —s2—3st—2t2  ¢) 5t Bl 114. a) =223 c) il
16h(h+m) 27 r216r 0 dpt
b) =7 d) prom b) =R d) At
48p% 44 22— —254+10y—y°
115. a) QZzifnm——gl c) SPpirqSPq 116. a) 12161i§ c) +5y y
42—3a 9 n—mn2
b) _16k_12 d) 1121+§a b) _57'+5$ d) gggi_n—nz
a b 9x+3 4 2
7. a) 45 ©) grion 118. a) A0 ¢) £g52-
32m+64 2y+2z c 33d—33c
b) 2Tm—27 d) y3y b) é?ciég d) 5c+5d
2_9.2 30mn2—30n°
14s 12k—2 2 z 3
b) 5r d) 18k+3 b) %%iy d) 2
121. a) 5¢d ) s 122. a) 18u? c) Louw
b) S d) 8ac b) 105 d) 200w
ac 7222 r2
123. a) Sac c) g%ﬁl 124. a) B ) 2,
wvy? m 82 w2 .
b) 8 3y d) W b) 15851;’[' d) 95(19}!3
- 5a—5 2-4f-2
125. a) 32 ¢) 5 f10a78 126. a) —3 ©) %
6 2 3243 _
b) —2 d) L2 b) = d) £
127. a) 2 ©) Treras 128. a) 1 c) ="
wv—u? 35 2_d?
b) 8 d) i b) d) Fats
129. a) 5 c) % 130. a) % ¢) —3%
z—6 2_12s s?
b) 42+10 d) 1%1 b) —-v—=3 d) 4tstj§ti§2
16—24 2h+2k 2 — 9y%—18y+9
131, a) J200 b) 2tk 132. a) Zfiz=b b) Srts
2.5 Miscellaneous Exercises
true false true false true false true false
133. a) K O ¢ X O 134. a) X O ¢ K O
b) X O d) X O b) O X d) X O
true false true false true false true false
135. a) X O c) X O 136. a) O X c) X O
b) [l X d) O X b) X [l d) O X
137, a) 9lztle—z c) mon 138. a) % c) 0
b) 0 d) 1007‘271807“4»81 b) 452;752 d) 18h23}112h+2
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2.6 Rational Equations

Answers

13

139.

141.

143.

145.

147.

149.

2.6

151.

153.
155.
157.
159.

161.

163.

165.

167.

169.

171.

173.

a) —% ) %5 140.
2
b Q) B
a) 3 ¢) — i, 142.
b) =" d) £
a) — c) : 144.
b) - d) —
true false true false
a) O X ¢ X O 146.
by ® O d O K
a) 0 b) ey 148.
a) —p—2q b) 4ztd 150.
Rational Equations
a) 4; -5 c) 0;—-0.5 152.
b) —1;8 d) 3;—4
a) R\ {0,2} b) R\ {-1,9} 154.
a) — b) — 156.
a) yes b) no 158.
a) 1 ) 1.9 160.
b) 1 d) -3
a) 4 c) 4 162.
b) 4 d) {}
a) 2.5 ) -5 164.
b) {} d) {}
a) 4 ) 75 166.
b) 5 d) {}
a) —2 c) B 168.
b) 1 d) R\ {-6,—4}
a) —3 ) 2,3 170.
b) 4 d) -7,0,1
a) — & c) {} 172.
b) {} d) R\ {£2}
a) 5 c) =5 174.
b) {} d) -3

2 2
a) 16¢°+49d

1942
b) zi2
a) 9%
b) §
a) +
b) +
true false
a) KX O
b) O X

3
) ~ GG

a) 6q

a) 0;1

b g;9

a) R\ {3,4}
a) —

a) no

a) 1l

b) —4

a

b

a) —1

&
N

=3
[\]
-3

&

=3
N|=
—

52

=3
[S2 BT

5

=3
=R

2
= W A e

N N N NG = L D N N NN NG N e 2
— o O
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c)
d)

true false
X O
X O

0,3,10



14 Answers 2.6 Rational Equations
175. a) —9 c) —4 176. a) 1 c) 7
b) 5 d) 3 b) =3 d) 3
177. a) —4,% c) —3,0 178. a) —%, 3 ¢) —7,1.5
b) —2 d) —2,4 b) —%,1 d) -3
1
179. a) —5 c) 1 180. a) —3 c) 0
b) 0 d) 8 b) 0 d) {}
181. a) Area of a trapezium; 182. a) Altitude of an equilateral triangle;
=24 _ =24 _,p=24 _ 2hV3
~ h G Cc= h 2T a4c § = 3
b) Area of an equilateral triangle; b) Right triangle altitude theorem;
2 2
5=/ 1408 h=\pa.p="rq0="
¢) Area of a kite, a rhombus; c¢) Leg rule in the2right tgiangle;
@Z%,f:% a:\/ITC7p:%70:%
d) Area of a general triangle; d) Leg rule in the right triangle;
2 2
a=fiha =3 b= yaeg="tre= 7
183. a) Circumference of a circle; 184. a) Volume of a circular cylinder;
i=1 r=yEh=
b) Are lfgr(l)%.tgl of a fglgf };lar sector; b) Lateral surface area of a circ. cylinder;
a= r= 2
0= et = r=dhh= A
c) Area of a circle; c¢) Circumference of a circle;
R s
L — 2r
d) Area of a circular sector; d) Area of a circle;
o = 360°A /36004 d—= /44
a2fa 2
185. a) = c) &=° 186. a) 2b? ) 5
a Ca— 2_
b) il 45 d) as 4b b) 4b3 6 d) 1
187. a) {} c) ,j;“jl 188. a) —%ﬂ] ) _3;7:;4{1
b) 1—W§m d) % b) % d) -r
189. a) =5 c) g:ﬁ; 190. a) —% c) bZIZb
2 5a+1 vw
b) —42nnt72 d) é b) _8312 d) 3vF2w
191. a) —t—r ¢) tr 192. a) 5a ¢) L
b) m—n d) -4 b) u%_l d) ¢
193. a) if a # 0 : 0eH5, 194. a) ifa#5: %,
ifa=0:{} ifa=5:{}
b) if b# —3: 3, b) if a #1: 242,
ifb=—-3:R\ {0} fa=1:{}
) if s #£—1:12, c) itm#0:—m,
if s=-1:R\{-1,%} if m=0:R\ {0}
d) ifc#flz—c_‘%l, d)ifc£1l:c+1,
ife=-1:{} ife=1:R\ {1}
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2.6 Rational Equations Answers 15
195. 12.5 196. 16 197. 12 198. —6
199. 3 200. 201. =5 202. 39
203. 11 204. 2 205. 328 206. 222
207. —7 208. —1 209. 2 210. 22
211. 17 212. 29 213. Fr. 36.— 214. 28
215. 119h 216. 4000 217. 9h 10 min 218. 9h
219. 12:24 220. 3.6h 221. 8.75h 222. 1101%“
223. a) ] —00,0[ U]}, 00] 224. a) ]0, 1
b) 10,4 b) | — 00,0[ U [7,00]
¢) ] —o00,—9[ U]0, 0] c) | —o0,—1] U ]0, 0]
d) Joo,0[ U [1,00] d) | —25,0]
225. a) | —4,—12| c) | —4,0] 226. a) |5, 2| c) [0,5]
b) 8, —4[ d) ] =4 4 b) 15, 10] d) 12 5]
227. a) ] —3,-1] 228. a) | —o0,6[ U [10,00]
b) ] — o0, —5] U] —3,00] b) | — 00,0[ U ]6, 00[
c) | —o00, =7 U] —3,00] c) | —o0,—2[ U]6,00]
d) ]—4,-3] d) | —00,6[ U [12,00]
229. a) | — oo, %[ U ]1,00] 230. a) | — o0, —3[ U [0, 00]
b) ] =00, —5] UL, 0] DEEE
c) [=5 1 c) |- 3.7
d) ] =00, 1[U 4, 00] d) | =00, =3[ U] - 35,00l
231. a) ] — o0, —3] c) | —2,00] 232. a) ] —8,00] c) | —o0,3]
b) ] —2,00] d) ] — o0, —5] b) ]4,00] d) ] — o0, —4.5]
233. a) | —o0,—3[ U ]2,00] 234. a) | —0.5,7]
b) | —8,—6] b) | —o0,—9[ U] — 3,00
c) |18 ) ]—2,4]
d) ] — 00, —2.5[ U ]6, 00[ d) ]—-6,1]
235. a) | —6,4] 236. a) | — o0, =3[ U [4,00]
b) ] —8, =3[ U6, 00[ b) | — o0, 1[ U [2,5]
c) | —10,—4[ U [2,00] c) |—1.5,—-1[ U4, 00|
d) [7930[ U [3700[ d) [737 *2} U}7,00[
237. a) | — o0, —4[ U ]2, 00] 238. a) | —2,5]
b)]*OO,*5[U[3,4] b)]foo7—8}U}72,2[
c) | —8,-3[U]5.5,00] c) | —o0,—6] U [-2,4]
d) ]_001_2] U]—].,O[U]].,OO[ d) ]_007_5[ U [_370] U}I,OO[
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16 Answers 3 Functions
3 Functions
3.1 Functional Concept
1. a) yes c) yes 2. a) yes ¢) no
b) no d) no b) no d) yes
3. a) — c) +— 4. a) & ¢) neither
b) + d) neither b) — d) —
5. a) yes c) yes 6. a) no c) yes
b) no d) no b) yes d) yes
7. a) A number is assigned its double.
b) A number is assigned the number that is one greater than it.
¢) A number is assigned its reciprocal value.
d) A number is assigned five times its value plus three.
8. a) A number is assigned its half.
b) A number is assigned its square root.
¢) A number is assigned its square.
d) A number is assigned two less than its triple.
9. x+—90° —x 10. n+— (n —2)-180°
11. a) y=2z d) y=2z+1 12. a) y =3z d) y=22+1
b) y =a? o) y=13 b) y=a+7 e) y = |zl
) y=z+5 f) y=—a? c) y=2z-1 f) y=vz
13. a) y =4z c) y = 622 14. a) y=+2z c) yzl—lﬁxz
=3
b)y:T%c2 d)y—(\/%) b) y=+x d)y:%x
15. a) X = All primary school pupils, Y = {1,2,3,4,5,6}
b) X = All Swiss citizens, Y = {0, 1}
¢c) X=N,Y=N
16. a) X = All train passengers, Y = {1,2}
b) X = All lottery players, Y = {0,1,2,3,4,5,6}
¢c) X=R,Y=RJ
17. a) X=R e) X=R\{-8} 18. a) X=R e) X=[-3,00]
b) X =1, 00| f)y X=R b) X =R\{-5} f) X=R*
O X=R\[-2,2} g X=[2] ) X=R g) X =] - 00, 4]
d) X=R h) X =] — 00, 7] d) X=R h) X =]6, 00|
19. a) Y=R{ c) Y = [—4,00] 20. a) Y =[1,00] ¢) Y=Ry
b) Y=R d) Y=Rg§ b) Y=R d) Y=R
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3.1 Functional Concept Answers 17
21. a) [5,7] b) [4,8] ¢ R d) [11, 0]
22. a) [—6,—4] b) [79’7%[ c) | —o0,-3] d) [ %,oo[
23. a) [0, 36] b) [0, 36] c) [0,49] d) [196,324]
24. a) [-100,—1] b) [-81,0] c) [—49,—16] d) Ry
25. a) 10, —18, 2 26. a) 0, —21, —6
b) 26, 1 b) 12,4
c) X=Y=R c) X=Y=R
27. a) 6,2V3+3,4 28. a) 15,8, 0
b) 5, 49 b) 24, +3
¢) 121 c) £2
d)X—Rg,Y:[?),oo[ d) X=R, Y =[-1,00]
29. a) —11,22, 7 30. a) —1,17, =55
b) —4, 7 b) 4, -8
c) 1,10 ) 0,3
d) —17 d) —22
31. a) —95, —4,4.75 32. a) —4, —2+/5, impossible
b) —31, £7 b) —10, 144
c) 5,y<5h c)x>0,y<0
d) X=R, Y =] — 0, 5] d) X=R{, Y =] - o0,0]
33. a) 235kWh, 140kWh, 250 kWh, 245 kWh 34. a) 600m, 600m, 300 m, 200 m
b) 1, 105kWh b) ~ 0.6, 5, =~ 5.7, 6
c) 22,28 ¢) 7, ~615m
d) 220kWh d) 3, 3.5
e) 19 e) [0,1], ~ [1.8,3.4], =~ [5.2,5.8]
f) No, the mapping is not unique f) No, the mapping is not unique.
35. a) 10, 2, 11 36. a) 18,7, 38 37. a) z—ax—2 38. a)xz—axz+3
b) 8,0, 7 b) 14, 3, 26 b) z — 2z b) x—3zx+1
c) 10 c) 32 ¢) yes, 1o c) yes, no
d) 10,2, 7 d) 11,4, 6 d) 7, —6 d) —
e) 4,8,9 e) 10, 36, 7 e) 2x—7,2x—10 e) 3x+14 3r+22
39. a) 15, 121 40. a) 12, 49
b) 29, 81 b) 32,49
c) —2,4 c) 1
d) h(xz) =8z +12 d) h(z) =222 -1
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18 Answers 3.2 Graphs

41. a) N, V, C 42. a) I, A, O
b) VFKXOH, NODVVH b) DOJHEUD, JHRPHWULH
¢) SCHREIBTISCH ¢) WANDTAFEL
43. a) H, P, W 4. a) X, G, Q
b) AYHT, CLSV b) GYHMU, MJCHX
¢) KINDERWAGEN ¢) HAUSWART
45. a) Cg 46. a) C10
b) C18 b) C16
¢) c17 (ANANAS) c) c19 (MISSISSIPPI)
d) MATHE IST COOL d) PUNKT VOR STRICH
47. a) FUNKTION, ¢ 48. a) ALGEBRA, co3
b) k= b) c_r = co6—k
c) - ¢) You have to try at most 25 times.
3.2 Graphs
49. a) force 50. a) force
left leg left leg
J\ jl_/\\/\' dist. //L ‘) dist.
S A B ¢ D E F F S A B C D E F F
force force
right leg /\ right leg
/\ - dist. — dist.
S A B ¢ D E F F S A B ¢ D E F F
b) speed b) speed
— dist. A dist.
S A B ¢ D E F s A B ¢ D E F [
51. a) @-B, ®@-D, ®-H, ®-&, B-F, ®-C A g

) A B C D £ F
|h/ |h/ [h lh h h
>t > t t t t
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3.2 Graphs Answers 19

52. a) @ ® ® ® ® ®
AV ‘V IV/ 1% 1% lV
>/, >} >/ >/ >/ h
b) ® @ ©) @ ® ®
Ah h lh h h Ih/
> | > t > 1 > f L > 1
53. a) A-®, B-®, C-®, D-6, £-©, F-O 54. a) the second

@ has no diagram

b) first: A W
b) d B

W C) altitude B
I »

circumnavigation

56. vy df

[ Ja

SN

\

N W R gt D =
N W o gt O =
~——

1/
. L .
1 2 3 45 6 7 8 1 2 3 45 6 7 8

57. a) Both receive exactly the same amount. But I should receive more because I am older.
b) This variant is great, I get exactly 8 times as much as Sara.

¢) This variant is unfair, Sara gets twice as much as I do!

il

) This variant is unfair for small amounts, but it gets better for larger amounts (5 or more).

58. e) We receive almost the same amount, Lola a little more. I can just about accept that.
f) This option is great because I get five times as much as Lola.
g) With this option, I always receive 2 francs less than Lola.
h) This option is great for small amounts, but for larger amounts (7 or more) it becomes
increasingly unfair.
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20 Answers 3.2 Graphs
59. a) s s E s ) i T a0 e
v / |
s 5 |
i ; |
1 1 I
5 4 3 2 Y VI 5 4 3 2 -1 /[\1 A
. l,
=3 /:3 /
/ 5 !-5
3] 2] —1]0 [1 [2 [3 9] 6] 3]0 [3 |6 [9
b) 5 |0 | —3] —4| —3] 0 |5 e) Z 7 15 |3 |1 | —1] =3| =5
Loy ] !
4 4
\\ . // ;
) 9
\ oy / N
xT X
5 4 -3 A 1, 4 EEEENER NXE
\ ) / 9 \
=3t =3
0/
-5 -5
210 |1 [2 [3 [4 o[ —2[-1[0 [T [2 |3 [4
c) 10| 40 |2 |2 [0 | -4 ) vy 12| —1]0 |15 4 450
Y Y
~ I
A A
) |, \\
9. ﬁ 9.
NV \, \
M > -1 ) 4 ! 5 4 -3 2 -1 [ 1 zh’x
\ N \
A \ |
=4 =4 \
=5 =5 \
/ \ \
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[ae)

Answers

-3

n

—6| —4| =2| 0

xT

a)

60.

3.2 Graphs

4

4

2 B4

NV

|

-1

-5 | =5 |—=3.5| —1| 2.5

=9

25| -1

5 -4 -3 2 -1/ [\l

y | —-10] =2| 0

54 B2 -
5 M3 -

Y
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Answers

3.2 Graphs

61. a) no b) yes c) yes d) no e) no

63.

65.

67.

true
X
X

true
O
X

true
X
|

false
O
O

false
X
O

false
O
X

true false
c) O X
d) O X

true false
c) K O
d) O X

true false
c) O X
d) X O

62. a) no b) yes c¢) no d) yes e) yes

64.

66.

68.

true
X
X

true
X
O

true
O
X
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4 Linear Functions Answers 23

4 Linear Functions

4.1 Proportionality, Inverse Proportionality

1. a) proportional d) inv. prop. 2. a) inv. prop. d) neither
b) neither e) neither b) proportional e) inv. prop.
¢) proportional f) proportional ¢) proportional f) neither
|12 3 5 r| 2| 4 8 % z | —12 | =3 18 54
3. a) s 1481220 b) y 161122425 ) 1 16 | 4 | 24 ] —72
4 a) x| 46| 8 |12 b) x| —41] 6 —16 | 48 ) x| 4| 12|28 | 48
Moo [12 ] 18 gl 2 | 3] 8 24| Y [y [5]15(35]060
_ 3 _ _ 5
d) y=3z y=—37 y=ar
r| 112315 r| 2] 1 8| 2 r | —12 | =3 % 54
b8) [ a3 R R R BN N iy TT 1 m =2
_ 4 _ 12 12
d)y=3 y== y=-%
x| 416|812 x| —4] 8| -1] 48 x| 4 E N EE
6. a) y | 61413 2 b) y | 2 —3] 8 | -3 ) y | 45 35 | 60
T —4 5 8 14

7. a) proportional, y = %m,

y | =24 |3 | 48| 34

b) i o [#] 0 [45][—225] 05
inv. prop., y= 1, ST 9 — —3
) tional 4 — L x| 1 L] 8 . 32 | 1 1 2 L] 8
c) proportional, y = 3, AEIEREAE inv. prop., y = ==, BEANIER
. » [ 3[4[5 [0
8. a) inv. prop., y = <%, ST I3 2112
_ [a[BJi] o[- . L [FTET A 2-%
b) Prop.,y = —x, = o5 | WV PropL Y = =g e o

¢) proportional, y = %x,

© Verein zur Forderung der Mathematik



24 Answers 4.1 Proportionality, Inverse Proportionality

9. a)[z]-1l0]1]2 ¢) [z]—2T0[2]4] 10. a)[z[-1]o[1 ]2 c) [z]-10f1]2
—2lol2 —1]0 2 310]-3]-6 —5|0]5]10
v Yy Ly Y
3 i‘u 3 /
n s .\ L
1 e \ ;/
T T J\ T T
s A N T T R s 2 -1 -2 l,; 2 ,|7}
o » - 4
,,,,,,,,,,, B . b L
b) —1lo]1[2 d) —3l0]3 6 b) —3lo0]3 d) —2lo]24
4]0[-4|-8 20]|-2]-4 —1lo0 2 310]-3]-6
\\ Yy Yy Y y
VoS . Joo o
} : i X
RN ’ 2 -1 i 2T | v 2 v
11, a) [z|£1]+1[+2 c) 1T+ (2] 12. a) [o]+1 [+2[+3 c) |z]x1[£2]24
+2 |41 |1 F3|F2 |73 y |2 |1 | +2 y|F4 | F2 |71
Y b al J
i i T )
i )i Y I O )
i 5{ e E:
—i Lot o
T y 1} T x
R B -171 -2 '1—1 ol o2 11 2 11
) N -, RV
1 Al \ )
] | i i
b) +1 [ +2 |43 d) 1|41 |2 b) £1[+1 |[£2 d) +1]+1 | £2
3 8 4 2 3 3 6 3 3
F3 [ Fo | FL 5| *5[*5 3 | F5 | F3 5 |5 | 19
Ju 4 Ju Y|
1, N / N|
ﬁ il I8 il
rrrrr t e Tt t k
- Dt = P~
2 -, )i R . ! SR )//‘L ERe: T
2 ! 2 1
=3 —j ;,// ,;\
] A A by
[i | f \
2 1 4
13. firy=3m, fary=2x, f3:y= -3z, 4. firy=3x, fory=3m, f3:y=dz,
S _ 5B C 1 .. 3 L1
Ja: ——gﬂfyfs-y——zl" f4-y——§$af5~y——§$
o c 1 L2 o
15. a) g: y=—2z c) g:y=—4T 16. a) g:y=—3w c) g:y=0.1z
b) g:y==x d) g: y="Tx b) g: y=3x d) g:y=—x
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4.1 Proportionality, Inverse Proportionality

Answers

25

17. a) e.g. (1,4),(2,8),(3,12) 18.
b) e.g (3,2), (6,4), (9,6)
¢) e.g. (~1,7),(~2,14),(~3,21)
d) e.g. (10,9),(20,18),(30,27)
) e.g. (=5,8), (~10,16), (~15,24)
f) e.g. (9, 5),(18,10), (27,15)
19. a) y= ) y=35z 20.
b) y= d) y="2a
21. a) (0,2) d) y==2z 22.
b) (1,3) e) y=—3z
c) y=3x f) y=2a
23. v 24.
y—i2z The equation y = %x is
; correct. For all points,
such as (4,2), on the
N graph of this function,
3 a2 the z-coordinate is twi-
: ce as large as the y-
« coordinate.
25. a) steeper 26.
b) I, III
c) (0,0)
d) z-axis, y-axis
e) a
27. a) y=4x 28.
b) y = 1.5z
) y=1iz
d) Yy Yy v
29. a) y= %x 30.
b) 25g, 187.5m/, 3.75 eggs, i.e. =~ 4 eggs
3l. a) y=181z 32.
b) Fr. 54.30
c) ~ 11.05¢
33. a) f:y=1Pr~524a 34.
b) f(16) ~ Fr. 84.—
¢) X=1{0,1,2,...,42}, Y = [0,220]

T

a
b

straight lines

II, IV

c) flatter

o,

a

a
b

C

a) e.g. (—1,6),(=2,12), (—3,18)
b) e.g. (7,4),(14,8),(21,12)

c) e.g. (=3,4),(-6,8),(—9,12)

d) e.g. (1,8),(2,16), (3,24)

e) e.g. (—9,2),(—18,4),(—27,6)

f) e.g. (5,3),(10,6),(15,9)

a) y=—2z )y——ix
b) y=zx d) y= :1:
a) (—3,0) d) y=—1a
b) (—4,2) e) 3z
) y=—3x f) y=>La

: v+3 The equation y = %x is

correct. For all points,
such as (6,2), on the
graph of this function,
the y-coordinate is one
third as large as the z-
coordinate.

[N

)
)
)
)
e) rises, falls
)
)
)
)
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26 Answers 4.2 The Linear Function
35. a) (—1,3), y = -3z 36. a) x—b,a—=
b) y=—2u b) 45°, 45°, 90°
c) y=—3u c)r—b=a—x=>z=(a+b):2
d) y=—2a d) Q:(7,7), Q2(85,8.5), @3(-1,-1)
true false true false true false true false
37. a) O X ¢ O X 38. a) K O ¢ O X
by X o d4 O X b) KX o 4 O X
4.2 The Linear Function
3,._1
39. a) yes,y=3x—1 e) no o 40. a) yesy =2z — 4 e) no
b) yes, f) yes,y = 52+3 b) mo f) yes,
y = (0z+)5 g) yes y = —z (+0)
’ ¢) no
¢) no y = 9z (+0) 1 L s g) no
d) yes,y=1tz+3 h) no ) yes,y=5r—g h) no
41. @-C, @-F, @-D, ®-A, ®-&, ®-B 42. ®-D, @-F, ®-, ®-A, ®-C, ®-B
43. a) firy=2x+4, fo: y=—2x+4, 44. a) flzy—3x+2 fory=—2zx+2,
Jsry=2w—4, fa:y=-2x-4 fsiy=322-2 fiiy=—32-2
b) fi: y——*$+3 fa: y—*$+3 b) fi:y=3z—4, fo: y= -3z —4,
f3~y—337 3, fa: y——*ﬂf—?’ fa:y=3zx+4, f:y=-3x+4
45. f:y=4x+3 h:y=—32+2 46. f:y=—22+6 h:y=3ix+2
g:y=—3xv—2 i:yz%x—? g:y=—4zr -1 i:y—%x—?
47. a) A v 48. a) y b) v 7
i ’ P \J 7 \9 I
ﬂ h (,J\ \
) h /X N
1{] ! 3 ‘ D -1\ ’ bl
7.1 \1 h
A Al
/ ’ 4 . 4 2
= L I\ ,%
1 I\ /l
49. f:y=2x ity=1r+3 50. fry=32z+1 ity=—tx—2
g:y= j:y:—%m—S g:y=-3x+3 jry=-4
h:y=-3z+4 k:y=3x—4 h:y=-52-5 kiy=3x—7
51. a) y=3x—2 c) y=—xc+2 52. a) y=9 ) y=—%2z
b) y=-8x -5 d) y="7 b) y=3z+6 d) y=3z+4
53. a) yes,y = sx+4 ¢) no 54. a) yes,y = —s1-3 c) yes,y=3x+1
b) no d) yes,y = —42—9 b) no d) no
55. yes; y = 2z, X = [0, 350], Y = [0, 700] 56. yes, y = 60z + 10, X =[0,7], Y = [0, 7]
57. yes, y =3z — 12, X =1{0,1,2,...,24}, 58. yes, y = —1624+960, X = {0,0.2,0.4,...,60}

Y = {-12,-9,—6,...,60}

Y = {0,3.20,6.40,9.60, .. ., 960}
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4.2 The Linear Function Answers 27
59. not linear, y = 200 - 1.08% 60. yes, y =22+ 2, X={1,2,3,...,7},
Y ={4,6,8,...,7}
61. yes, y = 0.5z — 4, X ={0,1,2,...,30}, 62. not linear, y = z(x + 1) : 2
Y ={-4,-35,-3,...,11}
63. a) A(1,2), B(75,14), C(6, ) 64. a) A(4,7), B(—2,—11), C(6,13)
b) A(0,-6), B(12,-15), C(-8&,0) b) A(12,18), B (1,%), C(-9,-10)
Q) A(~35.0). B(1-2), (-4, 1) ) AG,—17), B(-8,11), O (2, )
d) A(5,-1), B(=3,2), ¢ (0,—7) d) A(=15,0), B(5,~7), C (5,3
65. a) —6 ¢) 4 66. a) 5 ) —%
b) 2 d) 2 b) § d)
67. a) y=3iz+3 d) y=32+5 68. a) y=—2r—4 d) y=—-2z-4
b) y=4x+5 e) y=4x+11 b) y=—-2x-7 e) y=—3zr+12
o y=iz+1 fy y=-3z+% ) y=iz—38 fy=-2z+3
69. a) f(z)=2z-3 ¢) fl)=1z+6 70. a) f(z)=2z+4 ) f(z)=—tx-3
b) f(#) =—32+3  d) f(z) = —22+8 b) fl@) =1 d) f(z) = go- %
71. a) f(z)=2x+3 ¢) fla)=5z—1 72 a) f(x)=-2z+4 ¢ flx)=—%2-9
b) f(z)=—%z+5 d) f(z)=2x—14 b) f(z) = —6x+5 d) flz)=—3z+4
73. B(—3,4), C(~4,-3), D(3, —4) 74. B(—12,5), C(~5,—12), D(12, —5)
fry=Tx—25 g:y=Tr+25 fry=—Ya4i8 gry=—p 109
R N T e
75. a) y=iv+ 2 c)yz—%x—% 76. a) y=ix+ 3 ) y=-3z+3
b) y=—-3z—1 d) y=2%z-3 b) y=—-5z+3 d) y =gz — 22
. fiy=—3x+5 ity=4ir—% 78 fry=2r+1 it x=—4
gry=1r+3 Jry=-3 g y=—-30+3 jiy=—gr—4
h:y:f%z % k:x=5 h:y=5 k:yz%x—%
79. a) f(—4)=2,f(3)=-4 80. a) f(—2)=1laswellas f(7)= -2
b) ¢ =14, f(4) = 42 b) ¢ = —36, f(~1) = —43
c) m=3, f(—4) =-15 c) m=-=5, f(2)=-14
d) m=-%g=1, f15) = -1 d) m=3,q¢=6, f(3) =10
81. a) (—3,-2) c) (—2,3) 82. a) (10,7) c¢) parallel
b) parallel d) (30,15) b) (2,—4) d) (11,0)
83. a) f:2,g: —% 84. a) f:—2,g: %
b) flry=22-17 b) fliy=-2z+%
) g y=—3r—% ) g y=z0+%
d) A(1,-5), like from C to D: d) D(1,9), like from B to C
At B —6 in 2- and 2 in y-direction At A 3 in z- and 1 in y-direction
8. A(3.%), B(5:5),C(5%) 8. A(5.%), B(3.5), C (3 %)
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Answers 4.2 The Linear Function

i oob) Lo / 88. a) i R B
N
SRV
\./
\//
v c) v 90. a) v c) v
/
v d) v b) [ d) [

—z if <0 , 94

y:
N )y = x+1 if z<0 . ]
-1 if @>1 N VY=V —z+1if 2>0
_JOo if <0 d) y— —2zif =<0 i
Y7\ 2¢ if 220 INANNY Y710 it 220

3z if z<0 I _
z if >0 A ¢) y=

-1 if z<—1 .
e+l if x> —1 )y

{

{

{

R
y:{—x+1 it o<1

{

{

{
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4.3 Applications Answers 29
—r—-2 if z< -2 a4 2 if r<?2
9. a) —z4+2 if 0<z<?2 96. a) y = et G if A< <6
r—2 it w=2 v—6 if =>6
] . -

b -4 -3 2 -l v - z
—r—3if r< -3 -2 if z< -2
r+3 if -3<x< -1 x+2 %f —2<zr<-1

)41 if —1<2<0 b y=d % it -1<2<0

b) z+1 if 0<z<1 )y T it 0<z<1
—r+3if 1<xr<3 —x+2 if 1<z<?2
r—3 if >3 r—2 if z>2
Y Y
54 B 2 1 v 5 L B2 -l .
4.3 Applications
97. a) y =2z — 130 98. a) y=2x+32

99.

101.

103.

105.

b) ca. —17.8°C, ca. 37.8° C

¢) Subtract 32° from the Fahrenheit tem-
perature and then multiply by g

From a print run of 2223, the profit on prin-
ting is higher.

Up to 150 km, B is cheaper, then A.
Zurich-Sirnach return: approx. 110 km.
This means that provider B is probably the
better choice.

a) gr x> gle) =2 z+1
b) 4.4, 15

c) 9@

6

» T

points 25

d) There is only one straight line between
(0,1) and (M, 6).

a) fltr. 5%, 3.2%, 4%

b) ~3.9%
c) f.ltr. %, 14%, %
d) ~2.6km

100.

102.

104.

106.

b) 68°F, 5°F

c) Fahrenheit temperatures are practically
always positive.

From 100 hours per month, i.e. from
around 25 hours per week, permanent em-
ployment is more favourable.

Equal payouts: after 37.5 years.
Life expectancy: nearly 85 years.
The first offer is probably better.

a) g’:ng’(m)z%wx—i—l

b) Nora: 5 / 5.6, Leon: 2.6 / 2.8.

c) 9(@)
[

5

4

grade

3

2

1

> T

points 29 95

Nora’s mark is 0.6 higher, Leon’s 0.2.
d) The high scores benefit more.

a) f.lt.r. 312.5%, 400 %, 500 %, 250 %
b) ~ 342%

¢) f1tr. 3.125, 4, 5, 2.5

d) ~208m
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30 Answers 4.3 Applications

Fr.850 if Okg<a <2kg
107. a) f:y=< Fr.11.50 if 2kg<z<10kg
Fr.20.50 if 10kg <z <30kg
b) f(1.9kg) = Fr.8.50, f(3.4kg) = Fr.11.50, f(10kg) = Fr.11.50

f
¢) X =]0,30], Y = {8.50, 11.50, 20.50}

Fr.10.50 if Okg<ax <2kg
108. a) f:y=«¢ Fr.13.50 if 2kg<z <10kg
Fr.22.50 if 10kg <z <30kg

b) f(0.8kg) = Fr.10.50, f(28.4kg) = Fr.22.50, f(2kg) = Fr. 10.50

¢) X =]0,30], Y = {10.50, 13.50, 22.50}
109. ! 110. v

60 80 lUUu"‘LZ\(lul tl];l((:u‘\‘(\l‘::(ll‘\ (;5;‘)“";1‘:))() 220 240 260 280 ! 20 40 60 80 100 120 “l;lL]meblzul‘)élkil(:"(‘liiufiil 02[43(:::)::) 280 300 320 340 360 380 z

111, a) me(z) =2, se(z) = -1z +2 112. a) me(x) =5, sc(z) = -3z +5

b) me(r) = —x 46, s.(v) = —3v +4 b) me(z) =2 —5, sc(z) = sz +1

c) me(z) = —3z+ 22, s.(z) =6 c) me(z) =1z +4, sc(x) =—FZz+4

d) me(x) =32 — 13, sc(z) =22 —8 d) me(x) = Tx — 45, sc(x) = 172 — 110
113. a) S(3,2) c) S(-3,1) 114. a) S(2,4) c) S(3,5)

b) S (6,4) d) S(-1,-2) b) 5(2,%) d) S(-1,1)
115. a) U (3,5) ) U(=15,-8)  116. a) U(8,6) ) U(=7,1)

b) U (—4,3) d) U (8,-2) b) U(5,3) d) U(10, —20)
117. a) H(0,0) ¢) H(-12,5) 118. a) H (164, —68) ¢) H (35,6)

b) H (—20,4) d) H(-18,33) b) H(—36,—14) d) H(14,-5)
119. 40 120. 32
121. 257 122. 1697
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4.3 Applications

Answers

31

123. The gradient of the dark grey triangle is %, while that of the medium grey triangle is %, i.e. it
is not a triangle at all, but rather a quadrilateral that is either concave or convex, depending

124.

125.

on the circumstances.

Coordinates of the points f.l.t.r.:
(1,0), (2,8), (£, 9), (¥ 8), 3,2)
They are all lyingony=ax—1 O

true false true false
a) X O ¢ O X
b) O X d) O X

126.

P(3t.11) Q (1. %)
Line through PQ: y = %1‘ + %
So the secret code is 9237

P and @ must exist and have different
x-coordinates.

true false true false
a) KX O ¢ K O
b) O X d) O X
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Answers

5 Systems of Linear Equations

5.1

11.

13.

15.
17.

19.

21.

5.2

23.

Systems of Linear Equations

Introduction

21 p. & 18 w., 24 p. & 8 p.

3p. & 8w.,6p. &68w.,9p. & 58 w., 12p. & 48 w., 15 p. & 38 w., 18 p. & 28 w.,

y==06xaswellas 2.5 +0.75y =49 = 1p. & 62w.,4p. &52w., 7p. & 42 w., 10 p. & 32 w.,

13p. & 22w, 16p. & 12 w., 19 p. & 2 w.

a) @ d) @
b) @, ® e) none
c) ® f) ©,0,®
a) (0,5), (5,0), (2,3)
b) (0,—-4), (2,0), (3,2)
c) (0,0), (1,0), (2,0)
d) (0,%), (5,0), (2,2)
7. ®-C, @-D, ®-&, ®-A, ®-B
a) (1,5), (2,4), (3,3), (4,2), (5,1)
b) (6,1), (8,2), (10,3), (12,4), ...
c) (1,2)
d) (1,4), (5,3), (9,2), (13,1)
a) e.g.r+y= c) eeg.x—4y=2
b) e.g. bx+y= d) e.g. 3z+5y=1
a) no ¢) no
b) yes d) yes
@-B, @-F, ®-D, ®-A, ®-&, ®-C
a) eeg.r+y=>5 y—x=1
b) e.g.x+2y=-3, 3x—2y=-13
c) eg. 2x—y=2 dr — 3y = -3
d) eg.br—3y=2, bx—6y=7
a) (8,4) c) (18,9)
b) (10,5) d) (-12,-6)
a) (17,34) b) (23,13)
Graphical Method
a) ly=41(1) b) l6=z+y | (1)
y==|(2) y=2x-6|(2)

Solution: (4, 4) Solution: (4, 2)

14.

16.

18.

20.

22.

24.

a) @ ) ©,0,®

b) none e) @

c) ®,0 f) @

a) (0,-9), (9,0), (10,1)

b) (0,-%), (8,0, (14,2

c) (0,~3), (£.0), (5,3

d) (0,0), (0,1), (0,2)

@-C, @-A, ®-D, ®-&, ®-B

a) (1,5), (3,4), (5,3), (7,2), (9,1)

b) none

c) (1,11), (2,8), (3,5), (4,2)

d) (11,1), (14,2), (17,3), (20,4), .

a) e.g.x+y=14 c) eeg.x+9y=2

b) e.g. 2z +y=6 d) e.g. Tx—8y =14

a) yes c) n

b) no d) yes

@-C, @-F, ®-A, ®-&, ®-B, ®-D

a)egarx+ty=-3, x+4y=0

b) eg.de+y=8 8r—y=-5

¢)eg3x—y=1 6rxr—y=-3

d) eg 9z —4y=9, 9z+4y=-5

a) (—16,-8) ¢) (24,12)

b) (14,7) d) (~10,-5)

a) (21,7) b) (4,4)

a)ly=a2-1|(1) P | 4=z+y]| Q)
Y= (2) 2y=x+2|(2)
Solution: (3,2) Solution: (2, 2)
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5.2  Graphical Method Answers 33

The following applies to all of the following tasks:
The upper equation in the task is denoted by (1), the lower equation by (2).

25. a) [ 7 c) ¥ 26. a) [ 7 B c) ¥
6 6 o 6 6
5 j 4 R
N @) - . .
'J (3.2) _ ) N l
L I T 2) I T
b) v d) v b) Y d) v L)
NG X ° @ TS
X \ L5 — X . ) )
) W L 0 5 (3.3) ) N
+ (4,1)x T + T
/Li? & .}1 7 —— z y T ] )
27. £ — 28. !
L— 12
b) (7.5 ) )
’ () @) N -
= — Lo
1 b) (-4, 0) //l
IRV EEED 2 3 A v R ERCED ’
. “’ N — )
ISR 6,9)
(L) ot i )
@) (C6,1) ; -
) - B 6
29. a) [V c) [ ¥ i) 30. a) 7 c) [ ¥
N @ X NE NN
(3,1.2) 1.3,2.3) :
1 i 1 1 ) 1 2 (4.2,0.6)
i I (2) / o
‘k T T T ] %RIE\X
b) [ a b) [ Q)
N U (2) MDY ;
N t ! 4
, \ , & A\ @
. (3,17 ) She(0.4,23) N N
—— ! . \
+ ) +
T » T T » T
3l. a) v b) [ ¥ 32. a) |V b) T®
3 6 6 oL\
NG . . i ®)
) ) NG @) N K
N N ) N
> @) i <O e i M
) T > T — z ) T
no common common sol. common sol. no common
solution (3.5,1.5) (4.75,1.75) solution
33. a) none ¢) one 34. a) infinitely many ¢) one
b) infinitely many d) infinitely many b) none d) none
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Answers 5.3 Substitution Method

5.3

43.

45.

49.

© Verein zur Forderung der Mathematik

a) y==c 36. a) y=—z+1

b) y >z b) y<—z+1

c)r<y<z+4 ¢) z+l<y<—z+4

d) r—2<y<cw d) —r+4<y<—z+6
l<z<3 l<y<4

a) J c) / 38. a) / c) F

: . oL
) i
Ll
b) / d) ! b) 4 d)
k

a) ! c) J 40. a) d c) .

b) / d) ’ b) / d) /

a) | Tx + 6y < 42 b) | 2z +5y <30 | 42. a) | 2y+x <10 b) ly| < 6
8y — Tx < 56 y—2x <6 2y + 5z > 10 y+2x<6
9z + 8y > —T72 y>—12 y—4dr < —8 y—2x>—06
3x — 2y < 18 r<b 5y —4x > —40 x> —8

Substitution Method

a) (7,9) c) (—2,2) 44. a) (4,11) c) (3,-5)

a) (4,-2) c) (9,3) 46. a) (-7,4) c) (2,0)

b) (12,-8) d) (~12,10) b) (~5,4) a) (1,1)

.D-C,0-£,0-F, @ B,6-D,6- A 48. @®-&, @-D, ®-A, ®-F, ®-B, ©-C

a) (—2,8) c) (9,20) 50. a) (—6,—2) c) (—4,6)
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Answers

5.4 Eliminiation Method

\/
o —
— 0 (=)
=% ! s B ~ ~ &5 >
7_)37 \KU)_ 17 77U2,3 7\)171
_6734 —~ o R~ ~ 21,6_
< 1 < R < o = © Yo S
NN NN | | o | S [T R =
g(( ~— Nt N N S~— S— N —
= o o T G s s o o —~ o~~~ — T
P om vm o o " T o Py
g 3 " <
Y= ~ N Il <o
3 | o 3 &
_ I S _ S ° S
} .
;M o
= S WE O T ®m owm R o o~ ® |
8 9 —~3 o 2 I = LT 5 I 32 e T R N R
- 5,6y2 _) . © Q9 | [a\| "~ SN - -~ 71_ O —~ M |©
e o8 o 72»% I wm < = o N S g < SR - R R R ~ 5 e
: SR T - > 3 v - 3
2o 2L 8 dal =2l el le Lxdiroe oo =al
~~ Y~ ~ ~~ N I~ ~—~~ ~~ —~ ~~ N N/~~~ —~~ —~ ~~ I~ T~/
< QO o T < Q O T A < Q < Q < QO S Qo O T < Q < QO © s o © T 9
N 'S ) =R <f 3o o0 = ~ <f
10 Y 10 o © Re) NG =) = i< ~
~ —
— 2 X
o — - —_ —~ I~
- ~ o~ o~ —~ ™
sw 3 sT T2 1s T IR,
< | ™ g . XN © I L ol en am
— = = = — | < | 3~ <o | A I
s o o =T Q T~ o~ o~~~ —~ ~ o~~~ o~
S w om vxm oo o T T e _
. + ! 0
>y < o N ~ = =
¥ ok S 3 I <
Il I ; > ;o
p= c D) ™ _
T o -
+ o O _ — )
8 T Q 5 Q €
i = - & 2 @ o
— — ™ - o oy e
S m T oan T = | ST SIS a3~~~ o em L+
o< o [~ o 3 o _f - | - | o ~ ~ N i o DO ~ = & o
NG I S s 4 =T 7 TP T E N o2
—~len onho 0~ T - - ~ T
o 2T o £ fLsd sl el Lo lzseewsll aldasa
~ = =0 B2 oD &5 N
< QO o T A < Q < QO < QO < QO O T [ e < O O T Lo O T o
— or) I~ <+ @ = ey Yoy I~ = — 3
0 0 0 . 0 Ne) Ne) Ne) NeJ Nej D~ D~
Yol
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5.5 Miscellaneous Exercises

5.5 Miscellaneous Exercises

75. a) (4,-3) c) (—4,3) 76. a) (—3,3) c) (5.—1)
b) (2,3) d) (=35 b) (6,7) d) (0,3)
77. a) (3,-5) o) (2.} 78. a) (9,4) o) (-2,1
b) (7,3) d) {} b) (3:6) d) {}
79. a) (3,10) 80. a) (7,4)
b) (10,2) b) (=5, —%)
c) (0,17) c) (-1,2)
d) (1,3) d) (-%.7)
e) {(z,y)[28z + 9y =5} e) {(z,y)[2z — 3y = 336}
f) (5,9) f) {3
g {} g (=3,-7)
81. a) (6,5) 82. a) (—4,6)
b) {(z,y) |z +y = -3} b) {}
83. a) overdet c¢) overdet. 84. a) 1 solution c¢) overdet.
b) underdet d) 1 solution b) underdet. d) underdet.
85. a) {} b) (=6,-2) 86. a) (=2,6) b) {}
87. a) (3,9) b) (8, ) 88. a) (=5,7) b) (7,-2)
89. a) ... 10x+15y— 100 —8y="5-6—2-1 — Ty=28 — y=4 — (=3,4)
2
b)... — 8-3Bx—4)=6 — 8 -9r+12=6 — —-z=-6 — (6,7)
9
90. a) ... — 450 —8(T+4z)=9 — 452—56—320=9 — 13z=65 — (5,3)
i i 9z —2y =9 3(1)+2:(2)
) Simplify Lo 27z — 6y + 6y — 162 =27 +6 —> (3,9)
first: 3y—8x =3
91. a) e.g. d) e.g. 92. a) e.g. d) e.g.
r+y=-—4 z+y=10 r+y=4 r+y=>5
ox+y =20 2x 4 2y = 20 204y =2 2x 4+ 2y =10
b) e.g. e) e.g. b) e.g. e) e.g.
r+y=0 4 — 3y = —15 r—y=20 3xr + 4y = 28
r+y=1 8x — 6y = —30 r—y=1 6z + 8y = 56
c) e.g. f) e.g. c) e.g f) e.g.
z4+y=1 3z + 2y =23 z—y=20 r+3y=14
2042y =2 6z + 4y = 46 T—y= 2z 4+ 6y =28
93. a) (3,3) b) (3:—3) 94. a) (3,3) b) (7. 5)
95. a) (~1,-1) ¢ (£2v3,£V5) 9. a) (2,1) ¢) (F2V2.£V3)
b) (4,2) d) (24, 146) b) (1,2) d) (100,50)

97. ®-A, @-D, ®@-F, ®-&, ®-C, ®-B

98. @-B, @-D, ®-F, ®-&, ®-A, ©-C
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5.6 Systems With Parameters Answers 37
5.6 Systems With Parameters
99. a) a=—1: (1 5,0.5), a=0.5: (3,3.5) 100. a) a=—1: (-2,2), a=0.5: (0.4, 0.2)

a2a—2
a—1° a—1

c) D1v151on by zero. One of the lines al-
ways has a gradient of 1, the other a.
If a = 1, the two lines are parallel, but

20 2a*
b) <5157a+2)
¢) Division by zero. One of the lines al-

ways has a gradient of —2, the other
a. If a = —2, the two lines are parallel,

the y-intercept is then different. but the y-intercept is then different.

c 1
101, a) (1,—a+1) C)(ih <) 102. a) (—1,a+b) ) (1,1—e¢)
b) (~2b,2 —b) Q) (&, =) b) (54 5%) d) (L,0)
a a s— s a a’+a—b?
w (g 0 CEE) ww () o (o)
d(d ) d( d) e—c 2+ 2 2+ 2
b) (¢,2q —p) (C c+dc . erd ) b) (%a 2(d+f)) d) (pp,g ) pp,g )
105. a) a=-1. {} 106. a) a=0: {}
a=L  {@ylety=1} a=1 {(zy)lz+y=1}
else: (H%a, 1_%(1) else (a+1,-1)
b) b=—-1: {(z,y)|z—y=1} by e=3 {(z,y)]z—y=3}
h— 0 else: (c+4,4)
else: (1T_b, b_gz_l) c) ae{0,—1}: {
a=1: {(wy) o —y =3}
c) a€{0,-2}: {} clse: ( 3 i)
a=2: {(z,y) |o -2y = =2} ' artratl
clse: (_%ﬁ ) a=0Ab¢ {-4,2}: {}
a=0Ab=—4 {(z.9) |y =4}
d) a=-L: {(z,y)|bx —2z —y =0} b=2: {(z,y)] 20z +y = -2}
a#—-1ANb=0:{ }+1 B else: ( btd (b—8))
else: o, _T> (b—2)° b—2
5.7 Systems of Equations With More Than Two Variables
107. a) e.g. b) e.g. 108. a) e.g. b) e.g.
24 —112="7 —13y + 5z = 97 —T7x+8y=0 b6r +42 =7
10z + 2 =13 —y—16z2=4 10z + 5y = 26 r+62=9
109. a) (=3,9,2) c) (8,6,—3) 110. a) (=2,1,5) ¢) (=7,8,4)
b) (5a _47 _2) d) (_37 27 6) b) (47 _6a 7) d) (_ ) Oa 7
111. a) E.g. substitute the value of z from (3) into the top two equations.
b) E.g. solve the system consisting of (2) and (3), then insert the values of y and z into (1).
c) E.g. (1)—(2) yields a new equation (2') without z. (2') and (3) now form a 2x2 system.
d) E.g. (1)—(2) as well as (2)-(3) yields a new 2x2 system without y.
112. a) E.g. insert the value of z from (1) into the lower two equations.
b) E.g. solve the system consisting of (2) and (3), then insert the values of x and y into (1).
c) E.g. (1)—(2) yields a new equation (2’) without y. (2') and (3) now form a 2x2 system.
d) E.g. (1)—(2) as well as (2)-(3) yields a new 2x2 system without z.
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38 Answers 5.8 Determinants
113. a) (3,2,4) ¢) (10,7, -5) 114. a) (15,-4,3) ¢) (=5,3,4)
b) (717572) d) ( 7276) b) (772772) d) (7577977)
115. a) multiply equation (2) by 2 and equation (3) by (—3)
b) add equations (1’) and (2) as well as equations (1’) and (3)
¢) multiply equation (2”) by 5 and equation (3") by 2
d) add equations (2"”) and (3") = L={(@,3, -2)}
116. a) multiply equation (2) by (—4) and equation (3) by 2
b) add equations (1) and (2) as well as equations (1’) and (3)
¢) multiply equation (3”) by 2
d) add aquations (2"") and (3") = L={(5,-24}
117. a) (1,2,3) d) (~6,9,1) 118. a) (=3,4,6) d) (5,—8,-2)
b) (~4,6,7) e) (12,-3,5) b) (7,10,-1) e) (—9,-2,8)
C) (23711’78) f) (7576712) C) (76753 10) f) (72773774)
119. a) (5,4,—-2) c) (—9,6,15) 120. a) (-3,7,1) ¢ (3,23
b) (%a7%35) d) (%’% 7%) b) (%,?%*g) d) (27127716)
121. a) (4,3,5,2) b) (3,-1,2,4) 122. a) (5,4,-3,2) b) (2,—5,0,—6)
123. (1,2,0,-3,—1,-2) 124. (3,-1,2,0,4, —2)
125. (12737%7_37_12737125a%) 126. (L';v_%7%aga%7l'72)
127. a) ()#10and[_]# —18 128. a) [ )=24and[ _|#15
b) ( J=10or[ |=- b) ([ J=24and][ |=15
¢) impossible o) [ ]#£24
5.8 Determinants
129. a) 9 c) 24 130. a) c) —144
b) —46 d) 66 b) 0 d) 78
3 —4 7 9
131. a) 6 5 ,det = 39, yes 132. a) 6 —4 ,det = —82, yes
-5 8 -8 4
b) 47 ,det = —3, yes b) 6 3 ,det = 0, no
8 —6 6 -2
c) i _3 ,det = 0, no c) _3 7 ,det = —48, yes
2 1 -4
d) _4 ,det = 2, yes d) 9 3 ',det = 0, no
6 1 — -5 5 8| 12 8 |b 2
133. a) ‘ ‘ _4’,(2,7) 134 ) 3 3ls lls gl (10,-6)
11 5( {1 5 |11 1} 15 —4 -4/ |15 5| o 1
b) 9 470 47 9 07( 4?9) b) 5 8’7 8? 5 47(5’4)
2 5|1 512 1 7 =5l |5 =5l |7 b
V3 7f2 7ofs 2 &Y 9 la =32 H o+ (5:6)
4 306 34 6 . 2 9| 3 9] |-2 3
d) 8 —9|’|—8 —9/’|8 —8 3(555) d) —-1 51’13 5/’[=1 3 5(1273)
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5.9 Word Problems Answers 39
135. a) 26 ) 0 136. a) 5 c) —48
b) 21 d) 87 b) 0 d) 45
137. a) det =1, yes ¢) det =0, no 138. a) det = —3, yes c¢) det = —54,yes
b) det = 2, yes d) det =0, no b) det = 0, no d) det = 130, yes
5.9 Word Problems
139. 12, 18 140. 17, 41 141. 11, 23 142. 42, 67
143. 14, 62 144. 11, 71 145. -8, 9 146. 18, 19
147. 12, 56 148. 24, 52 149. 36 150. 47
151. ) [g] T4 b) (615 152. a) [g b) [ Tiols
115 713 513 418
72 4 8 219 11 7
153. 26y., 12y. 154. 31y., 55y. 155. 18y., 27y. 156. 33y., 18y.
157. 15y, 5y. 158. 48y., 16y. 159. 12cm, 6cm 160. 18 cm, 77 cm?
161. 16cm, 9cm 162. 26cm, 12cm 163. 20cm, 6cm 164. 18 cm, 7cm
165. 19°,104°,76° 161° 166. 81°,100° 54° 125° 167. 40°, 30° 168. 18°, 54°
169. 8dm, 12dm, 24dm x 48dm 170. 7.2dm, 14.4dm, 28.8dm x 43.2dm
171. 200000.—, 150 000.— 172. 350 000.—, 280000.—
173. M.: 900000.—, D.: 200000.— 174. L.: Fr. 240000.—, S.: Fr. 140000.—
175. p: 2.5%, K.: 123000.—, M.: 117000.— 176. N.: 2%, E.: 1.5%
177. W.: 40%, R.: 70% 178. S.: 36 %, R.: 63%
179. A: +5%, B: —=7% 180. A: 20 litres, B: 50 litres
181. 1. section: 24 km, 2. section: 18 km 182. 1. section: 16 km, total: 93 km
183. 10km 184. J.: 840m, W.: 210m
185. P.: 1.7m/s, G.: 0.3m/s 186. A.: 3m/s, W.: Tm/s
187. 188.
189. 468 190. 459
191. 1dcm, 12cm, Scm 192. 15cm, 11 cm, 6cm
193. of A counterclockwise in cm: 194. of A counterclockwise in cm:
5 7,7,1,1,5 11,7,7,6,6, 11
195. A.: —.65, P.: —.80, K.: —.20 196. G.: 6g, S.: 9g, B.: 5g
197. 47°, 123°, 82°, 108° 198. 68°, 95°, 110°, 87°
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40 Answers 5.10 Repetition

5.10 Repetition

true false true false true false true false
199. a) O X c) O X 200. a) O X c) O X
b) X O d) X O b) X O d) X O

true false true false true false true false
201. a) X O c) O X 202. a) O X c) X O
b) O X d) X O b) X O d) O X
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6 Quadratic Equations

Answers

41

6 Quadratic Equations

6.1 Pure Quadratic Equations and Product Equations

1. a) +£0.4 o {} 2. a) +1.7 c) +4v2
b) +3 d) +£5V5 b) £1 d) {}
3. a) £3 c) +10v3 4. a) 18 c) +H2
b) +4 d) +v5 b) +8 d) £V7
5. a) £1 c) +8 6. a) £5 c) +3v3
b) +¥0 d) +7 b) +3yY2 d) +11
7. a) +4 ) +4 8. a) {} c) £5
b) {} d) +42 b) +v/53 d) £33
9. a) +/6 b) +4 10. a) +V7 b) +4/2
11. a) —5,3 c) —4,0 12. a) —9,6 c) —3.5,%
b) —7,2.5 d) -4, -18 b) 0,4 d) —15,2
13. a) 0,7 c) 0,2 14. a) —1,0 c) 0,1
b) —8,0 d) —2,0 b) —10,0 d) —8,0
15. a) 3,9 ¢) —3,10 16. a) —1,7 ¢) —2,11
b) —5,6 d) —2,6 b) —3,8 d) 4,10
17. a) e.g. (x —2)(z+4)=0 18. a) e.g. (x+8)(x+10)=0
b) e.g. (x4 35)(z+5)=0 b) e.g. (x —0.5)(z—2)=0
c) e.g.(x—6)(x+6)=0 c) e.g. (x+4)r=
d) eg. 2z(x—3)=0 d) eg. (x—3)(z+3)=0
19. a) 2% =16 c) 22 =13 20. a) z2 =225 c) 2% =169
b) 22 =% d) 2 =324 b) 22 =5 d) 22 =11
21. a) 2 c) 2 22. a) 0 c) 2
b) 1 ) 1 b) 2 d) 1
23. a) — 24. a) +
b) impossible b) +
c) — c) +
d) + d) —
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42 Answers 6.2 Completing the Square
25. a) 4a? = 64 |/ 2. a) #>+25 = 0 | —25
T = 44 0
b) z(@+5) = 0 b) la?—15 = 0 -3
=0 2-45 = 0 | +45
T2 = 75 a2 = 45 Na
2
c) ”;j;—% = 0 |- (z+3) T = 435
2 -9 =0 |+ 9 ) (@+4)?+9 = 0 | -9
x? =9 v (v +4)2 = -9
x = =3 {}
test:
=3 v
xr=-3 ¢D
27. a) 4 solutions: (+3,+2) 28. a) 2 solutions: (£+2,0)
b) 4 solutions: (+v/5,4+v/3) b) 2 solutions: (0, ++/6)
¢) 1 solution: (0, 0) ¢) no solution: {}
d) no solution: {} d) 4 solutions: (++/7, £v/7)
29. a) no solution: {} 30. a) 8 solutions: (£v/6, 4110, £2)
b) 8 solutions: (+2, /2, £/5) b) no solution: {}
6.2 Completing the Square
31. a) —1 c) —1,3 32. a) —5,—1 ) %
b) £1.5 d) 2+6 b) —11,1 d) {}
33. a) 1,11 c) —2++/15 34. a) —11,3 c) 5++/21
b) —14,8 d) 1+£3v2 b) 1,17 d) —10+4v2
35. a) 4 36. a) 81
b) 6.25 b) 2.25
c) 2 c) %
37. a) 22— 6z +9 = (z —3)° 38. a) 22 — 20z + 100 = (z — 10)?
b) 2% + 8z +16 = (x +4)° b) 2+ 4o+ & = (o + 1)°
2
) 22 4a+i=(z+1) o) 22 —x+1i=(2-1)°
d) 22+ 4dx + 4d? = (z + 2d)* d) 2% — 6maz + 9Im? = (z + 3m)?
39. a) —7,11 c) 1+4V3 40. a) —17,9 c) —3+6v2
b) —19,9 d) —6+9v3 b) —14,36 d) 7+£5V5
41. a) —13,1 ) —11,5 42. a) —13,9 ) —22,4
b) —6,14 d) —21,-3 b) 4,6 d) —16,0
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6.3 Quadratic Formula and Solvability Answers 43
43. a) 222 + 202 450 = 2 (z + 5)° 44. a) 42 — 24z + 36 = 4 (z — 3)°
b) 3x2+24a:+48:3(:v +4)? b) 12?42z +4=1(z+4)
¢) —2° —6r —18 = -1 (z +6)° ¢) =322+ 12z — 12 = -3 (z — 2)°
d) 0.12%2 —0.22 +0.1 = 0.1 (z — 1)* d) 1.522 4+ 15z 4 37.5 = 1.5 (z 4 5)°
45. a) —3+32 c) —2+52 46. a) 0,2 c) —8.5,4.5
b) —6,8 d) $+2V6 b) —6+ 153 d) 1,13
47. a) —12,32 ¢) —2.5,1.5 48. a) —1+£17 ¢) —0.4,1.2
b) —5+10v2 d) 1,-1 b) L, 1 d) —31 20
49. £, B, D, A, C 50. B, D, A €&, C
51. C,B, A, &, F, D 52. A,C,D, &, B, F
53. a) x?+ ldx = 51 )
22+ 140 +49 = 100 54 a) 27 —10z = 3
x1=—17,29 =3 (z—5) = =3
T = —3,1’2 =13
b) 4z? 424z = —20 )
22 4 6 _ 5 b) 222 + 44z = —192
2?2 +62+9 = —5+9 @? +222 = 9
(z + 3)2 - 4 2 +22x+121 = 25
v+ 3 _ 19 (z+11)? = 25
1= 5,19 = —1 z+11 = 45
’ r1 = —16,29 = —6
c) —x%+8z = -16 5
2% — 8z — 16 ¢) x*—bzx = 975
r—4 = +42 x — 2.5 = +4
4:&4\/? Xr1 = 71.5,562 :65
xr =
55, o = LEVP4 e
. = p) a
6.3 Quadratic Formula and Solvability
57. a) a =4, ¢) a=2, 58. a) a= c) a=—-20,
b=—1, b= —9 b= 17, b= —17,
c=-—-3 c=—-35 c=—-2 c=-3
7%a1 —2.5,7 727% 7%77%
b) a =4, d) a=2, b) a = -3, d) a=09,
b= -1, b= 1, b=—4, b= —10,
c=-15 c=6.125 c=17 c=—16
-3,3 1.75 -1,1 -%,2
59. a) —1, c) —3,1 60. a) —3,6 c) —2,—%
b) —3,2.5 d) —3,7 b) —iL 2 d) -1,3
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44 Answers 6.3 Quadratic Formula and Solvability
61. a) —1.5,1 c) 4,11 62. a) —2.5,5 ¢) 3,5
b) =23 d) —3.3 b) —4,3 d) ~7.-3
63. a) —15,3 c) —3,2 64. a) 1.5,12.5 c) 2,41
b) _g’_l d) %7% b) —5,12 d) —2.5,1.5
65. a) 22 c) =238 66. a) Y2 ¢) 3+ V14
b) —1,-2 d) ;Uliz\/ﬁ b) 7*1%\/5 d) 5++/31
67. a) li\8/129 c) %7% 68. a) _17_% ¢) —1%\/5
b) 42@ d) -1+v6 b) 4&5\/5 d) 75j1:a/ﬁ
69. a) —v2,2v2 70. a) —3V7,V/7
b) —3v/2,2v2 b) f,—%
1. a) —2- 2,22 72. a) 3/5 =23435
c) —1,—/3 ¢) —v5,—1
73. a) 1 c) 2 74. a) 2 c) 0
b) 0 d) 2 b) 0 d 1
75. @-D, ®-A, ®-&, ®-B, ®-C, remains: @, F  76. ©-B, @-&, ®-F, ®-A, ®©-C, remains: ®, D
suitable for @ e.g. 622 + 172 +4 =0 suitable for ® e.g. Z22 — 10z +1 =0
suitable for F e.g. 422 —6x+2 =0 suitable for D e.g. $2? — 2z =0
7. a) —; —i,1 78. a) impossible
.3 _
¢) impossible B 27\/§’ V2
d) —; +4.5
79. a) | — oo, —2v/2[U]2v/2, o0 80. a) | —4v/3,4V3[
b) 4,0 b) 142, oo
c) ] 00,4l c) | — oo, —4]
d) ] —oo,0[U]0, 27| d) ] — o0, 1]
81. a) | —o0,—2] U [0,00] 82. a) | —00,0[U]2,00[
b) ] =00, —3] U [3, 00 b) ] —00,0[U8, cc]
83. a) 3 c) {} 84. a) —1.5,4 c) 3
b) 3,1 Q) —3.5,1 b) {) Q) {)
85. a) —v2 -1 86. a) —v3—1,2/3+2
b) —6, 28 b) —V/T0 2, 20~
c) 3v3 c) {}
Ry 4 V6
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6.3 Quadratic Formula and Solvability Answers 45
87. a) —6,0 c) ig 88. a) 0,10 c) {}
b) =30 d) {} b) £¥30 d) 0}
89. a) —1,0 c) 0, 90. a) +v?2 c) 0,3
b) 0,12 d) £v7 b) —3,0 d) —4£,0
91. a) (z+6)(z—4) ¢) (x+9)(z+5) 92. a) (z—2)(z—18) c) (z+8)(xz+6)
b) (z—3)(x—7) d) (z+10)(z —1) b) (z+3)(x —4) d) (z+9)(z —3)
93. a) —1,4 c) —6,-3 94. a) —5,10 ) —1,2
b) 2,6 d) —12,7 b) 5,6 d) —2,3
95. a) b=—1,c=—12 96. a) b = 40
b) b=-3—-V7,c=3V7 b) b 7T,c=T
97. a) £5v2 c) —4,3.5 98. a) —2 c) —6,9
b) —4.5,1.5 d) -3 b) —5,—4 d) £8
99. a) £5 c) —12,8 100. a) £10v/2 c) —2,8
b) —2v2,3v2 d) +4v6 b) 6,18 d) —4v/3,1
101. @-C, @-B, ®@-A, ®-F, ®-£, remains: ®, D 102. @-B, @-F, ®-A, @-&, ®-D, remains: ®, C
suitable for ®: 2(x — 6)(z +4) =0 suitable for ©: (x +10)(z —3.6) =0
suitable for D: 222 + 15.22 — 48 =0 suitable for C: 2% 4+ 8z — 18 =0
103. a) —2,27 c) —%,8 104. a) g c) —4,%
b) + d) 5,3 b) — d) —1,—3
105. a) {} c) -8, -1 106. a) —5,3 c) 0
b) — d) £v3 b) 3.3 d) {}
107. a) 2 mistakes ¢) 2 mistakes 108. a) 2 mistakes ¢) 2 mistakes
b) 2 mistakes d) 3 mistakes b) 1 mistake d) 4 mistakes
109. iiva_ac, if ac < 0; {} otherwise 110. z1 =0, = — 2
true false true false true false true false
111. a) O X ¢ X O 112. a) X O ¢ KX O
by X O d 0O K by O ® d & 0O
true false true false true false true false
113. a) ® O ¢ O K 4. 2 ® O ¢ & O
by O X d X O b) KX o 4 KX O
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6.4 Substitution and Biquadratic Equations

6.4 Substitution and Biquadratic Equations

115.

117.

119.

121.

123.

125.

127.

6.5

129.

131.

133.

135.

137.

a) —2,— c) 7.2,17.6
b) —%, % d) {}

a) 61

b) =33

) —12,24

d) —2,4

e) they are equal

f) identical before the reverse substitution
a) (x+3)2+9(x+3)+20=0

b) (32)°+9(32) +20=0

a) 2(5)" -9 (32) ~5=0

b) 2(x —1)2-9(x —1)—=5=0

a) 2,43 c) +4

b) £1,+£5 d) {}

a) +v3 c) 0

b) +v15,42v2 d) £10,42
a) £4° o) £+
b) +¥3 d) +3

Rational Equations

a) R\ {-2,7} c) R\ {3,8}

b) R\ {-3,—4} d) R\ {-0.5,7}
a) —6 c) —

b) +£2v6 d) %

a) %,71 c) —

b) {} d) 3

a) 2 o) {}

b) 3 d) {}

a) —4 c) —

b) —5 d) —

116.

118.

120.

122.

124.

126.

128.

130.

132.

134.

136.

138.

82,18 o)

=z 2

T ®

o,
— D T L D T
|
—
o0
o

o

[©)

they are equal

—

identical before the reverse substitution

(arf%) +9(z—35)+20=0

53

)

b) (3z)% +9(3z) +20 =0

a) 2(4x)? —9(4x) —5=0

b) 2z +6)2 - 9(x+6)—5=0

a) +11 c) £

b) +6 d) +2,+10
a) {} ) £

b) 0,7 d) 0,41

a) £¥14 4 VIO ) {}

b) +3 d) +¥3 41
a) R\ {0, 3} ) R\{-2,3}
b) R\ {4,6} d) R\ {£3}
a) 67§ c) —8

b) +5v2 d) —4,8

a) 0,3 C) 0,2

b) —3 d) 4,-2

a) 2,—4 o {}

b) —6 d) =7

a) —0.5 c) —6

b) 7 d) -6
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6.6 Root Equations
139. a) ] — 00, —V/5] U [v/5, 0] 140. a) [—4,4]

b) | — 00, —4] U [1, 00 b) ] —o0,1] U [4,00]

c) R c) [-6,0]

d) ] —o0,=3] U [0,00] d) {}
141. ®-B solutions 2 and 6, 142. ®-B solution 5,

@-C solutions 1 and 2, @-C solution 7,

®-A solutions 0 and 3, ®-D solutions 5 and 8,

@-D solution 3 @-A solutions 0 and 6
143. a) —9,6 c) 5,7 144. a) —5,10 c) 7

b) 4,5 d) 4 b) 9,11 d) 1
145. a) 6 c) 4 146. a) 6 c) 6

b) 9 d) {} b) 8 d) —3,2
147. a) 1,37 d) 9 148. a) 4 d) 15

b) 2 e) 0 b) 3 e) 0

c) {} f) ) {} f) S
6.7 Parameter Equations
149. a) for m: —4n,2n 150. a) for k: —3p, §p

for n : —im,%m for p: —4k, 5k
b) for a: —4b,2b b) for c: %d, %d
for b : —ia, %a ford: ze, 5c¢

151. a) —3a,2a c) —3,4 152. a) —7a, % ) —11, &

b) %v4b d) %a*% b) _6b7§ d) ii
153. a) —1,—3 c) &, =L 154. a) 2,2 c) {}

b) 2,10 d) —2,a+1 b) —2,5b d) 2d, 5
155. a = 7: solution: —3.5 156. a = 13: solution: —6.5

a = —7: solution: 3.5 a = —13: solution: 6.5
157. a = 25: solutions: —5, —20 158. a = 27: solutions: —18,—9

a = —25: solutions: 20,5 a = —27: solutions: 9, 18
159. For all a with |a| > 10 160. @ — —90: solutions: 4. 16

solutions: z = ;aiw P @ Tl SOHons: &
161. a) a = 26; x2 = 6.5 162. a) a =4.5; =—4.5

b) a=4; zo =11 b) a=19; zp = %

c) a=4; To = —V/2 c) a=12; z :4\/§

d) a=2; 29=—5% d) a=23; zp =2
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163. fora=4: x9 = —8
fora=0: 29=0
165. a) no sol.: b €] — 4v/2,4/2[
1sol: b= +4/2
2 so0l.: b €] — 00, —4v/2[U]4v/2, 00|
b) no sol.: b > 3
1sol:b=3
2s0l.:b<3
c) 1sol:b=0
no sol.: otherwise
d) 1sol:b=0
2 sol.: otherwise

167. a) =Stde sta

12 0 4
b) _8{’4}7

169. a) —m, %
b) —%,6b d) +
171. a) fore> —4: 2++/4+¢,

forc=—-4: 2,
forc< —4: {}

b) for b#0: —1&V2,
forb=0: {}

- oo, —1[U ]

c) fora €

—a+14+/2—2a
a+1 )
fora=1: 0,

fora=—1: %,
fora>1: {}

d) for d €] — 0o, —6[U]6, o0l: diivld;’?’ﬁ,
for d €] — 6,6[: {},
ford=6: z,
ford=—6: —%

W

173.

a,a

N[

a) for all a:
b) forallb: {}

c) forc#0: 1

4er 40
forc=0: %

d) for all d: =d=AEyd410

- L1

164. fora=6: 290 =4
fora=10: x5 =12
166. a) 2sol.: b< 0
1sol.: b=0

no sol.: otherwise

b) no sol.: b < —4.5

1sol:b=—-4.5
2sol:b>—4.5
c) 1sol.:b=1
2 sol.: otherwise
d) 1s0l: b=0
2 sol.: otherwise
168. a) 0, ¢) +v6a, +a
b) 3 5755 d) +3,+b
170. a) —5.% c) —b,2b
b) —b+by2 d) p2,17p>
172. a) for a €] — oo, —2[U]2, o0f: =ekye=1
fora=-2:1
fora=2: -1

for a €] —2,2[: {}
b) forb=-9: 3
forb>—-9: 3+£v9+0

forb<-9: {}
c) fore>—-2Vc#2: % o2
forc=-2: 0,
forc:Z:—%
forc< —=2: {}

d) foralld: —4,—4

174. a) fora#0: —=,-1

5a’ a’

fora=0: {}
b) for allb: {}

c) forc# —1: &11,71,

forc=-1: —1
d) ford <25V d#0: =oHdEya-10d
ford=25: %,
ford=0: %
ford>25: {}
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175.

176.

a) fora=—-1: -2,

for a = —

for a €] —

9: —6,
. —a+3+vVa?+10a+9
00, —9[U] — 1, 00[; === m0EE

fora €] —9,-1[: {}

for b =
for b =
forb=0
for b €] —
for b €]
for ¢ =
for c = —

forc=0:

for ¢ €] —
for c €] —

1
for d = /6 : V6

for d = —

ford=0:
ford=2:
ford = -2
for d €] —
for d €] —

for a =
for a =
for a =

8 Cn‘w

5
=R
Q 2

AL
[
(SN
|
win

for b= —

for c €] —
for c €] —

for d = —
for d = —
for d <

1
3¢
1

\
N|— N[00l

. —6,
D2,
: =2,

00,0[U]0, §[U]g, 00[: =it

Al {}
-1, 2,

4

1: -1,
3
o0, —1[U] —
L—zl {}

i’ 0[ U ]0, OO[Z —20—1i\/c4c2+5c+1’

12’\[
. 6
\/6~ 120

equation not defined,

NN

|
=
C

O[U]O72[U]\/6,oo[: *5+d2i\/§1;*flow7

o0,

f’

D
©
C
g_
ép

{3

15a+2

S
o=

00, —4[U] — 1,0[U]0, oo[; 2EeEVeitdetd
4, -1 {}

1: 6,
4: 12,

—4Vvd>-1: —2d+4+2Vd?>+5d+4,
for d €] —

-1 {3
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6.8 Word Problems

177. —20, 16 178. —18, 21

179. (9, —6), (=25, —40) 180. (14, —11), (=75, —100)

181. —3,20 182. —3,40 183. 38 184. 59

185. —§,% 186. 2, % 187. 33 188. —3, &2
189. 7.29 190. 0,1.3 191. 27 192. 35

193. 18 194. 9 195. 45 196. 83

197. 178 cm 198. 22dm 199. 62dm 200. 136 cm
201. 240 mm? 202. 84 dm 203. 60 cm? 204. 588 mm?
205. 38 cm 206. 65cm 207. 69cm 208. 52cm
209. 1536 mm? 210. 28.8cm 211. 111476 dm? 212. 450 mm

6.9 Vieta’s formulas

213. ¥ 42y =2
vy omy =& 214. -
a(z —x1)(x — x3) = az® + br + ¢

215. a) sum: —1 216. a) no solutions
duct: —15.75 .
produc b) sum: —
b) sum: — 20 product: — 2
product: 75 ¢) sum: 11
¢) no solutions product: — 12
217. a) —0.8(z —1)(z+4) =0 218. a) impossible
b) 2(z—3)2=0 b) +(x+6)(z—7)=0
¢) impossible c)8(z+32)(z—3%)=0
Q) 6(x— 1) (r+2) =0 Q) He— ) (@ +2) =0
219. a) 42?4+ 31z —8=0 220. a) —4a® 4+ 60z +216 =0
b) 3z% + 36z — 39 =0 b) 32—tz —-4=0
¢) %x2—fx 12=0 c) §x2+ Zr+12=0
d) 2%+ 152 — 300 = 0 d) —2? —22+5525=0
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6.9 Vieta’s formulas Answers 51

221. a) [ J: -3 222. a) [ J: 18

2. solution: 12 2. solution: — 1.5
equation: — 2(z +4)(z —12) =0 equation: 3(x +1.5)(z —4) =0
b [ 2 b) [ 06
2. solution: — 1 2. solution: — 2
eqation: 2(z —2)(z+1) =0 equation: 0.6(x +2)(z —7) =0
o) ()27 c) [ ]:220
2. solution: —4 2. solution: — 10
equation: —0.3(x +4)(xz+5)=0 equation: —2(z —11)(x +10) =0
Q) () 2 )0
2. solution: — 1.2 2. solution: — 2
equation: 2(z +1.2)(z —2) =0 equation: 5 (z — ) (z +2) =0
223. Sum of the solutions: x1 + x2 + x3 = —2
Sum of the pairwise products of the solutions: z1xs + z123 + 223 = £
Product of the solutions: x1xsx3 = —g
224. Sum of the solutions: 1 + x5 + x3 + x4 = 72
Sum of the pairwise products of the solutions: x1x3 + 123 + X174 + 2273 + T2y + 374 = ¢
Sum of the products of three solutions each: x1xox3 + T1T224 + 12374 + ToT3T4 = —g

e

Product of the solutions: x1zox324 = 2
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7 Quadratic Functions

7.1 Quadratic Functions

yes 1o yes 1o yes 1o yes 1o
1. a) ® O ¢ O K 2.0a) O K ¢ X DO
by X O d X 0O by O XK d O K
3T VL 4 Wl T2
: NN
A ] sV
\ L I/
\ VLD
IRV ! /
1 \ : / \ ; }
AV
jp) \ . /
[ \
[\ \
A [N
fa
5 | L I 6. 7T [
\ | VoL
| q il |
\e [ / \ /
\ IR \ /
\ / f3
\ |/
2 h 5 b
B y }
. ]
Ry
/ \ [
[ \
[GIRVER Lol 8. T} \ [1]7
\ Lo \ \ L
f ‘ h | |
fa .
\ / \ el L]
\ S \ [ ]
\ 0/ \ \ i
\ B
\ |
AT, AVNEIFIE)
A TR W 4
4R / N
/ B h / \ . b5]
A \ .
Al 1] \ \
/ [ \ A
9. ®-B, @-D, ®-A, ®-C 10. @®-D, @-A, ®-C, ®-B
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7.1 Quadratic Functions Answers 53
11. fi(z) = (z + 1), 12. fi(z) = —(z — 2)?,
fa(z) = =3(z — 4)* +6, fo(z) = %($+3) -9,
f3(@) = —1(z+2)? +4, f3(z) =3(x +1)2 -7,
fa(z) =2(z - 3)* -4 falz) = =222 —1
13. a: x—ys, b: x—ys, c: x+— Y1, 14. a: x—yyq, b: Ty, c: x— ys,
d:rw— 1y, €: x—ys, f:x— 1y, d:xw—ys, e: x—yr, f:x—ys,
g: T yg g: T yg
7 7
NN
/ i
true false true false true false true false
15. a) X O o O X 16. a) X O o | X
b) X o d X O b) O X 4 0O X
true false true false true false true false
17. a) KX O ¢ O X 18. a) O X ¢ O X
b) X O d KX O b) O X 4 X O
19. a) y=42% — 16z + 19 20. a) y = 522 + 40z + 68
b) y = —22% + 20x — 51 b)y:—§x2+8x—25
¢) y= g’ +4x c) y= 8x + 26
d) y=—-322 -6z - 10 d) y =322+ 6z +2
21. B,D,C, A 22. D,C, A, B 23. D,B,E, A C 24. £, A, D, B, C
25. a) (5,3) c) (—6,-7) 26. a) (—11,-9) c) (—1,-2)
b) (=2,4) d) (8,2) b) (3,4) d) (-10,-5)
27. 51(2,-5),52(—2,4),53(—3,6),54(4,1) 28. S1(—1,2),52(—4,0),53(3,4), 54(6,—4)
17 I 711
| | A
‘ | | L
I | | b fi
NS L0
IE) . \
/ | N A
[ 1] W | i
ey /
/ NN EEA|
/ N i [N
[1] i [
1] L [y
[ iR L
[T | [T 1
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54 Answers 7.1 Quadratic Functions
29. a) f(z) = 322 —-62+5 30. a) f(z) = —322 -6z —15
=3(@*-2z )+5 = -3(2*+8 )-15
= 3(z*-22+1)+5-3 = —3 (22 +8x+16)—15+12
= 3(@x-1)7+2 = 3(x+4)?-
S(1,2) S (—4,-3)
b) f(z) = —22% — 8z — 23 b) f(r) = 42% — 24z + 31
= —2(a?+120 )-23 = 4(22 -6z )+31
= —2 (2% + 122+ 36) + 24 — 23 = 4(2® — 62 +9) + 31 — 36
= 2(x+6)°+1 = 4(x-3)*-5
S(-6,1) S (3,-5)
31. S (—g, 4411’2) 39. § (_ Qba’ 4aZ;b2>
33. a) (3,1) 34. a) (-2,-3)
b) (3,-10) b) (=2, )
¢) (3,—18) ) (-2,2)
d) (3,c— 18), z-values all equal d) (=2, c+ 2),z-values all equal
35. a) (5,—24) 36. a) (—1,-5)
b) (5,—11.5) b) (—1,— )
c) (5,51) c) (=1,- )
d) (5,1 — 25a), z-values all equal d) (—1,—4 — a), z-values all equal
37. a) ¢>48 b) ¢> —54 38. a) ¢>—125 b) ¢ > 40
39. a) 8 b) 1.5 40. a) 4 b) —2.5
41. a) (2,-4) c) (0,4) 42. a) (—5,—6) c) (—2,-3)
b) (=1,2) d) (1,-4) b) (4,2) d) (5,1)
43. a) Pe f,Q¢ f,R¢ f 44. a) P¢ f,Qe f,Re f
b) P¢fQ¢fReS b) Pef,Q¢fRef
45. a) P(=5,-3.5),Q1(2,28), Q2(—14,28), R, (—2,4), Ra(—10,4)
b) P(-5,0.75),Q1(—-2,3), Q2(—6,3), R(—4,0)
46. a) P(0,-7),Q1(3,—-34),Q2(—9,—-34), R1(—1,—-2), Ro(—5,—2)
b) P(—6,-9),Q(—3,-3),Ri(1,— %), Rz (-7, - %)
47. a) —3 c) 14 48. a) 16.5 ) 0.7
b) 10 d) 1.2 b) 24 d) 5
49. a) f(z)=2(x—-3)2-5 50. a) f(z)=—-1(z+8)2—-4
b) f(z)=5(z —1)? b) f(z)=—4(z+1.5)%+2
o) flz)=3i(x+11)2—4 c) fla)=8=+7)?2-11
d) fla) =2 — )2+ 22 d) f(z) = ~1a? +3
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7.1 Quadratic Functions

Answers

55

51.

53.

55.

57.

59.

61.

63.

65.

67.

a) f(x)=—32% -6z +3,5(—1,6)

b) f(z) =0.32% +4.22 + 11.7, S(-7,

¢) f(z)=152% -6z +7,5(2,1)

d) f(z) = —0.522 + 3z — 8.5,5(3, —4)
o s n 0 s n

a) ® 0 O ¢ O O K

by O B O d O K O

a) 3,—1 c) —,-4

b) {} d) 0,2

a) X1(—5,0),X>(1,0),Y(0,—20)

b) X(—1,0),Y(0,—2)

¢) Xi1(1,0), X»(2.5,0),Y (0, 3)

d) X;(—4.5,0), X2(5,0),Y(0,67.5)

a) y= 122 -4

b) y =222 - 11z +6

¢) y=—-322+2z+1

d) y =0.82% + 1.6z — 38.4

a) v1 = —3,29 = —7,5(-5,-2)

b) 1 =0,29 =1, S(;,i)

c) r1=2,290 =—4,5(-1,— )

d) 21 = —5, 25 = 5, 5(0, —150)

)

VF: f(z) = —0.5(x — 1)2 + 4.5
b) SF: f(z) = —322 + 30z — 72

VF: f(x) = =3(z — 5)2 + 3
c) SF: f(z) = 2%+ 32

VF: f(z) =} (¢ 4+ 3)° -2
d) SF: f(z) = 22% — 162

VF: f(z) = 22? — 162

a) f(z) = 3(x +3)(z+5)

b) not possible

c) f(z) =3(@+5)(z+9)

d) f(z) =2(x—4)(z+4)

a) f(z) =0.4(x —2)(z +6)
b) f(z) = —(z +4)(x —5)

¢) fz) =—5(z = T7)(z +3)
d) f(z) =3(x—1)(z +5)

_3)

92.

o4.

56.

58.

60.

62.

64.

66.

68.

a) f(z) =0.62% + 3.6z +5.4,5(—3,0)

b) f(z) = —22% 4 28z — 93, 5(7,5)

c) f(z)=2.52% — 10z + 10, 5(2,0)

d) f(z) =0.12%2 + 2 — 5.5, 5(—5, —8)
o S n (6] S n

a) ® O O ¢ O K O

by 0 O X d X O O

a) 2,4 o) {}

b) —4,2.5 d) —%,6

a) X1(-3,0), X2(6,0),Y(0,-7.2)

b) X1(—5,0), X2(7.5,0),Y(0,75)

) X1(—10,0), X»(—1,0),Y (0, —12)

d) X1(-3,0),X2(2,0),Y(0,8)

a) y = 5x? + 15z — 20

b) y =22+ 22+ 30

c) yz—%xQ 44530 821

d) y=—22% - 122 — 16

a) 1 = —4,29 = 1,9(—1.5,—12.5)

b) x1 = —6,29 = —8,5(—7,4)

c) 1 = —3,29 = —9,5(—6,—3)

d) z1 =0,20 = —6,5(-3,2)

)

VF: f(z) = 2(z +2)? — 32
b) SF: f(z) = 0.822 — 0.8
VF: f(z) = 0.82% — 0.8

c) SF: f(m):%m2+6x+12
VF: f(z) = 2(z +4.5)2 — 1.5
d) SF: f(z) = 322 + 182 + 48

§
VF: f(x )_g(x+6) -6

a

b

C

)
)
)
)
a)
) not posmble
) flz) = i(z — 6.5)(x — 2.5)
) f(z) =2(x — 4)(z + 10)

d
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56 Answers 7.1 Quadratic Functions

69. a: x—wys, b: x—y1, c: T — Yg, 70. a: x—ys, b: x— 1y, c: x— yg,
d:zwys, e:x— Yo d:xzryy, €: Y5
3 !
'\ / R }
L /
i w/
71. a) impossible 72. a) possible
b) possible b) impossible
c) possible c) impossible
73. a) [—4,2] 74. a) | —oo,—4] U [2.5,00]
b) ] — 00, =2[U]3,00] b) R\ {1}
c) [—4,6.5] c) | —12,-3|
d) ] =00, =8 U [3,00] d) [-1,6]
75. a) | —3,7] 76. a) | — o0, —4[U]3,00]
b) ] — o0, ~2] U [8, o0 b) [~6,18]
c) {} c) {}
d) ] o0, 9] U [6700[ d) ] - 007_4} U [7,00[
true false true false true false true false
77. a) O X ¢ O X 78. a) O X ¢ X O
b) X o d4 O X b) O X 4 O X
true false true false true false true false
79. a) K O ¢ X O 80. a) KX O ¢ O X
b) X o 4 O X b) X o 4 KX O
8. y = 3(z —1)*+9 82. y = —3(x +3)% -
83. y = 0.42 + 1.6x + 3.6 84. y=—1.22% — 9.6x — 11.2
85. a) y=3(x+5)*+2 86. a) y=2(z+3)? -4
b) y=-3(xr—5)2 -2 b) y=—2(x—3)%+4
c) y=-3(x+52*-2 c) y=2(x—3)?—4
87. a) y = 0.752% — 9z + 23 88. a) y=1.522 - 122 + 16
b) y = —0.752% — 9z — 23 b) y = —1.52% — 12x — 16
¢) y=—0.752 + 9z — 23 ¢) y= 1522+ 122 + 16
89. a) y=—4(z+1)2+2 90. a) y=1(z—3)2+4
b) y=4(z —11)% + 2 b) y=—5(z+15)
c) y=—4(x+1)2+4 ) y=3(x—3)2-8
d) y=—4(x—9)2+6 d) y=1(z+1)2-2
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7.1 Quadratic Functions Answers 57
91. d= -5 92. d =10
93. dy = 5,do = 9 94. dy = —T,dy = —3

95. y=(x+1)2+7 96. y = —1(z—3)2 +4

97. y = 322 — bdx + 244 98. y=—sa?+4z+1
99. y = 6(x +4)? 100. y=—¢(z—1)2  101. y=—2(z—2)*>  102. y = 1822
103. dy = 3,dy = 8 104. dy = 3,dy = 6
105. a) yes,(—1,—1.5) ¢) not possible 106. a) yes, (3,1.5) c) yes,(2.5,—4)
b) yes, (—2.5,1.5) d) yes, (—3,-3) b) yes, (—1,2) d) not possible
107. a) yes, ( _16 > ¢) not possible 108. a) not possible c) yes,( 130 >
-3 —10
e (8) () () e(8)
109. a) (—2,40),(6,8) 110. a) (=7, —4),(=2,1)
b) (—6,—11),(6,—35) b) (=7,-3.25),(—2,8)
c) (—2,0),(6,3.2) c) (—5,4),(3,0)
d) (6,4) d) {}
111. a) (—4,-2),(=1,7) 112. a) (=2,5),(2,5)
b) (-=7,—4),(-3,—4) b) (3,10)
c) {} c) (=2,4),(=7,-1)
d) (3,4) d) {}
113. a) y=3 c) y=-24 114. a) y= -2 c)y=2
b) y=0 d) y=125 b) y=4 d) y=-3
115. a) m = 0.5, B(4,6.5) 116. a) m = —0.5, B(1,—4)
b) m =11,B(-2,3) b) m = 30, B(—9, —6)
c) m1 =4, B1(1,6), c) my = 18, B1(2,27),
mo = 2, Bo(—1,0) —6,B2(—2,3)
d) my = 10, By(—1,-21), d) my = 26, By(5,163)
my = 6, Ba(1,—5) mz = 6, Ba(—5,3)
117. a) y=8z+15 b) y =62 —19 118. a) y =4z —21 b) y=-3z-1
119. a) c€] —o00,7] c) me]—2,2] 120. a) c €] — o0, 3| ¢) m €]0,1.5]
b) ¢ €]12, 0] d) m €]0,3] b) ¢ €] — 0o, —4] d) m€]2,2[
true false true false true false true false
121. a) KX O ¢ O X 122. a) KX O ¢ K O
by O K d O K by X O d X O
true false true false true false true false
123. a) ® O ¢ O K 12 a) O & ¢ K O
by ® O d 0O K by ® O d K O
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58 Answers 7.2 The Parabola as a Geometric Locus

7.2 The Parabola as a Geometric Locus

125. - 126. -
127. y = ga?
128. F(u, 1= +v), £:y=— ——&-vorF(—%,c—i—lz’z),€:y:c—%
129. a) F(0,5), (:y=—% 130. a) F(0,3), L:y=—1%
b) F(0,5.25), £: y=4.75 b) F(0,1.75), £: y=2.25
C)F(—3,0),€Zy——2 C)F57g)7£y:%
131, a) y=—15(z—4)?+3 132. a) y=—1(z—3)*+38
b) y=g(z+2)?+2 b) y= 5z +2)?
133. a) y=4a2? -5z 4+ 4 134. a) y=—1ta2—2+4
b) y=ga?—3z+ 37 b) y = 0.2522 — 2.5z + 12.25
135. y = 3a? — 22 +5 136. y = g2? — ba + 32

137. a) F(0,2.5), £: y=—-25
b) The reflected rays all pass through F.

c¢) They are all parallel to the axis of symmetry of the parabola and thus also parallel to the

original incoming rays.

138. a) y=2—25
b) y = —x — 2.5, (—5,2.5)
c) (0,—2.5)
d) Tangent: y = —1.2x — 3.6,
5 125 (25 125
Perpendicular tangent with point of contact: y = gz — =2, (Fv ﬁ),
Intersection of the tangents: (fﬁ, —2. 5)
e) They are all on the directrix.
139. (0,2) 140. (0,1) 141. (0,2.25) 142. (0,1.5)
143. y; : intersection point (0,0),(2,1), midpoint (1,0.5)
Yo : intersection point (—2, 1), (4,4), midpoint (1,2.5)
ys : intersection point (—4,4), (6,9), midpoint (1,6.5)
Y4 : intersection point (—6,9), (8,16), midpoint (1,12.5)
y : intersection points (1 —v4c+1,3 (1= V4c+1)+c),(1+VAc+ 1,4 (1+VAc+1) +0),

midpoint (1,c+ )

144. P(p,p?),Q(q, ¢%), line equation y = max+c through P and Q yields a 2 x 2-system of equations:

102 = mp+c
2

2 _ 42 — _ — 2 _ .2 _
g = mq+c =P q m(p—q) =m=p+gq, p p°+pg+c=c Dq
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7.3 Applications

Answers

59

7.3

145.

147.

149.

151

153.

155.
157.

159.

161.

Applications

a) Lmin = 33 Ymin = 4
Tmax = 1 A 5uymax =6

b) Lmin = 2; Ymin = 4.5
ZTmax = — 1, Ymax = 12

C) Lmin — 37 Ymin — 4
Tmax does not exist

d) Lmin = 33 Ymin = 4
Tmax does not exist

a) Minimum position: & = 2,
Minimum: y = —100

b) Maximum position: = —1.5,
Maximum: y = %

¢) Minimum position: z = —5,
Minimum: y = —%

d) Maximum position: z = —4,

Maximum: y = 2

a) Minimum position: x = 1,

Minimum: y = %

b) Maximum position: = = 1,
Maximum: y = 10

¢) Minimum position: 2 = 3,

Minimum: y = —%

d) Maximum position: = = 4,
Maximum: y = 3.8

@-C,@-£,0-D,®-A,6-B

a) 1.65m c) 8.75m
b) 19.6m d) 4.7m
f(z) = —0.062% + 0.8z + 1.6

146. a) Tmin = 0, Ymin = —7

148.

150.

152

154.

Tmax = 2: Ymax = 1

b) ZTmin = —3, Ymin = —49
Tmax = 2, Ymax = 1

¢) Tmin does not exist
Tmax = 2, Ymax = 1

d) Zpin does not exist
Tmax = 2u Ymax = 1

a) Maximum position: z = 1,
Maximum: y = 50

b) Minimum position: z = —2.5,
Minimum: y = —1.8

¢) Minimum position: z = —6,
Minimum: y = —4

d) Maximum position: z = —1.5,

Maximum: y = 5

a) Minimum position: x = —2,
s A _ 125
Minimum: y = — %7

b) Maximum position: z = —1,

Maximum: y = 4.23

¢) Minimum position: x = —2,
Minimum: y = —3.92

d) Maximum position: =1,
21

Maximum: y = £

. ©-D,@-C,0-£,®-B,6-A

a) 1.75m
b) 15.9m

c) 7.1m
d) 5.3m

156. f(z) = —0.052% + 0.9z + 1.8

158.

160.

162.

a) f(z) = —0.0472(x — 25)% + 31
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60 Answers 7.4 Optimization Problems
163. a) y = 0.0006z 164. f(z) = 55=(x — 75)?
b) 47.04m
¢) 120m
d) 90m
) 166. a) y = —0.822
165. a) 2.2m b) < 2.952m
b) yes c) yes, very tight
167. a) Fr. 19.20 to Fr. 64.80, 168. a) f(x) = —6(z — 220)% + 117600,
maximum at Fr. 42.— 360 units
b) As prices rise, demand falls. b) 170 units
169. a) f(z) = —4(x—3)*+15 170. a) f(z)=—15(x—6)*+3
b) yes b) 2.6m
7.4 Optimization Problems
171. numbers 2 and —2, product —4 172. numbers —3.5 and 3.5, product —12.25
173. numbers —3 and 3, half product —4.5 174. —4.5 and 4.5, product —6.75
175. (%, —7) product —%6 176. (1,2), product 2
177. (—=1,1), minimum 2 178. (2, —2), minimum 8
179. (%, %), maximum % 180. (%, g) minimum —%
181. Side lengths: 5.25 cm (square) 182. Side lengths 16.5 cm (square)
area: 27.5625 cm? area: 272.25 cm?
183. Length 30cm, width 25cm, height 15cm, 184. base edge 15 cm, height 30 cm,
surface 3150cm? surface 2700 cm?
185. 190 m~ 31.83m 186. 22 m~ 63.66 m
187. perpendicular to the house wall 6.25m, par- 188. perpendicular to the garage wall 10.5m,
allel to the house wall 12.5m parallel to the garage wall 21 m
189. adjacent to the bicycle shelter 2.5 m, paral-
190. 6 m each
lel to the garage wall 5m
191. a =3.75cm, b = 11.25cm 192. £ = 7cm, A = 196 cm?
193. 8.75cm 194. 18.25cm
195. 24 cm high and 32 cm long 196. 6.cm long and 7.5 cm high
197. 83.4cm long and 69.5 cm wide 198. 75cm each
199. (1.25,2.5) 200. (3,1.5)
201. —4 202. 1
203. C(3.5,2.25), area 10.125 204. C(24,5.2), area 135.2
205. C(1,8), u =20 206. C(2,2), u=12
207. u =2, PQ =4 208. u=1, PQ=1%
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Answers

8 Powers

8 Powers

8.1 Powers With Natural Exponents

1. —6* < =35 < 01! < 110 < (-6)2 < 10% < 210 < 46

a) 81
b) —64
c) 343

e) —256
f) —512

b) —32

[z

d) 625

a) 27

d) 4096

a) —1000000

b) 256

5.

e) —27
f) —0.343

d) 5512

b) 1000000
c) 81
&) 316
b) 325
C) 327

a) <

e) 0.0081
f) —216
d) 1010000

c) 1024
a) 281

e) 664
f) 2512

10.

d) 5

a) 36
b) 5°

12.

d) 28

e) 63
f) 132
C) 226

d) 612

b) 3¢

f) 5

c) 3°
a) 212

b) 27

c) 7
a) 210

b) 314

C) 516

d) 613

14.

13.

d) 64

a) —16

b) 729
c) 256

16.

d) 4096
e) 243
£) 729

a) 382
b) —49

15.

) —616
f) —32

0

312
32

T6
b) —431

c) 27

20. @-€, @-C ®-D, @-F, ®-B, ®-G, ®-A

a) 81

18.

32
243

b) 97
c) 25

19. @-B, @-F, ®-G, ®-&, ®-D, ®-A, ©-C

a) —

17.

e) 45

e) 0.0256

f) —1.44

C) p3n
d) 5"

a) not possible
b) 5"

22.

¢) not possible

d) 6™

a) a'®

b) :L’ll

21.

¢) —p¢°
d) —2p¢*

a) 0

24.

c) a*b*

a) 0

23.

d) 2a%b?

e) 3z3

a) 8a®

26.

e) 16

a) 74n—16
b) 18a”

25.

f) 18a°
g> 78&61)9012

b) 53n—9
h) 49a%b%c*

f) 169a*b?c®

C) 138n+6

g) —27a%3¢?

h) 9a3

c) 372+n
d) 16a*

d) 125a°b3¢3
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10000
125
729
125
27
_32
243

c) a? —12a + 36

d) —4a?
e) not defined

f)
f) 2025

e)
f)
e) 376
f) 277
g) 777
h) 54

d)

0O

N~

Yo

5—5

572

8.2 Powers With Integer Exponents

5—1

576

b) a+6
64
b) 512
c) 25
a) 1073
b) 271
c) 37°
d) 501

a) —1
b) 16

122° —42%—1

I}

28.
30.
38.

Answers

1024

¢) a®+10a + 25
d) 4a®+3
e) —
10000
e) 81
e) 673
f) 276
g) 277
h) 202571

d)

39

36

8000
729

32

34

81
64
27

10000
c) —

2025

a) a® —2a+1
¢) —256
a) 372

a)
a)
b) 273
c) 573
d) 373

b~
™

3—3

29. 2729 — 1

27.
31.
37.

8.2 Powers With Integer Exponents

62

39.

c) 256

4096

c) 729

a) 625

b) —128
125
512
27
64

c) —
a)

48. a) 5

46.

81
256

10000

144
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f) 81

d)

4096
343
100
27
64

a) 64

a)

b)

)

a) 1
b) 27

49. a) 1

43.
45.
47.



8.3 Roots Answers
51. @®-&, @-B, ®-A, ®-C, ®-D 52. @®-&, @-C, ®-A, ®-D, ®-B
53. a) false ) false 54. a) true c) false
b) true d) true b) false d) false
55. a) —8 56. a) 1 57. a) 23076 58. a) 117%a+5
b) 7 b) -9 b) 617a75 b) 4—5a+5
c) -1 c) —1 c) 4=276 c) 7710
59. a) —3 60. a) 3
b) —1 b) —3
o) Z o {}
61. a) a* d) 5= 62. a) — d) %
b) b% e) 16 b) 3% e) bt
<) 3 f) a3 ¢) f) a?°
63. a) @313 c) 9 64. a) m8m5 c)1-2%
b) 27882 d) 0 b) 5747 d) 0
65. a) a4 c) 9311 66. a) 760 c) gt%
b) —b3 ) dF* -2 b) 17s~* d) wie® 2=
67. a) 1 ¢) - 68. a) % +3a® ¢) =
b) % -2 d) 5 b) —1 d) —&
69. a) —8 c) —6 70. a) 3,—1 c) —2,-5
b) -2 d) 5 b) 9 d) -6
2 2,3 1
71. a) $o d) 2 72. a) %4 d) 42”40
8 b2 a’e 9
b) Taems €) gar b) 26b e) glbw
c) aﬁzzpz f) lﬁi’i’f ©) Traee T
73. a) d+4r %+ 74. a) x76 2273y =6 44712
b) 4z=* — 4276 + 2 b) 9272 4+ 42271y =° + 49y~ 10
c) 2 +2+a72 c)9+6:c3+3:
d) 25— 10275 + 2710 d) 332 y~ 4y
e) 4x7% — 1227 3y% + 9y* e) x4 — 2272y 2 py4
f) 1—-2272+ 274 f) 272 +y 2 + 20 1y !
8.3 Roots
a) b) a) b)
radicand 4096 343 radicand | 625 729
75. | degree 12 3 76. | degree 4 6
term /1024 | /343 term V625 | V729
result 2 7 result 5 3
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8.4 Powers With Rational Exponents

Answers

64

a) 4

78.

d) not defined

a) 2

e

10

f) 100

d) 26

a) not defined

80.

d) 23

a) b

79.

e) 100

f) not defined

¢) 1000

o
®IS Giow —no

< O

I Mho —Iey

a)
)
)

82.

d) 2 and 3

a) 13 and 14
b) 10 and 11
¢) 6and 7

d) 3 and 4 84.

e) 2 and 3
f) 4 and 5

a) 16 and 17
b) 4 and 5
¢) 5 and 6

83.

e) 8 and 9
f) 2 and 3

a) 6

86.

iallan}

a) 3

85.

aho

c) 10

c) 20

a) V192
b) V117

c) true

88.

a)f/ﬁ

b) true

87.

¢) not defined
a) 3V/5+4v2

b) 22v/4

91. 576/49

a) 4V/642v/25
b) 32V/2

92. 16v13

90.

89.

8.4 Powers With Rational Exponents

o 8
©
= o

a) /128

94.

a) V4

93.

f) /512
d) V49

e) /1000
f) /243
d) V2048

a) V2401

b) V128
c) V134

98. a) 2

96.

a) V8

95.

e) V216

) /625

b) v/125
c) V123

a) a

f) /512

.I;w

—|

w0l

97.

(SRS

f) —2a?

a) 17

100.

e) 25
f) 128

e) 2197
f) 3375

© Verein zur Forderung der Mathematik



65

Answers

8.5 Power Equations

[}
0

a)

102.

liw

101.

e) 243

b) 1000

e) 2187

f)

b) 10

1
1728

—™

—
=% cora ol

= O

0 M —

a)
)
)

103.

a) 3

106.

[Sella]

105. a) 1

)
wa
/N
[T
—ho o<

e

108. a) 93

islle}

107. a) 328

e

f) 27
d) 25

f) 3-3

I

a) 4713.8

110.

a) 12

109.

—l©o

16

a) a

112.

111.

o
3

ool

a) a

116. ©-@-6-@-®, @-©, ®

114.

ahn

ol

a) a

115. ©-@-@-®, @-6-@-®

113.

a) 2

118.

11

d) 13

117. a) §

c) 88
d) 30

a) —20

b) 15

120.

a) 12
b) 21

119.

d) 60

c) 864
d) 38

a) —4

122.

ol

|

b) 731

a) /5

a)\g/g

124.

123.

b) V12

oo
o I
| >

0z

126.

8.5 Power Equations

N =

H H
—~ o~
= o
™D AN
H
® =
0
[a]
—

Nej
1,3|I
—~ o~
o o

1711
w H
® =
D~
[a]

—

f) no solution

c) £19

a)

c) 206

d)

130. a) §

129.

256
2401
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66 Answers 8.6 Powers With Real Exponents

131. a) +3 ¢) no solution 132. a) 4 c) —2
b) -3 d) 3 b) +2 d) +v2
133. a) —2,4 ¢) no solution 134. a) no solution ¢ &
b) 5 d) o5 b) 15 d) -2
135. a) 2 d) 2 136. a) —2 d) 68
b) 5 e) —1 b) 2 e) —3
c) =2 f) =3 c) 3 f) 3
137. a) 3 d) —4 138. a) —2 d) 3
b 1 ) 4 ) 2 o 4
c) 2 f -3 ©) 3 f) 2
139. a) 2,3 b) 0,1 140. a) 0,2 b) —4,—1
141. 7 = 6cm 142. r=h =9cm 143. 2,3 144, Y2712 —v2-12
8.6 Powers With Real Exponents
145. ©-D, @-C, ®-B, ®-A 146. @®-A, @-D, @-B, ®-C
147. a) 9 d) 1024 148. a) 32 d) 27
b) 512 e) 49 b) 125 e) 81
c) 32 f) 27 c)9 f) 343
V3
149. a) 625V7 150. a) (7)
b) 1 b) 13V
C) 12\/ﬁ C) (&)\/5
2\/5 11
d) (2) d) 736
o) vATYP —93vE _gvs ¢) 24V
f) 523 = 25v3 P g7
151. a) 1 152. a) 43Y7T _ gu VT
b) 2V 27 V7
4\2V2 _ (16\V2 b) (3)7 =(%)
o) (7)) = (%) o 1
2v3 V5
4 (3)77=(3) d) V222 ooV
¢) 35Y5 = 243%5 e) (5™
f) \/§3\/§ f) 62V2 — 36v2
153. a) 3 c) 4 154. a) 5 c) 3
b) 4 d) b) 2 d) 1
155. a) 16 C) 8\/§ 156. a) 81 C) ﬂ_\/ﬁ
b) 3'2 d) 98 b) 253 d) 16v6
157. 9261 158. \/ﬁ4\/§
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9 Power Functions

Answers 67

9 Power Functions

9.1 Power Functions With Natural Exponents

11.

13.

15.

4y 2. 6y
ey eyl
Nl o\,
2\ .
o A,
N a
La:3,b:5,¢:3,d:4,e:5, f:8,9:8 h: 4 4. a:5,0:7,¢:2,d:4,e:5, f:7,9:4, h: 2
. a) A:64, B:3,C: =3, D: 0.5 6. a) A: 81, B: £7, C: - DOOl
b) A: 16, B: gk, C: gk, D: 43 b) A: —1, B: 2, C: =32, D:
a) n=3 d) - 8. a)n= d) -
b) n=3 e) m even b) - e) n odd
c)n>5 f) n odd c) n< f) n even
a) n>7 c) 1,35 10. a) 1,3,5,7,9, 11 c) 2,4,6,8,10
b) 2,4, 6 b) n > 12
a) 11, 13, 15, ¢) 10,12, 14, ...  12. a) n ) 5,7,9, ...
b) b) 6, 8, 10,

a) y= %x4—6 ¢) y=52°+1 14. a) vy :§x3—|—7 ¢) y=1a2%-3
b) y=42*+5 d) y=28z"—1 b) y=28z*+3 d) y=23+3
true false true false true false true false
a) X O ¢ O X 16. a) X O ¢ O X
by X o d X O b) O X 4 O X
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Answers 9.2 Power Functions With Integer Exponents

9.2

17.

19.

21.

23.

9.3

25.

27.

28.

29.

Power Functions With Integer Exponents
=t ) s =l
z2 ! 1\71 -2 t 1\1
L > e St
2 2\l | R 1 |
v ] =
a: —9,b: =5, ¢: =9, d: =5, e: —4, 20. a: =5, b: —1, ¢: =8, d: =5, e: —2,
f:—=2,9: -2, h: —4 fi—=1,9: =2, h: =8
a) A: i, B: %, C: -6, D:8 22. a) A %, B: 25, C: :I:%, D: :t%
.1 . . . .4 . : o1
b) A: i, B: 256, C: +3, D: - b) A: &, B: =2, C: 216, D: 1
a) 0<z<1 d) n>5 24. a) z>1 d) ne{l1,2,3,4}
b) n even e) n € N\{2,4,6} b) n odd e) n e N\{2,4}
c) n=2 f) n even c) n=4 f) n odd
The Inverse Function
a) no c) yes 26. a) no ¢) no
b) no d) no b) yes d) no
a) Not really bijective, as sometimes several coats hang on the same hook or numbers are
not assigned.
b) Not bijective, as different kinds may be the same price.
¢) Bijective if the car park is fully occupied, otherwise not.
d) By definition bijective
a) Not bijective, as there are different books with the same number of pages.
b) Yes, if only the AHV numbers of living Swiss women are considered.
¢) Not bijective, as there are more than four people.
d) Not bijective, since, for example, 2 and —2 result in the same square number.
a) f~! halves the argument: y = 3
b) f~! triples the argument: y = 3x
c¢) f~! reduces the argument by 8: y =z — 8
d) f~! increases the argument by 2 and then divides it by 5: y = (z +2) : 5
e) f~! subtracts 3 from the argument and then generates the opposite number: y = —(x — 3)
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9.3 The Inverse Function Answers 69

30. a) f~! quadruples the argument: y = 4z
b) f~! divides the argument by 8: y = %

)
)
c)
)
)

f~! increases the argument by 7: y =z + 7
d) f~! reduces the argument by 5 and doubles it afterwards: y = (z — 5) - 2
e) f~! adds 1 to the argument and then generates the opposite number: y = —(z + 1)
31. a) y=4(z +6) ¢) y= -2 32. a) y= 72 ) y=—4(x+4)
_3 _ 4 _ 4 1
b) y =3z d) y=—3(z +5) b) y =3z d) y =32
33. a) X=R, y=32— 3 34. a) X=R, y=3x+20
b) X=R, y=4x—19 b)X:R,y:%x_%
) X=R{, y=v7 ¢) X=R{, y=a?
d) X=[4,00[, y=vz —6+4 d) X=[5,00[ y=% +5
e) X=R\{0}, y= ;%5 e) X=[d,00[, y=1/2(x—1) +4
Xr— 2 1'2— X
f)X:[?),OO[,y:(T?) +3:$ f)X:R\{O}Uy:m
35. X=]2 =+/—4(x—3)+2 1
a) X =200y S 36. a) X =[—6,00], y=(L(z+8))1 -6
_ _ 4f1
by X =10 ocl y=fsle 1) =5 b) X =JL,00f, y=3(6—2)"F +1
¢) X=[-1,00[, y = gz(z = 7)> =1 ¢) X=[-T,00f, y= /8 —9) -7
d) X =]9,00, y= /2 +9 d) X =[2,00, y=3(z+3)*+2
37. a) yes b) no ¢) no d) yes e) no 38. a) yes b) no c¢) yes d) no e) no
39. a) [y L c)
; / :
6 / 6
/ Al
9 - - 9. \
z i ——— 7]
1 1 4 7
b) Iy d) Ty
N
4 4 \
IRV )
1 ﬂL/ 1
- T xT
i [ 4 7
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70 Answers 9.4 Power Functions With Rational Exponents

40. a) y C) Yy

0

Qo

0w = gty =
P W = gt =

M
a5

Qo
—
o

—
] \\
xT xT
{ 4 4 [
true false true false true false true false
41. a) O X ¢ X O 42. a) K O ¢ KX O
b) K O d4d X O b) O X d X O
9.4 Power Functions With Rational Exponents
B fTiy=at, g7 iy =as, kTl iy =2 A4 fTliy =S, g7 iy =gt Ay =om

x
45. v | 46. U

o

—
o]

R A =2 |

RS R N

/ .
NN Z - e A

z o i
BEEER! 7 JT 156 7

o
RN

49. a:y=a%' b y=a" c:y=2a", 50. a:y=as,b:y=ab ciy=ui,
d:y=a3e:y=a", f:y=al ery=all fry=aig:y=as
h:y:x%,i:y:ac2 h:y=231i:y=a%

Exponent of g lies between 1.1 and 1.5. Exponent of d lies between 0.75 and 1.1.
Exact value: 1.3 Exact value: 0.9
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9.5 Graph Modifications

Answers

71

51.

53.

55.

9.5
57

59.

61.

63
65

67.

Y 52.
T
a:y=a>,b:y=a" c:y=a"3, 54.
d:y=x"2%e: y:x*%,f: Yy =5,
g: y:x%, h: y:x%. Between d and e
true false true false
a) X O o X O 56.
by O X d X O
Graph Modifications
. @-i, @-h, @-f, ®-g, ®-k, ©-7, 58.

a:y=+-z,b:y=—y/—x,c:y=—yx 60

ary=(x-33-1L,b:y=—(x-3)3+1, 62

ciy=(x+33+1,d:y=—(x+3)3-1

. O-H, @-A, @G, d-F, ®-C, ®-D, @-B, ®-E 64.
. g1-H, 92-€, g3-A, 94-B, g5-C, g6-F 66.

\

Y

PS

\

A
E3

o

\

w

A"
|

UL

BN

\1

/ 9 4

/)

T

8

true false true false

by O ® d X 0O

®-j, @-f, ®-g, ®-k, ®-i, ©-h,

a:y=+—x+1,b:y=—/—x—1,
ciy=—yr—1

a:y=—(z—4*+2,b: y=(z—4)* -2,
ciy=(+4*-2,d:y=—(r+4)*+2
@-C, @-4, ®@-&, ®-D, ®-F, ©-G, @-B, ®-H

91-C, 92-&, 93-A, g1-H, 95-G, g6-B

[IBCIN
InFan
1.

.
.
(Y}

>—I<

ﬁ

—
[ —

!
o [
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Answers 9.5 Graph Modifications

70. )

ALy

\
SN

~
X TN
S LS
—7 TN \/‘\ |
BErguyhann
sl (]
y 2 y _—

f3 \ /

A\
LA
\

\|
e

Iy
- 2 - 2 1/
1 1
=1 =T f
4
) f‘i =9
-3 -3 /

. f1: reflection across the x-axis, fa: a shift of 14 units in the y-direction,
f3: reflection at the origin, f4: reflection across the y-axis

. f1: reflection across the y-axis, fo: reflection at the origin,
f3: reflection across the z-axis, fy: a shift of 16 units in the y-direction

. fi: reflection across the y-axis, fo: reflection at the origin,
f3: translation by 6 units in the x-direction, f4: reflection across the z-axis

. f1: reflection across the y-axis, fo: reflection at the origin,
f3: shift by 10 units in the z-direction, fy: reflection across the z-axis

fry=—(r+2)3+5, 8 fry=1i@x+3)*-7,
g:y:—%m—l, g:y=2yx+6-5,
h:y=2xz-5)7"2-6 h:y=—(x—4)"1+3
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Answers

9.5 Graph Modifications

8 _ 5 ‘ 8 bf
N o = - \
o . 11 [
i <=
= = N \ ,
- - - \ ,
@ S AN A G AR TR = s mu\ku\%\mo oA K AT B AR TR = s © o n\. -~ anle) / Mmoo a% -
e ) MRV \
—
o o T = o~
i i
<t <t ol \ <t /
i
I
e Yo N N \N 0 = O N
i ﬂ 7 \
- Ne} Ne}
[ S~ ‘ // | /
) I <f
o0 o0 o0
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9.5 Graph Modifications

Answers

74

8 8 =
A 22 /
—
— Yy, = -
—_ N
/ ~/,
<
T~ M ~ 00
fwrl o0 0 —
> ¢ > 0 0w _ o +
@ o S o N H \ HOo D oo © o oM AZU NS | & 4+ <+ [
oy iy i i Lo
— —
2. 2N ! m Lo
2 2 —e = T T 57
i
Al | v ElEs FFsw
= — <t & =~
: — (N | | [T
- - - T T T | R
N4 . — = - > 3 2> D> >
[ [ ~~N N A/~ A~ N N/
< L O T T Qo © T
© ) S I
e} 0 D (=2}
S h/ S
/h = \\
// =t ‘ =t D
L -
“““ B — /
©
> / > ¢ / ™ CEE Y B N i
/b R R b - © b o N /14 Q@ b ook ™ 4+ =+ 4o | QMT
| ) \ RN A=
/ — | M~ 4 & | &
o). o).
- _ J tel e + &8+ |
= <t & | & | 5 | 8 8
] g [l Lt S~— S~— N~— N~— S~—
TN —— ¥ 1 | I | | i
DD DD S D DD
Ne} o Ne]
1 [ ~ I~ I~~~ o~~~
s o o = S o o =
) r~ S —
0 [e’s) o0 (=)
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9.6 Polynomial Functions Answers 75

93. a) a=-1,b=2,¢c=2n,neN,d=3 94. a) a=2,b=1,¢c=2n,neN,d=1
b) a=2,b=1,c=2n+1,neN, d=2 b)a=2,b=2c=2n+1,neN, d=2
c)a=2,b=1c=2n,neN,d=0 c)a=-3,b=2,c=2n+1,neN,d=2
d)a=—-%,b=2,c=2n+l,neN,d=2 d)a=—5,b=1c=2n,neN, d=4

95. V = 3m(2t)3 = 2713, V(9s) ~ 24429cm®  96. A = n(3t)? = 9nt?, A(24h) ~ 16286 m?

97. a) 12d, 244, 120d 98. a) 204, 500, 5¢
b) y =129 X =]0,1200], Y = [1, 00| b) y =20 X =1, 00, Y =]0,800]
¢ LB c) w/t |

o
9 AN
ol
56 \ 0 - e
| "
o: \ 10 11 z/d
ot

100 500 1000 | 1200

99. f(x) = 2Zna®, f~l(2) = {5 100. f(z) = 16ma®, f~1(2) = /1%
f(8cm) ~ 17157 cm?® f(8cm) ~ 25736 cm3
f—l(looo Cm3) ~ 3.1cm f71(1000Cm3) ~ 2.7cm

9.6 Polynomial Functions

101. a) no polynomial b) polynomial ¢) polynomial d) no polynomial

102. a) no polynomial b) polynomial ¢) no polynomial d) no polynomial

103. a) 5,7, 9 104. a) 6, 8
b) —2z7, —2®, —32° b) —42%, —210

105. @-C, @-D, @-A, ®-F, ®-&, ®-B 106. @-F, @-A, ®-F, ®-C, ®-B, ©®-D

107. a) 6 108. a) 4
b) 6 b) 4
c) >5 c) >
) 9, 113,... d)6810
e) 4,6 e) 5, 7,9,

109. f27 f67 91, 92, h2 110. f37 f47 93, g6, h2a h5
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76 Answers 9.6 Polynomial Functions

111. a) Ty c) Y 112. a) K y c) y
A w o Y

b) y d) y b) y d) i
15/\I \ Nn /\I\Q/Z 5 NSy
IR AT 5
113. a) y= La(z+4)(z—3) 114. a) y=—ta(z—2)(z—3)(z+4)
b) y = —1g55(z — 2)*(z +5)*(z — 6) b) y =z —4)(z -7
&) ¥ = rhra(o + 43z — 3P &) y= Lo+ Do -2 5)
d) y= —é(m+1)2(x—4)3 d) y= —%(m+1)2(x—2)2(x—4)2
)

115. a v d) U 116. a) U d) U
Jd 4 T \'3 3/ T \'5 ! / T

&
_
<

g
i
Te

117. a) y=2(z—1)*(z+2) 118. a) y=—3(z —2)3(z +3)
b) y = tx*(x —4)(x — 6) b) y=g3(x+1)(z+3)(z—4)
) y=2i(x+2)>2(x—6) ¢) y=—32%(z+3)(z—4)+2
d) y=—(x+2)%x—4)-20 d) y=—1(@-1)*@z-5)
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9.6 Polynomial Functions

Ans

WErs

7

119.

a>0,b>0

oy

fabe

» T

b>0

b<0

» T

s 8

abc

abc

RN

121.

a) y=-2>+42°+1—6

b) y=a* 323 +2% - 62 +9

123. degree 3

degree 5

120.

122.

a>0,b>0

Y

abel

abc]
,C‘ z b, :/B ¢
abey.-.. Con : L
a) 23— 42?2 + 3z +1

y:
b) y=

—zt 4423 — 222 — 4z + 2

degree 4

, ; : \
g \ H | ," v Y
: .
. ‘o ) ' K \ AN / |
) N | 1 \ [N ’ \
\ ,
1 ' N 1 I M ! \ 1
I \ ' ) . I i ' v ,
I \ B H h 1 N ! \ I
1 \ N N ) 1 \ ! 1
x » T ; » T » T
' \ ] [ [ \ k \ / !
T \ N 1 ” \ n \ 1 ‘\ II
1 \ ’ 1 B v é L] T \ h
' L [ \ o \ 1 K
/ o o | \ ; y
l’ ‘\ / ! ‘\ II ‘ !
' [ v 1 S
K ! J B,
. k
K
124. degree 4 degree 5 degree 6
. ¥ ) , y. ~ Y
! ) Y +’ . | \ ! ' ” !
! / \ v . ' ¢ ! L ” !
' . \ ' \ , ' ! LY oo !
' . \ 1 \ 1 1 ! ' ! 1 Y !
' / \ ' \ ' ' ' ' ' \ P !
' ’ v ' \ ; 1 ! ' ! \ I v !
| . \ f \ ’ ' ' ‘l ! \ ' \ )
! g \ [ z v 7 ' T 24 T - n T T
\ ’ \ i \ 1 ' ' ! ! L] i !
\ ’ e h \ i 1 1 v ! ' 1 \ !
1 ’ N ' \ 1 ' 1 ' 1 \ ) \ !
\ 4 ’ L) 1 Vol v 1 I [
\ 1’ ’ \ 1 L] 1 1 1 ~7 \‘I
\ \ 1 1
N \ / I . !
N \ ‘ v 1 '
. 1 ’
\ X
true false true false true false true false

]
X

X
]

c)
d)

O
X

X
O

126.

X
]

O
X
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Answers 10 Exponential and Logarithmic Functions

10 Exponential and Logarithmic Functions

10.1 Exponential Function

1. yes, y = 10%-1.09%, X = Ny 2. no, linear

3. no

5. yes, y =55, X =N Y = {5"|n € N}

4. yes, y = 3000-0.9%, X = Ny

6. yes, y = 2500-1.035""!, X =N

yes 1o yes 1o yes 1o yes 1o
7.0a) X O ¢ X O 8. a) O XK ¢ X O
by O ® d O X by X O d O K
. \ L] 0 I
V) L]
ARENETAY, Ll
B U1
k|l g h\: /f
N i \../
11. f: 2 =67 12. f: x— 3"
g:x—)?wx g:x—>51w
hiw o (3) hiw—(3)
koo (L) kix—(5)

Note on tasks 13 and 14:
The solution is the area highlighted in grey without the border, at d) additionally also without

the y-axis.

13. a) 1 / c)
b) " Q)

15. a) 0<a<2Va>3
b) 0<a<3Va>3

17. a) @ c)
b) ® d)

\[ 7T 14. a) [ [\EEY c)
|
|

f b) ! d) ER]
/
1/
16. a) 0<a<4
b) 0<a<gzVa>1
@ 18. a) ® c) @
® b) @ d) ®
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10.1 Exponential Function

Answers 79

19.

21.

23.

25.

27.

29.

31.

35.

37.

41.

42.

43.

45.

47.

a) The new function value is i of the ori-
ginal function value.

b) The dependent variable is the square of
the original dependent variable.

¢) The argument was increased by one.

d) The independent variable was reduced

a) ®
b) f(z) =a” for all a € RT \ {1}
c) @
d) ®
true false true false

a) KX O ¢ X O
by O ® d X O

true false
a) X O c) X O
b) O X d) O X

a) P: no, Q: yes

b) P: no, @: no

¢) P: yes, @Q: no

d) P: no, @: no

a) 4 c) b

b) 3 d) 2

flz) =47 32. f(x) =0.5"
a)a—%,b—?) c)a:G,b:%
b) a=3,b=-2 d) a=15b=7
fla)= -3 38. flo)=3-(3)"

a) linear, f(z) =4z + 2

a) exponential function, f(z) =3 - (i)x

a) y= (%)aj ¢) not possible

b) y=—2.4° d) y=—%~(§)x

a) y=-—-3"+4 b)y:%(%y—l
flz)=-3"+2

20. a) The new function value is the root of
the original function value

b) The dependent variable is multiplied by
eight.

¢) The argument was increased by 2.

d) The independent variable was tripled.

22. a) ®
b) f(x) =a" for all a € RT \ {1}
c) ®
d) @

true false
24. a) O X ¢ O X
by ® O d ® O

26. a) KX O ¢ O X

28. a) P: no, Q: yes
b) P: yes, Q: yes
¢) P: no, Q: yes
d) P: yes, Q: yes
30. a) & c) 2
b) 4 d) 2
33. f(z) = (3)° 34. f(z) =107
36. a) a=4,b=2 c)a=g,b=5
b) a=4,b=-3 d) a=3,b=¢
39. f(z)=—2-57 40. f(z)=3-(3)"

b) power function, f(z) = 2*

44. a) y=13" ¢) y=v3"
b) not possible d) y= (g)aj
46. a) y=5-27—20 b)y=6-(3)" -6

48. f(z)=(3)" -4
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80 Answers 10.1 Exponential Function

49. ¢: Shift by —2 in the x-direction; 50. g: Shift by 3 in the y-direction;
xr
y =312 y=(3)"+3
h: Reflection on the y-axis; h: Shift by 2 in the z-direction;
_ (1\* 1\2—2
v=(3) y= (1)
i: Shift by —4 in the y-direction; i: Reflection on the z-axis;
y=5 4 y=- ()
j: Reflection on the z-axis; j: Reflection at the origin;
y=—-3" y=—4
51. a) Reflection on the y-axis 52. a) Compression in z-direction with factor %
b) Shift by —1 in the z-direction and by b) Reflection at the origin
—2 in the y-direction ¢) Stretching with factor —3 in the
¢) Stretching in the y-direction by a factor y-direction
of 2 d) Shift by —1 in the z-direction and by 3
d) Compression in z-direction with factor % in the y-direction

53. a) E.g. compression in the z-direction 54. a) E.g. stretching in a-direction with fac-
with factor , stretching in the y-di- tor %
rection with factor 2, followed by a shift

X S b) E.g. reflection at the origin and com-
in y-direction by —1

pression in the y-direction by a factor

b) E.g. stretching in z-direction with fac- of 1
tor 4
s5. [ [\ ? 56 R

VAL B

\u

| S | [
2 ! 3
(A
57. gla) =272 =27.22 — 4. 907 58. g(x) = 227 = 202 — (27)?
59. a) Compression in y-direction with factor 5 60. a) reflection on the y-axis
b) Stretching in z-direction with factor 2 b) shift by 1 in negative z-direction
61. a) y= 4T3+5 c) y=3-47 62. a) y ¢) y=43% =27
b) y = d) y=4-+2) b) y =472 +6 d) y=—47 42
_ T 3 x 1z
63. a) y=—2 Jy=(H"+2 64 a) y=5(2)"—49 o) y=(3)* +4
_ 1\2—2 x z _1,
b) y=3-(3) d) y=1((3)"+1 b) y=—2%+2 d) y=(4)°
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10.2 Exponential Growth and Decay Answers 81
65. a) asymptote: y =4 66. a) asymptote: y =0
y-intercept: 5 y-intercept: 3
b) asymptote: y =0 b) asymptote: y =0
y-intercept: — 1 y-intercept: —4
¢) asymptote: y =0 c¢) asymptote: y =0
y-intercept: 2 y-intercept: 3
d) asymptote: y = 2 d) asymptote: y =0
y-intercept: 127 y-intercept: 1
67. a) to the left, from above 68. a) to the right, from above
b) to the right, from below b) to the right, from below
¢) to the right, from above c¢) to the right, from above
d) to the left, from below d) to the right, from below
69. a) y=2-2*44 70. a)y:—S 2% +4
b) y=2-(3)"+1 b)y=1.6
c) y=3-4*-2 c) y=—-2-5"4+6
d) y=3-5"+2 d) y=9-(3)"-3
TLoy=-2.2241 72.y=3-(3)" -5
smi  smd smi  smd smi  smd smi  smd
73. a) O K ¢ X O 4. a) O K ¢ X O
b) KX o 4 O X b) O X d KX O
true false true false true false true false
75. a) O X ¢ O X 76. a) X O o X O
b) X o 4 0O X b) X o 4 KX O
true false true false true false true false
77. a) O XK ¢ X O 78. a) K O ¢ KX O
b) O X 4 O X b) O X 4 O X

10.2 Exponential Growth and Decay

79.

a) after 1h: 4000,
after 2 h: 8000,
after 3h: 16 000,
after 4h: 32000,
after 5h: 64000

) 4,4
) 2000 - 2"
d) 2828, 5657
) 41.42%
) 1.26

80. a) after 1h: 5-10%,
after 2h: 2.5 - 1015,
after 3h: 1.25 - 1015,
after 4h: 6.25 - 1014,

after 5h: 3.125 - 1014

10* ( )

7.07-10%%, 3.54-10%°
29.29 %

0.79

b) 5
)
Q)
¢)
)
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82

Answers 10.2 Exponential Growth and Decay

81. a) after 2h: 37.89 mg,
after 3h: 32.99 mg,
after 4h: 28.72mg,
after 5h: 25 mg,

82. a) after 4 weeks: 192 cm?,
after 8 weeks: 768 cm?,
after 20 weeks: 49 152 cm?

after 8h: 16.49 mg b) 7
b) 24.21 %, 34.02% c) 300%
¢) 50.270-2n d) 48 .22
d) 39.68 mg,4.96 mg e) 680m2,2
136 cm~,
e) 0.79 1086 cm?
f) After 6.6 hours, i.e. during the 7th
f) 64
hour. )
g) Theoretically infinitely long g) 12em
83. 18 years 84. 40 days, 45 days, 50 days
t -4 |1 -3 0 1 3 5 t -4 | =3| 0 1 3 )
8. 625 | 125 18 | 648 | 23328 86. 128 | 32| 1 5 125 | 3125
FOl 3 | 72| 3 | 5 | 25 | Si F)| &5 | 195| 2 | 8 | 128 | 2088
87.a)| ¢t [0 | 1 | 2|3 |4 |6 | 8 a|t |01 |2|3]|4]G¢6
ot lelz e VN ENEEE AR
b) f(t) =343t b) f(t)=1-15'
c) 3 c) %
d) 9 d) §
e) V3 e) @
89. a)| ¢t | -3 1 |4 |6 |9 |11 9 a|t |[-1] 0] 2|35/ 10
FO] 2| & [15] 6 | 48 | 192 fO|sm| s |5 | 5|5 | &
b) £(t) = & - b) f(t) = 215
c) 2 c) 3
d) 512 d) 55
e) V2 e) 76
91. 16s 92. after 17 months
t -4 |1 -3 0 1 3 5 t -4 | -3| 0 1 3 5
93. 94.
f(t)|24.88|20.74] 12 | 10 | 6.94 | 4.82 f(t)| 40.5| 27 | 8 | 5.33] 2.37| 1.05
t 0 1 2 125 3 8 t 0 2 125 3 6 8
95. a) 9. a) 243 | 27 |o 8 | 32
@40 | 20 | 10 [5v2] 5 | & fO 52| 5 |3v6] 9 | 3 | &
t
b) f(t) = 40-0.5" b) f(t) = 23 . (2)
04 0 3
1
d) 53 d) 3
e) % e) %
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10.2 Exponential Growth and Decay Answers 83
t | -3 4 11 11
o7 FOl 2| 2|15 | 5 192
256 16 B
b) f(t) = 552"
c) 2
d) 512
e) V2
99. 64, 4 100.
101. 0.25, 0.5 102.
true false true
103. a) ® O ¢ O 104.
by O X d) K
105. a) a=1.2 106.
b) a =0.12
107. a) +40% 108.
b) —75%
109. a) 512 c) 81z 110. %
b) 2v2 d) 16v2 2
111. a) 2 112. a) 1
) 3 :
113. a) 3 114. a) 1
b) 57.81%
c) 2027
115. a) 4530 116.
b) 10%
117. a) 42256 m3 118.
b) 76318 m3
c) 3%
119. a) Fr. 4251998.— 120. a) Fr. 56419.—
b) Fr. 354437.—
c) 22%
121. a) f(t) = 4820 ¥/2' 122. a) f(t) = 26350 /3"
b) 7433 )
c) 27266 )
d) 2027 )
123. a) f(t) =4.8-0.75¢ 124. a) f(t) = 500 - 0.86"
b) 1.52cm, 0.85cm, 0.27 cm ) 318mg, 174mg
) 17.80% )
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84 Answers 10.3 The Number e

125. a) f(t)=20-0.9! 126. a) f(h)=1.013-0.88"
b) 13.1Lux b) 958 hPa
¢) 1.6 Lux c) 608 hPa
d) 34.87% d) 32.27%
127. a) f(n) = 10000 - 1.015" 128. a) f(n)=15000-1.011"
b) £(10) = 11605.41, b) £(10) = 16734.12,
f(20) = 13468.55, f(20) = 18668.71,
£(50) = 21052.42 £(50) = 25920.84
129. 2.5% 130. 2.8%
10.3 The Number e
131. a) Fr.2.— 132. a) Fr. 200.—
b) Fr. 2.25 b) Fr. 225.—
¢) Fr. 2.44 ¢) Fr. 244.—
d) Fr. 2.61 d) Fr. 261.—
e) Fr. 2.7145 e) Fr. 271.45
f) Fr. 2.71812 f) Fr. 271.812
g) Fr. 2.71823 g) Fr. 271.823
h) Fr.1-(1+1)" h) Fr. 100 (1+ 1)"
133. a) 2.25,—-17.23% 134. a) 2.718145927,—0.004 999 54 %
b) 2.59, —4.58 % b) 2.718 268 237, —0.000 499 995 %
c) 2.7048,—-0.495 % ¢) 2.718280469, —0.000 05 %
d) 2.71692, —-0.049 954 % d) 2.718281693,—0.000 005 %
135. a) 2.7083,—0.37% 136. a) 2.6,—1.89882%
b) 2.71827877,—0.00011 % b) 2.718 281828, ca. 0%
137 f:rax—uys, g:x—y1, h:x—yg, i: 138 f:ox—ys, g: x— y1, h: x— ys3, i:
T Yo, J: XY, kT ys T Yg, Jrx Y2, ki x—ys
139. fJ / 140. 4 /

K , /
L] IE/ /
LI L J

~
—

- ‘ 1 h
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10.3 The Number e Answers 85

4L a) ] 142. a) I

. —x_—(—=x) —x_ &
b) cosh(—z) = eﬂ*;*(*m) = efm;ez = b) 5111'13(—752) = = g =
R —& = = —ginh(z)
€Ee— = cosh(x) 2
¢) Monotonically decreasing on R~, mo- ¢) monotonically increasing on the entire
notonically increasing on R domain R
143 ¢ h - 01720*1' T _emT o2 _q 144 h B Oz+2c—m  etqe—t 62m+1 B
. a) tanh(z) = T~ erter il . a) coth(x) = ST = e = w1 =
2x
b) z=0 1+ o = 1+ =2
¢) odd b) coth(z) = &Fe—
Both summands in the numerator are
always positive
¢) odd
2
2 . 2 _ 1e™® T —x
145. a) cosh®(z) —sinh*(z) = (C £ ) (C 5 )
— %(2z+2+e—2w_621+2_e—2w)
= 1(2+2)=1
b) cosh(z) cosh(y) + sinh(x) sinh(y) = em+2e—m . e”;_y + em}e_z . ey;e_y
o ew+y+ewfy+e*z+y+efrfy+ez+y_ez*y_efory_;'_e*z*y
- !
= % (2€w+y + 2e—ac—y)
= % (ex+y + e—(x+y))
cosh(z + )
. . _ I+ -z y+ -y T_ " T Y_" Y
cosh(z) cosh(y) — sinh(x)sinh(y) = “H— “FF— - S=— &=

ew+y+ewfy+e*1+y+efw7y_ew+y+ew*y+e7w+y_efw7y
4

— % (em—y + e—(m—y))
= cosh(z —y)

© Verein zur Forderung der Mathematik



86 Answers 10.4 Logarithms and Logarithm Function

146. a) cosh®(z) +sinh®(z) = 1 (e +2+e 20 4% —24e722)
1 (262 4 2¢72)
— % (62:1: 4 6721)

= cosh(2z)
b) sinh(x)cosh(y) + cosh(z)sinh(y) = ew,;—w . ey+2e_y + emge_x : ey?_y
o e Y e Y _o Y _omT Y 1 oY Ty oty 2y
= 1
= 1(2e"TY —2e7"7V)
T )
= sinh(z +y)
sinh(z) cosh(y) — cosh(x) sinh(y) = em*;_m . e”+2€_y _ e”;_m . ey*;_y
o er+y+ezfy_efr+y_efrfy_er+y+ex*y_e*r+y+efzfy
= 1
= 1(2e"7Y —2e77tY)
= % (ew—y - e—(af—y))
= sinh(z — y)
10.4 Logarithms and Logarithm Function
147. a) 10* = 100; 2 c) 3 =27; 3 148. a) 10* =1000; 3 c) 81* =9; %
b) 16° =2; + d) 2*=4; -3 b) 27 =8; 3 d) 2*=1; -2
149. a) x =log;p 15 = —1 150. a) x =log;, 155 2
b) z =logy 243 = b) x =log, 35 = —5
c)x—log642—g c) x=logg3 =3
d) z =log, 15 = —2 d) z=log18=-3
151. a) 2 c) 4 152. a) 3 c) 1
b) 1 d) 3 b) 1 d) 2
153. a) —2 c) =3 154. a) —3 c) —1
b) —1 d) —1 b) —2 d) —4
155. a) 3 c) not defined 156. a) ¢ o 1
b) not defined d) -3 b) —3 d) not defined
157. a) 3 c) 0 158. a) —2 ¢) not defined
b) —% d) —2 b) 2 d) 0
159. vessel 1: D, F 160. vessel 1: B, G
vessel 2: A, B vessel 2: A, D, &, F, H
vessel 3: C, £, G, H vessel 3: C
161. a) 3 <) 3 162. a) —3 c) —1
b) —2 d) -2 b) —2 d) 3
163. a) —2 c) —1 164. a) —3% c) 4
b) —4 d) —3 b) —2 d) -1
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Answers

10.4 Logarithms and Logarithm Function

—|e

a) 5

166.

a) 7

165.

™

15

168. a) 2

aho

167. a) 1

<™

170. a) —22

™00

a) —108

169.

aalhs

—~

o

172. a) 3§

<t

;e

171.

i

—~

e’

Sella\]

o]

[a\llan)

el e}

<t

174. a) —

N

173. a) 2

0[O

[Sella]

o<

<tlen

176. a) 2

¢) not defined

a) 4

175.

178. A<H<D<C<E<KGLKFLB

177. D<E<B<C<F<A<H<G

1
12

a)

180.

179. a) —1

10

—l©o

14

182. a) 2

Al

Ao

<flon

<flon

[a][=2}

184. a) 9

0| <f

a) 6

183.

d) not defined

Relloy

Tellop}

c) 22

a) —11

186.

c) —12

a) 8

185.

il

Sallo

allag)

el

a) —4 c) 5.5

188.

a) 3

187.

2=

(SN

<ho

¢) 625

1
625

a)

190.

c) 32
) 144

a) 2

189.

b) 216

<

192. a) —3

—|n

191.

™

a) 8

194.

¢) 529
d) 10

a) 256
b) 16

193.

d) 4.5

b) 0.001

e) 4.17919
f) —3.15443

g) —5.80625
h) 5.681 24

a) 2.95705
b) —2.93116
c) 8.96578
d) —7.96578

196.

e) 3.26752
f) 6.048 74
g) 3.75815

a) 1.95345
b) —3.09590
c) 6.64386
d) —9.96578

195.

h) —2.19179
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88 Answers 10.4 Logarithms and Logarithm Function

true false true false true false true false

197. a) O X ¢ X O 198. a) KX O ¢ O X

by O X d X O b) O X 4 0O X
199. a) 32 c)9 200. a) 16 c) 2

b) 49 d) 40 b) 125 d) §
201. a) % ) 35 202. a) 121 ) 3

b) 160 d) 2 b) 2 d) %%
203. a) 0 c) 27 204. a) —1 c) 12

b) 0 d) 4 b) 1 d) 3
205. a) 125 c) 6 206. a) § c) -1

b) % d) 2 b) 16 d) 4.5
207. a) 9 c) 3 208. a) 4 c) 256

b) 17 ) 15 b) 8 d) 49
209. a) X=R*"\ {1} 25 210. a) X=R"\ {1} 3

b) X =R+ \ {1}; 4 b) X =] —o00,3[U]3,4[; 4

¢) X =] —1,0[U]0, 00]; 3 o) X=R*"\{3}; 3

d) X =3, 3[U]3, 00[; 2 d) X =R+\ {1} vz
211. a) z c) x® 212. a) 4z c

b) 0 d) 4 b) 21 d)
213. a) X =] —3,00]; -2 214. a) X =] — %,oo[; 2

b) X =]2,00; 5 b) X = R*; 53

¢) X=R\{0}; +3 ¢) X=R\{-2}; 2 -6

d) X=R*; - d) X =R*; 162
215. wrong, lg10'° = 1.5, and 10'° #£ 45 216. wrong, the base of every logarithm is a po-

sitive real number not equal to 1, so —3
cannot be the base of a logarithm.

217. wrong, the base x must be positive. 218. correct
219. a) log, b+ log, c+log,d 220. a) log,p +log, q

b) log, b+ log, ¢ —log, d b) —log,p — log, q

c) —log,b—log,c c) log,p+log,q—log,r—log,s

d) log, b+ log, c —log,d —log, f d) log, p + log, g + log, r — log, s
221. a) 4log, b 222. a) 2log,m

b) —6log,d b) —3log, n

) +log,p c) —3log,r

d) 2log, p + 3log, q d) ilog,r+2log, s
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10.4 Logarithms and Logarithm Function

Answers

89

223.

225.

227.

229.

231.

233.

235.

237.

239.

241.

243.
245.

247.

—log,(c+d)
b) log, b+ 2log,(c+ d)

a) log, b

c 4logab+210gac+logad

d) 5log,b+ 5 loga

b) lgd5+1g3+4

12
12

™

)
)
)
) 3
a) 3+1g4
) 1
)
)

=3

a) 1oga%
b) log, bc

a) log, bc?
b) log,(b—c)3

a) 1g 300000
b) lg &

true false
a) O X ¢
b) X O d)
a) —1

2,3,4,6,8,9,12, 16, 18, 24, 27, 32, 36, 48, 54

a) 2.782-10%34
b) 1.911-102184
c) 2.661-107458

D<A<F<E<B<C

a) 22338618 digits
23249 425 digits

a) II(5) = 3,
£(5) ~ 3.106 67,
A=36%
I1(10) = 4
F(10) ~ 4.342 945,
A=86%
¢) TI(20) = 8,
£(20) ~ 6.676 164,
A=165%

I1(100) = 25,
£(100) ~ 21.714 72,
A=131%

224.
£ loga d— %loga f
c) lg6—-1g7—-1  226.
d) 7Tlgs+7
c) 13 298.
d) 30
c) log, Vb 230.
d) log, b®
c) log, \/g 232.
d) log, %
¢) 1b48 234.
d) 1b3
true false
X U 236.
O X
b) 55 238.
240.
d) 1.341-1015%4 242.
e) 9.417-108%
f) 2.303 - 10°
244.
246.
248.

a) 2log,(p+q)

—log, r

)
b) log,(p+ q) — 3log, r — 2log, s

c) %logap+ glogaq —2log, r —4log, s
d) jlog,p+ $log,q— 5log,r — ;log, s
a) 7+1g3 c) lg2—1g6+2
b) lgd+1g3+5 d) 6lg8+ 12
a) —13 c) 24
b) 12 d) 48
a) log, pg c) log, ¥/p
b) 1Oga p2 d) loga 1;%
a) log, p*q? c) log, ];,_q
b) log, /P +4q d) log, =
a) 1g 50000 c) 1b 320
b) g d) b1

true false true false

a) ® O ¢ 0O K

by O K d O
a) 1176 b) —1 —log,; 5
2,4,5,8,10,12, 16,25, 32, 40

a) 1.207 - 10330 d) 3.048 - 101008
b) 1.341-1015 e) 7.769 - 10520
c) 2.238 107143 f) 1.245 - 10580
D<B<C<A<F<E

a) 24862048 digits

b) 41024320 digits

a) TI(1000) = 168,

£(1000) ~ 144.764 83,
A=138%

T1(10 000) = 1229,
£(10000) ~ 1085.736 21,
A=11.7%

¢) TI(100000) = 9592,
£(100000) ~ 8685.889 64,
A=94%

I1(1 000 000) = 78498,
£(1000000) ~ 72 382.413 65,
A=78%

b)

d)
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90 Answers 10.4 Logarithms and Logarithm Function

3 n 2
249. a) 1lggitl2 c) 11>Ogg:153 250. a) g ©) THiog3
Ig11 lo, 21
b) a7 d) blo b) %5 d) e
251. a) logg4 c) logs 12 252. a) log 517 c) lg2
b) log,, 18 d) logg 20 b) log, 11 d) logg 24
253. a) 3 c) 3 254. a) 4 c) 2
b) 3 d) § b) 1 d) §
255. a) log, b-log, a = 115—2 . lé—‘; =1 O 256. a) log,mb:log,b= nigl;gl;a . lé—‘; =1 O
m . _ mlgb lga __ m _ mlgb _ lgb __
b) log, b™ :log, b= 5> &5 =m O b) log,m b™ = HEL = {£2 =log, b O
257. @-A, @-C, ®-E, ®-D, 6-F, ®-B 258. @-C, @-A, ®-D, ®-F, ®-&, ®-B
259. a) 2 c) 9 260. a) 9 c) 8
b) {} d) 44 b) 2 d) 16
261. a) 1i5 c) 3 262. a) § c) 25
b) V3 d) +121 b) 200 d) 2v3
263. a) 3 ) 35 264. a) 3 c) -1
b) & d) 12 b) {} d) 97
265. a) 4 c) 1026 266. a) 2 c) 10*
b) 3 d) b) —3 d) 9
267. a) /100 c) 8 268. a) V5 c) 9
b) 729 d) 32 b) 49 d) 729
269. a) 1,100 ) 35,16 270. a) 1,10000 c) 1,1024
b) 10 d) 1555, 1000000 b) 9 d) =5,2
271. a) log, 28 c) logy; 33 272. a) logg 108 c) log;5 2
b) logs 2 d) logy 195 b) logg 2 d) logz §
273. a) log; 2 c) logy; 23 274. a) logy L2 c) log /5 (5v2)
b) logiz 35 d) log% % b) 1Og% %1 d) IOg% 429
275. a) log 10 ~ 2.096 276. a) logg 4 ~ 0.7737
b) log, I ~0.4037 b) logs v/15 ~ 0.8413
c) logy ¢ = ~ 3.714 c) logo s 3~ 4.923
d) In5 ~ 1.609 d) In 2% ~ —0.8028
277, a) 155 = logg 5 ~ 0.8982 278. a) 1056 = = logy 36 ~ 2.227
b) In §/ L ~ —0.6847 b) In(£33) =2~ L3~ 1451
c) 1og6 2~ 0.3869 c) logz4 ~ 1.262
d) logs 2.4 ~ 0.7969 d) Ibi ~ 2415

© Verein zur Forderung der Mathematik



10.4 Logarithms and Logarithm Function

Answers

91

279. a) —4+1b9 ~ —0.8301
b) L2 =1b /5 ~ 0.4644
¢) (logyy 81) ~ 3.359

) ].O ﬂf = —3

281. a log% 3~ —3.819

log 3 2 ~ —0.4141

— oy ~ —0.2789

1
1955 125

1
5555 10000

1
35532

1
58

283. a

3

2
{

)
)
)
)
285. a) 2,1b9
)
)
) logg 2,logy 6
)

287. a

)4

solution: log, %

b) (J:any number y > 1.5
solution: log,(4y —6) — 3

289. a) 1,4 b) 1,3V3
291. 10.5 years

293. at the very end of 2042

295. 7.2 years

297. 39.6 years

299. 2039

301. 2.8h

303. 3.4h
305. 6.94 years

— ilogg 2~ —3.158

280.

282.

284.

286.

288.

290.
292.

294.
296.
298.
300.
302.

304.
306.

) —2 +logs 2 ~ —1.569

) = log, V12 ~ 0.2311
) (Ig12)* ~ 1.165

)

log6 12

2 — Zlogy 3 =log; {/ % ~0.2116

solution: 0

b) (__]:any positive number y
solution: 3 (log, (5y +1) +1)

a) 1,2 b) 1,v3
10.3 years

2040 (from mid-February)
towards the end of 2040

43.9 years

2048

0.93h

1.35h

9 years
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307. 308. 4
| !
\\ ,,,,,,, — f —
g =
- h .‘i ‘ z
AR =
: / .
309. 0<a<iVa>3 310. 1<a<lVvi<a<2
311. a) @ c) ® 312. a) ® c) @
b) ® d) @ b) ® d) ®
313. a) 3 b) V6 314. a) 3 b) 25
315. a) X=R* b) X=R\{0}  316. a) X=R-" b) X =R\ {0}
Y =R¢ Y =R Y =R Y=R
317. a) | —2,00] c) | — 00,2 318. a) | —o0,5] c) |—2,2]
b) ]=1,00] d) R\ [-1,1] b) |=3,00] d) ] —o0,4]
319. a) zero: 3 320. a) zero: —1
y-intercept: not defined y-intercept: —31g(2)
b) zero: —2 b) zero: 2
y-intercept: log,(5) y-intercept: not defined
321. y / / 322. \ /
; / -
/ 1 s
ap \ S
q
/ k
I/ 1T
323. a(z) = 27, b(z) = —2°, 324. a(z) = 3", b(x) = logs (),
c(z) = (3)", d(@) = = (3) (x) = (3)", d(x) = logs(—)
f(x) =1b(z), g(x) =Ib(—x), flz) = —3% g(z) = — ()",
h(z) = log 1 (z), i(z) = IOg%(*CU) h(z) = log%(—x), i(z) = log%(x)
325. a) [~(x) =logz v 826. a) f7(2) = (3)"
b) f~l(x) =4* ) fH(x) =logg @
¢) fl(z) =%+ 3loggx ) f i) =2~1bx
Q) S M) =5 - ) I = b
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327.

329.

331.

333.

335.

337.

@-D, @-4, ®-&, ®-F, ®-B, ®-C

g: shift by 2 in a-direction; y = 1b (x — 2)
h: shift by in 3 in y-direction; y = b (x) +3
i: reflection on the straight line y = x;
y=2°

j: mirroring on the z-axis and stretch-
1.

ing on the z-axis with factor g3;
y = log% T = f%lbm

a) 3

b -3

Compression in x-direction with factor %
Shift by % in the y-direction

f(z) =log, o =
stretch factor: k =

a) f(z) =16 -In(x) + 31
b) 53.2 human years

10.5 Applications

339.

341.

343.

f(t) =6-1.021¢
10.09 million people
33.35 years
23.10%

3.18 million
3.92 million
0.17%

f(t) =818 (82
86.07 million
85.30 to 86.85 million
1.38%

£(t) = 1.05 - ¢0-01366¢
1.58 billion

2051

)O 1t

328.

330.

332.

334.

336.

338.

340.

342.

344.

@-&, @-B, @-&, ®-A, 8D, ©-C

g: shift by —1 in the z-direction;
y=logi(z+1)
h: reflection on the y-axis; y = logs (—x)
i: reflection on the straight line y = x;

_ (1\*
v=(3)
j: mirroring on the z-axis and stretch-
ing on the z-axis with a factor of 2;
y=2logzx = —2log%(m)

a)
b) —

)

N

Stretching in z-direction with factor 9
Shift by —2 in the y-direction

log, x =0 = x =1 for every base a. Based
on the previous task, each graph is a stretch
with its own stretch factor on the z-axis of
the function y = lgx, so the graphs can
only intersect on the z-axis.

—31

2) f(z) =T
b) 1.28 dog years

f(t)=3-1.018
6.70 million people
38.85 years
19.53 %
1.71 million
2.04 million

a
b
c
d
e

f

0.83%

f(t) =195.7 - (3528
86.07 million
248.67 to 253.15 million
0.89 %

fty="12- 0000888 ¢
9.40 million
2079

a

)
)
)
)
)
)
)
b)
)
)
)
)
)
)

)0.1t

c
d

a
b
c
d
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345. a) 1.38% 346. a) 3.45%
b) ( ) =3.7. 670.013975 b) ( ) = 6000 - 670.03515
¢) 2.12 million c) 2972
d) 49.74 years d) 19.74 years
347. a) 1960-1970: 0.69 billion 348. a) the largest: 1980-1990
1970-1980: 0.73 billion the smallest: 1960-1970
1980-1990: 0.88 bill%on b) the largest: 1960-1970
1990-2000: 0.81 billion the smallest: 2010-2020
2000-2010: 0.80 billion .
2010-2020: 0.86 billion c) The forecast probably overestimates
actual growth, as the table shows that
b) 1960-1970: 2.079 % the percentage increase has decreased
1970-1980: 1.812% over the decades. The world population
1980-1990: 1.825 % does not grow exponentially indefi-
1990-2000: 1.427 % nitely, e.g. there are not unlimited
2000-2010: 1.234 % resources available.
2010-2020: 1.177 %
¢) 11.06 billion
349. a) 304007, 8541, 73 350. a) 2.616-10%, 2.56- 108, 8
b) 6.07h b) 1.34h
c) 16.22h c) 15.36h
d) 3.49h d) 50.66 min
351. a) f(t) =100g-0.97729 352. a) f(t) =50mg-0.9172¢
b) 2.27% b) 8.28%
¢) 100.2 years c) 32.55 days
d) 19.1g d) 17.72mg
353. a) 38213 years 354. a) 8.936 billion years
b) 2.4¢g b) 75%
c) 0.045¢g c¢) 10.37 billion years
355. a) 11.84mg 356. a) 4.19mg
b) 10.58 years b) 26.47 days
357. a) 2.27% 358. a) 49.649996 kg
b) 40.82% b) in 292.1 million years
c¢) 130.39 years ¢) 1627.04 million years
359. a) 39.12% 360. a) 34.79%
b) 103.25 years b) mid-2079
361. a) 161.37 units 362. a) 86.05%
b) 12.62 days b) 321.35 days
363. 41.03 years 364. 3.08%
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365.

a
b
c

d

)
)
)
)

1.79 - 100
6600 years
6000 years

366.

The time of the dinosaurs is too long
ago, the bones no longer contain a suffi-
cient amount of '*C. On the other hand,
it is unclear how many *C atoms were

contained in one gram

of carbon at the

time of the dinosaurs, and without such
a starting value it is impossible to cal-

culate.

367. around 3300 B.C.

369.

371.

373.

375.

377.

379.

381.

383.

a

=3

Q. o T o

o

o

Q0

=3

Q. o T o

Q. o T o

8 o T o

e

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

2.4 million years
99.8917 %

0.631 ppm

74.92%

2.105ppm, 2.445ppm
138.98 years

1.82°C, 2.73°C
23.13 years

1600, 25600
23.25 days

f(t) =50- 20.27844t
3.59 days

2400
6.84 days

8 times
f(t) =150 204

f(t) =80-273
1824

35.16 days

227

f(t) =1500-1.65
3840

20.18 days

156 %

24.50 days

368.

370.

372.

374.

376.

378.

380.

382.

384.

5.3-10°
3560 years
3.27-101°

Stones contain at most tiny traces of
14C.

a)
b)
c)
d)

with uncertainty +30 years: died between
3337 and 3282 B.C.

with Libby’s figures: died between 3187 and
3132 B.C.

a) 2.9 million years
0.00975 %

0.01191 ppm
80.52 %
0.0169, 0.0910
20.61 years

b

a
b
¢
d

a

b) 15.51 years

400, 1600
46.51 days

a
b

a) f(t) =50-1.2129"

b

f( ) =120- eO 277t

f(t) =60-2m%
501

79.55 days

122

Q. o

f(t)=10-1. 353
74

29.95 days
171.92%

23.02 days

8 o T o

e

)
)
)
)
)
)
)
)
)
)
)
a)
)
)
)
)
)
)
)
)
)
)
)
)
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385.

387.

389.

391.
393.
395.
397.
399.
401.

51.2%, 26.21 %
3.11 years

1.344 - 10°, 9.15 years after 2000

1500 %

26.58 years

f(t) =10000 - 1.0125¢
Fr. 12048.29

after 8 years

. 2724.37

. 222741.13

. 4414.71

. 1340095.64

. 3747610.28

. 719956 085.90

386.

390.

392.
394.
396.
398.
400.
402.

388.

a) 78.37%
b) 22.76 days

f(t) =85-10°. 22
2026 or 2027
300 %

a) f
b)
c)
) £(t) = 20000 - 1.0175¢
) Fr. 25944.56

)

after 6 years

5780.39

a
b

C

Fr.
Fr. 186 166.17
Fr. 45017.37
Fr. 1851453.47
. 1827604.35

Fr. 171227409.70
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a) linear: m = 0.5,q = 5,

f(t)=05t+5
: 0.1

exponential: a = (%) b= %’
() =2 ()
quadratlc a= _Tl() b= %

2
bounded: a = (5) R
i) =25 - (%)7“
g9(15) ~ 12.247 £(15) = 12.5,

i(15) ~ 12.753, h(15) = 13.125

the sharpest slowdown in the quadra-
tic model; growth also slowed slightly
in the limited growth scenario

Exponential model with 6.6

£(30) = 20, g(30) = 22.5,
h(30) = 15,i(30) = 18.3

approaches the growth bound S asymp-
totically

Peak after 25 days, symmetrical pro-
gression, i.e. the culture would decline
to 0 by day 50.

Exponential model
L.: 0.5cm?, E.: 17.1 days, B.: 54.2 days

The growth rate is initially proportio-
nal to the existing amount of algae, as
there are sufficient nutrients and space
for growth; therefore, the exponential
model is the best fit.

The limited model initially shows a
rapid increase, similar to exponential
growth. When space and nutrients be-
come scarce, growth slows down and ap-
proaches the growth limit.

Due to environmental conditions, the
culture does not grow uniformly as as-
sumed in the linear model. The cul-
ture’s growth does not become nega-
tive, as in the quadratic model.

a) linear: m = 4.8,¢q = —16

f(t)=4.8t—16
exponentiall: @ = 294, b = 2,
g(t) =2 2%

quadratic: a = %, b=0

h(t) = 5 t?

bounded: a = 2794, b = 128,
i(t) =40 — 128 . 2704

g(8) = 18.38,
h(8) = 20.48,
£(8) = 22.4,
i(8) = 26.07

linear: 4.8 cm? per day, quadratic: 6.72
cm? per day.

In the linear model, the growth rate
is constant; in the quadratic model,
growth accelerates.

only in the restricted model

The exponential model shows the fast-
est growth; by day 12, the calculated
area is already greater than the area of
the Petri dish.

The negative initial values in the linear
model (f(0) = —16) and in the boun-
ded model (i(0) = —88) are unrealis-
tic.The initial value of 0 in the quadra-
tic model is also unrealistic.

after 17.5 days

The growth rate is initially proportio-
nal to the existing amount of algae, as
there are sufficient nutrients and space
for growth.

At the very beginning, the limited
model is unsuitable due to the negative
starting value; thereafter, there is
rapid growth, similar to exponential
growth. When space and nutrients
become scarce, growth slows down and
approaches the growth limit.

405. a) same size; lg2—1gl =1g2—0=1g2and 406. a) Same size; 1g20 — 1g10 = g (@) =

lgd —1g2 =1g2%2 —1g2 =2Ig2 —1g2 = lg(3) =1g2—1gl=1g2
lg2 b) 5 times
b) 4 times c¢) The logarithm of negative values is not
¢) The logarithm of 0 is not defined. defined.
d) 10 d) 1000
e) Add distance of 1 to 2 to position 3 e) Mirror the number 1 on the number 3
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407. a) F————————————— 408. a) ———————
1 1.5 2 2.5 3 3.544.55 6 7 8 910 1 1.5 2 2.5 3 3.544.55 6 7 8 910
b) the same division. For example, because b) the same scale, because lga = ﬁ]ffo
lg15 = 1g(10 - 1.5) = 1g10 +1g1.5 = and the length units are subsequently
1+ 1gl.5 and 1g25 = 1g10 + 1g2.5 = stretched to a specified total length
1+41g2.5, 15 and 25 have a distance of
lg2.5 —lg 1.5, just like the numbers 1.5
and 2.5 in the previous subtask.
409. A B C D & F 9 H
1073 1072 107! 10° 10 102 103 104
x / cm
410. A B C D EF G H
1076 1075 104 107? 1072 107! 10° 10 102
x / m
411. 108 5 412. 107 5
— y Yy
—y =327 L
y= 3% ol %
y= a2 1o* \\\‘
8 6 -4 -2 N 4
1071 ¢
z y = 0.5%
o 02 e [oo 20723
y = 4
1072+
413. a) lgy =1g(2*) =x-1g2 and lg2 >0 414. a) lgy =1g(0.5%) =z -1g0.5 = zlg (%) =
b) lgy =1g3 +1g(2°) =2 -1g2 +1g3 w(lgl —lg2) = —z-lg2
T 2x
) lgy = lg(2?) = 21g|z| 21y (0.5

415. No, they are not on a straight line.

c) lgy = lg (%); Furthermore, the nume-
rus of each logarithm must be positive.
416. No, they are not on a straight line.

10° § 10° 5

Yy o Ly
1021 O & 2
“os
430 SEEE 100
.vE ’ :
! ! | x‘ | | 9 | :L;
-3 -2 .1 12 S2---:31 1 2 3
o 0
: 1071 1071 % 54
102 1072+
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417.

419.

421.

423.

425.

427.

429.

431.

a)
b)

a

=3

o

a

=3

o

T ®

o

. o T o

a

o

o

o ®

(@]

a

=3

C

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

a—h,b—g,c-f

Exponential function; in z-direction the
values lgz are mapped, so write as a
function of lg z, then get
h:y=ax=10%"

b represents g : y = lb(z), conversion
to logarithm base 10: g : y = li 5
¢ represents f : y = log,(x), conversion
to logarithm base 10:

1 1
9: ¥=151 = 313 = 2P (@)
the gradient of the straight line c is

therefore half that of the straight line b.

4
39811 ym
1995 times

7.33
7.08
1000 times

7.94-10%

1000 times

6.51

2.51 1073 mol /¢
6.60

100000 times
1.49

10~° mol/¢
10=%mol /¢

+1

1

100 times
increases by 1
1.05-107"Wm™2
3.945: 1
39.81:1

d) m = —2.75mag

433. 0.017 mag

435. 3.31:1

437. Am = —-1.75

418.

420.

422.

424.

426.

428.

430.

432.

434.
436.
438.

a) a_gab_hac_f
b) Descending straight line through the

origin symmetrical to the graph of z +—
log, x, because

f: xr—>10g%x:lg—x:71bx

1lg2

c) a represents

b

C

a
b

C

a
b

C

b
c
d

C

32

b

C

a

b

(¢

g: o VT = (10%7)% = 108%7 e,
a function of x — x stretched in the x-
direction by a factor of 2, b represents
heae 2? = (1087)7 = 102k e,
a function of z — =z stretched in the
z-direction by a factor of %

4.70
1584893.19 um
100 times

5.67
63.10 times

1.78 - 108
5.62 times
6.13

a) 5.01-10~° mol/¢

3.98 - 10~ mol/E
10 times
1.59 - 10~% mol /¢

a) 5.01- 1075 mol/¢
b) 1.00 - 1075 mol/¢

+0.70

1000 times

increases by 0.8

2.74-10"“ Wm~
398107.17: 1
560-fold

d) 1.75: 100000

1.91 mag

251:1

factor 100

© Verein zur Forderung der Mathematik



100 Answers 10.5 Applications

439. a) 3 440. a) 2.90
b) from 3 to 3.30, from 3 to 2 b) from 2.90 to 3.20, from 2.90 to 1.90
¢) from 103 to 10° ¢) from 800 to 640000
441. a) 200 times 442. a) 16 times
b) 5:2.70 b) 2.90:1.70
443. a) Moonlight —0.60, candlelight 1 444. a) Neon sign 2.18, computer screen 1.30
b) 1.60 b) 1.68 times
c¢) 40 times c) 7.5 times
445. a) 0dB c) 30dB 446. a) 60dB c) 100dB
b) 20dB d) 90dB b) 80dB d) 130dB
447. a) 1071 Wm=2 b) 1078 Wm~2 448. a) 107> Wm~?2 b) 1Wm™2
449. a) 10000 times 450. a) 6:5
b) 40dB b) 10:1
451. a) 16 times 452. a) 32 times
b) 2 times b) 4 times
453. 6.99dB 454. 1.46dB
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