
10 Basic Engineering Mathematics

The quick way to change 5
3

4
into an improper

fraction is
4 × 5 + 3

4
= 23

4
.

(b) 1
7

9
= 9 × 1 + 7

9
= 16

9
.

(c) 2
3

7
= 7 × 2 + 3

7
= 17

7
.

Problem 3. In a school there are 180 students of
which 72 are girls. Express this as a fraction in its
simplest form

The fraction of girls is
72

180
.

Dividing both the numerator and denominator by the
lowest prime number, i.e. 2, gives

72

180
= 36

90

Dividing both the numerator and denominator again by
2 gives

72

180
= 36

90
= 18

45

2 will not divide into both 18 and 45, so dividing both the
numerator and denominator by the next prime number,
i.e. 3, gives

72

180
= 36

90
= 18

45
= 6

15

Dividing both the numerator and denominator again by
3 gives

72

180
= 36

90
= 18

45
= 6

15
= 2

5

So
72
180

= 2
5

in its simplest form.

Thus,
2
5

of the students are girls.

2.2 Adding and subtracting fractions

When the denominators of two (or more) fractions to
be added are the same, the fractions can be added ‘on
sight’.

For example,
2

9
+ 5

9
= 7

9
and

3

8
+ 1

8
= 4

8
.

In the latter example, dividing both the 4 and the 8 by

4 gives
4

8
= 1

2
, which is the simplified answer. This is

called cancelling.

Addition and subtraction of fractions is demonstrated
in the following worked examples.

Problem 4. Simplify
1

3
+ 1

2

(i) Make the denominators the same for each frac-
tion. The lowest number that both denominators
divide into is called the lowest common multiple
or LCM (see Chapter 1, page 5). In this example,
the LCM of 3 and 2 is 6.

(ii) 3 divides into 6 twice. Multiplying both numera-

tor and denominator of
1

3
by 2 gives

1

3
= 2

6
=

(iii) 2 divides into 6, 3 times. Multiplying both numer-

ator and denominator of
1

2
by 3 gives

1

2
= 3

6
=

(iv) Hence,

1

3
+ 1

2
= 2

6
+ 3

6
= 5

6
+ =

Problem 5. Simplify
3

4
− 7

16

(i) Make the denominators the same for each frac-
tion. The lowest common multiple (LCM) of 4
and 16 is 16.

(ii) 4 divides into 16, 4 times. Multiplying both

numerator and denominator of
3

4
by 4 gives

3

4
= 12

16
=

(iii)
7

16
already has a denominator of 16.
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Chapter 10

Exercise 39 (page 69)

1. x2 + 5x + 6 2. 2x2 + 9x + 4

3. 4x2 + 12x + 9 4. 2 j 2 + 2 j − 12

5. 4x2 + 22x + 30 6. 2 pqr + p2q2 + r2

7. a2 + 2ab + b2 8. x2 + 12x + 36

9. a2 − 2ac + c2 10. 25x2 + 30x + 9

11. 4x2 − 24x + 36 12. 4x2 − 9

13. 64x2 + 64x + 16 14. r2s2 + 2rst + t2

15. 3ab − 6a2 16. 2x2 − 2x y

17. 2a2 − 3ab − 5b2 18. 13 p − 7q

19. 7x − y − 4z 20. 4a2 − 25b2

21. x2 − 4x y + 4y2 22. 9a2 − 6ab + b2

23. 0 24. 4 − a

25. 4ab − 8a2 26. 3x y + 9x2 y − 15x2

27. 2 + 5b2 28. 11q − 2 p

Exercise 40 (page 71)

1. 2(x + 2) 2. 2x(y − 4z)

3. p(b + 2c) 4. 2x(1 + 2y)

5. 4d(d − 3 f 5) 6. 4x(1 + 2x)

7. 2q(q + 4n) 8. x(1 + 3x + 5x2)

9. bc(a + b2) 10. r(s + p + t)

11. 3x y(x y3 − 5y + 6) 12. 2 p q2
(
2 p2 − 5q

)
13. 7ab(3ab − 4) 14. 2x y(y + 3x + 4x2)

15. 2x y
(
x − 2y2 + 4x2 y3

)
16. 7y(4 + y + 2x)

17.
3x

y
18. 0 19.

2r

t
20. (a + b)(y + 1) 21. (p + q)(x + y)

22. (x − y)(a + b) 23. (a − 2b)(2x + 3y)

Exercise 41 (page 72)

1. 2x + 8x2 2. 12y2 − 3y

3. 4b − 15b2 4. 4 + 3a

5.
3

2
− 4x 6. 1

7. 10y2 − 3y + 1

4
8. 9x2 + 1

3
− 4x

9. 6a2 + 5a − 1

7
10. −15t

11.
1

5
− x − x2 12. 10a2 − 3a + 2

Chapter 11

Exercise 42 (page 75)

1. 1 2. 2 3. 6 4. −4 5. 2

6. 1 7. 2 8.
1

2
9. 0 10. 3

11. 2 12. −10 13. 6 14. −2 15. 2.5

16. 2 17. 6 18. −3

Exercise 43 (page 76)

1. 5 2. −2 3. −4
1

2
4. 2 5. 12

6. 15 7. −4 8. 5
1

3
9. 2 10. 13

11. −10 12. 2 13. 3 14. −11 15. −6

16. 9 17. 6
1

4
18. 3 19. 4 20. 10

21. ±12 22. −3
1

3
23. ±3 24. ±4

Exercise 44 (page 79)

1. 10−7 2. 8 m/s2 3. 3.472

4. (a) 1.8� (b) 30�

5. digital camera battery £9, camcorder battery £14

6. 800� 7. 30 m/s2

Exercise 45 (page 80)

1. 12 cm,240 cm2 2. 0.004 3. 30

4. 45◦C 5. 50 6. £312,£240

7. 30 kg 8. 12 m,8 m 9. 3.5 N

Chapter 12

Exercise 46 (page 84)

1. d = c − e − a − b 2. x = y

7

3. v = c

p
4. a = v − u

t

5. R = V

I
6. y = 1

3
(t − x)

7. r = c

2π
8. x = y − c

m
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5. x = 2, y = 4, z = 5 6. x = 1, y = 6, z = 7

7. x = 5, y = 4, z = 2 8. x = −4, y = 3, z = 2

9. x = 1.5, y = 2.5, z = 4.5

10. i1 = −5, i2 = −4, i3 = 2

11. F1 = 2, F2 = −3 F3 = 4

Chapter 14

Exercise 54 (page 104)

1. 4 or −4 2. 4 or −8 3. 2 or −6

4. −1.5 or 1.5 5. 0 or −4

3
6. 2 or −2

7. 4 8. −5 9. 1
10. −2 or −3 11. −3 or −7 12. 2 or −1
13. 4 or −3 14. 2 or 7 15. −4
16. 2 17. −3 18. 3 or −3

19. −2 or −2

3
20. −1.5 21.

1

8
or −1

8

22. 4 or −7 23. −1 or 1.5 24.
1

2
or

1

3

25.
1

2
or −4

5
26. 1

1

3
or −1

7
27.

3

8
or −2

28.
2

5
or −3 29.

4

3
or −1

2
30.

5

4
or −3

2

31. x2 − 4x + 3 = 0 32. x2 + 3x − 10 = 0
33. x2 + 5x + 4 = 0 34. 4x2 − 8x − 5 = 0
35. x2 − 36 = 0 36. x2 − 1.7x − 1.68 = 0

Exercise 55 (page 106)

1. −3.732 or −0.268 2. −3.137 or 0.637

3. 1.468 or −1.135 4. 1.290 or 0.310

5. 2.443 or 0.307 6. −2.851 or 0.351

Exercise 56 (page 107)

1. 0.637 or −3.137 2. 0.296 or −0.792

3. 2.781 or 0.719 4. 0.443 or −1.693

5. 3.608 or −1.108 6. 1.434 or 0.232

7. 0.851 or −2.351 8. 2.086 or −0.086

9. 1.481 or −1.081 10. 4.176 or −1.676

11. 4 or 2.167 12. 7.141 or −3.641

13. 4.562 or 0.438

Exercise 57 (page 109)

1. 1.191s 2. 0.345 A or 0.905 A 3. 7.84 cm

4. 0.619 m or 19.38 m 5. 0.0133

6. 1.066 m 7. 86.78 cm

8. 1.835 m or 18.165 m 9. 7 m

10. 12 ohms,28 ohms

Exercise 58 (page 110)

1. x = 1, y = 3 and x = −3, y = 7

2. x = 2

5
, y = −1

5
and −1

2

3
, y = −4

1

3

3. x = 0, y = 4 and x = 3, y = 1

Chapter 15

Exercise 59 (page 112)

1. 4 2. 4 3. 3 4. −3 5.
1

3

6. 3 7. 2 8. −2 9. 1
1

2
10.

1

3

11. 2 12. 10 000 13. 100 000 14. 9 15.
1

32

16. 0.01 17.
1

16
18. e3

Exercise 60 (page 115)

1. log6 2. log15 3. log2 4. log3

5. log12 6. log500 7. log100 8. log6

9. log10 10. log1 = 0 11. log2

12. log243 or log35 or 5 log3

13. log16 or log24 or 4 log2

14. log64 or log26 or 6 log2

15. 0.5 16. 1.5 17. x = 2.5 18. t = 8

19. b = 2 20. x = 2 21. a = 6 22. x = 5

Exercise 61 (page 116)

1. 1.690 2. 3.170 3. 0.2696 4. 6.058 5. 2.251
6. 3.959 7. 2.542 8. −0.3272 9. 316.2
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Parabola, 156
Parallel lines, 165
Parallelogram, 219

method, 267
Peak value, 199
Pentagon, 219
Percentage component bar chart, 289

error, 36
relative frequency, 289

Percentages, 33
Percentile, 304
Perfect square, 105
Perimeter, 171
Period, 199
Periodic function, 200

plotting, 238
Periodic time, 200
Phasor, 280
Pictograms, 289
Pie diagram, 289
Planimeter, 257
Plotting periodic functions, 238
Polar co-ordinates, 214
Pol/Rec function on calculator, 217
Polygon, 210

frequency, 293, 296
Population, 289
Power, 47

series for ex , 119
Powers and roots, 47
Practical problems

quadratic equations, 108
simple equations, 77
simultaneous equations, 96
straight line graphs, 141
trigonometry, 209

Precedence, 6, 71
Prefixes, 53
Presentation of grouped data, 292

statistical data, 288
Prism, 240, 242
Probability, 306

laws of, 307
Production of sine and cosine waves,

198
Proper fraction, 9
Properties of circles, 230

triangles, 171
Proportion, 40
Pyramid, 244

volumes and surface area of frustum
of, 252

Pythagoras’ theorem, 181

Quadrant, 230
Quadratic equations, 102

by completing the square, 105
factorization, 102
formula, 106
graphically, 156
practical problems, 108

Quadratic formula, 106
graphs, 156

Quadrilaterals, 219
properties of, 219

Quartiles, 303

Radians, 27, 165, 166, 232
Radius, 230
Range, 295
Ranking, 299
Rates of change, 323
Ratio and proportion, 40
Ratios, 40
Reciprocal, 24
Rectangle, 219
Rectangular axes, 131

co-ordinates, 131
prism, 240

Reduction of non-linear laws to linear
form, 147

Reflex angle, 165
Relative frequency, 289

velocity, 276
Resolution of vectors, 269
Resultant phasors, by drawing, 280

horizontal and vertical components,
283

plotting, 278
sine and cosine rules, 281

Rhombus, 219
Right angle, 165
Right angled triangle, 171

solution of, 188

Sample, 289
Scalar quantities, 266
Scalene triangle, 171
Scales, 131
Sector, 222, 230

area of, 233
Segment, 230
Semicircle, 230
Semi-interquartile range, 304
Set, 289
Short division, 4
Significant figures, 17, 18
Similar shapes, 229, 256

triangles, 176
Simple equations, 73

practical problems, 77
Simpson’s rule, 258

Simultaneous equations, 90
graphical solution, 155
in three unknowns, 99
in two unknowns, 90
practical problems, 96

Sine, 27, 183
graph of, 195

Sine rule, 205, 281
wave, 198, 260

mean value, 260
Sinusoidal form Asin(ωt ±α), 202
SI units, 53
Slope, 134
Solution of linear and quadratic

equations simultaneously, 110
Solving right-angled triangles, 188

simple equations, 73
Space diagram, 276
Sphere, 246
Square, 23, 219

numbers, 23
root, 25, 48
units, 219

Standard deviation, 302
discrete data, 302
grouped data, 303

Standard differentials, 321
form, 56
integrals, 326

Statistical data, presentation of, 288
terminology, 288

Straight line, 165
equation of, 135

Straight line graphs, 132
practical problems, 141

Subject of formulae, 83
Subtraction in algebra, 62
Subtraction of fractions, 10

numbers, 1, 18
vectors, 274

Successive differentiation, 322
Supplementary angles, 165
Surface areas of frusta of pyramids and

cones, 252
of solids, 247

Symbols, 28

Tally diagram, 293, 296
Tangent, 27, 183, 230

graph of, 195
Terminating decimal, 17
Theorem of Pythagoras, 181
Transposition of formulae, 83
Transversal, 165
Trapezium, 220
Trapezoidal rule, 257
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