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ANSWERS

Exercise 4.2

1
2

ORI AW

a4 b5 c2 d4 e3 f3 g5 h3 i6 j4 k6 15

a25 b24700 ¢c0.35 d45630 e0.45 f4 g57000 h0.0454 1i0.0045
j 346000 k 0.045 190000

8.2 cm

11 cm

44 m

1040 mm

30 terms

3S.E

19

Exercise 4.3

1 a22x10! b12x10712 ¢48x10°

2 r=472x10°m C = 297x10'%m, Vol = 4.40 x 1029m3
3 7.48x100m3

4 280km

5 4494 x 1015 kgm?2s2

6 3.4x10°

7 74 generations, 1.9 x 1022 relations.

8 125x108 (to3S.E)or 1.3x 108 (to 2 S.F)

9 3.1x107%* gms

10 4.3 x 100

Exercise 4.4

1
2
3

4

5
6
7

0.0033333 (etc., 0.01, 1%)

0.0144, 0.0053, 0.53%

The absolute errors are all 0.2 kg. The relative and percentage errors are: a 0.027
(2.7%) b 0.0102 (1.02%) ¢ 0.00893 (0.893%) d 0.00352 (0.352%)

€0.00202 (0.202%)

Absolute errors are all 0.5 mm. a 0.1 (10%) b 0.05(5%) ¢0.00417 (0.417%)
d 0.002 (0.2%)

a0.018% b0.0014% <¢0.273% d 0.0030%

a0.45% b0.073% ¢0.020% d0.0022%

6.6 x 10~% % which is plainly far more accurate than can be justified in the times
quoted for this flight.

Exercise 4.5

1
2

757

a0.209 [0.204, 0.215] b 3384 [1726,64752] ¢-194.9 [-206.3, -184.85]
516577 mm? [514157, 519000] 0.43%

164553 cm? [150456, 179503] 9.1%
17961 [17936, 17986]

28.24 m [27.39, 29.11] 3.1% accuracy.
105.6 m [104.9, 106.2] 0.66%

arb

0.25 kg

15.42 cm [14.90, 15.97] 3.6%

10 12096 [10646, 13672] 13%

11 2208 [2076, 2344] 6.2%

12 0.00069%

Exercise 4.6 Miscellaneous questions
20380568 b0.381 c038 d3.80568x10 "
a24548.616 b 24500 ¢24548.62 d24549 e 2.4548616 x 104

ai75.0 ii74.97 iii75 b7.5x10
a790 b790.02 ¢790

1
2
3
4
5 % = 0.14286 to 5 S.E, absolute error = 2.86 x 1070 % error = 0.0020
6
7
8
9

O RNV W

~ 0.20467227 or 0.205 to 3 S.E.
a3 b3 c2

a451x1021 b6.01x10717 c¢212x107!

a 34000 b 0.000705
10 219.9+0.8 b45.440r41.54t049.5 c~1.429, 0.769 to 10
11 Series gives 2.96339 error (-0.1782) (5.7%)
4.7 Graded revision questions

LEVEL 1
1 a,b,ce

2 a34x10l b567x10% ¢6.00056x10° d4x107! e438x1073
£4.0456x 100 g20x103 h75x1070 i54x10° j1x10*
k6x102 17.5x1072

LEVEL 2

1 a792x103 b1.96x102 ¢3.15x102 d483x10! e245x1070

2 a33% bll% c69% d11% ell%

13 d g 5 ¢8

|
3agp by oc 6 99

1
" 10 3



LEVEL 3

1 av= u_ff b Smallest value = 0.46735765, Largest value = 0.54967293
u —

c812%

2 a18x10'° kgm?sec® b 0.0007515]

3 a764cm’
LEVEL 4

b 76.43 cm®

1 k=mR2+2),me Q.

2 66%

3 The percentage error is

4.8 Topic test
1 al45x10?

2 a4010 b 0.00506

3 %% = 0.33%

b 1.08x10""
¢ 109000

150028
14797665

c76 cm3.

(100) = 1.0138626 or about 1%.

¢ 1.59x10°°

4 a0319024 b0319 c032 d3.19024x 107!
5 223 = %.Therefore, 223eQ

6 a941<A<10.05

Exercise 5.1
1 a

b

b % error = 3.275% ~3.3%

cd

0 > X O—=0 > O > X Om———X

1 4 2 6 -3 1 —4 4
e f
— P — = —(—— X
-5 3 X -2 2
2 a b C d
<}—x<}—e > x o—P>»x o—P > x
1 6 -1 4
e f
<l—e > X
-5 ¥ 2
3 al2,8] b[4,0o c[0,6] d]-o, 10] e]-o,12[ f[3,5[ g]-2,0]
h]_3> ]-] i]—OO, _7[

4 a {x|4<x<6}
f {x|-0<x<8}
5 a

b {x|2<x<5}
g {x|2<x<o}
b

C {x|8<x<12}
h {x|-0<x<3}
C

d {x|12<x< 15}
i{x|-2<x<om}

d

€ {x|5<x<o}

4 6

-2 5

8

12 12

15

e f g h
._>_> <—<>—>x —O—B’Q—O—>x
5 x 8 2 X 3
i —o—7P>>
-2 X

Exercise 5.2

1 a5 b5 c¢-3 d21 2

3
e-9 f15

f—g—9 gll hil i4
2 a9 b20 c10 d‘3-‘

3 a-1 b2 ¢-5 d-1 el f%

13 7 1 16 9
4 a-—= b-- ¢22 dﬁ e-19 f7 85 h 24.5
5 4 2 11 1 1 7 6 .4 .1 5
5ag by ocg A7 e f7 g by i3 03 k3
13 B e f_ I 223 1849
6 a-05 b-1 c¢ d11 e f-13 g3 h > 50

f2a g§(372a) hl-a

ab

2 2
a“—b
ga+b h

a-b

el-a f2qa-42

Exercise 5.3
al2-y=5 b7
a4x+2=30 b7
2x-5=19,x=12
12,13

31, 32,33

X+ 3x+2x =84, 14, 28,42
20

84

200

10 $3388.90

4

11 3

12 $13,739

13 a7mL b23.33%

14 Tim-8 yrs, Claire-16 yrs, Thomas-10 yrs
15 3.75km

16 22

17 5%

18 al44km b40kmh!
19 Ab -$12,500, Ba-$5,500
20 83.33%

=J-IN N W0, It NG S )

=)
Wi
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:| 180|:
~op, —
29

21 a(2’71_+1)dhr bmkmh—l
m(m+1) 2m+1
22 32%
23 ailOx+4 ii400+x b364
24 60 kg
Exercise 5.4
1 ax>4 bx<9 cx<4 dx<l ex<6 fx<-1 gx=25 hx<5 ix<-3
jx>21 kx223—8 1x>7l32 mx<1l nx<l1l ox<7%
2 a b c d
—P e <F— > x GF—— >
4 9 4 1
e f g h
6 X 2_8 _Q 5
3 3
i j k 1
t—eo >y —mP>r <I—e >x 0—P>x
-3 21 -1
m n o
<t+—e > x J—0 > x oo >
11 11 3 X
2
3 ax<9 bx>20 cx>10 dxﬁg ex>-9 fx>15
4 a b C d e f
9 20 10 3 9 15
[ : — : L
5 ax>-1 by<2 cx<-5 dx2>-1 ex<l fx<%
6 a b C d e f
- - - 11
13
7 ax<—$ be—% cx>22 dyZ% ex<-19 fw>g
8 a b C d e f
13 7 1 - 16
7 1 31 7

759

180 .

9 ax<-27ie]-00,-27[ bx>-12ie. [-12,00] Cx<og de

dx>-!ie |}l, oo|:
9 9

10 -5,-4,-3,-2,-1
Exercise 5.5
x2>15

3<x<20
38<x<50

40.5 kg

ax>5 bx>4
>$2000
>25kmh~!

> 93 (or >94)

Exercise 5.6 Miscellaneous questions

NN QAU W -

1 x=2
2

2 ax=-1

b x<l

w
()

=

IN
|
NS [N}

1

23
26 five-cent coins.

o N &N Ul W

aa=7 by=-24 cx=§

10 ax=6 b x< —152
11 a-2<x b-54>y
-2 —54
12ax =b+1 bx=ab
13 3 litres
5.7 6raded revision questions
LEVEL 1
1 ai{x[4<x<9} [4,9] bi{x|x>6} iil6, [
2 a b c

ci {xlx<-3}

ii ]-o0, =3[



MATHEMATICAL STUDIES - Standard Level

<—.—>——x <—H—>x <H—>x

1 -10 3 9
LEVEL 2
1 ax=4 bs=3 cx=1 dt=4 ex=45 fy=71—3Q
2 ax>-1 bx>-4 cy<-6 dx>2 ex<7 fx>0.
LEVEL 3
— _ 17 _3 5
1 ax=4 bx=245 ¢s>08 dy>— ex=2 fa>-=
7 2 11
2 Josephis 22.
LEVEL 4
1 ax=0b-1 beab>0:>x>M ifab<0=x <M.
a?+p2 "’ a’+ b2

2 400 km. We have assumed that they travel in the same direction.
5.8 Topic test
l <« ((e—— X
3 8
2 a2 b5 c4
3 ax<5 b <—<—O—;

5
|

4 a-13 be2—3
5 al0—x bx:?
6 by=19 (y-6200

31
7 w=g3l

3
Exercise 6.1
1 a b

~ "
N =

2 a[-5,5] by[-5,5]

b [-5, 5] by [-5, 5]

/

/
/|

c[-5,51by -5, 5]

d [-5, 8] by [5, 5]

N

“‘“m\\

N

e [-5, 8] by [-5, 5]

f[-5, 8] by [-5, 5]

/
|4

5 am=-l,c=1 bm=1,¢c=-2 cm:—é,c:‘*

ANSWERS
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6 C 13 a
s 0 1 2 3 4 5 6 7 8 9 10
2 250 225 200 175 150 125 100 75 50 25 0
t
| o~z 14 bc dV=0,0<t<10
7 a b C
y X y y
7 1.5
0.75 . X
-1.5
15 a
8 a b < 0 T T 2 [ 3 [ 4 5 [ 10 20 | 30 | 40
AyS y 750 825 900 975 1050 | 1125 | 1500 | 2250 | 3000 | 3750
. . b c Same as b. Note: this is a discrete linear relation.
| i
9 a b C
%
16 a An appropriate range for the father’s height would be:
(3’ _5) 140 145 150 155 160 165 170 175 180 185 190
157 | 159.5 162 | 1645 | 167 | 169.5| 172 | 1745 | 177 | 179.5 | 182
b C
Amin=180A .
17 Amax=280 .
2 s wscl=18 :
—u. Ymin=18A .
30X Ymax=250 :
Y=cl=1@
11 Check your graphs against the graphs with equations:a y = 2x+5 by =-x+3 Ares=A
cy=-2x+8 dy=-075x+3 ey=2x-2 Exercise 6.2

al5 b1 c2 df e-2 f0.6 g-025 h3 ia j-2

12 a
0 1 2 3 4 5 6
900 | 750 0 0 al5 b-0.75 ¢25 d1.25 e0 fundefined
ay=2x+5 by=-x+3 cy=-2x+8 dy=-05x+3 e3y=2x
ay=-=x+3 by=2x-2 cy=2x-5 dy=-x-4 ey=-3x+10
a2y=3x b3x+4y=12 c2y-5x+10=0 d4y-5x=20 ey=3 fx=2

600 450 300 15
¢ Value of computer > $0 3
4
Straight line should be drawn in such a way that it passes through the two
intercepts: a x-int: (4, 0), y-int: (0,2) b x-int: (-6, 0), y-int: (0, 2)
Leii=21EE

<
-

AU A W =

ML = | =
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¢ x-int: (=2.25, 0), y-int: (0,9) d x-int: (-2, 0), y-int: (0, 2)
e x-int: (-2, 0), y-int: (0, 3)  fx-int: (-1, 0), y-int: (0, -2.5)
Straight line should be drawn in such a way that it passes through the two

intercepts: a x-int: (2, 0), y-int: (0, —g) b x-int: (-10, 0), y-int: (0, -9)
¢ x-int: (7, 0), y-int: (0, 14)

8 aC=4+0.02n,n=0,1,2,3... b L o c $44
pot® ?
o o "®
9 aB=44+022n,n=0,1,2,... b o c$80.96 d192
gl o0 "
10 aiP =035k iiG=0.27k b Cost P ¢ 12500 km
G
k

Exercise 6.3.1

1
2

4

5

1

a(3,3) b2 -1) c(-15-15) d(-1,1)
a(2,2) b(%,g ¢ (-10, 8)

a(s 15) b (9 51) (23, 1)

272 55
ax=-3,y=-0.5 bu=-075v=4.25
e no solution fno solution

cm=-1,n=5 da=2,b=-2

ax=1y=4 bx=3,y=2 cx=2,y=-1 dx=4,y=5 ex=4,y=-3
fx=-3,y=2
Exercise 6.3.2
ax=1y=2 bx=3y=5 cx=-1,y=2 dx=0,y=1 ex=-2,y=-3
fx=-5y=1
B, =9 ,-3 = = 4, - 22
ax=gpy=qp brsgy=g cx=0y=0 dx-gy -
16 _ 78 5 3
ex=—Fv=3 gy
a(3,-3) b(2,-1) ¢ (3 1) d3,-1) e(-1,-4) f(%g)

9}

o & N

ax=a,y=0 bx=%(a+b),y=%(a7b) Cx=g,y=7£2—l

a Lines are parallel with different y-intercepts, so no solution. b Lines are parallel
with different y-intercepts, so no solution. ¢ Lines are parallel with same
y-intercepts (i.e. they are coincident), so there are an infinite number of solutions.
a-3 b-5 c-15
am=2,a=8 bm=10,a=24

aa=1,b=1 ba=§,b=3

a{(al,0)}

cm=-6,a=9

b {(a.5)} ¢ {(» 0} d{Q1,0)}

Exercise 6.3.3

2
3
4
5
6
7
8
9
1

0ax=48,y=-70 bx=94.67,y=-140

CD: $8.50 video: $6.00

shirt: $9.00 socks: $2.00

length 15 m, width 12 m

maths 72, physics 44

adult $5.00, child $2.00

brown $10, yellow $12

21600

$26 (the tapes cost $18).

Adults $17, children $9.

¢ Graphically, the lines are almost parallel
so small changes in the coefficients produce big changes in the solutions.

Exercise 6.4 Miscellaneous questions

1 a(2,-1) b(@3,4) c(—4,—1—21-) d(2,3)
2 ar=15—6,s=§ b(3,1) c(-3,2) d(2,7)
18 3 L S
3 a(3,-1) b(l6,14) c(—s—,g) du=k,v=4-4k ke R (i.e. infinite soln).
4 a(-2,1) bp=0549=4 c(0,3) du=05v=15 em—13—4,n=%
a+b a-b _(a-Db _a*-b
5 a(Za’Z) bp - b—a ¢ b—a
2ab 2ab
6 (a+b’a+b)
7 36,21
8 12,9
9 35,7
10 $6.20
11 7 two-cent coins, 32 one-cent coins
12i=5,j=1
13 p=136,q=1.28
14 $5.00
15a=7,b=3
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16 Felicity is 36, Joanne is 43

17 4.5kmh™! and 3.75 kmh™!

18 72

19 A =336 m® dim: 12 x 28

20 20.75kmh™' b6.75kmh!

6.5 Graded revision questions

LEVEL 1

1 am=2,c=5 bm=-03,c=-04 ¢ m=-04,c=1.6
2 a(0,2) b (-1.5-1.5) c(-3,4)

3 a22 b-24 c-4

LEVEL 2

1 a-45 b2

2 (0,10)

3

4 a2y-x=1 b3y+4x=6 cy=2

5 150

6 (a,0)

LEVEL 3

1 ax=3,y=4 bx=3,y=5 cx=13,y=5
2 a2y+9x=41 by+x=1 cy-x=2b

3 ai y“ B _ ii 22
) y—2x =2 (_3’ 5)
0.5 x+4y =2
i 7
bi A i3 19
Y 0.1x—-y =02 (ﬁ,—f
0.1 N
0.2 2 E
/
x+y = 0.1
4 Ja
5 -135
6 $2

763

x = g, but no finite y.
x=-2,y=1,z=4

ai ]f, o] iilo, K b need to sketch raph ck=6
(2 ) ( 3 g

.6 Topic test
m=-3,(0,7)
m=2

ay=—§x+2 ba=—%
(3,3)
(é-
44

adult $40, teen $8
a

n 0 1 2 3 4 5 10

Total income ($7) | 200 240 280 320 360 400 600
b

ci520 iil3 dipositive integers including zero ii T=200+40n,1=0,1,2,..

Exercise 7.1

1

a2(ax+2) by(9-a) ctd+s) dx*(1+x) exy(3-y) frs(?+s2)
g2(2z-3y) hab?(1-a3b) ixy(3xy-8) j3y2(xy+3) k2wt(l+4w)
13ps(1 - 4ps)

aSa(x+2y—-xy) bxu(x—4u+1) cmn(B+4n) d abz(c—a2+abc)
e3xy(2+2x—-4) f3uv(4-3u—2uv)

a2+2)(x+y) b@B-r(t-s) cx-yx+2) d(st+2)(a-b)
e(P+dHy+1) f(OP+5)2+2)

a(d+x)(s+1) b@+b)2-¢) c2+t)GBx+y) d@B-5k)(x+2)
e(b+4)ab-1) f(y-2z)(a+b)

a(@+4)a-1) b1-pz)(x+1) c(m-Dn-1) d@p2+3)(y-1)
e(x=b)(x—b+1) f(a+tb)a+b-1) gQ-x)a-b) h(E+3)(x-y)



Exercise 7.2.1

1 a@x+8)(x+1) bx+10)(x+1) cx+12)(x+1) d(x+6)(x+4)
e(x+3)(x+5 f@+9x+4) gE+8)(x+2) h (x+8)(x+3)
Px+5@E+35) = @+52 ja+6)x+6) =(x+6)2 k(x+11)(x+3)
1 (x+13)(x+6)

2 a(x-8)(x-1) bx-100x-1) cx-12)x-1) dx-8)(x-2)
e(x-5x-4) f@x-8x-4 gE-9x-4 hE-10x-11)
PG-7DE-8) ja-90-3) k@-7Gx-5 1x-6)(x-6)= (x-6)>2

3 a@x+7(x-4) bGa+NHE-3) c@x+6)(x-2) d@x+12)(x-4)
e(x+8)(x-5) f@E+12)(x-6) gH+14)x-3) h@E+15)x-5)
LE+IDE-9 jE+9E-8) k@+13)x-3) LE+13)x-4)

4 a(x+3)(x-7) b) x-8)(x+2) cx-9x+4) dx-12)(x+2)
e(x—14)(x+4) fx-12)x+6) gHx-15)x+5 hx-15x+7)
P-13)a+4) ja-13)a+7) k@x-16)@+4) 1x-7)(x+6)

Exercise 7.2.2

1 a@x+D@x+1) b@x+1)(x+2) c@x+Dx+3) dGBx+1)(x+1)
e(Bx+1)(x+2) fBx+1)(x+3)

2 a@2x-Dx-1) b@x-1)x-2) c@x-Dx-3) d@Bx-Dx-1)
eGBx-1Dx-2) fGBx-1)(x-3)

3 a@x+D)(x-1) b@x+DHx-2) c@x+Dx-3) dGBx+1)x-1)
eGBx+(x-2) fGx+DH(x-3) gx+1)Bx-1) h@Ex-DH3Bx+1)
i2x-1)@2x-1) = (2x-1)2

4 a-3(x+2)(x-1) b3x+2)x+1) ¢ Gx-2)(x-1) d Gx+2)(x-3)
e2(1-2x)(x+3) f-CBx-D(x+4) g3CBx+2)(x+1) h2@-x)(x+2)
iGx+2)2x+5) jx+D@Ex-3) k@2-3x)@2x+3) 1Ox+1)(@2-x)

Exercise 7.2.3

1 aE+2)? bE+7)? c@+8)? d) @x+1)2 e Ga+1)? f(6z+1)2
g(2x+3)2 h(Gx+4? iGx+2? j@+1)? k(x+%)2 l[w%)z

2 a(x-22 bux-7%2 cu-8)?2 d@u-3)2 e@Ba-4? f(v-2)?
12 52 . 72
g(-3)° h(e-3° (-]

3 a(a-y)aty) bu-D+1) c(10-a)(10+a) d(B8-b)8+b) € (9-2)(9+2z)
fr-10r+7) g@x-N@x+7) h((5-2a)(5+2a) i(1-3y)(1+3y)
ja@-3)a+3) Kk2m-2)(m+2) 13(-3)p+3) m@x+35)(x-1)

n (ab—a-b)(ab+a+b) 0 -3y(2x-y)

4 a(-B)x+B) be-SH+S5)  cb-JNb+JST)  d@tb-J5)a+b+.5)
e (a-bJ10)(a+b.J10) f(x+y—2)x+y+.2)  g2(x+.2(x-)(x—2(x-y))
h4(x-./5)(x+45) 118(J2a-b)(J2a+b) j(a+2-J10)(a+2+./10)
K(x-3-/6)(x-3+4J6) 1(x-»@2-x+y)2+x-y)

Exercise 7.2.4

1 aGx+1+3)x+1-43) bE+2-J6)x+2+./6) ¢ (x=3-JT)(x-3+7)
dx-4-J/19)(x-4+.J19) e(x-1-2)x-1+42) fx-2-2/2)(x-2+2.2)
gz(x7§+ﬁ)(xféfﬁ) h3(x+2+ﬁ)(x+27ﬁ) i2(x+i+@)(x+i7@)

2 2 2 2 4

2 a(x+1)(x+2) bx+6)(x+1) cx+4)(x+2) d(x+4)(x+5)
e(z+6)(z+3) f(x+2)(x+5)

3 a(x-2)(x-1) b(x-6)(x-1) c(x-4)(x-2) d(x-4)(x-5) e(z-6)(z-3)
f(x-2)(x-5)

4 a(x-3)(x+1) b(y+5(y-2) c(s-5)(s+2) dx-4)(x+3) e(y-7)y+2)
f(r-9)(r+5)

5 a2(x-2)(x-1) b3(x+2)(x+5) c4(s-5)(s+2) d3(+5)(-2)

e S(x+4)(x+2) f 6(x+1)(x-3)

6 a (y-15x)(y—x) b @E+7Tw)(z-6w) c(a+7b)(a-5b) d2(y+6x)(y+3x)
e 3(x—4y)(x+3y) f5(a—2b)(a—3b)

7 a(x+1D(x+2) bBx+2)(x+1) cBx+1(x+2) dQx-1)(x-2)
e(2x-1)(x+2) f(7s-5)(s+1) gBx-3)(x+1) h(7x-1)(x-5)
iGy+1)y-2) jBz-4)(z-2) k(Gw+4)(w-1) 1(2x+3)(x-5)
mQ2y+3)(y+2) n(Gx+4)(x+1) 0(Bz+2)(z+2) p2(1-4x)(1+x)
qB3-5x)1+x) r(4+5x)(1-x)

8 a(x+4)2 b (»+52 ¢ (z+3)2 dx-5?% e(-6)2 fx-7)?2
g(y-5(+5 hx-6)(x+6) i(z-4)(z+4) jdx(x-3)(x+3)
k3(s-4)(s+4) 1(2x-3y)(2x+3y) m (2x+1)2 n3z+2)2 o (3z+1)2

9 a(x+1-B)x+1+.5 bx-1-B)x-1+.3)

C(xt2-y2)(x+2+42) d@+2-JNx+2+/7) e(x-3-J6)(x-3+.6) f
(x+3-dDE+3+J7) gx+4-B)x+4+.3)

h(x-4-2)(x-4+2) i(z+5-5)(z+5+.5) jx-5-5)(x-5+.5)
k(z-2-.8)z-2+.3) 1l(a+7-J19)(a+7+.19)

Exercise 7.3.1

1 a0,7 b+J/7 ¢0,-3 dnorealsolutions e-4,3 f0,2 g-42 h-2,5
i-2,5 j-6,5 k-6,1 1-4,7 m-4,35 n4,7 039 p-39
q-4,-3 r-3,-4/3 s-7,-2 t-05,4 u-1/3,4 v0.5,5 w05, 5/3
x 1/4,5/3 y1/3,2/5 z1/4,2

Exercise 7.3.2
1 afSiTm b-2+./7 c¢1+.6 dnorealsolutions efsém f77ijg

2
— 11+ /157 h—3J_rJ5—7 . —5+./73
8§ 2 1=

jnoreal solutions k2+./11 13+2./5
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. J22 1 1 3+ /41 b c
m -2+2./6 nnoreal solutions o 1£25=p —5,3 q —5,4 re—= 20x) = (x+2)2y“ - 2 ;ﬂx) ~ et ly
s 3+./57 ¢ 5+ ./73 }
6 6 Sy <2
Exercise 7.3.3 4
_3)
1 a3¢2J3_7 bSizjﬁ c312J§ d7¢2J5_7 e—7J_er§ f4,2 g 1:253 (x-3) Yo
=x -2 X _l X
2 h=2 J—;E il 12J3—7 j no real solutions k 4+.7 1no real solutions 3
d
mzrjﬁ n3i25m osisJﬁ P617J2_9 A .
: gx) = (x3)
Exercise 7.4.1
1 a A h(x) = 42 by AE

g(x)

) =52 hx)

(0,4)
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Exercise 7.4.2

3 a b cd
cd | y o y I | I
‘ \ \ | \
A \ \ | \
\ \ \
(1,2) (3,2) (1, D
Rl # - @.2)
‘ | X [ [ x
e f
w y LA
\ |
\ |
|
4 20
R B
C d y b |
‘ ‘ @1
(1,2) ‘ X
1 ‘ ‘
X - ‘ \
\ ‘ |
|
f | ¥
(=2{1)
X

Exercise 7.4.3
1 Graphs are shown using the ZOOM4 viewing window:

AL T )
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MATHEMATICAL STUDIES - Standard Level

ANSWERS

AT AL T A T
- e | e /1 ) Py
H=-E ¥=-1.zE n=.k Y= -z.ZE B=-1.E ¥=-1.zE
g 1 h T T (-0.62, 0), (1.62,0), (0, 1) (-2.5,0),(1,0),(0,5) (-3, 0), (0.5, 0), (0, -3)
aWjwa | N 2 N D N ]
=i / Y=z :-::-1/ y=z H=.E y=-1.5 t / \ \t/
j 1k 1] 1 1
/“‘\ J (3,0), (0, 3) (-2,0),(4,0),(0,4) (-0.87,0), (1.54, 0), (0, —4)
Exercise 7.5
1 a(x-2)(x-1) bx-6)(x-1) c(x-4)(x-2) d(x-4)(x-5)
/’\\ G 6)z-3) fx-2)x-5 gh-Hx+D) h(yr5y-2)
W= Yzz.§ —p yz-1.3E e 3 vz g7 i(s-5)(s+2) jx-49x+3) k(y-7)(y+2) 1(F-9)(r+5)

Exercise 7.4.4
1 Graphs are shown using the ZOOMS6 viewing window:

AV AL T

/

./

(-2,0),(-1,0),(0,2)

(-0.5,0), (3

»0),(0,-3)

(-2, 0), (3,0), (0,-6)
d \ / e

T

N

w1 \

W

/

\

(-2,0),(2,0),(0,—4) (-2.79, 0), (1.79, 0), (0, -5)

767

(-2,0),(3,0), (0, 6)

X

E
1
2
3
4
5
6

X

W= M N

Ex
1

2
3
4
5

m2(x-1)(x-2) n3(x+5)(x+2)
q5(x+4)(x+2) ré6(x-3)(x+1)
ercise 7.6.1
x=15
x=-2,3
x=-2,2
x=-1,3
x=-2,2
a(-2,4);(3,9) b(2,5);(-2,5)
e(-3,7);(2,2) £(3,9)
(a,34d%); (-2a,-3d2)
ercise 7.6.2
b (-2, 4); (2,4)
(_1s 2), (1> 2)
(_1’ 3)) (2> O)
a(3,17);(-2,2) b(1,6);(2,13) ¢ (-1,1);(1,9)
e (4,46); (5,69) f(-3,29); (-2, 12)
ercise 7.7 Miscellaneous questions
ady(x-3y) b 2abBa+2b) € 3uv(v—4u)(v+u)
23 units
(2, -16)
none
x=1,(1,-1)

04(s-5)(s+2) p3y+5((-2)

c(1,2) d(-2,0);(3,5)

d (05,225); (-2, 1)



10 a B+y)(x—4)

MATHEMATICAL STUDIES - Standard Level

25

a2 b4

-21

-2

bx=4,y=-3

11 75

12 2

13 72

14 4,6
15 -1.5,11

16 ax=15 bnone

cx=0orx=6 dallreal values

17 2

18 a-8,3 b1t 557
’ 4 4

19 b=0,c=-7

20 2

21 a(x+4)(x-2) b Using the graph of y = (x + 4)(x - 2) we have x =-3,-2,-1,0, 1.
22 ai(x+5)(x+1) ii

ii(x-6)(x+1) bi ii

TIN—

Swa

23 a(x-4)(x+3) b(Bx-2)2x-3) c(x-1-»Nkx-1+y)
24 a b

-3 3

~

R

25ab=16,a =10 b(x-8)(x-2)

2
26 y = (xfg) +4%, @,4%)
27 a=-1,b=-3
28 -3,0.5
29 (0,7), (1£2./2,0)
30 b2—4ac>0,b<-60rb>6

31aa=05b=-3,c=-8 b%(x+2)(x—8) ci-1,0,1,2,3,4,5,6,7 ii-12.5

115

322026332 b(355020 ca-1;(-1,2)

39 2%

ANSWERS
33 aX(-2-.2,0)andY( -2+.2 ,0)
bi4 units ii 8 sq. units
A

(-2,-2)
34 mn
7.8 Graded revision questions
LEVEL 1
1 aNo bYes cVYes
2 ax(x+1) bx(2-x) cax(d+x) d6y(y+2) e3b(3bh-1)

f4ay(3y+1)
3 a(2+a)(a+bh) b(-3)(z-1) c(x-2)(x+1)

LEVEL 2

1 a(x+t4)(x-1)
e(a-3)(a+1)

2 a(2x-1)(x+3)
e (4x+3)(3x+4)

b(y-50-1) d(a-1)?
fG-90-7)
b Bx+1)(x+1)

f(5x+1)(x-3)

c(x+7)(x-2)

c(2y+3)y-1) d@Bz+1)(2z+1)

3 a-4,1 bl,5 ¢-3,-2 d1 e-7,2 7,9

4 a—1i2J2_9 b_3im c —2+./13 d3ilg8—9 e none f_—5i6‘133
LEVEL 3

1 a(3,4) b(-1,3) c(1,-3) d(1,1) £(0.53) g(1,0)

2 ay=x2-x-2 by=4-x2 cy=x2-2x—-1 dy=x*—4x+4

3 ax=7l+“/1—7 bx=li_2—“/1—5 cx=3%+./10 dx=2+.3

ex=1iT“/1—7 fx=3+./7
4 a b C

1,3

L -2,-1) t

[ (2,4)

4

0,4

@, 0>\\
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d e f
(-3.9)
[ / (0, 10)
\VF) -2) / " O)[\ —
(1,4 [
5 a b C
N / 9
-3
] \/5
0 [ 2 -5 / l \
d e f
f PN 12
] 5 9
-5
3

6 a(-5,15);(3,23)

LEVEL 4
2
(_l_{)_k_+4)
4
_3
2 Nmin_z
3 a
! [ 172y~
4 ax=-aorx=-1

769

b (_4) _6)) (2) 6)
7 aa=2k=4,c=-4 b-05,4

cx=175 d-2.125

bx=-050rx=2

bx=-2orx=-1.

¢ (-0.5,3.75) & (2, 0)

ANSWERS

7.9 Topic test

1 x=70o0rx=-1

2 a(x-8)(x-4) bx-6)2 c(x-6-6)(x—6+.6)

3 0.884,-1.88

4 y=7x2+2x+3,(1,4)

5 -2,3

6 k=3

7 ai-(x—10)(x—4) iix(8—x) A=(4,0),B=(8,0) and C=(10,0)

br=2 C%qu.u

8 ay=-05x+1 by=2x2-x) ¢ (0.25,0.875)

Exercise 8.1

1 adom={2,3,-2},ran={4, -9, 9}
c¢dom = {0, 1}, ran = {1, 2}

2 all,o[ b[0,0] c¢]9,] d]-oo,1] e[-3,3]
i[0,00[ j[L,5] k]0,4[ 1 J-o0,-11U[1, [

3 ar=[-1,0[,d=[0,2[ br= {yy20}\{4},R cr=][0,0[\{3},d=[-4, o[ \{0}
dr=[-2,0[,d=[-1,2[ er=]-mw,0[d=]-0,-3]U[3, [
fr=[-4,4],d=1[08]

4 aonetomany b many toone
e many to many f one to one

5 aR\{-2} b]-0,9] c[-44]

Exercise 8.2

Graphs with graphics calculator output have standard viewing window unless

otherwise stated.
1 a3,5 bi2(x+a)+3

bdom=1{1,2,3,5,7,9}, ran=1{2, 3, 4, 6, 8, 10}

f]-oo,0[ g]-1,0] h|[0,4]

cmany toone done to one

d]-o,-2]U[2,o] eR\{0} fR

ii2a c3

10 5 10
2 aO,11 bfZ C|:0,11:|
3 a-05r-x+15,-05x+x+15 b+/2 cno solution
4 Window [-2,2], [-1,1]

Range: [-12, 4]

ax=0,1 b /




6 b,cde

7 a,d,e f

8 a Window [-2,2], [-1,1] D [0, 1]

9 a{yy>1lu{yy<-1253 b1l0

10 a[-3,0] Db[-3,0] c[3,[

Exercise 8.3.1

1 a YA b y [ y
. p

X

3

<Y

bi{2.,2,-2.2}
i {3,-2}

4.2

3

4
Exercise 8.3.2
1 a A b 5 c ) d \v
2
)L X X X
. | . ] - 0s
(3 f y g 5
YA 1
X X
X
3
4
h ’ i
5 2
X X
A A
Exercise 8.4
1 a-2,1 b1l,2 cl125 d1.52 el f2.04 g 1.25,-1.25 h0.34,8.99

inosolution j3 k344 1-1.67
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Exercise 8.5 Miscellaneous questions biran=[1,) ii ran=[1,5]

1 aYes b 3 ci0<x<3 ii[l, 3] dNone, x = 12 lies outside the domain
f / )(2 5)

5 a-1 b 4x2 +4x cx2-2x dé4x
2 a2m b66m c¢ s 6 a b ¥ c ¥
6
X X X
2 | 10 ~—— N
t
3 7 ai0 iih2-3h b3h+h?
LEVEL3
\y
\2‘7
4 ay>-2 bi(0,4) {3450 cb=2a=3
12
5 a60,44,36,32,30 b Use graphics calculator ¢ 28 d 15 minutes o
6 a3 a=2 -1 2 a4 b3+x
7 bb’=3:c’=2 3 g(x) = x; flg(x)) = x
8 Range =], 7]; Many:one 4 Calculator check
9 5 x=_F*_
k-1
6
10 1 . .
11bV=06064360 c67.6 LEVEL4| o
8.6 Graded revision questions 1 $=(0,2)
LEVEL 1 2 (3,41}
1 adom=(-1,4],ran=[0,5] bdom =0, 6], ran = [0, 6] ’
cdom = R\{2} , ran = R\{3} 3 3<x<3 y
2 aandc \ |
3 ay=2+2=4 b18 c6 ‘ |
LEVEL 2
138 | .1 |
3 ! L
2 ax<2 bx23 cx>-1 =30 3 x
1 1-— I |
3 ag(n) =5 bfe() = 5 4 ata=2b=8c=-6 b-075
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5 a v bi &ii N y = )
A (€)'
_ R AN T
———T_————y—a T~ T~ — _ _Y=a
=== i 1\? =
-0 x b\ x
a *5\
|
8.7 Topic test
1 al bl
2 A
7 /
7041_,9‘

3 arange=]-o,16] brange=]-o,16+ k] v
16 -

0
4 X
This occurs because all that has happened is that ‘k” has been added to the function in

a and so the graph in a is moved up ‘¥’ units.

| X
[ 1
5 a
1 3 7 14 29 59
60 45 37.5 34 32 31

cT—>30 d2

| | | | | -
6 10 11 12 13 14 n

e Sl if-3<x<-1
. ay:{0.5x+1 if2sx<0 ) LT
1-05x if0<x<2 R

1 XS

Exercise 9.1.1

8

4,0.25

8,18

8and 11 or -8 and -11

6,-10

2m

51 kmh™!

11and 13 or -11 and -13

25 days

10 30

11 a30 b $50 each

12 6 kmh™!

Exercise 9.1.2

1 ail00-2x ii0<x<50(NB:ifx=0or50,A =0 and so there is no enclosure)
bi A =2x(50-x),0<x<50 iil0mby80mor40mby20m iii 1250 m?

OO QAU A W -

iv25 m by 50 m
2 aii0<x<12 bi20m? ii32m? iii32m?
c 4 d6mby6m
6T L
\
\
|
0| 6 12 5 x
3 a c b $12,900
13600+ — — —
I
12,000
\
0| é >
4 35.83kmh!

Exercise 9.1.3

1 aiiy=04x+72 biiy=6-2x ciiy=0.5x+32
2 Second difference = 0.64

3 by=x2+4x+2

772



MATHEMATICAL STUDIES - Standard Level ANSWERS

4 aandc by=2x*-3x+7 3 al00% bt=0.229 (first time) then again at = 13.104

c di42.26% ii1.73 weeks
e As time increases,
oxygen level will be 100%

5 y=2x*-x+3

Exercise 9.2 Miscellaneous questions [0, 10] by [0, 1] [0, 20] by [0, 1]
T T 1 100
i H 1s |
i 1 181
------------ i T 55 :
L¥E) = 20 l
cip=-02q+4 iip=0.079+0.76 d Optimium scenario: demand = supply. - usage, (100 MJ)
This occurs when p = 1.60, g = 12. 5 10
2 ay :,§x2+%x+g’0gxg5.5 b[BE];y:,%x+%,1gxg5,5, 5 Equation of path: y = —zzﬁxhr:—gxﬂ.Greatestheight:21.17 m.
[BOJ:y=55x,0<x<1 c49°36' liEng 3
9.3 Graded revision questions 2 al5hours b 10 hours
LEVEL 1 3 B(3254, 1953), C(6146, 3687) units in metres
2 6 4 a 0.25,0<x<50 b 3404 g¢ — o
3 a R(x) = xp = x(40 - 0.0004x), 0 <x < 100,000 b i $960,000 0.65,50 <x <80 250 — o
ii 18377 or 81622 (must be integer values) iii 1,000,000 c =) 130.80<x<160
4 ay=350-x) bid=5G0-x ii0<x<50 cim2 193, 160=x <320 195 —
3 3 3 2.50, 320 <x <500
ii x =25y = 13@ ; dimensions 50 m by % m 3.40, 500 < x < 1000 130
5 a Using the coordinates (4, 6), (6, 11) and (9, 9): y = —0.6333x2 + 8.8833x — 19.2 065 &—° » (km)
b -40°C at 11 p.m. The model is not valid outside data 021 S — 50—\ s30T >
range. Therefore extrapolation will not necessarily c$470 d$1.88
work. 5 a
a
LEVEL 2 o d
1 3hours
2 3583kmh™

773



blinear ci[| jpRea iiM=0,x=1,ie.1m

6 a b ciparabola

d [Quzdreg
ufax3+bx+c

=
b=-58
c=1235

[ |
LEVEL 4
1 Chair-one: 20; Chair-two: 24
2 7.5 hours, 10.5 hours

3 a0<x<4 bAx) =3x+025x2,0<x<4 ci A ii 3.25
iii — 6+ ./48

16 — — —

0 4 x
4 ai200m ii320m c12sec bi0.34secand 11.66sec 1iill.31 sec
5 a 0.53 sec (on the way up) and 9.47 sec (on the way down) b 10 sec
d12.07sec e750m

6 aP(x) =-2x2+x+3 bPux)=0-bHx2+x+kxe Rzl
7 aia=45,000,b=500,000 iik,=0,k,=4 b S (4, 680,000)
500,00

V"

9.4 Topic test
1 a2km/day b2.5km/day
2 a$72500 b No. (Loss of $20000) ¢ 2500

3 a b i $70,000 ii $300,000

YA®) c Fixed cost (e.g. salary, electricity)
v dSee graphina
e $76,667 (to nearest dollar)
fi
300000 ’
287192 P(x) = 140x — ==x2 — 70000, 0 < x < 6000

30
ii $77,000 iii 2100
gi0<x<580o0r3620<x<6000
ii 581 <x <3619

|
| h See graph in parta
104808 |
70000 | ¥ Break-bven |
Loss | poin}s |
| Il | X
0] 580 3000 3620 6000

4 biP®) = —%xh 194x 72000 ii 0 <x <6000

¢ YA®

y = R)

72,000 . 45" <— Breal-even
Loss | points

=

-
y

1 | 1
0‘ 399 3000 5421 6000
d The company will break-even at 399 radios and 5421 radios. Provided the
company sells between 399 and 5421 radios they will make a profit. e 2910
5 a

[ [ D
biParabolic ii /(x) = —0.04694x2 +0.96518x+1.7896 ¢i6.75m 1ii22.27 m
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6 a b second difference is constant = —50 4
o Cy =—025x2+25x+580

o d $22,500 per car

ei$824,750 ii $19,750

7 aiandiihave a constant gradient and so are linear. iii use trial and error to verify

quadratic relation 5 a[l,16] b[3,27] ¢[0.2516] d[0.5,4] e[0.125,025] f[0.1,10]
biip = 10-0.001x, C(x) = 2x+7000, R(x) = —0.001x2 + 10x 6 a-1.5 b

C P(x) = —0.001x2 + 8x—7000 , max profit = P(4000) = 9000

Exercise 10.1

102[03} 03]

Exercise 10.2

1 a3 b3 c2 d391 d293 el66 f240 gl76 h417 1i-1/3 j-1/3
k-1/2 1-332 mO0 n-2.32
2 al63 bl74 c232 d1.89

Exercise 10.3
1 a4445 b31.63% c¢6.02sec d 0

| X !
i ] k ’ 1 y Qqt 4o
y y
1,5
~1,8/ 1,
1. 4B) .85 Q- 107
1 10, %[ 10,
0, X[ 10, x[
- | |
| | X

(1,3.2) 1,1.8)

1 1
10, °O[ 10, °0[

|

|
= =
=x Loy
O t(sec)
2 b 2 al200 bi2400 1ii4800 c¢10.3 years (approx.) d y
480 —
1. Y =N
05N — — — 2400 \
120 \
ol 10 ™7 (days)

3 ‘D hasa dilation effect on f (x) = a* (along the y axis).
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3

=

al29 bo0.1833 c¢i750 ii900 d11.57 years

t‘(years)
ol 10 20

al000 bil516 1ii2000 ¢ 10 days
a0.0013 b2.061kg c231.56years d w

ail57 iil65 iiil191 b1l4.2years c20.1years d N

150

a50 b0.0222 c18kg d W
5

a15000°C bill915°C ii1500°C ¢ 3.01 million years

d T
15000 N\° -

t

a0.0151 b125g c20years d 0
200\- - - -

10 a $2 million b $1.589 mill ¢30.1 years d v

2 000 000

11 b0.01761 ¢ 199230 d22.6years

Exercise 10.4 Miscellaneous questions

) L:J/\ B

ac=1
a8 16 32 64 128 256 bi45 ii3.6
a400 bi705 iil242 c¢14.2

a b 0.5 sec

6 /’/
;
7 ax=2 bx=-1

8 ¢=-2, k=025
9 al0 20 40 80 160 320 640 ci56(or57) iit=5.64

10 a N b9.24% of N, ¢t=3.50 (years) d160.43 cm
NOL e 72 days old
t

10.5 Gr‘aded revision questions
LEVEL 1
1 a b c

U W

%

Window : [-2, 3] by [0,8] Window : [-2, 3] by [0,8]

Window : [-2, 3] by [0,8]
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2 al7 b5/3
LEVEL 2

1 a36 b25 cl.8
LEVEL 3

1 T HOIC
H“min=-4
Emax=d
Hacl=1
Wmin=a
Wmax=16
Vaol=4
Hres=1

=2,k=-2/3

2
3

c
a

45 60

16 32

€ 2097152

LEVEL 4
1 a

Flobl Flatz Flots
WM EZTE
wMeBddk L SaE

~Mz=l

Flotl FlokZ Flokz b0,2

WM EZTE
- L L R
~Nz=l

wMy=

wMo=

M=

wMr=

777

snlu?iE“i'H}—l.S
T sgq9c25887

2 a=8,k=4b=2

3 ax=3.170(to3d.p.) bx=-0.708 (to 3 d.p.)

086Gagproehrs &)
200

|
10, 47.46)

| -

0 10 Tt
d 4 =200—M = 200-200(0.75)!/2 A

= 200[1 - @ t/z}

y = A(t)

ol
5 From the graphs below, we have that x ~ 1.9

WIMDOL
BAmin=-1
Bmax=4
wscl=1
“Ymin=8
‘Ymax=14
Yecol=2
Ares=1

Exercise 11.1

1 a4l bJ72 ¢ J225=15 d 250 e.85 f./173 g.41 h /89



2 i+226 j 106 k205 1.180

J400 = 20 n /145 o4

Exercise 11.2

a2 b3 cg d8 e0 f2 g-2 hundefined

ay=2x-1 by=3x+9 cy=-x-1
1 1 3 4

a—i b§ CE d—g

y=2x

y=-x+1

2y-x-2=0

+12

2

Parallelogram

RN ER W N -

10 ay=§x by=—%x+3 cy= gx—%

Exercise 11.3

11 (0, 1), (2, 5) and (6, 3)

12ay=3x+c by=3x-8 c(3,1) d.40
13 (36.67, 89.5) to (110, 265.5)

Exercise 11.4

dy=-2x+1

1 ald46 b-0.65125 c-1.651.56,9.92 d-1.66 e-1.39,-0.14,1.83,5.69

f0.59 g0,0.15,2.31,9.35 h-0.75,0.75

2 b-0.33,1.54

3 bm=1,c=2 ¢-2,1
4 -0.79,3.79

5 -0.85,0.53

6 1.70,0.89,-1.70,-0.89

Exercise 11.5 Miscellaneous questions

1 a-3 b(2,0,(60 c3 d3y-x-3=0

2 %2-cm3

3 a-2 by=-2x+8 ca=4b=3

4 7y-6x-10=0,6y+7x-24=0

5 ay=4x-9 by=-x+1 c2y-x+4=0 d2y-x+4=0
6 ay+2x-5=0 b2y-x+5=0
7
8
9
1
1

75
59
r=6, Area = 118.90 cm?
b=-15a=-25
0y=2x+4
1 3x—2y+2 =0

12 (1, 4)

13 a./89 b9.43
14 y=2x-2.5
15 éV cm’®

16 122

133
174m

11.6 Graded revision questions
LEVEL 1

1 am=3,c=-1 bm=-1,c=-1 c¢m=05c¢=2

2 ailii /109 iii2/13 bi0 ii13—0 iii 1.5 ci(2.5,4)

3 a252cm? b4m+20cm?

LEVEL 2
1 a-05 b3 c¢-25
2 y=3x-3
3 2y-3x-1=0
4 2y-x-3=0
3 4 7 5
= _ 2%+ = 2+ L = _
5 ay 2x?aby ¥ty Cy-ax-a
6 120+12 /1375 cm? ~ 164.50 cm?
LEVEL 3
1 aik=3 iik=-+ bik=-2 iik=6
3 3
2 a_ 17
b 6
3 4=(4,0)
4 a=-30,b=-20
LEVEL 4
1 m=§
3
2 a Y hAco-6) c D=(1,1)
3.4
B(~2,3)/

ii (3.5,3) iii (0, 0)
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alf pg =3 bp=-3¢q

aiy=L(x—1) diy=3(x+3) bX=(-2612) c48sq. units
3 q

aB=(a+b,0+c)=(a+b,c) bFor AC: (%(a+b),%c) OB: G(a+b),%c)

3 a
4 by =2x2:) = 4x.S0,atx = k) = 4k, ie.
gradient = 4k
5 At
(k,2k2),m = 4k:.(y—2k?) = 4k(x—k) =y = 4kx —2k2
6 c
dy+x = l6©y=fix+4.'.f‘1—‘x4k=71:>k=1
A _ 2 _22 1
7 dForL,:y =0=0 = 4kx -2k @x—ﬂ—zk
8 ForL,:y=0=4x0+x = 16x =16
: 1 ( _D 21,31 5,31
9 . Area 7% 16 x 2(1) 3%3 x 2 :
$q. units
10 (a, 0)
11aa=2,-3 ba=-06
12 a YA @2 b 13 midpoints: 0=(0,0) ,
pa (2220 2050)
/ _ 2 2
P g
2a+2b 20+0)
=| —— —|= +
I 0=(2212L 220 (4, o)
AL~ 0 B
“2a ; 2a

11.7 Topic test

1
4

-8 ¢

4 0 BN\

AB=12 ‘ \

2 a2/5 b2 c(43)

3 x=-45y=-6

779

c Theybisect d B=(b+ b2+ c)

emgg = ;, Mpc = ¢ meB XMy =1 . Therefore,
b+ «/bZTCZ br+c2—b
diagonals are perpendicular.
Exercise 12.1.1
1 aiid diis, =4n-2 bii-3 iiis, =-3n+23 cii-5 iiis, =-5n+6

dii0.5
-28
9,17
-43

7

7

-5

0

a4l b3lst

10 2,./3

11 ai?2

12 x -8y
10

13 4, =5+ (n-1)

14a-1 boO

Exercise 12.1.2

ald5 b300 c-170

a-18 b690 c704

a-105 b507 c¢224

al26 b3900 c14th week

855

a420 b-210
Exercise 12.1.3
123
-3,-0.5,2,4.5,7,9.5,12
3.25

a=3 d=-0.05
10 000

330

-20

328

iii 7, = 050 eii2 iiir, = y+2n-1

OO WN

ii-3 bi4 iill

QAU WIN -

AU W=

fii-2 iii t, = x-2n+4



9 $725, 37wks

10 a $55 b 2750

11 ai8m ii40m b84m cDist=2n2-2n=2n(n-1) d8
e 26 players, 1300 m

12 a5050 b10200 ¢ 4233

13 al45 b390 c-1845

14 b3n-2

Exercise 12.2.1
1 ar=2us=48u, = 3x2n-1

n

B nr-1
br ,un—3x(§) cr

Ly = oy = 21(2)""
575 625’ n 5

= 3Us = 5 =
-1
dr= 74,145 = 7256,un = -1 ><(f4)”_1 er = é’MS = :—3,un = abxG)n
b B b4 5 -1
fr= s = a—z,un =a x(;)
+.5
+ il S
2 a+l2 b >
3 a+96 bl5th
B n—1 15625 _ .
4 au, = 10)((9 b 3888 ~4.02 c¢n=>5(4times)
4
5 —2,3
6 ai$4096 ii$2097.15 b 6.2 years
_ 1000 (_1_2)”*1 1990656 _
7 u, 160 (3 ' Ta23% =471.16
8 2.5,5,100r10,5,2.5
9 53757
10 108 952

11 a$56 156 b $299 284
Exercise 12.2.2

1 a3 bt co1 d-l e125 £-2
3 3 3

2 2216513 b1.6384x10-10 20 72 . 81

729 2401 1024
3 all;354292 b7;473 ¢8;90.90909 d8;172.778 e5;2.256
f13;111.1111111111

127 63 130 63
5 4;118096
6 $2109.50

7
8

9

10
11
12
13

9.28 cm

ay = V0X0.7” b7
54

53.5 g; 50 weeks

7

9
-0.5,-0.7997

14 r=5,1.8 x 10'°

15
16

$8407.35
1.84 x 102 ~ 200 billion tonnes.

Exercise 12.2.3
1

2
3
4
5
6
7

Term 9 A.P. = 180, G.P. = 256. Sum to 11 terms A.P. = 1650, G.P. = 2047
18

12

12,7

8 weeks (Ken $220 and Bo-Youn $255)

aweek 8 bweek12

a 1.618 b 121379 (~121400, depends on rounding errors)

Exercise 12.2.4

1

2

w

W NN N U

10
11

12

13

14
15

81 10 30

23
23 39
6667 fish. [NB: t43 <1. If we use n = 43 then ans is 6660 fish; 20 000 fish. Overfishing
means that fewer fish are caught in the long run.
27
48,12,30r16,12,9
STIRN A C)
30 99 90
128 cm
121

9
2+§J§

3,-0.2
2560

93

10

3

43 458 413
1899990
9900

3275
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16 3
17 t, = 6n - 14
18 6

1
19_5

20al12 b26

21 9cm, 12 cm

22 +2

23 (5, 5, 5) [trivial case], (5, -10, 20)
24 a2,7 b2,58 c¢c3n-1
25a5 b2m

Exercise 12.3

$2773.08

$4377.63

$1781.94

$12216

$35816.95

$40349.37

$64006.80

$276971.93, $281325.41

$63762.25

10 $98.62, $9467.14, interest $4467.52. Flat interest = $6000
11 $134.41, $3790.44, 0.602% /month (or 7.22% p.a)
Exercise 12.4 Miscellaneous questions

ai5 ii3 b5,8,11,14,17 c62 d100

29

bil0,22,34,46 1ii238 cd=12,a= 10, sum = 640
a3 b98415 ¢ 147620

a$3027 b $5526.70

a0.85 b$6264.10 ci u,, = 12000 x (0.85)" i 8.53 years
a578 bl3 c¢51.34

288

-96

10 7 terms

11 1000 numbers

12 a 1250 x 1.12° ~ $2203 b 19 years
13 a A, = 12000 + 2007; B, = 8000 x 1.05n bn =13

12.5 6Graded revision questions
LEVEL 1

1 aAP bAP cNeither dG.P
2 al3 b-19 c6 d16

3 a8 b48

4 a-40 b1.875 d49152

ORIV R W =

OO QN Ul W=

5 a-285 b1l5 c¢505 d32769
LEVEL 2
1 45

781

2 7
3 4782968
4 22 years
5 b=945¢
2
6 $360,000
7
8
9

x =84
121
9

9
LEVEL 3
1 a9 b93 c48
2 a313 b1738 c2 d6141
3 28

4 b= %(d+2a)

LEVEL 4

1 21

2 21 months

3 15%

4 a4950 b24th day ¢ 130 150
5 ¢ $5692.84

12.6 Topic test
1 28
2 425
3 a$26,226.75 b

1 2 3 4
28050 26226.75 24522.01 22928.08

¢ V;=30000 x (0.935), t=0, 1, 2,

(
4 al0 bs = 3[2(1)+(n_1)1] - "7+§

5 al6326ratchets b 70399 ratchets c¢n=10.006468 d the 26th year

Exercise 13.1

1 ahammer is an element of set A b axe is an element of set C ¢ Tuesday is an
element of set B d Tuesday is not an element of set A e January is an element of
set B f Sunday is not an element of set C

2 a32eC b45eN cGreengK dMarygP eHorsegM

f Banana e H

aiT iiF biT iiT

[\8)

¢ 10 rows

w

4 aA={xx=2xx=1,2,3,4} bB = {x|40<x?<169, where xZ is odd}

cC = {x|0<x<12,xe }N dp = {x]0 <x <25, and x is a prime number }
€ E = {x|x are factors of 28}



a{4,9,16,25,36} b{(1,6),(44),(72)} c{}or @
aT bT c¢F
e is an empty set. Non empty sets: a {1, 3}, b {2, 4}, ¢ {92}, d {3, 4}
aT bF ¢T dF eF fF
Exercise 13.2
1 aF bT c¢T dF eF fT gT hF iF jF KkF
5 316 1763 8441
2 ay b5 c5y 4%

b {(0,5), (1,4), (2,3), (3,2), (4, 1), (5, 0)}

BN - W3 |

3 ax=§.'.xe Q

(5,1),(5,2),(5,3),(0,6),(6,0)} d {x|3<x<6}

Exercise 13.3

aT bF c¢F dT eT fF gT hT iT

a4 bl2 c¢7 d11

aFinite b Infinite cFinite dFinite e Infinite f Finite

a{} bf{a,e} c{Monday, Tuesday, Wednesday, Thursday, Friday, Saturday,
Sunday} d{4,5} e {0,1,2,3,4,5} f{-4,-3,-2,-1,0,1,2,3,4,5}

g Not possible h Not possible

a0 b2 ¢7 d2 e6 f10 glnfinite h Infinite

Gand H
a{x|xeN,3<x<18}
d {x|xeQ,-5<x<5}

Exercise 13.4

1 aT bF ¢T dT eT fT gF hT iF
2 aT bF ¢T dT eT fT gF hT iF

3 { Liah{Bhinh{oh{oBh{a u}{a o} {B u}{B ok {n o} {o. B}
{Q’B7G}’{B’u’c}’{a’u’c}’{a’B’H7G}
32

NSV SR

NS\

b {x|xeR,x<12} ¢ {x|xeZ,-56<x<45}

4

5 a3l bl1ls

6 aF bF c¢T dT

7 aYes bNo cYes dYes

8 a{l} {2} {1,2}{} b{} C{{ }} {{1} {12}} {1}, 3% {1,213}, {3}, {{1}, {1,.21,3}4 {}

9 aT bT c¢cF dF eT

10 6

11 a{6,12,18} b{4,16} c{9} d{} e{2,3,4,6,8,9, 10,12, 14, 15, 16, 18}
£{1,3,4,6,9,12, 15, 16, 18} g{l, 2,4,6,8,9,10, 12, 14, 16, 18}
h{1,2,3,4,6,8,9,10,12, 14, 1516, 18} i{4,9, 16} j {3,4,6,9,12, 15,16, 18}
k{2,4,6,8,9,10, 12, 14, 16, 18}

12 a3 b2 do el2 f9 gll h13

13 a{-3,-2} b{-3,-2} c¢{-3,-2,-1,0,1,2,3} d{-3,-2}
ef{-5-4,-3,-2,-1,0,1,2,3} f{-3,-2,-1,0,1,2,3,4,5}
g{-5-4,-3,-2,-1,0,1,2,3,4,5} h{-5,-4,-3,-2,-1,0,1,2,3,4,5}
i{-3,-2,-1,0,1,2,3} {3 -2,-1,0,1,2,3} k{-5,-4,-3,-2,-1,0,1,2, 3}

14 a2 b2 c¢7 d2 e9 fo gll h11

c{(1,2), (1, 3), (1, 4),
(1,5),(2,1),(2,3),(2,4),(2,5), (3, 1), (3,2), (3,4), (3,5), (4, 1), (4, 2), (4, 3), (4, 4),

2 aA={3,6,9,12,15,18,21, 24,27, 30, 33, 36,

15a{x|xeR, 3<x<-2} bi{x|xeR, 3<x<-2}
c{x|xeR, 3<x<4 dix|xeR, 3<x<-2} ef{x|xeR, 5<x<4}
f{x|xeR, 3<x<5} gix|xeR,-5<x<5} hi{x|xeR, 5<x<5}
i{x|xeR, 3<x<4} j{x|xeR, 3<x<4} ki{x|xeR, -5<x<4}

16 a{b,d,f, g,j,k,Ln,0,p,q,u,vywx, 5,2z} b{aeiou}
c{cefghikqgrstuvwxy}l d{ou} e{u} f{ou} g{u}
h{b,d,ef, gijkLnopgruvwxyz

17 a{-10,-9,-8,-7,-6,3,4,5,6,7,8,9,10 }

b{-10,-9,-8,-7,-6,-5,-4,-3,-2,7,8,9,10 }
c{-10,-9,-8,-7,-6,-5,-4,-3,-2,-1,0,3,4,5,6,7,8,9,10 }
d{-10,-9,-8,-7,-6,7,8,9,10 e{-10,-9,-8,-7,-6,7,8,9,10}
f{-10,-9,-8,-7,-6,7,8,9,10} g{-10,-9,-8,-7,-6,7,8,9,10}
h{-10,-9,-8,-7,-6,-5,-4,-3,-2,3,4,5,6,7,8,9,10 }

18 a {x|x & ,x<-50rx>2}
Cix|xZ ,x<0orx>3}
e {x|x& ,x<-50orx>6}

19 a{x|xeR, -10<x<-50r -3<x<10} bi{x|xeR,-10<x<3}
c{x|xeR, -10<x<-3 ,4<x<10} dfx|xeR,-10<x<-5 or-3<x<3}
efx|xeR, -10<x<-5}

20 a28 b19 c¢25

Exercise 13.5

1 ai[ A B ii

OOp
L

b (x|x& ,x<-1orx>6}
d {(x|x&Z ,x<-50rx>6}

(B
(a»
o
=

39}

B=1{4,8, 12, 16, 20, 24, 28, 32, 36}

b Multiples of both 3 and 4, less than 40

cil3 ii9 iii3 ivl19 d19=13+9-3 €
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aA={1,2,3,4,6,9,12,18,36}
B={1,2,3,4,5,6,10, 12, 15, 20, 30, 60 }
b Numbers that are both factors of 36 and 60

ci9 iil2 iii6 ivl5 d15=12+9-6

4 aA={2,357
B=1{1,3,57,9,
29}
b Odd numbers less than 30 that are prime
numbers
cilo

11,13,17,19, 23, 29}
11,

ii 15 iii9

a The fruits that are common to both sets

le

pear )B

ci5 i3 iii3 iv5 d5=5+3-3

aA=1{1,2,3,4,6,9,12,18, 36}

B = {6, 12, 18, 24, 30, 36, 42, 48, 54, 60}

C=1{2,4,6,8,10, 12, 14, 16, 18, 20}

b Numbers that are factors of 36, multiples
of 6 and even.

ci9 iil0 iiil0 iv3 v19

ai

iv

ols

vii

783

13, 15,17, 19, 21, 23, 25, 27,

ivle d16=10+15-9

[-9




12aA by
Exercise 13.6.1
1 a

11
| E
Vii @

cU dA eA

UV

fA gA hA

A ‘!B

8
A

U Db

oe]

oD
O

A 6
A e

A ° B

| o
joD;
H T

) -U

iAUB

jBNA

6 Inconsistent information-no Venn diagram possible

7 a65 b95
8 240
9

x—50
Need: 50 <x <100
Exercise 13.6.2
1

a44 bo
a44 b9
18

a54 b1l2

N O\ U

Exercise 13.7 Miscellaneous questions

a{l,3,5} b{2,4} co do

W

ai{l,2} ii2 bif6,8, 10} ii3

di{3,5,7,9,11,4,6, 8,10, 12,13, 14, 15, 16}
a Finite b Infinite ¢ Finite d Finite
a{3,4,5,6,...} b{l,2,3,45,6,7,8} c{1,2,3,4}

aNo b Yes

a{8} b{x2} c{2}

ai4 ii{0,4} iii2 bi2
10 a{1,2,3,4,5,6,7,9} b{3,4,7}
11 AnB=A

N=e RN e W) |

aF bT ¢F dF eF fT gT hF

ii {1.5, 2, 3}
c {9}

cif{5,9,13,17,21}

e Infinite

iii @

iT jT kKT 1T

a@ bfaeioubcdfight co dfaeghl efgh}

ii5

ii14 ei{(2,2),(4,4),(6,6)}

d{1,2,3,4,5}

i3
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12 ii and iv are correct.

B . “1 B‘
@ Q m B‘
@ ‘ m 0

14 a0 b2 c4 d4

15 a{0,1,2,3,4,5,6} b{7,8 ¢{0,1,5,6,7,8} d{0,1,2,3,4}
e{3,4,5,6,7,8} f{5,6}

16a{1,2,3,4,} b{l} ¢{3,5} d{6,7,8,9} ew fo

17 aimU 1

B U 111 A B
iv A.B U

18 aF bT cF
19a14 b60 ¢ 48 de60
20 a20 b10 c10

21 U B
22 ai22 ii5 DANB={5,AUB={1,2,3,4,56,7,89}
23 a7 b49

(2

785

24 a BN C = {x|x € A where x is a perfect square prime number} ; BND = {x|x € A where x is a
prime number whose first digit is greater than its second digit}
bBAD={}=0,CnD = {31,43,53,61}

26 a22 b3
27 al5 bl4 c8

13.8 6raded revision questions
LEVEL 1
1 {3,4,5,6,7}

2 4
A
(@ 7

3 a
4 {1}, {4}, {8}, {12}, {4, 8}, {4, 12}, {8, 12}, {4, 8, 12}
16

5
LEVEL 2
6

A B

'

24

7 a b C
A B

(3
8

10
9 a5 b{3456,8
LEVEL 3
1 alor2 boOorl
LEVEL 4

1 AUB'UANBANC)=(AnBnC)

13.9 Topic test
1 a

C




2 aif{4,8,12} ii{l,2,4,5,8,10}
b U

U n(AnB') =13

U <12
6 al2 b17 «c3
Exercise 14.1.1
1 ab,d fhik]l
Exercise 14.1.2
1 aBrutusisnotsick. b The cup is notempty. ¢ Monday is not a holiday.

d There are not twelve months in a year. e 4 is not less than 6.

f Ismael does not study Geography. g Yoshi does not play football.

h All roses are not red. i March does not have 31 days.

j Not all quadrilaterals are rectangles. k Carlos does not live in Japan

Exercise 14.1.3

1 a All trees are green and all mammals are warm blooded. b Josh and Anne study
French. ¢ Abdul plays both football and squash. d The Moon orbits Earth and
Earth orbits the Sun. e It is raining and today is Saturday.

2 ap:Jennifer studies Physics. g: Jennifer studies Chemistry. b p: All mammals are
warm blooded. g: All roses are red. ¢ p: Ruth is 16 years old. g: Janet is 17 years
old. d p: Today is Sunday. q:Itis fine. e p: Ronnie plays football. g: Renee plays
tennis.

3 aiP={4,8,12,16},Q=1{6,12,18} iipAq truth set= {12}

iii U L4
01

biP={1,4,9,16,25,36,49,64,81} Q=1{6, 16,26, 36}

U »

149, .Q
‘/2549/16 6,

1

| 6481136/ 26 )
\ >/ /
N —

iii p A q truth set = {16, 36}
ciP={2 3,5,7,11,13,17,19} Q= {3,6,9, 12, 15, 18 }

'1113(3‘1215‘
\1719 18 /Q
ii

iii pAq truthset={3}
4 a All trees are green or all mammals are warm blooded.
b Josh or Anne study French. b Abdul plays football or squash. d The Moon
orbits Earth or Earth orbits the Sun. e It is raining or today is Saturday.
5 ap: Josh will buy a TV. g: Josh will buy a stereo.
b p: Yoshi plays tennis. g: Mohammed plays squash.
¢ p: The Moon orbits Earth. g: The Moon orbits the Sun.
d p: Emus are birds. g: Goats are horses.
e p: Ruth likes watching the theatre. g: Ruth likes watching sports.
6 aiP={4,812,16}Q={6,12,18} ii U

iii pvq truthset={4,6,8,12, 16,18}
biP=1{1,4,9,16 25, 36,49, 64,81} Q = { 6, 16, 26, 36}

T
1,4 Q
[ 25,49,/ 16, 6, \

\ 64 81! 36/ 26 )
ii \ / /

iii pv q truthset={1,4, 6, 9, 16, 25, 26, 36, 49, 64, 81}
ciP={2,3,57,11,13,17,19} Q={3,6,9,12,15,18}

llUP
2,5,7,
/ %69\

11’ 13 c’ 3 \
\ 17

\\ 19 \\% 18/

~—_ S~

111pvqtruthset—{2 3 5,6,7,9,11,12,13,15,17, 18, 19}
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Exercise 14.1.4

1

b If Yoshi is sick then Yoshi is not at
d If this is the right time for an
e If John works hard then

a If x is a multiple of 9 then x is divisible by 3.
work. ¢ If Paris is in France then the sky is blue.
argument then it is the right place for an argument.
John earns money.

a p: A number is divisible by 10. g: A number ends in zero.

b p: I will earn more money. g: I work hard.

¢ p: The flowers will grow. g: There is enough rain.

d p: A number is divisible by 4. g: A number is even.

e p: I think. g: Tam.

aiP={16,2549}Q={15,16,19, 25, 26, 29, 35, 36, 39, 45, 46, 49 }

ii S b ——
UQ 15 19 26\ Q U
@ 2 4s; @mmals

46 1 |

wEhr Gedr

Exercise 14.1.5

1

a Converse: If a number ends in zero then it is divisible by 10.
Inverse: If a number is not divisible by 10 then it does not end in zero.
Contrapositive: If a number does not end in zero then it is not divisible by 10.
b Converse: I work hard only if I will earn more money.
Inverse: If I will not earn more money then I will not work hard.
Contrapositive: If I do not work hard then I will not earn more money.
¢ Converse: There is enough rain only if the flowers will grow.
Inverse: The flowers will not grow only if there is not enough rain.
Contrapositive: If there is not enough rain then the flowers will not grow.
d Converse: If a number is even then it is divisible by four.
Inverse: If a number is not divisible by four then it is not even.
Contrapositive: If a number is not even then it is not divisible by four.
e Converse: If I am then I think.
Inverse: If I do not think then I am not.
Contrapositive: If I am not then I do not think.

Exercise 14.1.6

1

2

a I will paint the house if and only if it is fine.
only if there are exciting rides.
d John will hit a home run if the pitcher is useless.

a

b We will go to Disneyland if and

| | o
| H| A
= =
= = ™ =

c I will take my umbrella if and only if it is raining.

b

| | | A
| A |
= =
= | 4| o
|l e M

| | | A
e =
= o —

= H
| | |

| | A
| H| | A
M| | |
| - A

| | |

| | |
| S | S
= o
H | =l
| = ) A
s (I (e s |

| | =] =
| S S
= H
| | |

|

| | A

| | | A
= | H|
| A
| M| |
o H 4™




Exercise 14.1.7

la
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Exercise 14.1.8

1 avalidblInvalid ¢ Invalid

Exercise 14.2 Miscellaneous questions

f Yes

e Yes

cNo dNo

b No

1 aYes
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2 almplication: If Fuzzy is a bear then Fuzzy is cute.
Converse: If Fuzzy is cute then Fuzzy is a bear.
Inverse: If Fuzzy is not a bear then Fuzzy is not cute.
Contrapositive: If Fuzzy is not cute then Fuzzy is not a bear.
b Implication: If Mary lives in Spain then Mary loves fish.
Converse: If Mary loves fish then Mary lives in Spain.
Inverse: If Mary does not live in Spain then Mary does not love fish.
Contrapositive: If Mary does not love fish then Mary does not live in Spain.
¢ Implication: If it is fine then we will go to the concert.
Converse: We will go to the concert only if it is fine.
Inverse: If it is not fine then we will not go to the concert.
Contrapositive: We will not go to the concert only if it is not fine.
d Implication: If I work hard then I will pay taxes.
Converse: I will pay taxes only if I work hard.
Inverse: If I do not work hard then I will not pay taxes.
Contrapositive: I will not pay taxes only if I do not work hard.
e Implication: If John loves fishing then John lives by the sea.
Converse: If John lives by the sea then John loves fishing.
Inverse: If John does not love fishing then he does not live by the sea.
Contrapositive: If John does not live by the sea then John does not love fishing.
a
row 2 and row 3
All
Tautology
aandb

N W

H| | A
|| = H
| ||
|| |
H| | | =

—| | |

= | |

10 b pv—yg

11aAnB bAUBUC) cAN(BUC)

12 pvyg

13ap bp cp dgq eT (Tautology) fp
14 ¢

15
L p[a[—»] -pra |
T T F F
T F F F
F T T T
F F T F
16 e

17 ap: Today is Tuesday. —p b p: x is a even number. g: x is a prime number. p v ¢
¢ p: Mary studies French. g: John studies French. p A ¢
d p: It is raining. g: The concert will be cancelled. p = ¢
e p: Yoshi will go to the concert. g: It is raining. p < —g
f p: Birgit likes ice-cream. g: Birgit likes cake. p A ¢
g p: Jessica will go to the concert. g: Mary goes to the concent.
r: It is raining. p < (g A —r)
h p: Tt is fine. g: Temperature is between 20°C and 30°C.
r: Paul will play tennis. (p Aq)=r
i p: T work hard. g: T will pass my exams. p = ¢
j p: Bill wins his race. g: Bill will make the final. p=g¢
k p: Bill wins his race. g: Bill will make the final. —p = —¢
18 alInvalid blInvalid cInvalid dValid eInvalid
19 ¢
20 aNo bYes cqg=p
14 .3 Graded revision questions

LEVEL 1
1 If xis not a blet, then x is not a flib.

2 “I'will not go swimming? is given by —gq . “If it is hot, then I will not go swimming”
is the implication. Therefore, p implies the negative of ¢, i.e. p = —q.

3 alf Physics is difficult, then I don’t study hard. b If I don’t study hard, then
Physics is difficult. ¢ Physics is difficult if and only if I don’t study hard.

d If I do not study hard, then Physics is not difficult.
LEVEL 2

1 a —p = q isan implication, stating the negative of p implies q. Therefore the
converse is ¢ = —p b “She is not tall” is represented by —x . “She is not tall and
she is beautiful” is the conjunction of —x and y,i.e. —xAy.

2 e
LEVEL 3
1 a

H| | | o
o =) 13
o =) 13
4443

oA
eI e ]
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2 b Regardless of the truth value of p and g, the result is always true. Therefore,
(—p=¢q) < (pvq) is a tautology.
c If I do not train, I will get into trouble. p v g is the disjunction of p and ¢, that is,

“I train or I get into trouble”. Therefore, either p and g are both true, or at least one
of them is true.

3 axtxy =x(1+y) =x(1) =x
Valid

LEVEL 4

1 Consider the contrapositive approach:

—q i.e. the triangle is equilateral
—p i.e. the line drawn from the vertex of a triangle to the midpoint of the opposite
side does intersect this side at a right angle.
Therefore, we must prove that —¢ = —p.
Consider the AABC as shown in the diagram: Given that AB = AC and
BX = CX.
A then, as AX is common we have AABX = AACX (SSS)
~ZAXB = ZAXC
S ZAXB = 90° (straight line)
p Hence, =g = —p which is equivalent to p = q (as required).
< 5——» Orverysimply: =g = —p so ~(—q) = —(—p) or p=g¢

b xy' +x'y+xy = x+y (Use a Venn diagram.)

C

2 Use truth table to show that the last column consists of Ts only.

14 4 Topic test
p:The movie is over. g: We go home.

2 A: x ny is the conjunction of x and y. It is true only if both x and y are true. Since y
is false, then x A y is false.
B: x vy is the disjunction of x and y. It is true if either x or y is true. If x is true then
x vy istrue.
C: The statement y is false because 3 x4 = 12 (]18).
D: x =y is the implication, if x is true then y is true. However, x is true but y is

false.
3 alfxisprimeandodd,thenx>2. b(par)y=g¢g
4 a
T T T F F T T
T F F T T F T
F T T F F T T
F F T T F T T

5 b The statement “If Nora lives in Sydney, then Nora lives in NSW™ is represented by
rp=4q.
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However, the statement “It is false that Nora lives in Sydney and Nora does not live
in NSW? is given by —(p A —q) .
6 aHe does not eat too much. b He does not eat too much and he is healthy.
¢ He is healthy or happy.  d If he eats too much then he is not happy.
e If he does not eat too much and he is healthy than he is happy.
f He eats too much if and only if he is not happy. g He eats too much or he is
happy. hIf he does not eat too much or he is healthy than he is happy.
i It he does not eat too much then he is healthy and happy.
j He is happy if and only if he does not eat too much and he is healthy.

7 ailA U U biAnB ii(AnB)U(ANB)
@),

8 apisnota sufficient condition for g. b q is a sufficient condition for p.

Cqg=p

Exercise 15.1

1 a% b% c%

2 a% b;

3 a25—6 b%

4 [HHHTTHTT} aj b3

5 (HHH, HHT, HTH, THH, TTT, TTH, THT, HTT} a% b% ci
6 g b% c§ a3

7 % b1_36 C2_96

8 a% b% cé d%

9 {GGG, GGB. GBG, BGG, BBB, BBG, BGB, GBB} a% b% c%
IOa% bi c}‘

11ai bl ci a3

12 a{(1,H), (2, H), (3, H), (4,H), (5, H), (6, H), (1, T), (2, T), (3, T), (4, T), (5, T), (6,T)}



Exercise 15.2

1 .5 3
1 aZ bg CZ
| 11 7
2 ap by oc5 df
9
3 %
4 al0 b03 c05
5 a065 b0.70 ¢0.65
6 2095 b0.05 c0.80
7 a{TTT, TTH, THT, HTT, HHH, HHT, HTH, THH}
6 6 13
8 ayx b o5
31 1 7
9 b7 ¢35 dg e

7
IOaZ bz CE dE

11 a0.1399 b0.8797 ¢c0.6
2L & gl
15 15 15
Exercise 15.3
1 a0.7 b0.75 ¢0.50 do0.5
2 a05 bo0.83 ¢0.10 d0.90
3 22 6
2/5 R = e 2
3 a R b 5 47

=

=

winN

[ J 9%}

=

Si—

[ J 9%}

7 g b3l ¢
G 45 9
Y
B
G
Y
B
G
8

9 a0.88 b042 c06 do0.28

10 a0.33 b049 ¢0.82 d0.551

11 a0.22 b0.985 ¢0.8629

12 a0.44 b0.733

13 a0.512 b0.128 ¢0.8571

14 a0.2625 b0.75 ¢0.4875 d0.7123
15 a0.027 b0.441 ¢0.4532

Exercise 15.4 Miscellaneous questions

1 a0.16 b0.70 ¢0.58
2 a05 b0.7 c04 do0.2

3 a o Y bi0.375 1ii0.225
) /\ 7\//

\ / e
\;:,\/*// 9
4 a 0343 b0.147 c¢0.8125

a Use of diagram (e.g. Venn), 19 b % c %
1 4 2
6 a 5 b § C g
7 a

iii 0.4 iv0.225

d Dependent

2 3 4 5 6
5 1 5 8 3

3 . 9
b % € 6.325 eggs per bird d % © 2.787 eggs

f The interval is 3.5376 to 9.11236 or in whole numbers4t0 9. g {5

8 a Each spin is physically separate from the others. The result of the first spin will

not affect the second.

792



b c 036 d 0.0040 .
0 0.064
1 0.288
2 0.432
3 0.216
15.5 Graded revision questions
LEVEL 1
1
T
4
2%
1
3
g4 2-1
6 3
1
g
1
6 3
LEVEL 2
1 4 B a07 bo05 co04
0.3
1 3 5
2 al6 b E C g d E
1 1
3 a 8—1- b 72—
4 a bl ¢35 d3
B ¢ F 8 16 8
30
LEVEL 3
1 A B a3 b3 c¢02,03;the events are not independent.
@2 Gador) 7
0.4
2 a 51 bNo ¢ 3

793

. . 9 ... 1 . .. 3 ... 3
3 aiYes 116—4 1111 biNo 112—§ 1111—4
LEVEL 4
1 4 B a076 bo0.24
0.24
2 a b3 c¢77
50 200

15.6 Topic test
1 a02 bo4
3

2 a025 b= ¢

51

25
51

3 a

O,

5 | bos4 co.l6 d%

0.16

4 a % (the results are independent) b

Exercise 16.1

acm
3.8

81.5
32.7
1.61

2.3
48.5
44.4
2.93
74.4
71.8
23.3
43.1
71.5
335

BEgmmT TR e A6 o

bcm
4.1

98.3
47.1
30.7
2.74
77.0
81.6
13.0
94.4
96.5
34.1
43.2
80.2
34.1

ccm

55.0
33.9
30.7
1.49
59.8
68.4
12.7
58.1
64.6
24.9

2.3
36.4

6.5

864

2401

c0.6

d 44
115

9

‘%

67°
56°
44°

30
57°
39°
33°
13°
52°
48°
43°
87°
63°
79°

e No, selections made
without replacement are

always dependent.

90°
90°
90°
90°
90°
90°
90°
90°
90°
90°
90°
90°
90°
90°

23°
34°
46°
87°
33°
51°
57°
77°
38°
42°
47°

30
27°
11°



o
p
q
r
s
t
u
v
w
X
y
2

3

6.1 7.2 3.82
29.1 30.0 7.3
29.0 29.1 2.0
34.5 88.2 81.2
24.0 29.7 17.5
41.2 46.2 21.0
59.6 72.9 41.8
5.43 6.8 4.09
13.0 19.8 14.9
14.0 21.3 16.1
82.4 88.9 33.3

a2/3 bs51+.3) c4 d2(1+.3) e§(3+ﬁ) f /106 -5

a25(1+./3) bi%—JE

Exercise 16.2

1

NS U1 AW

ai030°T 1i330°T iii 195°T iv200°T
biN25°E iiS iii S40°W iv N10°W
3749 m
18.94 m
37°18'
26 m/s
9
N58°33°W, 37.23 km
199.82 m
10.58 m
72.25m

10 25.39 km
11 5.76 m
12 2a3.01km N,3.99kmE b2.87kmE0.88km S

d 7.19 km 253°T

13 524 m
Exercise 16.3

RNV R W=

a39°48" b 64°46'

58°
76°
86°
23°
54°
63°
55°
53°
41°
41°
68°

al28lcm b61.35cm ¢77°57'° d 60.83 cm

a21°48" b42°2' ¢26°34

a2274 b12.7°

251.29m

a103.52m b35.26° ¢39.23°
b5343m c¢155.16m d98.37m
b 48.54 m

e 80° 32'

90°
90°
90°
90°
90°
90°
90°
90°
90°
90°
90°

c6.86kmE2.13km N

32°
14°

4°
67°
36°
27°
35°
37°
49°
49°
22°

9 a m b tanfl(g) C tan’l(

d 2(b+c)Wh2+ a2+ 2a(b— )2 + h2
10 82.80 m
11 a40.61m b49.46m
12 a10.61cm b 75°58'
13al44m b73°13
Exercise 16.4

1 al1999.2cm? b 756.8 cm?

c93°22
c62°11

¢ 3854.8 cm?

_h__J

d 27049 cm? e538.0 cm?

£417.5cm? g549.4cm? h142cm? i5162cm? j281.5cm? k918.8 cm?

1387.2cm? m139.0cm® n 853.7 cm?

2 69345 m?
3 1007 - 6,91 cm?
4 17.34cm
5 a36.77squnits b 14.70 sq units ¢ 62.53 sq units
6 52.16 cm?
7 27°2
g (btax tan0)2

2tan®
9 Area of AABC =61.38 cm?, Area of AACD = 101.78 cm?
Exercise 16.5.1
1 acm bcm ccm
a 13.3 37.1 48.2
b 2.7 1.2 2.8
C 11.0 0.7 11.3
d 31.9 39.1 51.7
e 18.5 11.4 19.5
f 14.6 15.0 53
g 26.0 7.3 26.4
h 21.6 10.1 28.5
i 0.8 0.2 0.8
i 277 7.4 333
k 16.4 20.7 14.5
1 21.4 45.6 64.3
m 30.9 27.7 22.6
n 29.3 45.6 59.1
o 9.7 9.8 7.9
p 215 36.6 54.2
q 14.8 29.3 27.2

0314.6 cm?

A
10°
74°
60°
38°
68°
75°
79°
39°
82°
36°
52°
11°
75°
29°
65°
16°
30°

29°
25°

30
49°
35°
84°
16°
17°
16°

90
84°
24°
60°
49°
67°
28°
83°

141°
81°
117°
93°
77°
21°
85°
124°
82°
135°
44°
145°
45°
102°
48°
136°
67°
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MATHEMATICAL STUDIES - Standard Level ANSWERS

r 105 0.7 10.9 52° 3° 125° d 211 4.4 21.0 85° 12° 83°
s 11.2 6.9 17.0 25° 15° 140° e 159 10.6 15.1 74° 40° 66°
t 258 18.5 40.1 30° 21° 129° £ 8.8 13.6 20.3 20° 32° 128°
Exercise 16.5.2 g 9.2 9.5 13.2 44° 46° 90°
1 ., b . A° B o - po Cro h 234 62.5 58.4 22° 89° 69°
a 740 1810 21.06 20.00 5678 10322 1295 12322  36.78 i 105 9.6 15.7 41° 37° 102°
b 1330 1950 31.36 14.00 20.77 14523 649  159.23 6.77 ) 217 36.0 36.2 35° 72° 73°
¢ 1350 17.00 2590 2800 3624 11576 412  143.76 8.24 k 7.6 3.4 9.4 49° 20° 111°
d 1020 17.00 2562 1500 2555 13945 722 15445  10.55 1 7.2 15.2 14.3 28° 83° 69°
e 740 1520 1955 20.00 44.63 11537  9.02 13537  24.63 m 9.1 12.5 158 35° 52° 93°
f 1070 14.10 2141 26.00 3529 11871 3.94  144.71 9.29 n 149 11.2 16.2 63° 42° 75°
g 1150 1260 2294 17.00 18.68 14432 116 161.32 1.68 o 2.0 0.7 2.5 38° 13° 129°
h 830 1370 1867 24.00 42.17 113.83 636 137.83 18.17 p 7.6 3.7 9.0 56° 24° 100°
i 1370 17.80 3028 14.00 1832 147.68 427 161.68 432 q 185 9.8 24.1 45° 22° 113°
j 1340 17.80 2619 28.00 38.58 11342 524 14142  10.58 ro 207 16.3 13.6 87° 52° 41°
k 1210 16.80 2563 23.00 32.85 124.15 530 147.15 9.85 s 14.6 22.4 29.9 28° 46° 106°
1 1200 1450 2435 21.00 2566 13334 272  154.34 4.66 t 7.0 6.6 9.9 45° 42° 93°
m 1210 1920 2934 1600 2594 138.06 7.57 154.06 9.94 u 218 20.8 23.8 58° 54° 68°
n 720 1310 19.01 1500 28.09 13691 630 15191 13.09 v L1 17 1.3 41° 89° 50°
o 1220 1770 2373 30.00 46.50 10350 6.93 13350  16.50 w 1.2 1.2 0.4 85° 76° 19°
p 920 2090 2797 1400 3334 13266 1259 146.66  19.34 x 237 27.2 29.7 49° 60° 71°
q 1050 1330 21.96 20.00 2567 13433  3.03 15433 5.67 y 3.4 4.6 5.2 40° 60° 80°
r 920 1920 2629 1500 32.69 13231 10.80 14731  17.69 Exercise 16.5.5
s 720 1330 1833 19.00 3697 124.03 6.82 14303  17.97 1 al0.l4km b121°T
t 1350 2040 2596 31.00 51.10 9790 9.01 12890 20.10 g Z°1323'

. . . . . . cm
2 None of the triangles is possible with the given data. 1 5732m
Exercise 16.5.3 5 315.5m
1 30.64km 6 al243km bW28°47'S
2 457m Exercise 16.6 Miscellaneous questions
i %?;,‘i% 1 39.60m,52.84 m

2 302m
5 2229m 3 545420 840
6 a340m b3.1lm 4 37°
7 b1.000m cl.714m 5 028°T
8 a51.19min b1lhr1596min ¢ 14.08 km
9 $4886 10.906 m 6 1081 cm
7 al35° b136.1cm

Exercise 16.5.4 8 41° 56° 83°
1 acm bcm ccm A B C 9 al58°left b43.22km
a 13.5 9.8 16.7 54° 36° 90° }‘1’ §§43 gncm
b 8.9 10.8 15.2 35° 44° 101° 12 1860
c 228 25.6 12.8 63° 87° 30°
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13 50.12 cm
14 5.17 cm
15 a5950m b13341m c¢160° d243°

16 220.70° b2578m ¢1.994m>

17 a4243m> b8 m c¢10lm

18 a2828cm b34.64cm ¢35°16° d45°
19 a9.33cm (approx.) b77°54" ¢ 68°52'
20 b 182.08 m

21a5 b5 c68°54’

22 bix = J288~16.97 ii62°
23 a 22°35’" b 39°48

16.7 Graded revision questions
LEVEL 1

19.01 cm

56 cm

12.01 cm

2.01 cm

1.56 cm

27°

7.56°

53°

a8./2~1131 cm b6 = 35°16
10 a ~AC = 5.2 = 7.07 b 76°44'

O ONQAUT WIN =

119.94 cm
a264.58cm b20°42" c45°
10 25° 35’
11 6.93 cm
12 592 cm
13 a9.11 b69°17
LEVEL 3

1 x=.3

NNV W
=)}
S
W
g

c=195cm A =66°,B =180-66—-63 = 51°
0.5

~4.35q.

17°36’

a5r bl125cm

N Uk W N

0 = 55°. The other angle is = 180°—55° = 125°.

8 70.71 m
9 a~11.70cm b7.70cm
10 a0.98m b 54°44’

LEVEL 4
1 101°. This is a true bearing. An alternative answer is east 11° south.
2 252m/sto3S.E
3 aAD=L b.'.AD=x—L ch = xtanotan 3
tano tanf3 tano + tan 3
4 o = 70°32'

5 From B0 = /({1 (2 Janc) From D: p = an1(( )+ 1))

6 r+.2r=(1+2)r.

16.8 Topic test

1 721m

2 a=42727 to5SE

3 21.52em? to4S.E

4 69° to the nearest degree

> D, XY = DX-D'Y = 50(
50 |

H 482 ! gso |

D' Y, X

6 25cm

7 asi°l’  b47°52 ¢ 77°57
Exercise 17.1

L1 )=62.21
tan25° tan48°

1 a0.6915 b0.9671 ¢0.9474 d0.9965 e0.9756 £0.0054 gO0.0287

h0.0594 10.0073 j0.8289 k0.6443 10.0823

2 a0.0360 b0.3759 ¢0.0623 d0.0564 e0.0111

£0.2902 g0.7614

h0.0343 10.6014 j0.1450 k0.9206 10.2668 m0.7020 n 0.9132

0 0.5203
Exercise 17.2

1 a0.0228 b0.9332 ¢0.3085 d0.8849 €0.0668 £0.9772
2 a09772 b0.0668 ¢0.6915 d0.1151 e0.9332 £0.0228
3 a0.3413 b0.1359 ¢0.0489

4 a0.8413 b0.4332 ¢0.7734

5 a0.1151 b0.1039 ¢0.1587

6 a0.1434 b 0.6595

7 a-12816 b0.2533

8 a58.2243 b41.7757 ¢59.80

9 39.11

10 9.1660

11 42%

12 0.7021
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MATHEMATICAL STUDIES - Standard Level

13 a0.2903 b0.4583 ¢0.2514

Exercise 17.3 Miscellaneous questions
23%

0.5

11%

5%

14%

1.8

252

0.1517

=R RN G W) TN S

14 87

15 ai0.0062 ii0.0478
16 a $5.11 b $7.39

17 a0.0062 bi0.7887 1ii0.0324

17.4 Graded revision questions
LEVEL 1

1 a0.8160 b0.9388
LEVEL 2

1 a0.6827 b0.1359
2 a0.1587 b0.6827
LEVEL 3

1 a0.1908 b0.4754
2 a0.1434 b0.6595
3 a0.2425 b0.8413
LEVEL 4

1 9.1660

2 ap=66.86,6=1025 b$0.38S
3 au=372,6=282 b20 199

iii 0.9460 b 0.0585

c$1472

c0.7258

c0.3934
¢0.1359

c16.88

¢0.5050

4 ai0.3446 1ii0.2347 bi0.3339 ii0.3852 ¢0.9995
17.5 Topic test
1 a0.691 b0.383 c0.444 d0.641 e0.352 £0.106 g0.090

2 a0.533 bo0.662 e0.595 £0.174

3 0.328, ~480000
Exercise 18.1

c0.338 d0.136

1 a38cm? b50cm? ¢250cm?

2 aillo00cm? b187.5cm? cl147cm? bi450 cm ii58.31 cm
3 a30cm? b40cm? c¢31.43 cm?

4 ai8 cm? iil13.5cm? iii 2./3x2 cm? bi402cm iil7.16 cm
5 adnwcm? b 3mwcm? cgcm2

797

iii 70 cm

iii 8x cm

ANSWERS

a6.5mcm? b27.99 cm?
a4.19cm?> b8.19cm
a21.46cm? b31.41cm
294.52 cm?

10 ail3.75m i 10.33 m?

11 a109.90cm bi68.94cm
12 a5 b4 ¢c20

13 a6.40cm b 102.68° ¢20cm? d92.07 cm?
14 al146.21cm b 1513.46 cm?
Exercise 18.2

1 a220 b580 ¢189.25
2 a64.87 b9849 ¢72540

3 a3lncm?or97.39 cm?® b 1921 cm? or 603.19 cm?
Exercise 18.3

a24cm® b80cm® ¢231cm?

a51.96cm’® b11593cm® ¢229.77 cm?

a5 b150cm? clIncrease by 72.8%

ai3 ii113.10cm? iiil b%R
al0.05m> b18.10m?® c2.0m® d1.88m?
bi=.51 ci57.13m> ii99.48 m?
a7.4220m> b $138.05 ¢49.48 m?
a5 bisx-102 cm® iix2-100
9 216cm’®
10 a25.13 cm?®

11 ai20 ii 953ﬁn cm?

o N

b $129.13

ii 3788.44 cm?  iii 2233.68 cm

W NN R W=

c21.18

b2.93cm

br=641 ci4l23cm ii61.85cm iii 2640.16 cm?

Exercise 18.4 Miscellaneous questions
1 ai22cm ii30.25 cm?
ii 262.5cm? d i not enough info!
fién cm i 31 cm?

a 375cm? b2ncm?® c¢13.75cm?® d 60 cm?
a248 cm® b238ncm? ¢ (196 +14./596)n cm?
23991 cm? b (24.5+3.5./112.25)r cm?

a63cm’® b500cm’® ¢ gn cm?

ii 28 cm?
ei38cm

b i Not enough info!
ii 27 cm?

c i Not enough info!
ii 66 cm?

d 100(1 + /10) cm?

A U W

a 364216 cm® b Vol = surface area x width = 8.5w cm?, where w is the width of

shape.



18.5 Graded revision questions
LEVEL 1

1 a4(7-2x)cm b7x+7 cm ¢ 8+2n cm
2 a252cm?® b4n+20cm?

3 271
LEVEL 2

1 12 cm?
2 120+ 12./13.75 cm?~ 164.50 cm?
3 al b The smaller fish balls; diff = (20007 — 400%) cm? = 16007 cm?
LEVEL 3
512 3

1 =5 cm
2 r=6,Area=118.90 cm?

3 a0.5 bl0cm ¢ 1000w cm?
LEVEL 4

a 169407 cm?
3

b 26187 cm?

1

EV cm
1:2
13
4

1

2

3

4 m?

18.6 Topic test
1 6cm

2

3

4

5

a 528 cm?
al: ﬁ

éx3 cm3

b 480 cm?
b.3:2

ai2r ii4nr’ b They are equal.

Exercise 19.1

1 ail4500 ii2000 b305(304.5)

2 Sample size is large but may be biased by factors such as the location of the catch.
Population estimate is 5000.

3 ail500 ii120 b100 c¢1000

4 a, cnumerical, b, d, e categorical

5 a, ddiscrete, b, ¢, e continuous

Exercise 19.2
1

218- 221- 224- 227- 230- 233- 236- 239- 242- 245-
220 223 226 229 232 235 238 241 244 247

[ )

1

220
230
240

2
1.1- 1.2- 1.3- 14- 1.5- 1.6- 1.7- 1.8- 1.9- 2.0-
1.2 1.3 14 1.5 1.6 1.7 1.8 1.9 2.0 2.1
5 1 2 2 7 6 1 12 7 5
8
6
4
2
3 Set A Mode =29.1 Mean = 27.2 Median = 27.85

Set BMode =9 Mean = 26.6 Median = 9. Set B is much more spread out than set A
and although the two sets have a similar mean, they have very different mode and
median.

Exercise 19.3

1
2
3

(< W) "N

Mode = 236-238 g, Mean = 234 g, Median =235 g

Mode = 1.8-1.9 g, Mean = 1.69 g, Median=1.80 g

Set A Mode = 29.1, Mean = 27.2, Median = 27.85; Set B Mode = 9, Mean = 26.6,
Median = 9.

a$27522 b $21025 ¢ Median

a$233300 b$169000 ¢ Median

al4.375 b14.354

Exercise 19.4

1

2
3

a Sample A Mean = 1.99 kg; Sample B Mean = 2.00 kg

b Sample A Sample std = 0.0552 kg; Sample B Sample std = 0.1877 kg

¢ Sample A Population std = 0.0547 kg; Sample B Population std = 0.1858 kg
al64l b6.84

Mean = 49.97, Std = 1.365

Exercise 19.5

1

a Med=5Q1=2,Q3=7,IQR=5 bMed=3.3,Q1=28Q3=5.1,IQR=2.3
¢ Med = 163.5, Q1 = 143, Q3 =182, IQR = 39

d Med = 1.055, Q1 = 0.46, Q3 = 1.67, IQR = 1.21

e Med = 5143.5, Q1 = 2046, Q3 = 6252, IQR = 4206
aMed=3,Q1=2,Q3=4,IQR=2 bMed=13,Q1=12,Q3=13,IQR=1
cMed=2,Q1=2,Q3=25IQR=0.5
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d Med = 40, Q1 = 30, Q3 =50, IQR =20
e Med =20,Q1=15,Q3=225IQR=7.5

3 a$84.67 b$147.8 c¢$11 d Q1 =$4.50, Q3 =$65IQR = $60.50
e Median and IQR.

4 a235 bl25 ¢c2 dQ1=1,Q3=3,IQR=2

5 a$232 b$83 c-e

404 Med = $220
Q3=8310
20+ IQR = $150
10-
T T T = Sales
100 200 300 400
6 40 Med = 14
30- Q1=10
Q3=19
20- IQR = 9
10-

0 20 30 40

Exercise 19.6 Miscellaneous questions

1 a Sample-100 randomly selected patients, population - all suffering from AIDS
b Sample-1000 working aged people in NSW, population - all working aged people
in NSW
¢ Sample - John’s I.B Higher Maths class, population - all seniors at Nappa Valley
High School.

2 Discrete: a, b, d; Continuous: ¢, e, f, g.

3 b

A Frequency , Cumulative frequency

16

12 60
50

8 40
30

4 20 /
10

2 34 56 7 8 . 2 34 56 7 8

score score

4 Suggested answers only: a 200-224; 225-249; 250-274; . . . 575-599
b 100-119; 120-139; . ..400-419. ¢ 440-459; 460-479; . .. 780-799.

799

5 Make use of your graphics calculator.

6 al6 bgraphicscalculator ¢1523 d15.5 eQl=14,Q3=17
£15.87 (2d.p.)

7 a30-34 b graphics calculator ¢30.4 d 32 (approx.)

8 b2155 c¢216.2

9 48.17

10 aQ1~35,Q3~95 b~104 c60% d67.15

11 range = 19, s = 5.49

12 5.8; 1.50

13 174;s, =312 s, | = 3.18

14 a6 b7 cQl1=5Q3=7 d2 e6l15 fl.6l

155, =188,s, ;= 19.1
16 14.18

19.7 6raded revision questions
LEVEL 1

1 al bl3
2 al b3
3 75

LEVEL 2

1 a2.09 b13.7 c4.05 d9.28 e52.6

cl3 d40%
¢ 10-14 and 20-24

2 a4 b3 c¢l12 d13 el6andl7
3 al7 b3l c42 d49.1 e0.8
LEVEL 3

1 a2and7 b22and82 c¢23.5and 84.2
d 5.5 and 20 (take the mid-points between 5 and 6, and 19 and 21)
e3.4and 6.8

2 a257 b30.1

LEVEL 4

1 The median as this is the measure that is least affected by the small number of
outliers (the luxury homes).

2 aFrequency table required bmean=6.35g ¢2.615¢g

3 a50 b5 c¢2 dThemean islikely to be about 5 as there is a positive skew.
e The range is 9 — 2 = 7. A complete distribution usually covers 6 standard
deviations. On this basis the standard deviation might be expected to be about 7/6
or 1.2 marks.

19.8 Topic test
1 a

175 176 177 178 179 180 181
1 0 3 4 4 5 3

b

c291 d279 e0.296

Frequency
N

175 176 177 178 179 180 181

Height
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c Height 175-179; 180-184 Frequency 12 8 First method is best.

d Mode = 180 cm, Mean = 178.85, Median = 179 cm

e 1.558 cm, Quartiles are 178 and 180 cm, Interquartile range = 2 cm

£17]577788889999

1800000111
key:

2 al9 b 41842105~ $420
d These are probably part-time or casual workers.

Exercise 20.1
1 ailncreasing, positive

b i No association  ii-iii 0

ii approx. linear

17]5 =175
¢ $450

b i Increasing, positive iilinear iii very strong

d i Increasing, positive ii square root

non-linear relationship!)

eiDecreasing, negative ii exponential

non-linear relationship!)

fiDecreasing ii approx. linear iii mild

2 a -
o "o
nﬂ
a
a
3 a oo
uﬂn.uu
4
o -]

b Positive association, linear, strength: very strong

b Positive association, linear, strength: very strong

Data displays a strong positive association.
Increase in lead content can be attributed

to increase in traffic flow.

e The mean
iii mild (to weak)

iii mild (strength not appropriate as it is a

iii mild (stength not appropriate as it is a

I THOT
Amnin=1998
Anax=2885
necl=]
“'min=A
Ymax=128
Y=cl=1@
Ares=1

Exercise 20.2

1

(5

= \0 0\

ar=096 b

ANSWERS

Worksafety policy has
had desired effect, i.e.
number of accidents has
decreased. Data displays a
strong negative
association.

b r = 0.70 (aasumed linear)

b r = 0. No, not linear!

No. The relationship is not linear.
ai64% ii81% bis51% ii64%
a -]
of o
' a
a b r=0.45
3
+0.922
82%

0 b r=0.7715 There is strong evidence to suggest that a student who does well in
maths will also do well in Biology. ¢ Values of r are the same.
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MATHEMATICAL STUDIES - Standard Level ANSWERS

Exercise 20.3 di ii y=0.6+0.8x iii
1 ai n iiy=-1.33x+21.11 Linked
° u=gthx o
o o a=.6 o
o a b=.2
“ . rE=.64
o a r=.3 ;
|
bi . ii y = 0.64x +6.94
o E"uu 3 a [ br=0.891 e
oo, o a H F c79.4%
dy=29.76 + 2.15x
2 ai ii y=20.6-1.26x iii
o LinReg 4 a | br=0553
H=gthi . . ciy=40+0.5x
= g=28.338r8d12. s _a fix=241+06ly
? rE=. 8191 2A2615 =
= =" 9ESESZE291
|
; = 5 a b Based on the scatter diagram, there is a definite
b =1.6+0.8 = gram,
! ny * - o linear relationship. Therefore, owner is justified.
Linkeg a cir=099 iiC=4.19+1.82w
o . u=a+h a " di20.57,ie.21 1ii95.19,i.e. 95
a 2= 1 ;36 o © iii From ii, serving 95 people per hour is
o pE=. 6d : unrealistic.
o =.a
B 6 a 2o .a | bScatter diagram shows a linear relationship.
@ @ : Therefore statistic is appropriate, r = 0.877.
ci il y=14.8+3.44x iii =
8 Linkea
w=gth
a=14.3
o B b=3.44
0" rE=. 9338571429
r=.9913915185
|
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ciy=289.50+1.02x ii

dil35.6 iil76.5
the regression line
7 a b Scatter diagram shows a linear relationship.
o Therefore statistic is appropriate, r = 0.945

ciy=474+0.6x ii di8.63 1iil0.73

8 a b Linear trend exists, r = 0.96
ciy=2.68x+16.86 ii di27.57 ii57.03

9 ar=038384 b7029% cy=120x+89 d(11,22.1),(24.45,38), (27,41.3),

(60.08, 81). The equation is used to predict y from x-values, not x from y-values.

We would need to find the regression of x on y.
10 a e bir=0.97 ii222 cM=0.2967T + 48.28

iii x = 85 is a fair way out from the set of values used to obtain

ANSWERS

11 Remains the same.
12 a b -0.93

ciy=-037x+7444 ii

d y(40) =59.722 (interpolation); y(120) = 30.278 (extrapolation)

Exercise 20.4 Miscellaneous questions

AU W

a by =0.57x-26.2

c0.9388 Because of the strong positive linear association, and the high r value, we
can say that the taller the student the greater their weight.

0.057

B

a0.8 b strong positive relationship

1.5

a0.78 biP=107M-1291 ii73% ¢ciM=0.77E+27.14 ii 100

iii Extrapolated. Continued linear trend highly likely. Therefore confident

d Find regression equation of E on M, then use M = 90 into this new equation.
apositive blinear cvery strong

ax=1205775=318 b0.9645 cy=1.68x-2.7

ay=-175x+64.67 b22.67 c-11.12

0ai ii = 0.8908

#" i
a b r* = 1.7935, that is, 79.35%
cy=2.15x-33.28
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d e x =37, y = 46.35; Expenditure is $4635

11 ai4.4;2.02 1ii14.06;2.92 bb=0.4895r=0.34
cr? =(0.3397)2 = 0.1154
d Regression equation is (y — 14.06) = 0.4895(x—4.4).. whenx = 3.5,y = 13.63

&

12 ai iir=0.9629 by=0.635x-33.815
c d When x = 1040, y = 626.59. The carcass
weighs 626.59 Ibs.

20.5 Graded revision questions
LEVEL 1

1 a b +ve direction, strong linear relationship.

2 -ve direction, strong and linear relationship.

LEVEL 2
1 r=09213
2 r=20.9686

803

LEVEL 3
1 As the scatter plot indicates, there exists a strong positive linear relationship, r

measures the strength of the relationship, whereas, 2 represents the proportion of
the variation in y which can be attributed to the variation in x (in this case it would

b
2 a

C

€ 93.81%).

ANSWERS

x=14,y=13.03

b y=-0.52x +20.31

3 ab=04749 r=092 b-9.745

b Yes. Scatter diagram shows a
strong +ve linear relationship.

d=0.993
ex =600, y = 66.94

f Yes. But not by using y = 0.1005x + 6.638. First you need to find the regression of
xony,ie. x=Dby+ c which is given by x = 9.808y - 55.76. Therefore, x(56) = 493.

4 2 =09 r=009487
LEVEL 4
1 a
uﬂ
uﬂ
a a

ciy=0.1005x + 6.638

2 a

b Y = —ar+ C with Y=[nd where, C = Ink, we
have
Y = —-0.2373r+4.5471 .

=k = e+l = 9436
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ci

20.6

IR Flekz Floks
M9, ZEke ] - 2
IP3ED
M=
WMar=
“My=
“Me=
wMe=

iir=16,d=2.117

Topic test

1 a

2 ay = 0.4056x + 6.566

3 2

= 0.80..7 = 0.8944

4 a

bx=

d

T=25x=68

bi-ve iilinear

8,y=981 cs

xy

b From the given data:

6a + 150b = 408 ..

iii strong cy=-2.97x +44.28

=292

(1)

150a +55006 = 11200 ... (2)

b = %‘.‘.a

_ 376
7

tinEEQ{ax+b} Lz
i

e i First you need to find the regression of Ton x,i.e. T=bx +a
ii T=1.73x - 92.65, therefore, x = 70, T = 28.45

Exercise 21.1

1 aReject independence (i.e. reject Hy) b Accept independence (i.e. accept Hy, ).

Reject H,,
Accept H,

Reject H,
Accept H,,
Accept H,

o 0 N SN Ul W

[a—
(=}

a Reject H,

Accept H,, (i.e. independent)
b Reject H,

Reject H;, at the 5% level of significance.

ANSWERS

smaller proportion developed the flu than those that were not treated.
b Results are not significant. The significance test used in a is accurate because the
sample size is large, but in b it is inaccurate because the sample size is too small.

11 Yes, p = 1.178 x 1077
12 Yes, p = 6.35x10°°
Exercise 21.2 Miscellaneous questions

1 a

Maths Studies

a The treatment has a significant effect, that is, of those treated, a significantly

Expected values: Biology
Excellent Good Fail
Excellent 17.94 28.86 31.2
Good 31.74 51.06 55.2
Fail 42.32 68.08 73.6
b Biology results are independent of Mathematical Studies results.
di4 ii9.488 iii Reject H . That s, there exists a positive

C chalc = 61.59

relationship between doing well in Mathematical Studies and Biology.

2 a

Expected values:

Year since
vaccination
took place

Severity of smallpox attack

Extreme Very Moderate | Light
0-20 99 149.96 141.22 104.82
20 - 40 187 283.25 266.75 198
Over 40 54 81.79 7703 | 57.18
or unvaccinated

b The severity of smallpox is independent of when vaccination was administered.

ci6

vaccination was administered.
3 x2calc = 533, p =0.021. Therefore reject the null hypothesis at 5% level. That is,
difference between team performance exists.

ii %241 = 15346, reject H_, i.e,, severity of smallpox is dependent on when
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a
Referendum question
For Against
Male 45 55
Female 45 55

b Preference on referendum issue is independent of gender.

ci18.18 iip = 2.01x 1073 . Therefore, reject the null hypothesis. That is, gender
does play a part in preference on referendum issue.
aa=>52.89,b=165.13,c=53.87,d=3.94 b H_ : Occupation is independent of the
amount of schooling received. H, : Occupation is dependent on the numbers of

years spent at school.
cidf =3,%% =781 iix%, =521 iiiReject H.

21.3 Graded revision questions

LEVEL 1
1 a b
Al A2 Al A2 A3
B1 27.08 | 22.92 Bl 17.5 22.5 10
B2 37.92 | 32.08 B2 10.5 13.5 6
LEVEL 2
1 a There exists an association. b No association.
LEVEL 3
1 a
Good Poor
A 6 24
B 14 56

b As p = 1.27x 1073, we reject H_ . That is, there is a significant difference between

company and absenteeism.

LEVEL 4
1 a Table 1 Level of self-esteem
High Medium Low
Smoker 21.56 21.56 25.88
Non-smoker 28.44 28.44 34.12

805

We have assumed that there exists no association between the level of self-esteem
and the smoking habits of males.

b x%cac = 200 ¢ p-value = 0.37 and so as p > 0.05 we accept H, . That is, there is
no significant difference between self-esteem of smokers as compared to non-

smokers.
d p = 0.242, therefore still no significant difference (i.e. we still accept H_ ).

ANSWERS

21.4 Topic test
1 aa=30,b=70,c=30,d=70 b x2.,. = 9.52.

2 %%calc = 0488, p=0.921 > 0.05, therefore accept H_ . That is, there is no significant

difference between the type of bread and opinion. Initial assumption was that the
categories were independent (so that the expected values table could be
constructed).

3 aH,: Vaccine has no effect on the severity of infectious disease. H, : Level of

severity of infectious disease is dependent on the vaccine having been
administered.

b

High | Medium Low
Vaccinated 26.53 26.53 30.94
Not vaccinated | 33.47 33.48 39.05

cidf =2, 2 itical = 5-99 (at 5% sig. level) i y2 4 = 1.73
iii Accept H_, i.e. this vaccine has no effect on the severity of the infectious disease.

Exercise 22.1.2

a839 b565 c¢516 d409 e749 f£389

al271 b573 c¢1111 d1646 e500 f£486

al745 b395 ¢1791 d1721 e1303 £1838

a31.22 b 2848 ¢ 0.57 d20.06 e27.21 f£34.41

a89 b2l c¢38 d120 el67 f73

Exercise 22.1.3

1 ai¥l143100 iiUS$982.16 iii US$17.84 bi¥183311 ii US$1258.14
iii US$22.86 ci¥216510 ii US$1486 iii US$27 di¥194044
ii US$1331.80 iii US$24.0 ei¥183597 i US$1260.11 iii US$22.89
fi¥228245 1iiUS$1566.54 iii US$28.46

2 ail019000 ii986 iiil4 bil638552 iil586 iii22 c¢il384821 iil341
iii 18 di1495892 ii1448 1iii20 eil636514 1iil584 iii22
fil1240123 1iil201 iiilé6

3 ai28710 ii852 iii48 bi45713 1iil356 iii77 ci44788 1iil329 iii75
did4341 iil316 iii74 ei42555 1iil263 iii71 fi47467 ii 1409
iii 79

4 ai40358 1ii6447 iiil180 bi45620 1ii7288 iii203 ¢i44810 ii7158
iii 200 di45504 ii7269 iii203 ei37764 ii6033 iii 168 fi42813
ii 6839 iii 191

Exercise 22.2.1

a2 $804.00 b $562.32 ¢$218.40 d$279.00 e $6,528.00 f£$812.50

a$321.60 b $515.46 ¢$46.80 d.$96.88 €$191.25 £$187.50

a7% b3% c8% di12% e11.8% f£9.3%

a300 b790 c2000 d365 el1362 9035 (all marks)

a5 b7 c2 d8 ell f3.6(allyears)

al2 b7 ¢2 d8 ell f£3.6(months)

UL W -

QUL W N -
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6000 x 7.3 x5

o0 = 2190 francs. Total is 8190 francs.

7 Option1: ] =

Option 2: ¥6000 x 153.1 =¥918600. Interest is T00

= 339882 and the

1258482
155.7

= 8082.736 or

total = ¥1258482. Conversion back to Swiss francs gives

8083. Option 1 is better.
Exercise 22.2.2
a3682 b8246 ¢19576 d 1521 5903 f3117
a 12087 b 112108 ¢128192 d 151518 e194298 f£48698
a14974 b31103 ¢30083 d32593 €39190 f£27899
a22122 b28700 ¢23635 d31155 e29098 f1616
A gives $2415.77 B gives $2431.52 and C gives $2411.87 so B is best.
14.65%
$3952.08
Exercise 22.2.3
ai$1432.33 1ii$6432.33 b7.162%
a$5656.79 bi$4856 ii $3428
14.65%
A: $7200 B: $7447.12 C: $7403.89 Therefore choose B.
5.90%
$8075.20
$1428.76
$1285.70
7.5%
10 aOption A b $2.52
11 $10,756.96
12 al10.25% b10.38% ¢10.47%

Exercise 22.2.4
a7 years 3 months b 7.06 years ¢ 7 years

N UL W -

ORI AU W -

n=18; 4% years

1

2

3 a5years b4 yearsand 9 months (or 19 quarters)

4 73

5 3 yearsand 9 months

6 avyes, $863.23 b i 8 years three month

7 Kiristian: n = 5.53. Jorgi n > 25.498 i, 6.37 years. Kristian goes 10 months before
Jorgi. NB: If they cannot take their money out until the end of the period then
Kristian goes 6 months before Jorgi.

Exercise 22.3.1

1 $3200
2 $540

Exercise 22.3.2
1 a$10000 b $5000

2 $3600
3 ai$8000 ii4years

vi $3500 b i $400000

ANSWERS

v BV = 400000 - 50000¢,0<t<8 vi$250000 ci$250000 ii 10 yrs

iii $200000 iv $20000 per year

4 a Table of values using the expression BV = 10000 - 1500¢,0 < t < 5.
c$2500 d BV, = 10000 -15007,0<7r<5

b ABV
10000

2500

> !

5 a$16333.33 per year b Table of values using BV, = 105000 -

¢ BV
10500

7000

49000[
— b

dBVt = IOSOOOfﬂg@t,OSISG

t

6 Printer B by 3 months and 8 days

Exercise 22.3.3

1 a$8192 b $5243
2 a

H Ny L S
| zEoo0n z 140EZE
i 187500 3 10EYEE
: 140RZE ] 7aing
3 10EyER £ LaxzR
: Egils : 1455
i HiyiEE Iz- ez

"= "=

3 ai$70200 ii $25984.56 b BV, = 90000 x (0.78),0<s< 10

0<t<6

iii $6000 iv$1500 peryear vBV =8000-1500t,0<t<4
ii 8 years iii $400000 iv $50000 per year

v BV =250000 - 20000¢,0<t<10 vi. $190000

250000
(b)

50000

0
¢ $7502.20

d Flokl Flotz Flokz

M=
M=
“MNy=
WHe=
~MNe=

i'-r'1 = f=lu] 1 o Dy =

Flotl Flakz Plok:
;?1 BoEaEE . TEH

wMe=
wHa=
wMy=
wMe=
~NE=

806




MATHEMATICAL STUDIES - Standard Level

4 a LT
R 15000 1 1200
i3 1341 15 10733
I 1z000) H g0
15 10733 £E BEAG.E
Sc | Btmes 2 £,z
) 7aAN Cii| 2354
w=H w=d
b 15000 C BV = 15000(0.8),0<¢<4
di$9600 ii$6869.20
e $6144.00
t
5 $4507.50
6 ar—w o, s b c 4th year
TEE| Conon | Eogon Truck 1 d Truck 1: $5000
! Einn | Touen Truck 2: $11260
) Frean | 237ER
y zonog | 18508 Truck
£ 1ze00 | 14bz6
& Eoon | 11z&0
w=e

7 7.9983 ~ 8 years
8 a7years b $12801.50

Exercise 22.3.4

1 a$37521.60 b 150000 km
2 a $1624 b$12776 ¢ 10 years 1 month (approx.)
3 $19305.88
4 a $26400 b 11696.75 km
5 a $110000; $132500; $150000; $142000 b L years
6 a $38300 b$40170 ¢ Approx. 65455
7 a, b Construct a table using the following equations: A: BV = 668000 - 80160t
B: BV = 668000 x (0.82)! C: BV = 668000 — 114270t
C A diC iiA
668000 A ei $267200
ii $247645
B iii $96650
fiC ii5.85years
C
0 6 >
Exercise 22.4.1
1 1034
2 21076

807

ANSWERS

3 $159.26
4 125100
5 252298

Exercise 22.4.2

1 a56.61 b576.65 ¢36.06 d152.22 e79.08 £287.35 g43.07 h 144.84
2 a$82595 b$178.04 ¢$72.05 d$146.74 e$219.84 £$402.15 g$58.93
h$96.24 1$713.31 j$97.16 k$12.88 1$359.75 m $193.42
n $94.41 08$5.65 p$298.74 q$109.30 r$39.48 s$43.77 t$55.84

Exercise 22.4.3

1 a$837.71 b$1894.10 ¢$1022.91 d$602.80 e $339.67 £$680.10
g $1467.17 h$150.94 1i$560.68 j$3833.22 k$485.57 1$557.67
m $349.06 n $703.12 o0 $3171.66

Exercise 22.5 Miscellaneous questions

$1305

$1082

$67

9

$14815.44

$65.93

$17442

$3473

14.9%

10 $20600

11 a$4000 bi 9.41% ii8.02%

12 8

13 $3

14 $15000

155

16 $24015

17 £102907.72

18 $591

19 £8477

20 $17248

21 ai£1600 1ii£5600 b 5years 11 months3days ¢9.17% d$125
22 a 13949 Elysian francs b $245.90 ¢ 163.69 Florian marks d £5.47 Martian
23 a 343200 Elysian francs b 26400 Elysian francs ¢ 3484800 Elysian francs
24 a893.71 ~ 894 francs b 208.92 ~ 209 francs ¢ 383.02 ~ 383 francs
25 8433 Elysian francs; AUD$2345; $55

26 $1800

27 a4.16% b 3.489 months (3 months 15 days)

28 compound interest = $764.89, simple interest = $528

29 $5043.96 ~ $5044

30 $5405.26; $3005.26

31 $1358.13

32 $1058.65

33 14.65%

=R RN G W) N S



34 Option A: $3900, Option B: $4659.51, Option C: $4644.91. Option B is the best
option.

35 $18381.73

36 3.18 years

37 147.29 fortnights

38 a Shortfall of $1231.08 biin =37.31, need 38 quarters, i.e. 9.5 years.

39 a$70000 bt=0,BV =$350000;¢=1, BV =$280000; t = 2, BV = $210000; ¢ = 3,

= $140000; t = 4, BV = $70000; t =5, BV =$0 ¢ BV = 350000 — 70000£, 0 <¢<5

d scrap value = $0

40 $3450

41 $950

42 a$11549 b $5480

43 a

28800 20700 12600
26680.5 20544 15819 12180

45000 34650

b BV, €0<1<3.06,BV,>BV,

45000

3.06<1<5,BV,>BV,
t=3.06,BV, = BV,

| | Truck 2
| Truck 1

5063 %

44 a Use the equation BV = 22000 x (0.82)/,0<¢<5 to generate the scchedule.
b 81, C BV = 22000 x (0.82),0< (<5

di$14792.80 ii$10452.61

e $8156.28

22000

5 t

45 a$0.295 perkm b $17300 cUse BV = 35000-0.295N, 0 <N < 100000 to generate
the schedule.

46 ai$138000 ii $270000 b Use the equation BV = 300000 - 54000¢ to generate the
schedule. ¢ a=300000, b= 54000

\:1% e 5.56 years

300000

47 ¢ $18162.50
48 a $1042.01; $42.01 b $122.22 ¢ $736.01

22.6 Graded revision questions

LEVEL 1

1 aUS$25 = 3808.75 Elysian francs b 50 Florian marks = $165.51 Utopian
¢ 150 Elysian francs = $1.89 Utopian

2 $260.75

LEVEL 2

1 $26800

2 $1049.91

LEVEL 3

1 Interest = £701.30; equivalent rate, R=7.20% p.a

2 al.0% bi$3000 ii$250 c 36 months (or 3 years)

3 b7.113 ~ 7 years and 5 weeks

0

5.56

LEVEL 4
1 (10,1967)  For 0 <t <8.07 simple interest has a higher
(10,1900)  return.
After 8.07 years, compound interest does
better.

2 Bond A: 16% p.a. compounded monthly. Bond B: 16.2% p.a. compounded semi-
annually.
Bond A: effective rate is 17.23%. Bond B: effective rate is 16.86%.
Bond A is the better investment.

22 7 Topic test

aUS$35 b $128.57 Utopian

a 960 b 1167.55 crowns

5527.2 Elysian francs; $1455.33 Utopian; commission is 1500 — 1455 = $45
1.946 ~1.95 years

Option A: i.e. 8.299% ; Option B: i.e. 8.264%. Therefore, Option A is the better
investment.

a10000 b 5years ¢ $8000 d $1600 per year

e BV =10000 - 1600t,0<t<5 f$4666.67

7 ai$11865.23 ii$5005.65 bia=50000,b=0.75 ii $3754.23

U W -

=)}
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Exercise 23.1

OO AU W N

10

3

3a 15
a4b4bc1d1e8f0
a4 b0.2 ¢0.027 d0.433 e-0.01
a6m/s b30m/s cl11+6h+h*m/s
12 m/s
8+2h
-3.49°C/sec

al27ncm’/cm  bi19.6667% cm®/cm
1.115

a-75°C/min bt=2tot =6

a8m bl4m/s

f-30 g62 hl

i 1.99671 cm>/cm

caveragespeed d49m e49m/s

iii 0.2000% cm3/cm

11 a $1160, $1345.6, $1560.90, $1810.64, $2100.34 b $220.07 per year
Exercise 23.2

1 a h b h _—
2 a b C
h h
d e f
h h
%V [L

Exercise 23.3

1

2
3

4

809

ah+2 b4+h c—- d3-3h+r
1+h
a2 b4 c-1 d3
a2a+h b-(a+h) cQRa+2)+h d3a*+1+3ah+h®

e-(3a*+3ah+h*) f3a®-2a+Ba-)h+h g

1
(a—1)(a—1+h)

al;1l1 b2a+h;2a

. 1
1
Ja+h+Ja

c3a? + 3ah + h?; 3a?

-2
a(a+h)

.
.

d 4a> + 6a%h + 4ah® + 13 ; 44°

6

a Ax(9) bi3dms! ii2ms! iiil.2ms!
d Find (limit) as # —» 0
e4t-3
1
e >
(2 _%)1 t
bi20cm? iil7.41 cm? iii 2.59 cm?

g
a 20S(0K
I t=

Exercise 23.4

1

A Ul W N

1

a3 b8 c-l d139 e-1 U
9 16

49m b49h2+2h) m ¢9.8m/s

a8x blox cl12x* d15x° eléx’

adx b-1 c-1+3%

alms?' b(2-a)ms!

a Ax(r) (§ @) bi5ms!
3’27

t‘
|

4

£20x°

ii4dms~

Exercise 23.5 Miscellaneous questions

1

2
3
4
5

a%(ﬁ—l) bo

13.5 bact. per hour
a 1225m b245ms™!

a % mg/mL/hr bé mg/mL/hr ¢ —75—2 mg/mL/hr

a vV b,V

=V

1

iv -1.29 cm? per day
¢ 20(1-2-0-1%) ¢m? per day
di-1.3863 cm? per day

ii ~1.2935 cm? per day

c8:—3/2 ms~

1

dg sec



LI

7 ao0 6875 b071875 c0.74375 dv=0.75-0.0625h;as h — 0,v— 0.75
8 a-1 -
9 a Y bi2xh+h? di2x+h c¢2x
3
X
—_—
10 ai Ay biik v ciii ©a
a b I a b
L ’ '/7
— |
11 ai-15 ii-29 iii-14 bi-15-12a-242 ii-12n-2K? iii-14 iv-12

12 aNeed accurate plot bi-7 ii0 iii This answer will depend on the accuracy of
your plot. However, you will not be able to obtain an algebraic expression for this
answer (unless you can deduce the equation of the function). Again, part d will
depend on the accuracy of you plot.

e gradient of tangent = gradient of curve at the same point.

13 a40cm’ b-0.7692 cil40cm’ ii0cm® dt=7.5
e i Answers will vary, depending on the accuracy of your plot. ii 0

23.6 Graded revision questions

LEVEL 1

1 a2 b-1 ¢-05

2 a05 b-06 cO

3 aA,D bB,C ¢cC,D dA,B

1 a-4 b-2

2 0.2, measures average rate of change of f(x) over the interval [3, 8].
3 a-6°C/min b-0.0193 °C/min

4 a2xh+h? box+h

5 Ah

LEVEL 3

a4 bl+h
1+2h

2 a-4 bl
3 —342-3ah; -3d?

4 a32 b-L
x2

LEVEL 4
1 ai0<x<1000 ii|lIHOONL
amin=-188
Amax=1188
wecl=168
Ymin=@
Ymax=208E8
Y=o l=26H
ares=N
bi4500 ii0 ¢599 d18
2 ailoh-4ht-24% ii2 b-4
3 1.829
23.7 Topic test
1 7
|
L
L ,
! I |
2 277
30
4 a Use graph paper to plot and sketch b -1.03 ¢ Last decade

d i 7.4 deaths per 100000 e i 2aht—bh+ah? ii-0.64

o 20 == 200 .
5 a W W b -20°C/min ci- 3 i3 C/min
I o0
: £d
y iz
30.571
Z6.667
0 Zoyce
z gl
=
di ii 730

810



Exercise 24.1
1 as5x* box® c25x* d27x® e-28x° f2x’ g2x h20x’+2
i-15x% + 1822 -1 j—§x3+10 k9x% - 12x l3+§x+4x3

2 a2x+2 ba3+32-1 c3:2+1 dl2 € 4x3 - 12x2 + 8x f%+x
X

3 ai2Bx-1) ii9Bx-1)2 bi3 ii18x-6 iii 93x-1)2 c¢3a(3x-1)""1
a=1,b=1

5 aiox-3 qi2+2 bit+L-A §i-212 50 18 4 12,54
)C3 x4 X x3 x3 x4 x2 )C3 )C3 )C4
di1+8 §i 40 ej 243 15 126,60 £53,20 6,30
X x6 x3 x2 x4 x4 x3 X x3 x6
i 6x+ 18180
x4 x7
6 a=1,b=1
7 ai2e-8 g2+ bir+l L 24128 I8y 12,34
x3 X4 X X X x4 x2 x3 x3 x4
dit+3 §i-20 ej_ 2,3 15 412 6,60 530 6,30 456,18 180
x5 x6 x3 )C2 )C4 )C4 )C3 XS X X X x7

Exercise 24.2.1

1 my,=4+h; lim m,, = 4
PQ Th—>o TQ

2. I NS __1
2 aP(l,l),Q(l-Fh,m),mPQ——m)hlinomPQ 3
a-12

a3 b—él—‘ cl2 d4

5 aJ_r«/g

3
6 a2x-12 b-18 ¢ (8,-32)
7 a-3x>+3 b0 c(£2,£42)

201 -1 1
8 a(iT’_R)’(O’O) b{x.ﬁ<x<0}u{x.x>ﬁ}
9 ax:l,—l

3
10 a-2,6,3 b-2
11 aa=-3b=15
12 af'(a+b) = 2(a+b) = 2a+2b
13 a 4a®-2a* b4 - 44>
14 a -56

811

Exercise 24.2.2
1 a b C

Yoo
[
|
I5x
|
i

y y
X ~\

a b /a P\_Jfe dN"""

y!
5
X
X

Exercise 24.3
1 ay=7x-10 by=-4x+4 cy=6x-16 dy=2x-9 ey=-6x+2
fy=-35x+7 gy=28x-48 hy=8x-12

A:y=28x - 44, B: y = -28x — 44, Isosceles. z= (0, a% - 3a*)
y=4x-9
y=-13,y=19

aA(-3,7),B(4,0) bAiy=-8x+32B:y=6x+25 (1 28)

A U AW N

cm=-2,n=>5



biy=-2x 1iiy=6(x+2) ¢3sq. units

T
[

8 aa=1,b=2,c=4 b(0.5-2) c .J1125+./3825+./18~13.7814
9 3y =2Ix+31;3y = 21x-77
10 ay=3 by=2x
11 a=-1
12a 7y+x =30 bd4y+x=1 cx=-1 dx=1 e3y+x=11
f 48y+x =386 g 48y-x=-194 h (m+n)y+x = 1+mn(m+n)
13 Tangent: y = 2 ; Normal: x = 1; Area = 2 sq units
14 a At (1,0), 3y—-x = -1 . At (4,0), 3y+x =4 (b) 5y—-x =20
15a8y+x=0; 4y-x=-2;8y+x=4 (b) 8y+x =0
31 253
16 QE(‘??@)
17 ai 6y—x =53 il 3y+x =129 iii 6y+x =53 iv 3y—-x =29

bi RE(O,%) ii SE(O,%?) C 25 sq units

3 18

(113
18 C= (3’ 3 )
Exercise 24.4
1

a Y 1,2) b YA ¢ YA
/\ . 3 4,0
x 2,0) x i x
|
(3,-2 0,-4)
. 9 81 .

2 amaxat(1,4) b minat (_5’ _I) ¢ min at (3, -45) max (-3, 63)

d max at (0, 8), min at (4, -24) e max at (1, 8), min at (-3, -24)

f min at (1 +3m, 70_2276JT3) , max at (1 _3:/1—3, 0 +2276Jﬁ)

. 1 32
g min at (1, 0) max at (75, >

) h max at (0, 16), min at (2, 0), min at (-2, 0)

a b ¢ d
\ " . Y
(-1.5,725) | A (-1.15, 3.08)
(-3.4)
| I I
| \_J
111
} _ ( Iy 16) _ _4/ ~ z (1.15,-3.08)
[ -15] | x x
e £ g h
Y 4
yA 3,27) 7 / B4
4 : 2.0) x
_ 2 X
9 |
'3 I \4,0) (0, -8)
X 3 X
.

4 min. at (1, -3), max. at (-3, 29), non-stationary infl. (-1, 13)

A1

— 2 T x
(W -4)

6 a8 boO

>IN

aAiYes
B.i Yes
C.1iYes
b A.iNo
B. i No.
C.1iYes
CcA.iYes
B.iNo
C.1iYes
dA.iYes
B.iNo
C.iYes
eA.iNo
B.i Yes

c4 d273/9~56.16

amin value -82. b max value 26

ii non-stationary pt. of inflect.

ii Stationary point (local/global min.)
ii non-stationary pt. of inflect.

ii Local/global max.

ii Local/global min.

ii Stationary point (local max.)

ii Stationary point (local/global max.)
ii Local min.

ii non-stationary pt. of inflect.

ii Stationary pt. (local/global max.)
ii Local min.

ii Stationary point (local max.)

ii Cusp (local min.)

ii Stationary pt. of inflect.
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C.iNo
fA.iYes

ii Local max.
ii Stationary point (local/global max.)

B.i Yes ii Stationary point (local/global min.)
C.iNo ii Tangent parallel to y-axis.
9 aiA iiB iiiC biC iiB iiiA
10 a b
oAy
g rel P
') | |
X X
I |
| |
| |
11 Y y=x3+6x2+9x+4
47 -1 X
12 f(x) = %x3 —x2-3x-6
13 f(x) = 3x>-20x3
14 m=-0.5n=15
15a=2,b=-3,c=0
16 a=1,b=-12,c=45,d=-34 y
(3, 20)
(s, 16)
x
34
17 aix=0 1ii(2,4)and (-2,-4) /
Ay
/
/
— =
/
/
/
/,

813

S'(x)

\y

20265 bk>-85
21 (2,12)
22 ai(3,12);(-3,-12) ii

Exercise 24.5
1 (-2,21)

2 [IHDO
Amin=-.2
BRMax=. 3
Becl=.1

Ymin=-.85
“Yrax=. 83
Yo 1=1
Ares=1

/ \ et

3 (3,9% (1.3

4 k=-2,4
5 y=6x+5y=6x-27



(49 _2)

7 a(0,0);(-1,-5);(2,-32) b Vo] !

8 a -l b7%<x<1 Cx<—%0rx>1

9 a bi32 ii0 cik=32
iii0<k<7
P
10202 biy=-9x+27 iiy=4 c(24
llax<7§orx>1 §<x<1 szfg
12 a by=16x-16

vAY

ra t(O 0Yinfl. pt.

13 aidl=3x2+6x+3 ii48 bino idix<-lorx>-1
X

¢ no local max. or local min., only one stationary point of inflection at (-1, 5)

14 a=4,b=2

15a y=-12x+12 by=16x-15

16 a=1,b=-8

Exercise 24.6 Miscellaneous questions
22.6m

al5kmh™ b $19.55 per km

a400 b $46400000

$273.86

0.45 m’

Ul a W -

ii7<k<32,k=0

6 5mby5m
7 128
8 al05 b5.25
9 72
10 ay=100-2x bA=x(100-2x),0<x<50 cx=25y=50
11 a mflx0<x<10ﬁ bwﬁ 5443 cm?
X
12 a400 mLs™! b40sec ¢ y (80, 3160.49)
t
120
13a , (50, 2500) b8.38,71.62 ¢9<x<71 d80x—x2—600,$1000

600
8
14 4y

15 348 —8./170 ~ 243.7 cm?
16 2

17 radius = Jgg cm, height = 2 E cm
15
T

19 5cm

2 4
Wah=-24" 3V 10, h=48

r2 144 r2— 144

21 2:1

10

22 2

S

23 ainr2h+§nr3 ii 3nr2+2nrh crih=1:1

24.7 Graded revision questions
LEVEL 1

1 a7x® bi12x c-1

2 a2x bi2x-1 c¢2x

3 a3:2-2xr b-2_1 cad3-12x di-L1 esg1-36x2+3x2 f3:2+2
x2 x2 x4

LEVEL 2

1 a3 b-27
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(0,0) (.2, -8) 4 a \’_ @ b 4k
y=x
2 /\

. ] 3\
/ 5 6x-8
N7 T B 6 yoox-$

aiglobalmax. ii0<x<a iii

U W N

=¥

6 x=1,y=-1;x=2,y" =1

7 4y+x =15
LEVEL 3
1 a3x2-3 b-3 ¢ (x1,0)
2 y=-2x+63y=2x+6 . ..
5 6 bi(0.1,0.271); (0.01, 0.0297); (0.001,0.002997)  ii -3
x3 Revision Set A
‘; 82‘2’b=4 1 aNo bYes cVYes
> -4 -2 -7
6 ay=-3x+4 by=-3x-12 2 a 625x10 b10x10 c81x10
Leveg4 3 a139x10° b196x102 ¢c248x102 d-627x107 €9.85x10°!
1 af'(x)=1—§ bi-1<x<0orx>0 iix<Oor x>2 4 13'9681%I14%
3 5 ¢21°Chr™!  d O(20);, = 853, 0(20) 4, = 1117;

i O(30) 15, = 997, O(30) i = 1393; 6.6%
6 [19.25,29.25]
-1 7 a5% b~147% c10%
2.0) 8 ~0.64%
’ 9 alIntercepts:(0, 0) and (4, 0), turning point at (2,4) bI=[2,00[ cii]-o0,4]
P gp
10 b]0,4] cx=2
3.2 , 3.2 = 11 bk=-1
2 ax3-x2—ax+a by =12(3-x2-ax+a) cx=+Jaorx=1 12 a f(g(x)) = 9-x bi[0,00 iii]-o,9]
diLocal min. at x = -/ and x = 1;local min. at x = Ja o167 .. 3
ii Stationary point of infl. x = 1; local min. at x = -1 13 aYes ci [0= ‘3‘} ii[0,4] d3
ey =3x4—4x3—6x2+12x y 14 a8 b6 c¢6
a5 _ 15 aig or —% iiOorg b -1.22 or 0.55
x 16 ai(4,-2) ii4 iiiminvalues=-2 b3or5
17 5 cm by 20 cm by 30 cm
(-1,-11) 18 aA:31.2ms ;;B:445ms™! bA:4.6sec;B:17.1sec ci8.325sec ii40.51 ms™!
3 a(1,3) biy=35x-2 ii(-0.5,-3.75) 19 ai$6000 ii20% iii $26,000 ivm =0.3,c=-3000 bi$6000
24.8 Topic test ii m; = 04,¢) =-7750; my = 02,¢, =0 ¢30000 < x < 47500
1 ai9 ii 9+8r+2k2 b 8+2h ¢8 20 a4m b () = -5(-12)2+72, max. height =7.2 m when t = 1.2
2 a -6x2+24 b —6a2+24 c¢(1,-10) and (-1, -54) ¢ 0.537 secand 1.86 sec d 2.4 sec
3 b=1 21asy-3x2 em® b1.25

22aa=12,b=27 b-9
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MATHEMATICAL STUDIES - Standard Level

23 a4(s+10) km b87.14 km hr!
24 20 units
25 a50x+10y>450 by=26-x c¢5

26 aa=0,b=10 b50m?

27 a0.5 bF=0.00125x,0<x<80 ¢y = 0.000625x(x—80)2,0<x<80 €26.67 m

Revision Set B

a5 b390

als89 b9 ¢ -96

aA=10 bk=0.009691

1

ai7m ii4m iii lm ¢2.35,9.65,14.35,21.65

d 9:39 am to 2:21 pm and 9:39 pm to midnight e A(s) = 3 cos((%o ) + 4)

ai$17680 i $130000 bi$19618.12 ii$1325999.37 cin the 5th year
bi28 ii40 iii10
14
a0.12 bﬁ
20.89 b0.525 c0.4494
10 20.46 bi0.60 ii%

11 a341.99 (approx.) b 20 terms

12 aii2000 c¢52hours d176995

13a23 b3 c¢7 d26

14 bii-2.51

15 20 rows

16 aP={3,6,9, 12, 15, 18, 21, 24, 27, 30, 33, 36, 39 R = {1, 2, 3,4, 6, 9, 12, 18, 36};
Q=1{2,4,6,8,10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36,38} bi(a) xis
not a multiple of 3 between 0 and 40
b x is a multiple of 3 and an even number between 0 and 40
¢ x is a multiple of 3 and an even number and a factor of 36 between 0 and 40
d x is either a multiple of 3 between 0 and 40 or an even number between 0 and 40
or a factor of 36
e x is not a multiple of 3 between 0 and 40 and x is not an even number between 0
and 40
f x is not a multiple of 3 between 0 and 40 and x is not an even number between 0
and 40 and x is not a factor of 36
g x is not an even factor of 36 that is a multiple of 3
h x is an even number or a factor of 36 but is not a multiple of 3.

Ul W N =

o 0 NS

iva{l, 2,4,5,7,8,10,11, 13, 14, 16, 17, 19, 20, 22, 23, 25, 26, 28, 29, 31, 32, 34, 35,

37, 38}
b {6, 12, 18, 24, 30, 36} ¢ {6, 12, 18, 36}

d{2,3,4,6,8,9,10, 12, 14, 15, 16, 18, 20, 21, 22, 24, 26, 27, 28, 30, 32, 33, 34, 36, 38,

39}
e{l,5,7,11,13,17,19, 23, 25, 29, 31, 35, 37}

ANSWERS

£{5,7,11,13,17,19, 23, 25,29, 31, 35,37} g U\{6, 12, 18, 36}
h{1,2,4,8, 10, 14,16, 20, 22, 26, 28, 32, 34, 38}

1 3

64
18 15

10
192—1
20bik=0,6 iik=3

21a(4-m)cm?® b %(4—11-) cm?® ¢ii0.5 iii4, =

n—1
@-mx (3" a2

2

v 1—16(4—n) cm? di %(4—7:) cm? i 2(4-n) cm? e Geometric sequence

22 a-c Neither d contradiction e-ftautology g contradiction h neither
23 2002 b0.06 c0.225 d0.635
24 b6 c18

ia=Lp=L bik=-2 ii-2<k<2
26 20.8 b0.25
27a%m b 48 m

28ba=1,b=9,c=-45,d=-4
29 ailam.and7am. ii09m bl5hours cia=15b=45c=2
di6times 1ii43.75%

30 a % b % ¢ Not independent

31 a$50000 b $5801 c2 years7 weeks (approx.)
d between 2.8 years and 3.7 years b k = 8839.71

Revision Set C

a.jel b y =3x

ai(15,0) ii(0,8) b17

ai{3,8} ii{4,6} b2

13 km S22°37" W

ai72cm ii88cm bi56.3° ii62.9°

ai(13) i3 bisx-5y+1=0

a120° b24.25cm?

ai0.5196m 1ii0.3464m b1.15m ¢ 73°13’
a-3or5 b05 c¢(0,4)

10 21.0 cm

11al b(2,2) c./40
12 a8cm b 28°4
13 bi660m ii688 m
14 906 m

ii2m

ii 5x+3y=0

O A W -

dy=x-4 e(3,1)
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15 a 38°40' b 0.08004 cm? ¢6.05cm? d $493.71

16 a A(0, 6); B(3, 4); C(-3,4); D(-3,3); E(3,3); F(-1,1); G(1,1) biy=x

iiy=-x Cy:—§x+6 d5 eil35° ii112°38
17 1.262 ha
18 1623 m
19 1939 m
20 all7lm b1l.54km
21 a72cm b 67°58’
22b2 cy=2x-3 d2x+4y=3
23 al1697cm b13.56cm ci 66.14° ii 66.06°
24 60°36'
25a4/13 bl5 c¢56°19° d3x-2y+3=0 eiP(-1,0) iiQ(0,1.5) fy=15x
26 biy=-x c¢(5-5)
27 b 5./10
28 al120° b50m
29al2m b35m cifm ii1039.5m’
30 ai22.59° 1ii39.81° b100.1°
31 cx=2.40
Revision Set D
1 a70 b30 c¢90 d55
2 ai20 ii3 bil2 iil2
3 a3489.15 francs ii53.74 marks
4 US$291
5 20160 lire
6 br=0.9843,yes ¢96.89% diy=>5.1037x+447.2070 e702.4kg £30.46kg
7 ai Total charges = $3.20 ii Total balance = $7777.31 iii Equity = $17267.66

b ii $2135.48 iii 2 years 9.5 months — mid-February 2000
aa=57.19,b=61.76,c=17.81,d=19.24 b iH,: Student results are independent
of teaching styles vs H;: Student results are dependent on teaching style used
23786 di2 1ii5.991 iii Accept Hj
9 4863.22 Swiss francs
10 2341.50 crowns
11 B
12 a mean = $33.23 k, mode = $32K, median = $32k Distribution is positively
skewed b $6.74k cworkerson35k,50k, 45k, 55k d Managers e $0.87 k
f $997 per worker g 3.009% increase h 0.4268
13 ai0.54 ii0.70 iii0.54 bi$1315.79 ii$1289.47
14 a Reject Hy b same as a (but at the 1% level of sig.)
15 ai50.23 iib=34.77,c=26.77,d=13.23,e=23 biHy Type of car sold is
independent of location of showroom. ii H;: Type of car sold is dependent of
location of showroom. ¢ i Chi-square test for independence
iii Reject Hy at the 5% level of significance

o]

ci17.45 years
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16 ii 6.35 g; 2.615 g
17 205 by=025x+57.5
18 b [1200, 1400[

Revision Set E
2+h b )
(1+h)?

cE dy-= %xflz

c¢median = 1340 d 1307 hours; 400.79 hours

a—

. . 1
. L
2 a Stationary points: (0, 0), (_ > 1)
Intercepts: (0, 0) and (4, 0); Stationary points: (0, 0) and (3, 3)
a(1,-2),(-1,4),(3,0)
c At (1, -2) tangent is y = -x -1 and at (3, 0) tangent is y = 3x -9
a9 by=9x-9

ai3x2+10x+7

= W

ii 6x + 10 bx<—§ or x>-1
al2+6a+h2h=0 bl2

a5.39 bi%cos(it) i ~0.40
a=-1,b=6andc=-9

10 a[0,5] c0.625 d %(5720 ms2

o 0 N &N U

1mai-L by=0
2
12 -0.2
) . ) _ . 37
13 a Stationary point of infl. at (0, 0); local min at T bo, -1

d {x: —%<x<0}u{x:x>0}

14 by=10-4t,ie.C dk=200 et=4

11
15 Y

c Boy at (20 -3¢, 0) and girl at (0, 10 - 4¢)

16 a0, HT V105 b Jocal max. at (-1, 14); local min. at (2, -40) dy=-24x-2

eL $q. units
12 4

17 local min. at x = -1;local max. at x =1
18 bil idiy=x ¢(3,3) d36sq.units
19 a50ms™! b 100 ms™!

20 y=-4x+21

21 (0.5, 0) and (-0.5, 0)

22a-2+./3 b2or-1 cAtx=2,m=8atx=-1,m=2 dy=2



23 a For f(x):9.6. For g(x): 14.77 bid(x) = -x3+6x2-9x+7,0<x<4
ii7wherex=3andx=0 ijii3atx=1andatx=4 ciy=-9x+39 iia isan
approximation of where d(x) = 0
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