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Chapter 16

Exercise 62 (page 118)

1. (a) 0.1653 (b) 0.4584 (c) 22030
2. (a) 5.0988 (b) 0.064037 (c) 40.446
3. (a) 4.55848 (b) 2.40444 (c) 8.05124
4. (a) 48.04106 (b) 4.07482 (c) −0.08286
5. 2.739 6. 120.7 m

Exercise 63 (page 120)

1. 2.0601 2. (a) 7.389 (b) 0.7408

3. 1 − 2x2 − 8

3
x3 − 2x4

4. 2x1/2 + 2x5/2 + x9/2 + 1

3
x13/2

+ 1

12
x17/2 + 1

60
x21/2

Exercise 64 (page 122)

1. 3.95,2.05 2. 1.65,−1.30

3. (a) 28 cm3 (b) 116 min 4. (a) 70◦C (b) 5 minutes

Exercise 65 (page 124)

1. (a) 0.55547 (b) 0.91374 (c) 8.8941

2. (a) 2.2293 (b) −0.33154 (c) 0.13087

3. −0.4904 4. −0.5822 5. 2.197 6. 816.2

7. 0.8274 8. 11.02 9. 1.522 10. 1.485
11. 1.962 12. 3 13. 4

14. 147.9 15. 4.901 16. 3.095

17. t = eb+a ln D = ebea ln D = ebeln Da
i.e. t = eb Da

18. 500 19. W = PV ln

(
U2

U1

)

Exercise 66 (page 127)

1. (a) 150◦C (b) 100.5◦C 2. 99.21 kPa

3. (a) 29.32 volts (b) 71.31 × 10−6 s

4. (a) 1.993 m (b) 2.293 m 5. (a) 50◦C (b) 55.45s

6. 30.37 N 7. (a) 3.04 A (b) 1.46s

8. 2.45 mol/cm3 9. (a) 7.07 A (b) 0.966s

10. £2424

Chapter 17

Exercise 67 (page 134)

1. (a) Horizontal axis: 1 cm = 4 V (or 1 cm = 5 V),
vertical axis: 1 cm = 10�

(b) Horizontal axis: 1 cm = 5 m, vertical axis:
1 cm = 0.1 V

(c) Horizontal axis: 1 cm = 10 N, vertical axis:
1 cm = 0.2 mm

2. (a) −1 (b) −8 (c) −1.5 (d) 5 3. 14.5
4. (a) −1.1 (b) −1.4
5. The 1010 rev/min reading should be 1070 rev/min;

(a) 1000 rev/min (b) 167 V

Exercise 68 (page 140)

1. Missing values: −0.75,0.25,0.75,2.25,2.75;

Gradient = 1

2
2. (a) 4,−2 (b) −1,0 (c) −3,−4 (d) 0,4

3. (a) 2,
1

2
(b) 3,−2

1

2
(c)

1

24
,

1

2
4. (a) 6,−3 (b) −2,4 (c) 3,0 (d) 0,7

5. (a) 2,−1

2
(b) −2

3
,−1

2

3
(c)

1

18
,2 (d) 10,−4

2

3

6. (a)
3

5
(b) −4 (c) −1

5

6
7. (a) and (c), (b) and (e)

8. (2, 1) 9. (1.5, 6) 10. (1, 2)

11. (a) 89 cm (b) 11 N (c) 2.4 (d) l = 2.4 W + 48

12. P = 0.15 W + 3.5 13. a = −20,b = 412

Exercise 69 (page 144)

1. (a) 40◦C (b) 128�

2. (a) 850 rev/min (b) 77.5 V

3. (a) 0.25 (b) 12 (c) F = 0.25L + 12

(d) 89.5 N (e) 592 N (f) 212 N

4. −0.003,8.73

5. (a) 22.5 m/s (b) 6.43s (c) v = 0.7t +15.5

6. m = 26.9L − 0.63

7. (a) 1.31 t (b) 22.89% (c) F = −0.09 W + 2.21

8. (a) 96 × 109 Pa (b) 0.00022 (c) 28.8 × 106 Pa
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9. (a)
1

5
(b) 6 (c) E = 1

5
L + 6 (d) 12 N (e) 65 N

10. a = 0.85,b = 12,254.3 kPa,275.5 kPa,280 K

Chapter 18

Exercise 70 (page 149)

1. (a) y (b) x2 (c) c (d) d 2. (a) y (b)
√

x (c) b (d) a

3. (a) y (b)
1

x
(c) f (d) e 4. (a)

y

x
(b) x (c) b (d) c

5. (a)
y

x
(b)

1

x2 (c) a (d) b

6. a = 1.5,b = 0.4,11.78 mm2 7. y = 2x2 + 7,5.15

8. (a) 950 (b) 317 kN

9. a = 0.4,b = 8.6 (i) 94.4 (ii) 11.2

Exercise 71 (page 154)

1. (a) lg y (b) x (c) lga (d) lgb

2. (a) lg y (b) lg x (c) L (d) lgk

3. (a) ln y (b) x (c) n (d) lnm

4. I = 0.0012 V2,6.75 candelas

5. a = 3.0,b = 0.5

6. a = 5.7,b = 2.6,38.53,3.0

7. R0 = 26.0,c = 1.42 8. y = 0.08e0.24x

9. T0 = 35.4 N,μ = 0.27,65.0 N,1.28 radians

Chapter 19

Exercise 72 (page 156)

1. x = 2, y = 4 2. x = 1, y = 1
3. x = 3.5, y = 1.5 4. x = −1, y = 2
5. x = 2.3, y = −1.2 6. x = −2, y = −3
7. a = 0.4,b = 1.6

Exercise 73 (page 160)

1. (a) Minimum (0, 0) (b) Minimum (0,−1)

(c) Maximum (0, 3) (d) Maximum (0,−1)

2. −0.4 or 0.6 3. −3.9 or 6.9

4. −1.1 or 4.1 5. −1.8 or 2.2

6. x = −1.5 or −2, Minimum at (−1.75,−0.1)

7. x = −0.7 or 1.6 8. (a) ±1.63 (b) 1 or −0.3

9. (−2.6,13.2), (0.6,0.8); x = −2.6 or 0.6

10. x = −1.2 or 2.5 (a) −30 (b) 2.75 and −1.50
(c) 2.3 or −0.8

Exercise 74 (page 161)

1. x = 4, y = 8 and x = −0.5, y = −5.5
2. (a) x = −1.5 or 3.5 (b) x = −1.24 or 3.24

(c) x = −1.5 or 3.0

Exercise 75 (page 162)

1. x = −2.0,−0.5 or 1.5

2. x = −2,1 or 3, Minimum at (2.1,−4.1),
Maximum at (−0.8,8.2)

3. x = 1 4. x = −2.0,0.4 or 2.6

5. x = 0.7 or 2.5

6. x = −2.3,1.0 or 1.8 7. x = −1.5

Chapter 20

Exercise 76 (page 167)

1. 82◦27′ 2. 27◦54′ 3. 51◦11′ 4. 100◦6′52′′
5. 15◦44′17′′ 6. 86◦49′1′′ 7. 72.55◦ 8. 27.754◦
9. 37◦57′ 10. 58◦22′52′′

Exercise 77 (page 169)

1. reflex 2. obtuse 3. acute 4. right angle

5. (a) 21◦ (b) 62◦23′ (c) 48◦56′17′′

6. (a) 102◦ (b) 165◦ (c) 10◦18′49′′
7. (a) 60◦ (b) 110◦ (c) 75◦ (d) 143◦ (e) 140◦

(f ) 20◦ (g) 129.3◦ (h) 79◦ (i) 54◦

8. Transversal (a) 1 & 3, 2 & 4, 5 & 7, 6 & 8
(b) 1 & 2, 2 & 3, 3 & 4, 4 & 1, 5 & 6, 6 & 7,
7 & 8, 8 & 5, 3 & 8, 1 & 6, 4 & 7 or 2 & 5
(c) 1 & 5, 2 & 6, 4 & 8, 3 & 7 (d) 3 & 5 or 2 & 8

9. 59◦20′ 10. a = 69◦,b = 21◦,c = 82◦ 11. 51◦

12. 1.326 rad 13. 0.605 rad 14. 40◦55′

Exercise 78 (page 173)

1. (a) acute-angled scalene triangle
(b) isosceles triangle (c) right-angled triangle
(d) obtuse-angled scalene triangle
(e) equilateral triangle (f) right-angled triangle
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Exercise 121 (page 284)

1. 11.11 sin(ωt + 0.324) 2. 8.73 sin(ωt − 0.173)

3. i = 21.79 sin(ωt − 0.639)

4. v = 5.695 sin(ωt + 0.670)

5. x = 14.38 sin(ωt + 1.444)

6. (a) 305.3 sin(314.2t − 0.233)V (b) 50 Hz
7. (a) 10.21 sin(628.3t + 0.818)V (b) 100 Hz

(c) 10 ms
8. (a) 79.83 sin(300π t + 0.352)V (b) 150 Hz

(c) 6.667 ms

Chapter 31

Exercise 122 (page 288)

1. (a) continuous (b) continuous (c) discrete
(d) continuous

2. (a) discrete (b) continuous (c) discrete (d) discrete

Exercise 123 (page 292)

1. If one symbol is used to represent 10 vehicles, work-
ing correct to the nearest 5 vehicles, gives 3.5, 4.5,
6, 7, 5 and 4 symbols respectively.

2. If one symbol represents 200 components, working
correct to the nearest 100 components gives: Mon 8,
Tues 11, Wed 9, Thurs 12 and Fri 6.5.

3. 6 equally spaced horizontal rectangles, whose
lengths are proportional to 35, 44, 62, 68, 49 and
41, respectively.

4. 5 equally spaced horizontal rectangles, whose
lengths are proportional to 1580, 2190, 1840, 2385
and 1280 units, respectively.

5. 6 equally spaced vertical rectangles, whose heights
are proportional to 35, 44, 62, 68, 49 and 41 units,
respectively.

6. 5 equally spaced vertical rectangles, whose heights
are proportional to 1580, 2190, 1840, 2385 and 1280
units, respectively.

7. Three rectangles of equal height, subdivided in the
percentages shown in the columns of the question.
P increases by 20% at the expense of Q and R.

8. Four rectangles of equal height, subdivided as fol-
lows: week 1: 18%, 7%, 35%, 12%, 28%; week 2:
20%, 8%, 32%, 13%, 27%; week 3: 22%, 10%, 29%,
14%, 25%; week 4: 20%, 9%, 27%, 19%, 25%.
Little change in centres A and B, a reduction of
about 8% in C, an increase of about 7% in D and a
reduction of about 3% in E .

9. A circle of any radius, subdivided into sectors hav-
ing angles of 7.5◦,22.5◦,52.5◦,167.5◦ and 110◦,
respectively.

10. A circle of any radius, subdivided into sectors hav-
ing angles of 107◦,156◦,29◦ and 68◦, respectively.

11. (a) £495 (b) 88 12. (a) £16 450 (b) 138

Exercise 124 (page 297)

1. There is no unique solution, but one solution is:

39.3–39.4 1; 39.5–39.6 5; 39.7–39.8 9;

39.9–40.0 17; 40.1–40.2 15; 40.3–40.4 7;

40.5–40.6 4; 40.7–40.8 2.

2. Rectangles, touching one another, having mid-
points of 39.35,39.55,39.75,39.95, . . . and
heights of 1,5,9,17, . . .

3. There is no unique solution, but one solution is:

20.5–20.9 3; 21.0–21.4 10; 21.5–21.9 11;

22.0–22.4 13; 22.5–22.9 9; 23.0–23.4 2.

4. There is no unique solution, but one solution is:

1–10 3; 11–19 7; 20–22 12; 23–25 11;

26–28 10; 29–38 5; 39–48 2.

5. 20.95 3; 21.45 13; 21.95 24; 22.45 37; 22.95 46;
23.45 48

6. Rectangles, touching one another, having mid-
points of 5.5, 15, 21, 24, 27, 33.5 and 43.5. The
heights of the rectangles (frequency per unit class
range) are 0.3, 0.78, 4, 4.67, 2.33, 0.5 and 0.2.

7. (10.95 2), (11.45 9), (11.95 19), (12.45 31), (12.95
42), (13.45, 50)

8. A graph of cumulative frequency against upper class
boundary having co-ordinates given in the answer
to problem 7.

9. (a) There is no unique solution, but one solution is:

2.05–2.09 3; 2.10–2.14 10; 2.15–2.19 11;

2.20–2.24 13; 2.25–2.29 9; 2.30–2.34 2.

(b) Rectangles, touching one another, having mid-
points of 2.07,2.12, . . . and heights of 3,10, . . .

(c) Using the frequency distribution given in the
solution to part (a) gives 2.095 3; 2.145 13;
2.195 24; 2.245 37; 2.295 46; 2.345 48.

(d) A graph of cumulative frequency against upper
class boundary having the co-ordinates given
in part (c).

Chapter 32

Exercise 125 (page 300)

1. Mean 7.33, median 8, mode 8
2. Mean 27.25, median 27, mode 26
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Index

Acute angle, 165
Acute angled triangle, 171
Adding waveforms, 278
Addition in algebra, 62
Addition law of probability, 307
Addition of fractions, 10

numbers, 1, 18
two periodic functions, 278
vectors, 267

by calculation, 270
Algebra, 61, 68
Algebraic equation, 61, 73

expression, 73
Alternate angles, 165, 191
Ambiguous case, 207
Amplitude, 199
Angle, 165
Angle, lagging and leading, 200

types and properties of, 165
Angles of any magnitude, 196

depression, 191
elevation, 191

Angular measurement, 165
velocity, 202

Annulus, 226
Arbitrary constant of integration, 325
Arc, 231
Arc length, 233
Area, 219
Area of common shapes, 219, 221

under a curve, 330
Area of circle, 222, 233

common shapes, 219
irregular figures, 257
sector, 222, 233
similar shapes, 229
triangles, 205

Arithmetic, basic, 1
Average, 299

value of waveform, 260
Axes, 130

Bar charts, 289
Base, 47
Basic algebraic operations, 61
BODMAS with algebra, 71

fractions, 13
numbers, 6

Boyle’s law, 46
Brackets, 6, 68

Calculation of resultant phasors, 281,
283

Calculations, 22, 28
Calculator, 22

addition, subtraction, multiplication
and division, 22

fractions, 26
π and ex functions, 28, 118
reciprocal and power functions, 24
roots and ×10x functions, 25
square and cube functions, 23
trigonometric functions, 27

Calculus, 313
Cancelling, 10
Cartesian axes, 131

co-ordinates, 214
Charles’s law, 42, 142
Chord, 230
Circle, 222, 230, 233

equation of, 236
properties of, 230

Circumference, 230
Classes, 293
Class interval, 293

limits, 295
mid-point, 293, 295

Coefficient of proportionality, 45
Combination of two periodic functions,

278
Common factors, 69

logarithms, 111
prefixes, 53
shapes, 219

Complementary angles, 165
Completing the square, 105
Cone, 245

frustum of, 252
Congruent triangles, 175
Construction of triangles, 179
Continuous data, 288
Co-ordinates, 130, 131
Corresponding angles, 165
Cosine, 27, 183

graph of, 195
Cosine rule, 205, 281

wave, 195

Cross-multiplication, 75
Cube root, 23
Cubic equation, 161

graphs, 161
units, 240

Cuboid, 240
Cumulative frequency distribution,

293, 297
curve, 293

Cycle, 199
Cylinder, 241

Deciles, 304
Decimal fraction, 216

places, 13, 18
Decimals, 16

addition and subtraction, 19
multiplication and division, 19

Definite integrals, 328
Degrees, 27, 165, 166, 232
Denominator, 9
Dependent event, 307
Depression, angle of, 191
Derivatives, 315

standard list, 321
Derived units, 53
Determination of law, 147

involving logarithms, 150
Diameter, 230
Difference of two squares, 103
Differential calculus, 313

coefficient, 315
Differentiation, 313, 315

from first principles, 315
of axn , 315
of eax and ln ax, 320
of sine and cosine functions, 318
successive, 322

Direct proportion, 40, 42
Discrete data, 288

standard deviation, 302
Dividend, 63
Division in algebra, 62
Division of fractions, 12

numbers, 3, 4, 19
Divisor, 63
Drawing vectors, 266
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Triangle, 171, 219
Triangles, area of, 205

congruent, 175
construction of, 179
properties of, 171
similar, 176

Trigonometric functions, 27
Trigonometric ratios, 183

evaluation of, 185
graphs of, 195
waveforms, 195

Trigonometry, 181
practical situations, 209

Turning points, 156

Ungrouped data, 289
Units, 53
Upper class boundary, 293
Use of calculator, 22

Vector addition, 267
subtraction, 274

Vectors, 266
addition of, 267
by calculation, 267
by horizontal and vertical

components, 269
drawing, 266
subtraction of, 274

Velocity, relative, 276

Vertical axis intercept, 133
bar chart, 289
component, 269, 283

Vertically opposite angles, 165
Vertices of triangle, 172
Volumes of common solids, 240

frusta of pyramids and cones, 252
irregular solids, 259
pyramids, 244
similar shapes, 256

Waveform addition, 278

y-axis intercept, 135
Young’s modulus of elasticity, 143
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