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_Which __ units ___ should __ you __ revise_?_ 

This Revision Guide has been designed to support you in preparing for thc;: externally assessed units 
of your course. Remember that you won't necessarily he studying ahhie-- unit5 included here - ifwffl __ _ 

__ t;;le:pe:n_c::I g111:;'1e: q1J_a.lifi9~rtic>n y9u a._re __ ta~i_rig. 

BTEC National Qualification Externally assessed units 

For each of: 1 ~inee53dng Principles 
Extended Certificate 
foundation Diploma . 
Diploma 

3 Engineering Product Design and Manufacture 

Extended Diploma 1 Engineering ___ Prfridple5 _____ _ 

_ 3__fngineering--ProductDesiqnand--Manufacture_ 

6 Microcontroller Systems for Engineers 

Your Revision Guide 
Each unit in this Revision Guide contains two types of pages, shown below. 

pages help you revise the 
essential content you need 
to know for each unit. 

-

pages help you prepare for 
your exam or assessed task. 

Skills pages have a coloured edge and 
are shaded in the table of contents. 

Ba4 a look 0 Nearly UlHa 0 Jlailod :It! Q 

DC motors 

---Usethe Now--tly-this -Glctivities .on--evecy 
page to help you test your knowledge 
and practise the relevant skills. 

Bad• look Q H.arly tlwr. 0 Nailed. itl D 

-look· out--for--the sample-response-extracts -
to exam questions or set tasks on the skills 
pages. fbst::its -wm-explairrtneir strer-rgtns-and __ _ 
weaknesses. 



Unit!: Engineering Principles 
1 Laws of indices 
2 Logarithms 
3 Exponential function 
-4 Equations of lines 
5 Simultaneous linear equations 
G Expandirig and fac:;t;oris;>t;ion 
7 Quadratic equations 1 
8 Quadratic equatlorts 2 
~ R.idlans. arcs and sectors 
10 Trigonometric ratios and graphs 
11 Cosine rule 
12 Sine rule 
13 Vector addition 
14 Surface area and volume 
15 Syst~ms of f9rces 
1G Resolving forces 
17 Moments and equilibrium 
!3 Slmply supported bearrts 
19 Direct loading 
2{) Shear loading 
21 Velocity, displacement and acceleration 
22 Applyinc:J the SUVAT equ;itions 
23 Force, friction and torque 
24 Work and power 
25 Energy 
2G Newton's laws of motion, momentum and enerc:Jy 
27 Angular parameter5 
28 Mechanical power transmission 
29 Submerged surfaces 
30 Immersed bodies 
31 fluid flow iri taperinq pjpes. 
32 Heat transfer parameters and thermal conductivity 
33 Heat transfer processes 
34 Linear expansivity and phases of matter 
35 Specific heat capacity, latent and sensible heat 
3G Heat pllmp performance ratios 
37 Enthalpy and entropy 
3S· Thermal efficiency of.heat erigines··· 
39 Thermodynamic process parameters 
40 Gas laws 
41 Current flow 
42 Coulomb's law and electrostatic force 
43 Resistance, condl1Ctarlce arid temperature 
44 Types of resistor 
45 Field strength 
4G Capacitance 
47 Cap.acitors - non-polarised. 
48 Capacitors - polarised 
49 Ohm's law, powerand effici~ncy 1 
50 Ohm's law, power and efficiency 2 
51 Kirchoff's voltage and current laws 
52 Capaeitors - charging and enerc:JY 
53 Capacitors - networks 
54 Capac\tors fn··circuits - the time constant 
55 Capacitors in circuits - RC transients 
SG Diodes . .,,. b.iLJs and;ippllcations 
5 7 DC power sources 
58 Resistors in series or parallel 
59 Resistors in series and parallel combinations 
GO Resistors and diodes in series 
Gi Capaeito61n 5erie5 or para11e1 
G2 Capacitors in series and parallel combinations 
G3 Magnetism and magnetic fields 
G4 Permeability 
GS B/H curves, loops and hysteresis 

e 
GG Reluctance and magnetic screening 
G7 Electromagnetic induction 
GB DCmotors 
G9 Electric generators 
70 Inductors and self-Inductance 
71 Transformers and mutual inductance 
7 2 AC waveforms 
73 Sinc:Jle phase AC parameters 
7 4 Analysing AC voltages using phasors 
75 Reactance aiidimpedance 
7G Rectification 
77 Your Unit 1 exam 
78 Showing your working 
79 'State' and 'describe' questions 
80 'Explain' questions 
81 'Find' questions 
82 'Calculate' questions 1 
83 'Calculate' questions 2 
84 'Solve' questions 
85 'Draw' questions 
BG 'Label' questions 
87 'Identify' questions 
88 Synoptic questions 1 
89 Synoptic questions 2 
90 Using the formulae booklet 
91 Formulae and constants 

Unit 3: Engineering Product 
Design and·· Manufacture 
9G .. PesigntriggersJ 
97 Design triggers 2 
98 Reducing energy 
99 Hybrids and energy recovery systems 
100 Sustainability and cost over product life cycle 
101 t1igh~value manufacturing and designing out risk 
102 Systems, equipment and interfaces 

.. 103 .Systemcompromk;es 
104 Equipment specifications and cost effectiveness 
105 .Me:<::h;;inicalpr:()p~r:tie:s 
10G Physical and thermal properties 
107 Electrical and magnetic properties 
f08 Advanced materials 
109 Surface treatments and coatings 
110 Lubrication 
111 Modes of failure of materials 

. 11.2 Mechanical motion 
113 Mechanical linkages 
114 Fower sources 
115 Controlling power transmission 
11 G Processing metals 
117 Powder metallurgy and additive manufacturing 
118 Joining and assembly 
119 Processing pofymers 
120 Processing ceramics 
121 f'rocessingflbrecreinforced .. comp.osites 
122 Effects of processing 
123 Scales of production 
124 Customers 
125 Product and service requirements 

·· 12G f'roctuct de5igrrspeciflcatton (PDS) 1 · 

iii iv 

127 
w 
129 
130 
131 
132 
133 
134 
135 
13G 
137 
138 
139 
140 
141 
142 
143 
144 
145 
14G 
147 
148 
149 
150 
151 
152 
153 
154 
155 
15G 
157 
158 
159 
1GO 
1G1 
1G2 
1G3 
1G4 
1G5 
1GG 
1G7 
1G8 
1G9 
170 
171 

Product design specification (FDS) 2 
(;9mmerc;ial protection 
Legislation and standards 
Environmental and safety constraints 
SecJrfty constraints 
Mar<eting 
Form and functionality 
Product performance 
Manufacturing processes a1d requirements 
Manufacturing needs 
Generating design ideas 
Development ------.. - - -

Des~gn information 
Freehand sketching, diagrams, technical drawings 
Graphical techniques 
Written communication 
Des,gn documentation 
Iterative development 
Statistical data 1 
Statistical data 2 
Data handlinc:J and graphs 1 
Data handling and graphs 2 
Frequency distributions 
Validating the design 
Benefits and opportunities 
Furber modifications 
Your Unit 3 set task 
Reading a brief 
Conducting research 
Making notes 
Reading further information 
Interpreting an engineering drawing 
Analysing data 
Creating a time plan 
Recording changes and action points 
Interpreting a brief 
Interpreting numerical data 
Producing design ideas 1 
Producing design ideas 2 
Modified product proposal 
Justifying a design 
Justifying materials and processes 
Developing sustainability 
Validating a design proposal 
Evaluating with tools and techniques 

Unit 6: Microcontroller Systems 
for Engineers 
172 Microcontrollers and Unit G 
173 Comparing different microcontrollers 
174 Project boards 
175 Using flowcharts 
17G BA::IC as a programming language 
177 Casa programming lanc:Juage 
178 Input and output devices 
179 Switches 
180- Visible and infrared light-sensing devices 
181 Temperature and humidity sensors 
182 Input interfacing requirements 
183 Ultrasonic and control potentiometers 
184 Optoelectronic output devices 
185 Electromechanical output devices 
18G Audio output devices 
187 Transistor output stages 
188 Selecting hardware: input devices 
189 Selecting hardware: output devices 
190 Generating a system desig1 
191 Safe use of typical electronic tools 
192 Assembling and operating a microcontroller system 

193 PICAXE'" and Logicator: program files and error checking 
194 FICAXE"' and Logicator: simulation, compiling and 

debugging 
195 Microchip, FICkit 3 and MFLAB"': program files and error 

checking 
19G Microchip, FICkit 4 and MFLAB"': simulation and 

debugging 
197 GENIE'": program files 
198 GENIE'": simulation 
199 GENIE"': compiling and debugging 
200 Arduino™ Uno: program files and error checking 
201 Arduino™ Uno: simulation and testing 
202 Flowcode and E-Block: creating and managing program 

fi les- --- -

203 Flowcode and E-Block: simulation 
204 Flowcode and E-Block: simulation and debugging 
205 Coding practice and effident code authorinc:J 
20G Coding constructs: inputs and outputs (BASIC a.nd C) 1 
207 Coding constructs: inputs and outputs (BASIC and CJ 2 
208 Coding constructs: inputs and outputs (GENIE"' flowchart) 1 
209 Coding constructs: inputs and outputs (GENIE'" flowchart) 2 
210 Coding constructs: logic and arithmetic variables and 

arrays 
211 Coding constructs: logic and arithmetic 
212 Coding constructs: program flow and control 1 
213 Coding constructs: program flow and control 2 
214 Program flow: iteration 
215 Control of program sequence: if else 
21G Control of prOc:Jram sequence: switch 1 
217 Control of program sequence: switch 2 
218 Structured program design 
219 Number systems: decimal to binary 
220 Number systems: binary to decimal 
221 Project analysis 
222 System design and program planninc:J 
223 System assembly, coding and testing 
224 System testing and operation 
225 Production of evidence 
22G Your Unit G set task 
227 Reading a brief 
228 Creating a task plan 
229 Monitoring progress 
230 Monitoring changes 1 
231 Monitoring changes 2 
232 Analysing a brief for product requirements 
233 Completing a test plan 
234 Formulating a system design 
235 Proposing system connections 
23G Planning a program structure 
237 System assembly and programming 
238 System testing 
239 Results analysis 
240 Recording a system in operation 
241 Recording a commentary 

242 ANSWERS 

A small bit of small print 
Pearson publishes Sample Assessment Material and the 
Specification on its website. This is the official content 
and this book should be used in conjunction with it. 
The questions in Now try this have been written to help 
you test your knowledge and skills. Remember: the real 
assessment may not look like this. 
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Laws o • 1n • ces 
The laws of indices make it possible__to simplify_and solve equations that contain i ndices~ 

_ °Q$i.~g __ tl\e __ laws of indices 
Numbers 1 to 3 below are the main laws of indices. Numbers 4 to 8 are useful applications and special 

cases of the main laws. 

Multiplication a"' x a" = a Cm + zi) 

·----~-:'3· ---- -~ --~--x::2 = x4 

Division am + a" = a<m- n> 

e.g. x5 + x3 = x2 

Powers (am)n = amn 

e.g. (x3)5 = x15 

1 
Reciprocals -;;;;; = a-m 

1 =··- ~5 
e.g. -;f - x 

Start at the beginning of the expression 

and look for terms that can be expressed 
as decimals to make simpl.1fication eas·1er. 

e.g. a~ = a-1 s. 

Add the indices for like terms. 

Consider alternative ways to 
express the simplified expression. 

Make all the indices decimals_ 

Group together like terms. 

Add the indices for like terms. 

Index = 0 a0 = 1 

-···· - - t::·-:3· -- ·-- ... ?~- -===_ 1 _ 

I d 
1 

0 5 at = a0 -5 = ra n ex = z-or . 

e.g. 16-t = 16°·5 = fl6 = 4 

Index = _!_ a~ = n.fi 
n 

e.g. 27-:§- = 3 /27 = 3 

Index = 1 a1 = a 

e.g. 3.51 = 3.5 

= --

~l~x-keil e~a:.~~p~e 

(a) Simplify the expression a-2b-1 a~. 

a-2 b-1at = a-2b-1a1·5 

= a-2a1.sb-1 

= a-O.Sb-1 

1 
= b/a 

a-1b-1bt 
(b) Simplify the expression~. 

= a-1b-1bo.sa2b-1 

Consider alternative ways to 
express the simplfied expression. 

Information Booklet of 
Formulae and Constants 
In your Unit 1 exam, you will be given 
an Information Booklet of formulae and 
Constants and this includes the multiplication, 

-.division.and--powers.-laws of indices. Ideally, 
you should be confident in their use without 
reference to them. 

The booklet is included in this Revision Guide 
on pages 91 to 95. 

Evaluate 

(a) 19° 

2 Express J(x'1 x .0) as a power of x 

3 Evaluate 3./9 x 6./9 

1 2 

Logarithms 
. Logarithms (or logs) are a way of wdting . .facts.about .powers. 

Logs 
These two statements mean the same thing: 

Remembering the order··· 
.. The key .t.o bei11gco11fi.d.e.11tinloq .q.ue.stio11s is 
remembering the basic definition. Start at the 
-ba5e, and work. in a drcle~ -

logab = x H ii' = b 

/You say, ~013 to the base a of b equals x.' 

logab = x 11111 • ii' = b 

~a is the base of the logarithm. 

Laws of logarithms 
Learn these four key laws for-manipulating· expressions invohting logs; These laws · work for all logarithms 
with the same base. 

log,, X + loga y = loga(xy) 

log4 8 + log4 2 = log4 16 = 2 

log a X - lo'da y = IO'da (f) 
1 

10<::19 18- - log9 6 = log9 3 = 2 

-
Wor·~a:G ~rna1:..p~e 

Find: 

(a) the positive value of x such that logx49 = 2. 

x2 = 49 

x = 7 
(b) the value of y such that log5 y = -2. 

5-2 = y 
1 

y= 25 

log. m = -loga x 

log8 (;) . ::: -,,-loga 2 ;;; .,..~ 
lo'da(.x") ::: nl0'2ja x 

10<::15 (253
) = 3 lo'ds 25 = 3 X 2 = 6 

Changing the base 
You can change the base of a logarithm usin'd 
this formula: 

10<::11>-x - · ··· 1°':b 27 3 
loga x = log!> a - 10139 27 = logs 9 = 2 

Common logs and natural logs 
{0 Lo<::1arithms to base 10 are called common 
Joq.s and the .notation. lq n is sometimes used 
instead of log10 n; e.g . log10100 = 2 (note 
100 = 10-?). --

(0 Logarithms to base e are called natural 
logs with the notation foqen. 

Write down the corresponding power fact. 
Work in a circle, starting at the base. 

Find: 

(a) the value of y such that log3y = -1 

(b) the value of p such that logP 8 = 3 

(c) the value of log4 8. 

2 Express as a single logarithm to base a. 

(a) 2 logaS 

(b) loga 2 + loga 9 

(c) 3 loga 4 - loga 8 

Use law 4 to 

write 3 log. 4 
as log. (43), then 
use law 1 to 

combine the two 
logarithms. 
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Exponen ial function 

Nearly there 0 Nailed it! 0 

__ An exponentiaLfonction (a'? is one where the .variab.Jeis the power, not the _ _base. !he Eulerc~nstant.Jorm 
of this expression (e") is found in many engineering disciplines such as aerodynamics, mechanics and 

----electrical principles. 

Exponential growth 
If a population doubles or trebles every year, then 

.. itis -5aicfto -pe growfr1g 'exponentialT/_:_ 

_____ We representapopulatfonytbat startsat_jQOO -
and which doubles every year as y = 1000 x (2"), 

-where x represents -the--nlJfllber--of years. 

'm. , You may need to use the laws 

0 of indices and lo'3arithms when 
solvin'3 problems based on exponential '3rowth 
or decay, see pa'3es 1 and 2. 

Exponential function e" 
The Euler notation is a special form of 

= -- -

Wo-;ke~ examp!e 

Predict the number of people (y) after 4 years for a 
population of 500 that is trebling every year. 

y = 500 x (34} = 500 x 81 = 40500 

Jtt;i~g_ ~ calculator 
Most calculators have the xY button; for 
example, to find 34, press: 

GJ0GJ8 
and the calculator should show--81-; - -- ------1 

__ the exponentiaLf.unction~ written e'. The 
exponential function e' more than doubles, 

--- ----but does-not -quite--treble-over--a--period; The 
graph opposite shows y = 2X, 3x and e'. 

t~~ 
-~----.---1-+L-~--,, _-2_x_~ 

Graph of y = 2x, Y = 3x 

and y = e 

for x = 0, 2x , 3x and 

e are all equal to 1. For 

e the gradient at any 

point on the curve 
--• A-decaying popuiafiOri, sucli as radiated 

heat - ~n~~'.3Y or radioactive particles, has 
the form y = e-x. 

• Recognise where the laws of indices can 
be used: y = e-x m~ also be written 

1 
y= ef'_ 

~-- -

w~rke{. ejt.a::-~;p~e 

In a production process involving heat transfer, 
the temperature (J °C of a mould, at time t minutes, 
is given by (J = 250 + 1 soe-0.rn. Determine the 
temperature of the mould after 5 minutes. 

9 = 250 + 1SOe-{0 ·15 )( 5> = 250 + 150e-{0 ·75> 

= 250 + 70.8549 

6 = 320°C (to 2 s.f.} 

Now try this 

-1 0 1 x 

y 
y = e is equal to e. 

Graph of y = e-x 

-1 0 

Usiftg a calculator 
Most calculators have the exponential button e' 
button; it may be a secondary function of the 
'In-' button. ·rorexampte; ·to· finct-·e2·5~press: -- -

~GJ~8 
and the calculator shoulc:t-show ·t2:182-.; .. 

A manufacturer quadruples its production of a component from 2000 units per year every year for three years. 
Calculate the number of components produced at the end of the third ye'lr. 

2 The voltage Wcl across a capacitor in a RC circuit is given by Ve= V.(1 - e--7), wher~ (-r) is the time constant and Vs is 
the supply voltage. Determine the value of Ve at t = 5-rwhen the supply voltage is 4.SV. 

3 4 

E uations o • nes 
.The equation .of a straight l ine_ .can be.written _ in the .form .y = mx + .c, where m. is the_ gradient of the 
line, and c is the point where it crosses the y-axis. 

Point and gradient 
---If you-are given the gradient m--ot-a straiqht -
line that passes through a point (x1, y 1), 

- --tfien you cifrf write its equation ·as: 

Y -:-Y1 :::: m(>< -:- x1l f;p o~f;ai11 .. an e~p_ressipn c:>f _ 
y in terms of x. 

--

~ilorke<.. e;~a:.:r~p:e 

A straight line passes through the point (-3, 2) and 
has a gradient -2. Find an equation for this line in the 
form ax +by+ c = 0, where a, band care integers. 

y - y1 = m(x - x1) 

y - 2 = -2(x -(-3}} 

y - 2 = -2x - 6 

y+2x+4=0 

If you are given two points on a line, (x,, y
1
} 

and (x2 , y 2 ), you can calculate the gradient 
usinia: 

Y2-Y1 m= ---
x2-x1 

Intercepts 
You can find-where the line y = mx + c 
intercepts both the x- and the y-axes. 

The y- intercept is given by the value of c, 
and th~ x-Jnter~pt cc:io. l:?_e ~v.C1!J..JC1te_(:;Uzy 
setting the value of y to 0. 

yj 4 -

~~. 
-G -5 -4 -3 -2 -1 0 2 3 4 x 

Graph of y = :ix + 2 

------------ ... 

~-- -

Wc:rke<t exa:.?.-:p:e 

The line L passes through the points (1, 1) and (2, 4). 
Find an equation for L in the form y = mx +c. 

4-1 
Gradient (m) = 

2
_

1 
= 3 

y=mx+c 

y = 3x + c 

1 = 3(1} + c (from point (1, 1}} 

c = -2 so y = 3x - 2 

Check using point (2, 4): 

4 = 3(2)- 2 

Once you"ve evaluated rhe \alue of c. you can 

5Ubstit Jte this ;., the general equation of the 
:;tralqht lrne y = mx + c 

-

¥l~:rke{. exa:.i.~f(~e 

Determine the intercepts for the x- and y-axes of the line 
3y-x=6. 

Rearranging the expression in the form 
y = mx + c gives y = i x + 2, therefore the 
y-axis intercept is +2 (when x = 0}. 

Setting y = 0: 

ix+2=0 

x+6=0 

x = -6 Therefore, the x- intercept is -6.: 

You car sketch a "!raph co chec your answer: 

The qrad;enc 15 oosit1ve because tl1e m term (l) 
15 oc:, tive and the 'ine passes throui::ili the 3 
x-axis at -G and the -'-axis at + 2. 

The line L passes through the point (6, -5) and has gradient _ _!__ Find an equation for Lin the form ax +by+ c = O, 
where a, band care integers. 3 

2 The line L passes through (-4, 2) and (8, 11 ). Find an equation for Lin the form y = mx + c, where m and care 
constants. 
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Si taneous 1 ·near e uati ns 
Linear equations have the form y = mx + c (i.e. no x2 or y2). Simultaneous equations can be solved using 
either the substitution or the elimination method. Whichever method you use, remember to number the 

equations to keep track of your working. 

Substitution 
Solve the simultaneous equations: 

y - 2x = 2 Call this equation (1). R.earrange the linear 

-2y + 5 = x Call this equation (2)./ equation (1) to make 

y = 2x + 2 Call this equation (3). ythe subject. 

y -2x = 2 
Yt 
6 I 
4 

v (0.2,2.4) 

2 . 

~~~~~.---+~--,--~,1 =-.::::-~11~~ 
- 2(2x + 2) + 5 = x -------- Substitute equatio_n (~) into 

_
4

x _ 4 + 5 = x-------- equation (2) and simplify to find x. 

x = - 2y + 5 

-6 -4 -2.· 0 2 4 8 x 

/-2 
5x = 1 / You have found x. Substitute 

X = k = 0. 2 x = 0.2 into equation (1) to find Y· 

The solutions are x = 0.2, y = 2.4. 

I -4 

I -6 

Thinking graphically 
(,0 The solutions to a pair of tinear ·simultaneous equations 
correspond to the point where the graphs of the equations intersect. 

Graph showing simultaneous 

linear equations 
y - 2x = 2 and -2y + 5 = x. 

(0 The point of intersection has an x value and a y value. 

=----
Worked example 

Solve the simultaneous equations: 

y-3x= 8 (1) 

2y + 11 = -9x (2) 

From (1): y = 3x + 8 (3) 

-----
You can substitute 
for x or y. It is easier 

to substitute for y 

because there will be 

no fractions. 

Remember to number 

your equations. 

Substitute (3) into (2) and simplify to find x: 

2(3x + 8) + 11 = -9x 

6x + 16 + 11 = -9x 

15x = -27, x = -¥s = -1.8 

Substitute x = 1.8 into equation (1) to find y: 

y - 3(-1.8) = 8, y = 8 - 5.4 = 2.6 

Remember that the value of x and y 
represent the coordinates of the point 

where the simultaneous equations intersect. 

Elimination 
Manipulate one of the equations to make eithe~ the x 
or the y terms exactly the same in both equations. 

-

Now try this 

Solve the following simultaneous equations: 

2x+l3=-3.5y 2 14=3y+Sx 

-3x= -9y 10x=4y+ 7 

------
~example 

Solve the simultaneous equations 

6x+6=5y (1) 

3y+ 2x= 7 (2) 

Multiply equation (2) by -3 and rearrange 
to make the x terms the same. 

-6x + 21 = 9y (3) 

Add equation (1) to equation (3) to 
eliminate the term 6x and -6x. 

27 = 14y, y = 1.93; now substitute into 

(2) to obtain x: 

(3 x 1.93) + 2x = 7, x = 0.61 

You can check your solution by substituting 

x = O.G1 into equation (1): 

(G x O.G1) + G = Sy 

y = 1.93 

------------- ------ -

5 

-

,_., :CJ. \:1 
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6 

• 1ng an Ex pan actorisation 
___ . .Expanding brack.ets._and_factorisinq _expres_sions are tbe basis for manipulation of_engineering .. expressions. _ 

and formulae and are therefore essential skills. 

Expanding brackets 
-- ---To -expand th-e product of two factors--you--h-ave to-multiply-EVERY-TERM in the -first ·factor by ·EVERY--

TERM in the second factor: There are 2 terms in the first factor and 3 terms in the 
~w-~d fa-Cto;,· so there will be -2·-x 3 -~ - 6 te~; -i~ the 

expanded expressio n BEFORE you collect like terms. 

(2x + 3 )(5x2 - x + 4 ) = 10x3 - 2x2 + 8x + 15x2- 3x + 12 
~ = 10x3-+13.x2-+5x+--12 --- - - · - - - --- ----- · 

--------- Simplify your expression by collecting like terms: 
.:::2xz + 1sX2 = ·13xz 

· Factorising· 
for 5imple expressio ns you __ can_ extract .the 
Highest Common Factor (HCF). 

-some ·expressions· may provide ·a common 
factor within the bracketed terms. 

(3x-2) is common to 

~t;;s so can be 
~ ~racted as a factor. 

2x(3x - 2) - 7(3x - 2) = (3x - 2)(2x - 7) 

In some cases it may be necessary to group 
the terms to identify a common factor. 

Start by group·ing the first two and last two terms. 

Then extract the HCF as in part (a) above for each 
group, which leaves a common factor: (2a- 3). 

You can then extract the common factor as in 2 above. 

Special cases 

-Assuming--no resistance·; you can 
calculate the distance travelled by an 
object; using s = -ut + ~at2-: 

=~---

Worke-l e:xa:.:"'r~p~e 

(a) Factorise the RHS of this equation. 

s = t(u+iat) 

Take out the common factor in each 
term. Don't forget to check your 

answer by multiplying back out. You 

should get the original expression. 

(b) Factorise 3a(x+4a) + 2(x+4a). 

3a(x+ 4a) + (x + 4a) = (x+ 4a)(3a + 2) 

(x + 4a) 1s common to both terms so can 

be taken <:>s one of the facto rs. (3a + 2 are 

the c:errns o utside the brackets gathered 

together and which form the second factor: 

There are some special cases that you should watch out for: 

-~ Completi·ng· the sqoare--(5ee pa;:ae 7 --kw how thi s works.) 

x2 + 2bx + c = (x+ b) 2 - b2 + c 

(c) Factorise 6a2 
- 9a - 4ab + 6b. 

(6a2 - 9a) - (4ab - 6b) 

3a(2a - 3 ) - 2b(2a - 3) 

= (2a - 3)(3a - 2b) 

~The difference of two squares 

- (a +b)(a- b) = -a2 - b2-

Now try this 
Hint: to factorise \!j2-V2 , use the 

difference of two squares. Expand the brackets to show that (3x - 4)(3x + 4) = 3x2 
- 16. 

2 Factorise 3x(y- 4) - 2(y- 4). 

3 The thrust to speed efficiency of a jet engine is given by the expression 
3 V(~1 - ~

2

). 
~ -V 

Factorise and, hence, show that the complete expression is equal to ~
~ + V 
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0 ratic e a 
Quadratic equations occur throuqhout engineerinq in different forms. You must be able to identify them 
and know how to solve them usinq three methods. Factorisation and completinq the square are shown 
below. Use of the formula is shown on page 8. You will find practical uses for these methods on paqe 20. 

Factorising a quadratic 
You can follow these steps to solve some 
quadratic equations: 

.-
~ Rearran~e the equation into the form 
· ax2 + bx + c = 0. 

Factorise the left-hand side. 

Set each factor equal to zero and solve to 
find two values of t: (t - 3)(t + 5) = 0. 

The valid solution is the value of t that is c:ireater 
than 0. This is Cjiven by the factor (t - 3), 
therefore the answer is t = 3 s. 

Completing the square 
Useful for quadratics that do not factorise. 

b 
2 

a a2 a.E.. 
2 

b \ a.E.. 

' 
b 

2 1 2 2 

[<EJ b ,2 
Complete the square with 

c-f > x c-f i; i.e. c-f i2 
The complete square is made of three terms: 

0 a 2 + ab + 
b 

These are simplified as (a + 2) 2
• 

Remember to add ~ - to both sides of 

the equation. 

Now try this 

Worked example 

The displacement of a car in metres (s) is given by 
s = 2t + t2, where t is in seconds. Find how long it 

takes to t~ find two numbers with a sum 

t2 + 2 t _ 15 = O of +2 and a product of -15. 

___-The required numbers 
(t - 3)(t + 5) = 0 are '-3' and '+5' . 

t - 3 = 0 or t + 5 = 0 

t = 3s or t = -5s 

""' Discount the negative 
root in which t = -5s. 

The area of a rectangular building (length x) is given 
by 4 = x(5-x), where the width in metres is (S -x). 

Find the roots and, hence, the length and width. 

x2 _ 5 x = _ 4 ___.-:;:,7 Complete the 

---- /' square by adding 
x2 - 5x + (~) 2 = -4 + (~)2 c%> 2 to both sides. 

(x - 2.5)2 = 2.5 2 
- 4 ------

x - 2.5 = ±../2:25 
therefore x = + 1.5 + 2.5 = 4 (lenqth) 

x = - 1.5 + 2.5 = 1 (width) or 

x2 - 5x + (%) 2 may be 

written as (a + ~)2 or 
(x - 2.5)2 • 

The coefficient of the x term is the numerator 
of the 'complete the square' term. 

The distance x, in metres, along a beam where the bending moment= 0 is given 
by sx2+14x- 3. Factorise this expression and, hence, find the position of x. 

You need to put this 

expression = 0, find 
the roots and then 

discard nec:iative values. 
Remember to include 
the units (metres). 

7 8 
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ua ratic e s 
In some .cas.es, you _will __ be. unable _to __ solve quadratic..equatjons .. byJactorisation .or __ completing. the __ _ 
square. You will need to solve them using the formula instead. You will find practical uses for this method 
en paqe81,-

--Solu-tion---by-formula 
You can solve any quadratic by use of the formula, 

----i:iut it -must he in Hie forlTI aJ1! + bx + · c = o; where: 
x = -p ±.Jb2 - .4 ac -:==- cis--the 'c' term 

7/2a 
b Is the '--------= 
coefficient a is the coefficient of x2 
of x 

Quadratics come in many forms, for example: 

120/ = 10/2 +100 

(y-2)2= 18 

You need to recognise the different forms -and 

use the appropriate method to find the solution. 

~--

l#lorke-d examI-"~e 

A duct manufacturer produces a rectangular ducting sheet 
of 28 m

2 
in which the area is related to the width by the 

expression 28 = l .6w2 + 4.2w. What is the width of the 
sheet? 

28 = 1.6w2 + 4.2w or 1.6w2 + 4.2w - 28 = 0 

a= 1.6, b = 4.2, c = -28 

w= -4.2±V4.22 - 4 X (1.6 X (-28)) 

2 x 1.6 

-4.2±14.029 
w = = 3.07 or -5.69 

3.2 
Reject negative answer, width = 3.07m (to 2 d.p.) 

Now try this 

The height, h, of a ball thrown vertically is given by 

h = -4.3t2 + 54t + 13 

Using the formula 
The formttla·witH7eontheformutae -sheet; but -
be confident in using the discriminant to check 
the nature ·of the roots~ 

_{0 lf t;.2 -:::-__ 4<3~. ?QJ_h~11_ -~b-~1'~~e two 
solutions. 

~ If b2 - 4ac = 0 then the quadratic has
one solution. 

(0 rrb2 ~- 4ac ·:.c::otlieri tne -quaaratrc 
doesn't have real roots. 

You will not be asked to solve quadratics T 
where -b2 -~ 4ac < 0 .. -

Robotic arm on a Mars lander. Calculating the 
distance to turn a robotic arm in mid-motion 

is one use of the quadratic formula to solve 
s = ut + tat2 . 

---- ------ ---.. 
The equation will provide 
two solutions. In this 

example, one of them 

where tis time, measured in seconds. The time to reach the ground will be given 
when h = 0. Calculate the time taken for the ball to reach the ground, using the 
quadratic equation. 

will be negative, which 
should be rejected. 

Don't forget to specify 
the units. 
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Radians are _an alternative unit _of_ angular _measurement to.degrees._ They must _be __ _us_ed _in calculations 

involving circular motion and rotational dynamics. 

Radians 
1 ra-dian--is the -angie- formed when the-radius-of --
a circle is 'wrapped' around the circumference. 
There are 2rt radians in a full eirele: Use the5e -
rules to convert between radians and degrees: 

/ .. ~-I x1ao1 

I 
rac;lian~ 

/J.-There is more about angular 
V: motion on page 27. 

This sector -has 
an arc len<ath 
equal to its 
radius. The an<ale 
at the centre of 
·tnt:n:lrcleEr 
1 radian. You can 
also write 
'1 rad', or 
just '1'. 

I 

------------ -------
A.re length and-sectorarea 
You can calculate the area of a sector and the 
length of an arc easily if the angle is measured in 

radian~, 

L~ngth qf an Gire_ 

s =re 

Area of a sector 

A= 1 ~2e 

Both these formulae 
are glveii rn the - -
fonnulae booklet. They 
work only if the angte ·& 
is measured in radian5. 

A microchip manufacturer uses silicon wafers 
in the shape of a sector of a circle, with the 

dimensions shown. 

Calculate the area of one wafer. 

100° = ~~ x 1t = ~ 1t rad 

Area=~ r2e = ~ x 422 x ~ 1t = 1539.3804 

= 1540cm2 (to 3 s.f.) 

--- ~ .. ---
Now try this 

~~~ 
~Area of 

sector 

Radius 

Common angles-

Arc len<ath 

/ 

Save time converting between radians and 
degrees by-learning these five common 

angles: 

Degreee 45 60 90 180 860 

Radians 7t 7t 1t 
21t - - - 1t 

4 3 2 

Convert the angle to radians then use the formula 

for the area of the sector. Remember to round 
your final answer to 3 significant figures and give 

the correct units. 

--- .. 

Find the arc length and area of the sector of a circle, with radius 4cm, which contains an angle of 30° .. 

2 A plasma cutter is used to cut sectors of a circle for ventilation trunking. The arc length of each sector is 450 mm 
and the radius is 1 m. Find the angle, in radians, of a sector and, hence, the number of complete sectors that can 

be obtained from a circle of sheet metal with radius 1 m. 
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Trigo 0 etric ratios an gra s 
You __ nee_d to __ be __ _able to_ reca]J _ _tbe __ trigonometdc..identities of 5lN~_ CQ5_ and TAN and their res_pectiYe 
graphs. 

Basic trigonometric ratios 
r.Y sin B== Qee r:Y cos 0== ~ r:Y tan 0= Qee W Hyp \.V Hyp \YI Adj 

You can use the mnemonic '50H CAH TOA' to 
remember these "'C!tlos. (5 i e: Opposite over 

Hvpoteiuse Cosine: AciJacent over Hypotenuse, 
Tan13e1t: Oppos1te over Adjacent.) 

·y=sinx and-- y = cos ·x -

y.i. 

1 

A 

·n.e --side-
opposite Opp 
toancaleB 

B 

y= tan x 

Th~ side __ ()pp()si~e 
the riiaht anc3le 

- Hyp 

Adj 

T~e side -next -to 
the aniale a 

a 
c 

Y = tanx 

100 
-~ 
Radi~ I 

~-1 

·Trig values for · fJ 
lhe_valu_e of e _(pronouncedtheta) _mayJ:~e_ re.pres_ented in deqrees, __ or as radians •. in terms of1t. 

8(") 9(Ndfaila) 

0 0 
1C . 

45 -
4 

90 
1t 
-
2 

270 
31t 
-
2 

360 21t 

Mi8 

0 
-

0.707 

1 

-1 

0 

ooe9 
1 

0.707 

0 

0 

1 

ten 9 
0 

1 

- co 

-oo 

0 

Make sure you are confident using 
both 'rad' and 'deg' modes on your 
calculator. 

Produce a table that states the va lues of sin 8, cos 8 and tan eat the following 
intervals: 0°, 30°, 45°, 60°, 90°, 135°, 180°, 270°, 360°. Include a column in the 
table for the radian equivalent of each of these angles. First make a rough 

sketch of the triangle. 2 Evaluate the length of BC in triangle ABC, in which angle Bis a right-angle, 
angle A is~ rad and AB is 1 O cm. 
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Cosine r e 
The cosine rule applies to. any triangle. You. usually use the cosine rule. when you know .two sides and .the .. 
included angle (5A5) or when you are given three sides and you want to work out an angle (5~5!. Although 

. the ~": c:e::b::::: the fon."lae 5heet ·:: :;·:;::~ •u-0·be ;'"'dent.·~",..""", .. .. ..... . 

This version is useful for finding Use this version Jo find. , a 
a missing side. a missing angle. 'A 

E: 'B 

Using a calculator 
If you' re using the sine rule or cosine rule you 
need to make sure that your CALCULATOR. is 
in the correct mode {DEGR.EE5 or RADIAN5). 

This calculator is in 

radians mode. 

On some calculators you need to press 

5HlfT cin~ 5ETIJP t;c;> <::11,ang~J;i~tw~~n .. 
degrees and radians mode. 

--------

B 

~ 
A 1.7m C D 

b 

The diagram shows a triangle, ABC, and a sector, BCD, 
of a circle with centre C. Find the length of BC. 

a2 = b2- + c2 - 2bc cosA 

BC2 = 1.72 + 2.12 - 2 x 1.7 x 2.1 x cos~ 

= 2.2512 ... 

BC= 1.50m (to 2 d.p.) 

In the triangle ABC, AB = 15 cm, BC= 9 cm and CA = 10 cm. Find the 
size of angle C, giving your answer in radians to 2 decimal places. 

SAS ~ cosine rule. If the angle on the 
diagram ·1s given in terms of 1t then it is 
in radians. Make sure your calculator is 
set to radians before working out cos*. 

cos c = 

z:J= 
A lOcm C 

BC2 + AC2 - AB2 
2xBC x AC 

9 2+102-152 

2 X 9X10 

c = cos-1(-0.2444 ... ) = 1.82rad (to 2 d.p.) 

Now try this 

The diagram shows two triangles, PQR and PRS. L RSP = 0.8 radians. 

Find: 

(a) the length of PR 
(b) the size of L PQR, giving your answer in radians to 

3 significant figures. 

SSS ~ cosine rule. Be careful with the 
order. You add the squares of the sides 
adjacent to the angle, and subtract the 

square of the side opposite. 

Q 20cm R 

ll~;s 0.8 rad 

p 26 cm S 

11 
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Siner le 
..Ibe.siae .rule. applies .. .to .. any._trian.q/e ... Tbe .. sine . .rule . .is useful. when_ you know _ two.angles~ . or. when you .. 
know a side and the opposite angle. Althouqh the sine rule will be provided in the formulae sheet in your 

·· - ·exam, you need to be coflfident +nits -tJse. u 
a b c sin A sin B sin C C 

- -=-- =-- --=--= - - b 
sin A sin B sin C a b c a 

...... .. Tbis .ver5ion.is .. u5eful .for .... .Use this .version to.finc:L A 
finding a missing side. a missin<a an-ale. c , ·B 

12 

~=--

~loX"ke{, exa:..'."lp~e 

In the triangle PQR, 
PQ=4cm, 
L PQR = 1.5 radians 
and 
L QPR= 0.8 radians. 
Find the length of the 

side PR. 

4cm 

p 

Q 

1.5 rad 

L QR.P = 1t -1.5 - 0.8 = 0.8415 ... 

PR 4 
sin(1.5 rad) sin(0.8415 ... rad) 

R 

4 X sin(1. 5 rad) 
PR= sin(0.8415 ... rad) = 5.35cm (to 2 d.p .. ) 

Two values 
If you know sin x, you might be asked to find 
two possible values for x. Ose· this ·r-u1e .. for 

a..rigl~-~ measured in radians: 

sin x = sin(7t - x) 

You could draw a sketch to help you see 
what is going on. 

B 

Now try this 

In the triangle ABC, BC= 13 cm, L ABC =~radians, and 
L ACB =~radians. Find the length of AC. 

Start by finding the size 
of LCAB. 

Using radians 
Remember these key facts: 

(0'-Anqles in a triangle add up to 1t radians. 

~ A right .aiit.;3ie is~ r'adial15: 
2 

IJ.'m· . There is more about measuring 
U angles in radians on page 9. 

The sine rule compares opyosite sides and 
angles. so use the act that the am;:iles in 
a triangle add upi ton: radians (or 180°1 to 
work out L QRP first. 

In the triangle ABC, AB = 10 cm, BC= 6 cm, 
L BAC = 0.2 radians and L ACB = x radians. 

(a) Find sin x, giving your answer to 2 decimal places. 

sinx sin(0.2 rad) 

10 6 
10 x sin(0.2 rad) 

sin x = 
6 

= 0.33 (to 2 d.p.) 

(b) Given that there are two possible values of x, 
find these values of x, correct to 2 decimal places. 

x1 = sin-1(0.331) = 0.34 radians (2 d.p.) 

x2 = 7t - x, = 1t - 0.34 = 2.00 radians (2 d.p.) 

A 

~ C B 
13 cm 
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.. Vector5 .. such .. as Jorce_, __ velocity. ancLac . .phasors._ have .both_maqnitude and .. direction .. You need.to .. take ... 

both into account when finding the overall resultant of two or more vectors. 

Visualising vectors 

Here the magnitude of the vector is proportional 
to the length of the arrow. The direction is given 
by the angle (0) and the sense by the arrowhead. 

Graphical vector addition 
To find the resultant of a system of vectors: 

Draw them-accurately and-to scale on-graph · 

paper. 

complete the parallelogram and a-ra·w-in the· 
diagonal that represents the resultant. 

• Measure the resultant using a ruler and 

protractor. 

-- Analytical vector add-ition 
A more accurate solution can be found using 
trigonometry to find the resultant of two vectors. 

'?a, . You will find analytical methods of 
0 vector addition in specific applications 
are covered on page 1 G Resolving forces and page 
72 Addition of sinusoidal waveforms. 

Vector diagrams 
A -vector diagram helpsyov ·visuaHse ·a·-system· · 
where two (or more) vector quantities are acting 

- ~rncrfind tli.eir sum··or resulta·nt vector:··-

A 

--- ----------,.,-y 
~"" /_/ ,' 

Yi?~~ / VT I 
( 

,' 
fL------- - _,... v2 

Vector diagram using the parallelogram law to 
show the resultant of two vectors. 

Taking accurate measurements 
to determine the magnitude and 
direction of a resultant vector. 

-------- ----- ~~:;· B 

GO ~\'f/6~ //GO 

5ef~ 13<:<~~- -- --- -
80 c 

Here you can apply the cosine rule to calculate 
the resultant magnitude and direction. 

&•You will find the cosine rule on page 11 . 

_____ ._ __ 
----------

___ ... _____ _ 

The analysis of a system of forces produces the vector diagram shown. 

The diagram is not to scale. 

Find, using a graphical approach, the magnitude and direction of the 

resultant vector. 

Compare your graphical solution with that found using the analytical 
approach described above. 

GON/ 

Lii___> 
BON 
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Surf ace area and volu e 
You need to know how .to calculate the surface areas and volumes. of cylinders~ spheres and.cones ... 

Cylinder . 

Area.of_a circle. 
is 7tr2h. 

Total.surface area.is .. 
1+2+3 = 7tr2 + 27trh+ nr2 

= 27trh + 2nr2 

Circumference of 

3 

A weapon release unit on an aircraft is protected by a 
cover in the shape of a cylinder of radius 40 mm and 
height 60 mm, open at one end. Determine the total 
surface area of the component. 

The total surface area of a complete cylinder 
= 2rtrh + 2rtr 2

, but one end is open. 

Total surface area of component 

= 27trh + 7tr2 

= (2 7t x 0.04 x 0 .06) + (7t x 0 .042) 

= 2.01 x 10-2 m2 (to 2 d.p.) 

Volume = 1tr2h, Total surface area = 2rr.rh + 2nr2 Make s re that uni r;s are consistent Here 
all measurements are converted to metres. 

Surface area = 4nr2 

· Voltime-= ~ 1t~ 

Cone 

Surface area = nrl +nr2 
Volume = ~ nr2h 

Now try this 

Calculate the minimum number of portable fuel pods, in the shape of 
3 metre diameter polymer spheres, that are required to supply a town 
in a disaster-struck area, with 25 OOO litres of fuel (1 m3 = 1 x 103 litres). 

Volume of one fuel pod 

= ~ 7tr3 = ~ 7t (~)3 = 9.42m3 = 9420 litres 

Number of fuel pods= 25000 + 9420 = 2.65 

A minimum of 3 fuel pods are required. 

A food manufacturer wishes to market a new confectionary product, 
in the shape of a cone. Calculate the height (h) of the product if each 
cone contains 41 .85 cm3 of filling and has a diameter of 4.0 cm. 

Volume = ~ 7tr2h 

41.85 x 10-6 = i Jt x 0.022 x h 

h = 0.10 m or 10.0 cm (to 2 d.p.) 

If the question doesn't ~ 
specify which units to 

A cylindrical concrete piling has radius 0.7 m and height 
12 m. Calculate the volume of concrete required. 

First make a 
sketch with the 

use for the answer then 
you can decide. Here 
all measurements are 

2 If you double the radius of a sphere, how does the 
volume of the new sphere compare with the volume 
of the original sphere? 
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Syste so forces 
Mechanical systems can contain components that exert forces that push or pull other components. 
In a static system all the forces are balanced so, instead of a force causing a change in the motion 
of an object, the system remains at rest or in motion with constant velocity. 

Free body diagrams 

Physical arrangement 
of a system of forces. 

You use a free 
body diagram to 
show only the 
forces acting in 
the system you 

Coplanar concurrent forces 

Coplanar concurrent forces act in 
a single plane and pass through a 

.~npoint. 

Coplanar non-concurrent 
forces 

Coplanar non-concurrent forces act 
in a single plane but do not all pass 
through a common point. 

-

Now try this 

The space diagram shows a stationary weight on 
a slope or inclined plane. Friction is preventing 
the weight from sliding down the slope. 

Draw a free body diagram for this system. 

The resultant of coplanar concurrent 
forces 
You can simplify coplanar 
concurrent forces to a 

single resultant force. 

Sense, usually with 
left to right as the 
p05itive direction. 

An equilibrant force can 
be used to balance the 
resultant. It has the same 
magnitude and direction 
but the opposite sense. 

fully defined resultant of a 
coplanar concurrent system 
of forces stating magnitude, 
direction and sense. 

Direction, usually 
stated as an anc:'lle 
above the horizontal. 

The resultant of coplanar non-concurrent 
forces 
You can also simplify coplanar 
non-concurrent forces to a 
single resultant. However, 
these commonly involve turning 
effects and so an extra piece of 
information is required to fully 
define them. 

Fully defined resultant force of 
a non-concurrent system with 
magnitude, direction, sense 
and distance from a centre of 
rotation to the line of action. 

s , Perpendicu{~'b.-Centre 

distance from of rotation 
the line of action 
of the force 

Note that, in your exam, 
you may find the terms 
'free body diagram' and 
'space diagram' are 
used interchangeably. 

15 
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esolv·ng forces 
To easily add forces together they must be acting in the same direction. first resolve them into 
horizontal and vertical components. Then add or subtract to find the resultant. 

Formulae for resolving forces 
- - Imagine a right-angled triangle with the force as 

16 

its hypotenuse. For a force of magnitude F acting 
at an angle e to the horizontal: 

Fv = Fsin e 
Fh=Fcose 

~=tan e 
Fh 
F2 = F/ + Fh2 

i' Worked example i 

The diagram shows 
coplanar forces acting on a 
demolition ball as it swings 
through the air. 

Calculate the magnitude 
and direction of the 
resultant force. 

Resolving horizontally: 

17500N 

-positi\l: 

17500 sin35° = 10037.58 ... N 

Resolving vertically: 

i 
' I 

350 I 

21 OOON 

17 500 cos35° - 21 OOO= --6664.83 ... N 

Rh 10037.58 ... 

~6664.83 
R ------ - - - - Rv 

R =../10037.58 ... 2 + 6664.83 ... 2 = 12000N (3 s.f.) 

tanO = 
6664.83 ... 

10037.58 ... 

0 = 33.6° (3 s.f.) 

-

Now try this 

The diagram represents the tension forces acting at a single point in 
a structural framework. 

Calculate the magnitude and direction of the resultant for this 
system of coplanar forces. 

Choose a positive direction that makes 
your working easiest. Here the positive 
direction is up. The resultant vertical 
force is negative, so it acts downwards. 

Resolve the 17 500 N force into 
vertical and horizontal components. 
find the resultant vertical and 
horizontal forces acting on the 

system. 
Sketch a triangle with the overall 
resultant force as the hypotenuse. 
Use Pythagoras' theorem to find the 
magnitude of the resultant. 
Use trigonometry to find the 
direction of the resultant. 

An engineer could resolve the tensions in 
the strings to work out the resultant force 
acting on this hot-air balloon basket. 

20N 
SN 

15° 

16N 
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A moment is a measure of the turn in~. e.ffect _of_a force on .a body~ it is found. .from .the ma.gnitude o~-- -
the force and the perpendicular distance from the line of action of the force to the centre of rotation. 

Turning moment (M) 

~ 
Turninia m~ ~p~lar distance 
(newton metres ~orce, _in from the line. of action 

--(li.fm)) - --- - - - newton·s (NY ----- of the force to the 

--The tar-ning-effect or-- moment-- · 
~f!P~~4,,; __ C>I\ the applied force and 
the length of the handle. 
~, Perpendicular distance from applied force 

to the centre of rotation. 
__ . c::eri~r:~ e>froH!tie>ri (~) _ 

Turning momeri~s ca11 ~ce used to describe the 
t~rning force applied to a nut or bolt head by 

a .. spanner. 

-Equilibrium----
For a system to be in static 
equilibrium all forces and turning 
moments.must Patance each other. 

A body in static 
equilibrium. 

The-following three conditions must 
all be satisfied: 

The 5Uni of the hOriiorital 

components is 0. 

I,Fh =A,+ Bh ... + nh = 0 

The ·sum·of-the vertical ··· 

components is 0. 

L Fv = A, + Bv · .. +nv = 0 
-lhe-sum-of--the moments is 0 .---

I, M = MA + MB .. • + Mn = 0 

--- ~ --

Wo:rke~ examp].e 

The diagram shows a simple 
system of forces acting 
on a beam that pivots at 
point A and is being held 
in static equilibrium by an 
equilibrant force E. 

Calculate the magnitude, 
direction and sense of force 
E and distance d. 250N 

SOO N 

2m 

r 
L 

d 

E 

Consider the forces in equilibrium (where upwards is +ve): 

0 = 500 - 250 - E 

E= 500- 250 

E = 250N acting vertically with ..JVe (downward) sense 

Consider moments in equilibrium about A (where clockwise 

is +ve): 

0 = (250 x 0) + (d x 250) - (2 x 500) 

1000 
d= 250 

d = 4m from point A 

-------- ---------~ 
Now try this 

Determine whether the system of forces acting on this square plate is 
in static equilibrium by finding the sum of the vertical and horizo~tal 
components of the forces present and taking moments about point A. 

/;),~.- To revise resolving forces and resolving a force into 
V. horizontal and vertical components, see page 1G. 

]Qo 

IO N 

I m 

A 

ION 

2m 
ION 

Im 

2m 

45° l ON 
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Si p y s ppor e beams 
__ 5jmply . .supp.o.rted. beams . .are .. commonly.used .. inengineerin.g.structures .. sucb .. as.bridqes,.vehicle ... cbassis .. 
and as supports over door and window openings in buildings. As an engineer, you must be able to analyse 

- the forces re6lllirea· to support each -end of a beam-to make sure-the -supports -are strong enou<;3h. -

-·-···-A simply---s-appo-rted beam··· 
__ Cv -~uiy~J~ot.poiot .. !oa.d ... r:eplacin9 __ UD.L .. 

actinc.3 at ,its centre 

--- Dv point : - Uniformly 
load 1 distributed 

Ai, horizontal -====~\ ::::::::::::::!~~:!:~ .. - -~/~loa<;I_ (IJ[)I.) 
support ----> I= 
reactio n 

Av Vertical support 
reaction 

Bv Vertical support 
reaction 

Several different types of forces can act on a 
simply supported beam. You may be asked to 

calculate the support react ons for a given system. 

=~- -=~--

Wox-ke~ e;~a ::.~'<P~e 

The diagram shows a simply supported beam as part 
of the plans to build a bridge. The beam is in static 
equilibrium. 

12kN 
UDL = 62kN 

1m 

2m 

Calculate the support reactions Av and Bv. 

Take moments about A to find Bv: 

(1 x 12) + (2 x 62) = (3 x B.) 

Bv = 45.33kN (to 2 d.p.) 

T alee moments about B to find A,: 

(3 x A.) = (1 x 62) + (2 x 12) 

A,= 28.67kN (to 2 d .p.) 

Types-o-! beam--supports·· 

Rolter support ~ Free 
rotation 

Av Vertical support reaction 

Pin support 

Ai, Horizontal --->-i:=:;::::::-==::::::::::a Free 
rotation 

=~':, . t 

At. Vertical 
support 
reaction 

You might also be asked 
to consider different 

types of beam supports 
that are able to provide 
support reaction 

forces in the vertical or 
horizontal directions. 

You can consider the uniformly distributed load 
(UDL) as a point load acting at the centre at 
the distribution. In this case, that would mean a 

point force actin0 vertically downwards 2 m from 
support A Add this to the diagram. 

Replace any uniformly distributed loads by 

equivalent point loads. 

Take moments about support A Anti
clockwise moments will equal clockwise 
moments, as the beam is in equilibrium. 

Rearrange to find Bv-

T ake moments about support B. 

Rearrange to find Av. 

-

Now try this - - ~ -- · - ~ -- - .. ..-. - .mmJ - --- - - , 

Check the solution in the Worked example by determining whether the beam 
still satisfies all the conditions of static equilibrium. 

/;),--You could also work through the additional 
V. beam problem given on page 7 8. 

Refer back to page 17 

Moments and equilibrium 
to find the conditions 
that must be met for 
static equilibrium. 
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• irect loa 
DirectJoadingjncludes.tensile .. forces, . .which.pullandstretcha.compo.nent.,.and.compressive .. force.s~ .. 
which push and squeeze a component. Direct loading gives rise to direct stress and direct strain. 

Direct stress (a) 
Force (F) is distributed over an area (A,,.) 

· ·w1siGrtHhtnnatenaTperpendicu1ar to the Direct stress fsa· measure ofthe direct toad 
distribution within a material. 

Normal force (F) 
Direct stress (CT) = Area (A.,) 

Stress has units N/m2 or Pa (N/m 2 = 1 Pa). 

Direct loaalng app/lied load. 

force (F) 

l 
Direct loading force (F) 

Direct strain (£) 
Direct strain is a measure of the deformation caused 
by an applied direct stress. 

Direct strain (e) = Change in length fAl) 
Original length (L) 

Strain is a dimensionless quantity and has no units. 

---- ---- ._ -- -------------- -

Direct loadln'!I 
force (F) 

r _ __ J ____ .,-,--

D
J Cliangein 

1 ! . len.ath caL) 

Original 
length(L) 

i 
Direct loading 

force (F) 

I 

-------------------
Also known as Young's modulus, the Modulus of elasticity (E) expresses the linear relationship 
between direct stress and direct strain. 

Direct stress (CT) 
M9dulus _of elasticity (E) = Direct strain (e) 

Modulus of elasticjty has units N/m2 or Pa. 

Now try this 

The sketch shows part of a structural beam that is loaded in tension. 

Calculate the direct stress in the beam. 

3kN 

30mm 
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hea loa 
Shear loading is caused by forces that cut across a component and tend to shear or cut it apart. 
Shear loading gives rise to shear stress and shear strain. 

Shear stress (r) 
Shear stress is a measure of the shear load 
distribution within a material. 

Shear stress (r) = Shear force (F) 
Shear area (A,) 

Stress has units N/m2 or Pa (N/m 2 = 1 Pa). 

Shear strain ( y) 
Shear strain is a measure of the deformation 
caused by an applied shear stress. 

Shear strain (y) = Change In length (~L) 
Original lemath (L) 

Strain is a dimensionless quantity and has no units. 

Shear loading 
force (F) Force (F) is 

A distributed over an 

' ) 

. 

y 
Shear loading 

force (F) 

Shear loading 
force (F) 

·_1 

area (AJ inside the 
material parallel to 
the applied load. 

_--- ' " ~-;;~e(l"L) 

,. 

ginal 
Y gth (L) 

Shear loading 
force (F) 

Rigidity 
The modulus of rigidity (G) expresses the linear relationship between shear stress and shear strain. 

Modulus of rigidity (G) = Shear stres5-~1:)-
5hear strain (y) 

Modulus of rigidity has units N/m2 or Pa. 

Now try this 

Rivets are often used to join two parallel metal plates. A cross-section of such an 
arrangement is shown in the diagram. 

Calculate the shear stress in the rivet. 

llkN 

Find the cross-sectional area of the rivet. 

Rivet 
diameter 
24mm 

llkN 

Don't forget to change 

the values given in the 

question to standard 

units before performing 
any calculations. 
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e o_c·ty, isp ace e 
accelerat ·on 

tan 

Engineers use the 5UVAT equations to analyse the motion of objects travelling in straight lines with 
constant acceleration. Although they will be on the formulae sheet in your exam, you need to be 
confident in using and manipulating them. 

Constant acceleration formulae 
Here are the first two formulae you need to 
use for motion in a straight line with constant 

acceleration: Look at the 

v=u+at 

s = (u+v) t 
2 

Using SUV.&T 

Displacement (s) 

Initial velocity (u) 

Final velocity (v) 

Acceleration (a) 

Time (t) 

dia03ram on 
the right to 
:.>ee what 
each letter 
represents. 

The constant acceleration formulae are 
sometimes called the 5UVAT formulae. In the 
exam you should write down all five letters. 

~Write in any values you KNOW. 

(0 Put a QUESTION MARK next to the value 
you want to find. 

(0' CR.055 OUT any values you don't need 
for that question. 

This will help you choose which formula to use. 1 

Read the question carefully. The distance AB is 
1.2 km, but the aircraft does not take off at B. 

If you have to solve a constant acceleration 

question involving three points like this one, it's a 
good idea to draw a quick sketch to help you see 
what is going on. In part (b), s is the distance AC, 
in metres. You need to subtract it from 1200 m to 
find the distance CB. 

Now try this 

A car moves along a straight stretch of road AB. 
The car moves with initial speed 2 m/s at point A. 
It accelerates constantly for 12 seconds, reaching a 
speed of 23 m/s at point B. Find: 

(a) the acceleration of the car 

(b) the distanceAB. 

You can answer both parts of this question using 
the formulae given on this page. But you can 
use any of the other SUVAT formulae if you are 
confident with them. 

Initial velocity Constant acceleration 

I 
~ 

Velocity after 
tseconds 

\ 
~ 

Initial position Displacement Position after t seconds 

=~- -

Worked example 

When taking off, an aircraft moves on a straight 
runway, AB, of length 1.2 km. The aircraft moves from 
A with initial speed 2 m/s. It moves with constant 
acceleration and 20s later it leaves the runway at C 
with speed 74 m/s. Find: 

(a) the acceleration of the aircraft 

s = ?, u = 2, v = 74, a=?, t = 20 

2 rn/s 
---> 

' A 

v=u+at 

74 = 2 +a x 20 

20a = 72 

a= 3.Gm/s2 

(b) the distance CB. 

74rn/s 
---> 

' c 
1.2 Ian 

s = ?, u = 2, v = 74, a= 3.6, t = 20 

(u+ v) 
s=---t 

2 

AC= <2 + 74> x 20 
2 

= 760m 

CB= 1200m - 760m = 440m 

B 

21 
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plying the SU Te ations 
If you know three of s, u, v, a ancLt_, you can calculate the missing values. 

s = ut+Lat2 
2 

for an understandin'3 of what each letter represents, look at the blue box. 

=~--- ==- -

Wcrkei e~a~~-~p~e 1 

A train moves along a straight track with constant 
acceleration. Three telegraph poles are set at equal 
intervals beside the track at points A, Band C, where 
AB = 50 m and BC= 50 m. The front of the train passes 
A with speed 22.5 m/s, and 2 s later it passes B. 

Find: 

(a) the acceleration of the train 

s = 50, u = 22.5, v = ?, a = ?, t = 2 

22.5 rn/s 
---> 

' A 

t= 2 

• B c 
--------~ ...... ~---~-> 

50m 

s=ut+_!_at2 
2 

50 = 22.5X 2 + 4 x a x 2 2 

50 = 45 + 2a 

a= 2.5ffl/s2 

50m 

(b) the speed of the front of the train when it passes C. 

s = 100, u = 22.5, v = ?, a = 2.5, t = ? 

v2 = u2 + 2as 

v2 = 22.52 + 2 x 2.5 x 100 

= 1006.25 

v = 31.721 ... = 31.72ffl/s (to 2 d.p.) 

unrrs-
You need to make sure that your 
measurements are in the correct units. 

~
t(timens-measurearnseconas: - - 
s. (die,plac:~1T1~11t;)_i? rn~asured i111t1~t;r~s. 
u, v (velocity) is measured in m/s. 

You- wiU sometimes .see.ms~1-written as rn/-s. They both. 
mean the same thinq: metres per second. 

@ a (acceleration) is measured in m/s2 ; 

You will sometimes see rn/s2 written as ms-2 • 

They both-lTTeanthe samethirrq:-metres--per5eCOTld

squared, or metres per second per second. 

(b) This formula involves v2, so there are two 
possible values of v. You have been asked 

to find the speed of the front of the train. 
Speed is the magnitude of the velocity, so 
you need to give a positive answer. 

- -ms~- ~ -1-- - - - - - 1:19 -----fit• -- - - -.: ----- ~ -- ---- •[!l - :IJ!t\~~ '~ ~ ~-- s... -- ll!llsr. -~ w:;; ~--- - am -------- -- ----- - -- m& - 11m-

22 

-Now try this 

A boat travels in a straight line with constant deceleration, between two 
buoys, A and B, 300 m apart. The boat passes buoy A with initial speed 16 m/s, 
and passes buoy B 30 seconds later. Find: 

(a) the deceleration of the boat 

(b) the speed of the boat as it passes B. 

Deceleration is 

represented in the SUVAT 
equations by 'a' but 
remember to make it a 
neqative value by putting 
a'-' in front of it. 
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Force, riction an tor e 
You need to understand what is meant by .force, friction and torque and be able to calculate .their values 

in different contexts. 

Force 
A force is a push or a pult acting··on an object; ·· 

It is measured in newtons (N). 

.. . Friction. 
Friction can be considered as two distinct cases: 

• Static frictional force: opposes a static object 
from starting to m<?ve wt'ler:i a force js_ CilPPliec:I 

• Kinetic frictional force: opposes a moving 
object's motion. 

Calculating frictional forces 
To- calculate ·frictional force5; you neecf a value· 
for the resistance to movement provided by 
different surfaces: 

~ Coefficient of static friction: F.,,= µ~N, 
where F

5 
is the limiting frictional force 

(in newton5}-and N is--the nonnal --reaction 
between the surfaces (mass X g, in newtons) 

(0 Coeffident of kinetic friction: Fk= 
µkN, where Fk is the kinetic frictional force 
(in newtons) and N is the normal reaction 
between the ;>l)CTa9§? {rnc:i?? ~ g,in newtons). 

Kinetic friction is often referred to 

as dynamic or sliding friction. 

Determine the torque acting on a bolt when a force 
of 150 N is applied perpendicularly to a spanner with 

length 30 cm. 

-r = ?, F = 150N, r = 0.30m 

-r= Fr 

= 150 x 0.30 = 45Nm 

Remember that torque is the force applied multiplied 

by the distance from the centre of the object. 

New ~ry this 

= -- -

¥forke{. f:n~a:z .. p::.e 

Direction of movement 

~ ~ 
A 30° inclined plane is used to reduce the force 
required to raise a load of 12 kg, where the coefficient 

of kinetic friction is 0.4. 

(a) Calculate the component of the weight acting 

down the plane. 

(b) Calculate the component of normal reaction 

acting perpendicular to the plane. 

(c) Calculate the kinetic frictional resistance. 

(d) Calculate the total force acting down the plane. 

(a) 

Component of 
wei'3ht actin-a 
down the plane 
I ) 

Component of nonnal 

=~;i!':~ndicular 

er 

171'3 

Y, .-0 
(a} mg sin30 = 12 x 9.81 x 0.5 = 58.8N 

(b} mg cos30 = 12 x 9.81 x 0.87 = 101.84N 

(c} F,..= µ,..N = 0.4 x 101.84 = 40.74N 

(d} F = 58.8 + 40.74 = 99.54N 

Torque 
The turning moment-of a ·cOtJple i5 called torque; · 
represented by the Greek letter -r (pronounced 

··tau): -- · 
It can be considered as a force (f) applied tan'3entially to 
a Shaft or ·Wheel Of radius (r). Where F i5 in newtOils and I" 

in metres. 
·· Tol'i:{oe is·t11e·proG1act·<>f the ·fO'~·and the·raGlius; ·ana is 

measured in newton metre5 (Nm): -r=Fr. 

A 20° inclined plane is used to reduce the force required to raise a load of 50 kg, where the coefficient of kinetic 

friction is 0.35. Calculate the total force acting down the plane. 

2 A SO mm diameter bar is being turned on a lathe. The force on the cutting tool, which is tangential to the surface 

of the bar, is 0.7 kN. Calculate the applied torque. 

23 
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Wo_rk and po er 
....... -.. Work.is forc.e ... K .distance and. .. p.ower.Js .. energy_.tra.nsferre.cJjn time taken.. 

-·· ........... . ·.·Mechanical work -=~- -

¥lc:rke~ exa:o;'.-~p~e 

24 

Work. i~ do11_e _when ~<?~<:;~ is t::)(~r:f;~c:f c:>r1_ ~n e>bj~~~ 
and 

• --it--meves--a-£ef'tain .. Qistance-.... -... 

• it moves in the direction of the applied force, 

~W=Fs 

Wori< ;, jo"les (J ) , focce{. ~ Dl•bm=, lo 
where 1 Jls 1 Nm. newron5 (N) metres (m) 

• Take care with units: if the force is in kN then 
the work will be in kJ, not J. 

• F = ma, or in this special case weight = mg. 
The direction of movement is in the direction of 
the applied force; vertically upwards. 

=~- -
'X';"'{~:!ke~ :e;;..-:a:::~ p ..:.e 

In the example above, the pallet was raised 
through 3 metres in 12 seconds. Calculate the 
power of the hoist. 

p = ?, w = 60 x 103 J, t = 12 
seconds 

~ = 
60 x 1

03 5 x 103 W = 5 kW 
t 12 

A selector ram pushes a component 
horizontally at an average velocity of 5.2 m/s 
with a force of 2450 N. Calculate the power 
output of the ram. 

W= ?, F= 2450N, s = 5.2m, t = 1s 

W= Fs = 2450 x 5.2 

= 12740 J = 12.741::.J 

p = ~ = 12.741::.J 
t 1 second 

= 12.74kW 

A gantry hoist is used to lift a pallet with a mass of 

2000 kg through a distance of 3 m. Taking g = 1 O m/s2, 

calculate the work done. 

W= ?J, F= 2000 x 10N, s = 3m 

W= Fs = 2000 x 10 x 3J 

= 60000J (60 k.J} 

Power 
Energy transferred may be in different forms; for 

xample, heat transfer or lifting a weight. 

Power = Enerqy transferred = Work done = ~ 
Time t aken Time taken t 

The unit of power is the watt 
(W), 1 watt = 1 joule of ener'3Y 
t ra115ferred in 1 5eCOflc:I . 

Also, P/ = F X V---v is the avera<ae velocity 

F is the force, in N: ·· ··· (i ._~ '. .. u:\ _in ... 11'\'.'s. ··· · 

Average and instantaneous power 
~If the ener-gy-transfer is-averaged; for-example , 
average speed of an object pushed by a force or 
temperature change of- an object a11eraqed over a 
period of time, then the power will be an 'averaged' 
value. 

~ Jh~i11.~.t111.nt~n~Q!J.? .. RQWer.J.~. the average power 
as the time factor approaches zero. 

A spring is extended by 5.0 cm using 100 J of work. Calculate the average 
force applied. 

First find the amount 

of work done, then 

calculate the power 

using the time taken. 

2 A car travels 105 metres along a straight road in 1 O seconds at a constant 
velocity. Frictional forces are constant at 500 N. Calculate the power output 
of the engine, assuming 100% transmission system efficiency. 
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nerg 
Energy can be thought of as being involved in doing work, making objects move and heating something 
up. In doing work the energy is not used up, it transfers from one energy store, such as gravitational 
potential energy, to others, such as kinetic energy, sound and heat. 

Gravitational potential energy (GPE) 
GPE depends only on the mass of the object, the 
acceleration due to ~ravity and the hei~ht of the 
object. It doesn't matter whether the object is 

moving or restinc::i on another object. 

GPE,in ~ +-
joules ------+ ~= .cm~h Heic::iht, in metres 

\ 
Mass, in kil0<3rams Acceleration due to 

gravity (9.81 m/s2) 

Remember that m x q is the same as 
the weic::iht of an object, which is a 
force, measured in newtons (N). 

In calculations, convert to SI units and 
make sure you can manipulate very 
small as well as very large values. 

Kinetic energy (KE) 
Enerc::iy associated with motion such as fallinc::i, rotatinc::i or 
movinc::i in a straic::iht line. 

I E.=..!. ~vis the 
k 2 rv= velocity, in m/s. 

I 

l 
GPE decreases due to the m is the 

reducing heic::iht. mass, in k-a 
KE increases due to 
acceleration under c::iravity. 

§~ Read more about the conservation of 
~energy on page 2G. 

You may be g:ven an energy transfer question in 
which it is assumed that all the GPE is converted 
to KE (see question 2 below). That is not the case 
here because the gondolas are almost perfectly 
balanced and are driven around using a small motor. 

--------
Now try this 

Using the data above, calculate the GPE of one of 
the gondolas on the Falkirk Wheel at its highest 
position (35 metres) above ground level. 

2 A 200 kg pile driver, used to drive in reinforced 
concrete foundation piles, falls 7.5 metres under 
gravity. Ignoring the effects of air resistance, 
calculate its velocity at the point of impact with 
the concrete pile. 

Worked example 1 

- ------~ - - --

In a spray dry production facility, synthetic detergent 
granules are manufactured by ejecting liquid droplets 
at high speed from a rotating atomiser disc in the 
presence of hot air. The individual droplets have a 
mass of 1.30 milligrams and a GPE at point of ejection 
from the rotating disc of 51 µJ. Calculate the height of 
the atomiser disc above the base of the unit. 

EP = 5.10 x 10-5 J, m = 1.30 x 10-6kg, 
'3 = 9.81 rn/s2

, h =? 

EP = mgh 

5.10 x 10-5 = 1.30 x 10-6 x 9.81 x h 

h = 4.00m (to 2 d.p.) 

Worked example 
- - ---~- --

Each 600 tonne gondola on the Falkirk Wheel 
contains 500 OOO litres of water and takes 5.5 minutes 
to complete the 53 metre journey from the upper 
canal to the lower one. Assuming constant velocity 
throughout the travel, calculate the kinetic energy 
of one of the gondolas. Assume the mass of water in 
one gondola to be 500 OOO kg. 

Ek = ? J, v = ?, s = 53m, t = (5.5 x 60)s, 
m = (600 + 500) tonnes = 1.1 x 106kg 

Ek=~ mv2 

d 53 
v = t = 

330 
= 0.16rn/s (2 d.p.) 

Ek=~ (1.1 x 106 x 0.162 ) 

= 14 080J or 14.08 kJ 

Make sure that the units are correct· 
e.g. convert tonnes to kg. ' 
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Ne ton'.s a s otion, 
energ o en man 

Real::world e·11gi11eeri11g dea1s· with bl:;jects in rrfotion;You need ·to .. under5ti:nrd how .. to a11aly5ethese· 
dynamic systems and the forces involved. 

Newton's laws of motion .. 
Inertia: objects continue in their state of rest, or 

If at rest, a force is needed to 
start movement. If moving, a 
force is needed to stop it. of uniform velodt:Y, as tong as no net force acts. For · 

rotating ()l:iJec:~.s the moment of inertia (/) is related to 
the mass (m) and the radius of gyration (r): I= mr2. Unbalanced forces lead to 

acceleration of an object in the 
direction of the resultant force. 
At constant mass: F = ma. 

Force: the aaceleration of an· object is · proportional 
to the size of an applied force and takes place in the 
direction of that force. 

To every action there is an c::qlJ~.1 anc::l _ <.:)ppoe,it~ .. 
reaction. 

Provides a sense of symmetry when 
considering the action of forces. 

Momentum 
Remember that momentum (p) is a vector 
quant~ty and .. i5 the -product of· mass and 
velocity, or p = mv with units kgrn/s. 

C::o.nser,,.ation .~f . momentum 

~
Derives from Newton's third law 

Applies to 'isolated systems' 

Usually a collision or Impact involved 

The sum of the momentum before the 
collision equals the sum of momentum after it .. 

\late that change in momentum is called 
impulse which is also equal to force x 
time with units of newton seconds (N s). 

con:se:rv·a.uon: or energy · 
• .Energy.is.. notlost . .whenwork.is. done. 

• Energy can be considered to change from one 
· energy "store' to .. another, .. ·or from-· one form · 

of energy to a different form. 'Energy can be 
·t'ransforrea usefully; ·storea· or'disslpated: 
It cannot be created or destroyed.' 

-

Wcr~et._!~~:.=:··~~e 

A 400 g piston in a diesel engine has an instantaneous 
momentum at mid-stroke of 2 kg m/s. Calculate its velocity. 

p = 2kgrn/s, m = 0.4kg, v = ?rn/s 

p 2 
p = mv, - = -- = 5 rn/s 

m 0.4 

A hammer of mass 0.75 kg with a velocity of 15 m/s hits a 
nail of mass 20 g. Assuming no rebound, what is the velocity 
of the hammer and nail immediately after the impact? 

mh = 0.75kg, vh = 15rn/s, mn= 20g, Vh+n =? 

0. 75 X 15 = (0. 75 + 0.02) X Vh+n 

11.25 
Vh+n = 0.

77 
= 14.61rn/s (to 2 d.p.) 

·~i - ~ 

" ] 
.,2 

'------~ 

Useful 
ener'!ly out 

Use a Sankey diagram to help you account for all 
energy changes. Energy in must equal energy out. 

Wa9ted 
ener'3y out 

A mass of 130 OOO kg moves along a straight, level track with a velocity of 15 m/s and collides with a second mass 
of 50 OOO kg travelling in the same direction with a velocity of 10 m/s. After the collision the masses remain locked 
together. Calculate the velocity of the combined mass. 

2 A car of mass 1250 kg stands on an incline of 7°. If the hand brake is released, calculate the velocity of the car after 
travelling 50 m down the incline. Assume the resistances to motion total 50 N. 
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ngular para eters 
Engineering in the 'real world' often involves rotating objects, such as shafts, or objects moving along 
a curved path, for example, a f1 car cornering. Basic understanding of this motion and the power/energy 

calculations involved requires use of the formulae covered below. 

Angular and linear velocity 
-

Aniaular velocity (m) is the same for all points on a 
rotating object; but linear (tangential) velocity (v) " 

will depend on the distance from the centre (r): 

Worked exampl4: 
- - --------- -

A conveyer belt on a production line travels at 5.0 m/s 
and is driven by a pulley wheel of diameter 300 mm. 

Calculate the angular velocity. 
v = rlO, where vis in m/s, r in metres and lO in rad/s. 

~~You can refresh your memory on 
V radian measurement on page 9. 

Centripetal acceleration 
A point at distance r from the centre 
of a body rotating at constant angular 
velocity (lO) experiences an acceleration 
even though its speed is not changing. 
Its direction changes due to the 
acceleration a towards the centre of 

v2 
rotation: a= m2r or a=-. 

r 

We are explorirg only centripetal 
acceleration here, not the forces that 
would result from this acceleration being 

applied to a mass. 
~;;;.,......-===----'~;;;;;;;=-~""""""-

---------Power (P) 

v = 5m/s, r = 0.3m, m = ?rad/s 

v = rm 

5 = 0.3l0 

lO = 16.67 rad/s 

&WMS 
The pilot of a Naval F35 carries out a 1.5 km radius turn at a 

constant speed of 173 m/s. 

(a) Determine the centripetal acceleration. 

(b) Estimate the additional 'g' acceleration the pilot would 
experience as a result of the turn. 

(a) a= ?m/s2 , v = 173m/s, r = 1500m 

a=~= 1732 = 19.95m/s2 
1500 

(b) Acceleration due to c::iravity = 9.81 m/s2, therefore 
19. 9 5 m/s2 represents an additional acceleration of 

approximately 2ig. 

Power, the rate of ~Ancaular velocity 
work done 0N) ~ ~ (rad/s) Worked example 

Torq_ue (Nm) 

Kinetic energy (.Ek) 

Moment of 
inertia (kg m2) 

Angular velocity 
(rad/s) 

Remember that I = mr 2
, so th-1s can be 

substituted in the formula because the mass 
and the radius of the rotating mass are given, 
whereas the moment of ·inertia is not. 

Now try this 

---~----= --

A constant torque of 70 Nm keeps a pump rotating at 20 rev/s. 

Neglecting losses, find the power input to the pump. 

P= -rm 
P = 70 x (20 x 27t) = 8796 W = 8.80k.W (2 d.p.) 

Calculate the angular kinetic energy of a navigational 
gyroscope rotor, with mass 100 g and radius 40 mm, 

rotating at 100 rev/s. 

Ek= i lm2 = i<mr2) x (100 x 27t)2 

= i<0.1 x 0.042) x (394784.18) 

= 31.58J 

A jet engine applies a constant torque of 850 Nm to its turbofan at 100 rev/s. Calculate the power input to the 

turbofan. 
2 A flywheel has a moment of inertia of 4 kg m2 about its axis of rotation. Calculate the angular kinetic energy 

stored in the wheel when it is rotating at 8 rev/s. 
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• 1ca power trans • • ss1on 
Machines use design features such as levers, gears and screw threads, to make it easier to do work. 
Engineering projects would be impossible without using machines. 

Mechanical advantage (MA) 
Make sure you don't confuse load and effort: 

Load is used for the Output force (Fi>, 
measured in newtons- (N). 

Effort is used for the Input force (FJ , also 
measured in newtons. 

Load 
MA= Effort 

• for a pulley system 

MA = the number of pulleys (providing the 
mass of the pulleys are ignored) 

• for a lever 

MA = Load = Effort to fulcrum distance 
Effort Load to fulcrum distance 

Velocity ratio 
Is the ratio of the distance moved by the 
effort and load. 

VR = Distance moved by effort 
Distance moved by load 

or 
VR = Velocity with which effort moves 

Velocity with which load moves 

for a pulley system, VR = the number of 
ropes supporting the load. 

Efficienq 
Efficiency (Tf) WD ut ut 

+
~--~-~U5eful work 

(pronounced 11 = W :1°°% 
0 

P 
'eta') _ I e_ 

~--It-~~--~ 

Work input 

Efficiency also can be stated in terms of MA and VR.: 

MA 
1J= VR 

Now try this 

A machine requires 7 kW of input power and the 
output power is 5.9 kW. Calculate the efficiency of 
the machine. 

2 A machine lifts a load of 0.5 tonnes through a 
distance of 0.23 m when the effort of 300 N moves 
through a distance of 75 mm. Determine the VR, 
the MA and the efficiency. 

Worked exam.pie 
- - -------- ---

The force required to cut (shear) a branch with these 
pruning shears is 0.9 kN. Find the effort needed. 

Load 0 .9x103x35x10-3 

Effort = MA = 145 x 10-3 = 217 N 

Worked example 
.... _ - - ----~---=-

A 180 kg load is lifted through 240 mm when the effort 
moves through 2.4m. What is the velocity ratio? 

VR = Distance moved by effort = 2.4 

Distance moved by load 240 x 10-3 

VR = 10 

Worked exampl~ 

A machine has an efficiency of 65%. If an effort of 
160 N raises a load of 1 tonne, find the velocity ratio. 

MA 
11=

VR 
Load 1 x 103 x 9.81 

MA = -- = = 61.31 
Effort 160 

MA 
1J = VR therefore: 

61.31 
65=--

VR 
65 

VR=-- = 1.06 
61.31 
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r aces I hod·es 
In applications such as dams and storage tanks, forces act on the submerged surfaces that retain 
the fluids. You need to understand these forces to ensure that the structures are built with sufficient 
strength to contain the fluids safely. Height of the centroid 

The pressure exerted on a submerged 
rectangular surface increases linearly 
as the submerged height, h, increases. 
(h is always measured from the surface 
downwards.) 

of the submerged rectangular 
surface at which average 
pressure is found, x =f 

Submerged rectangular 
surface area A 

Width of 

Hydrostatic pressure 

Pressure at any 
Height (m) 

point beneath 

the surface of Gravitational 
the fluid (Pa) Density (kq'm3

) constant (9 .81 N/kg) 

Average hydrostatic pressure 
The average pressure on a submerged rectangular -
plane surface acts at the height of its centroid: 

h 
Pave = pg 2 = pgx 

Centre of pressure 
The hydrostatic thrust can be thought of as a single 
point force acting at the centre of pressure. The 
height of the centre of pressure below the surface, 
hp, is given by the centroid of the triangular pressure 
field described as h increases. 

hp = ~ h 
3 

Now try this 

A tank is used to store seawater. Calculate: 

the hydrostatic thrust acting on the tank wall, illustrated 
in the diagram 

2 the height of the centre of pressure. 

Water 

..., 
..i: 
IS> 
-~ 

I: Average 

Pressure field, 
where P=pgh 

presure fo----~.JM 
P.,~ 

Hydrostatic thrust 
Hydrostatic thrust FT is the total force acting 
on the submerged plane surface and can be 
calculated as a function of average pressure 
and the area over which it is applied: 

FT= pgAx 

Position of centre of 
pressure determined 
by the centroid of the 
triangular pressure field. 

Seawater 

Triangular 
pressure 
field 

/ 

Height of centre 
of pre55ure, j-h 

ubmerged 
height,h 

] 
Submerged 
height, h=3 m 

_'t'_ p =1025 kqm3 

~-----0-:~:dth 
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erse 
Archimedes'_ principle states that, 'A body totally .. or partially submerged in a fluid displaces a volume of 
fluid that weighs the same as the apparent loss in weight of the body.' A floating body experiences an 
upwards force equal in magnitude to its weight. A body that sinks experiences an apparent weight loss 
equal to the weight of the fluid it displaces. 

Suspended body submerged in a fluid 

Wire supporting the 
submerged body exerting 
a force ft 

Volume of 
completely 
submer'3ed 
b!'c::IYt. wher~ 
vbody ='-'fluid 

Force -acting ·-as- a -~ 
consequence of 

_the wElight of the 
boc::ly,F'!I 

Density of 
submer'3ed 
body I Pbo<fy 

Density of 
fluid,pfluid: 

Upthru5t acting in 
accordance with 
Archimede~· 
Principle Fup 

Assuming that the object is in static 
_ _ equilibrium then the forces acting on the 

body are: 

Ft= Fq- F"P 

F'!I = PbodyVbodyg 

Fup = Pfluid Vfluidg 

----Floating-bodies Pb~°dY II. --
body Relative density 

Relative density (cl) is 
defined as the density of 
a substance compared to 
the density of pure water: 

A partially submerged 
floating body does not 

need to be suspe11d~~ tq 
maintain equilibrium. 

-----~Whena bodyis floating 
d = Psut:>stance 

30 

and Ft = 0 then: 

F9 = Fup 

PflurdVfluid = PbodyVbody 

5ubmer-'3ed 
volume, v lluld 

Determining density 
You can use a flotation method to determine Pbody 

as fong as you know Pfluid ' Vfluid al1d VC>ody· 

for this block of wood _fl9<1ting io seaw<it~r: 

I 
~ y Fup 

= PfluidVfluid = 1025 x 0.02 = 512.5kqm3 

Pb®y vbody o .04 - _ - _:·/ :_. _ __ _ "-
Pfluid - 1025 kg m 

------------
Mow try this 

substance Pw~er 

where Psubstance and Pwater 

are absOlute densities. 

vbody = 0.2 x 0:2 x 1.0 
= 0.04 m3 

vfluli:I = 0.1- x 0.2 x 1.0 

= 0.02m3 

A partially submerged plank of oak, with height 10 cm, width 25 cm and length 2.4 m, is floating in fresh water. 

7.4cm of the height is submerged under the water. 

Fresh water has a density of 1 OOO kg/m3• 

Calculate the density of the oak. 
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es Beat transfer para eters an 
thermal con uctivity 

• I 
Tapering pipes can be use.d to alter the flow velocity of fluids travelling .through them. You only need to 
revise incompressil:11e fluids where density remains constant throughout the system. 

Cros!">-sectional 
area.of flow 
through 
Section 1A1 

~--m:-~ 

flow velocity 
thrOUi\:lh 
Section 1v1 

___ Volumetric now r_ate(.'V) 
The volume (V) of fluid to pass a given point in 

time (t). Units m3/s: · 

V=~ 
t 

This can also be expressed in terms of flow 
velocity (v) and the cross-sectional area of the 

pipe (A): 

V= Av 

----------------

Cros!">-sectional 
area-of-flow 
through 
Section 2A2 

M.ass !b•w:. rate _.(m) 
The mass (m) of fluid to pass a given point in 

time (t). Units kg.ls: 
. m 
m=-

t 
This can also be expressed in terms of the 
density of the fluid (p) and the volumetric flow 

rate-(V}: --

m = pV 

or 

rh= pAv 

Equations describing -the continuity of flow· 
Since you are only dealing with incofTlpressible fluids that maintain constant density thr()ughou~, 
then the volumetric and mass flow rates will remain constant throughout. 

------------
Now try this 

Always draw a labelled diagram when 
solving these types of problems. 

A hose has a gradually tapering nozzle that reduces the flow diameter from 25 mm to 10 mm. The flow velocity in the 

25 mm diameter section is 5 m/s. Calculate the flow velocity after the nozzle. 
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Before you review heat transfer processes, check that you are familiar with the different parameters that 
will be used. 

Temperature ( T) 
Temperature is a measure of the kinetic energy of 
atomic or molecular vibrations within a body. 

The Celsius scale 
Temperature is most often measured in degrees 
Celsius (0 C). 

Pressure (P) 

100° Boiling point 
of water 

0° Freezing point 
of water 

Pressure describes the action of a force (F) 
when distributed over an area (A). Units N/m2 

or Pascal (Pa). 

Mass (m) 
Mass is a measure of the amount of matter a 
body contains. It is distinct ly different from 
weight as mass is independent of g. Units kg. 

Thermal conductivity (k) 
Thermal conductivity is a material property that 
describes the ability of a material to conduct heat. 
Units W/mK. 

Heat transfer rate is given by the equation: 

Q = __ kA_(-'Ta:;_-_~-=--i)-
x 

Often the surface finish of a component designed 
for rapid heat transfer is textured in order to 

Thermodynamic temperature ( T k) 
~ In thermodynamic calculations, you must use 
the Kelvin (K) temperature scale. 

~The zero point on the Kelvin scale is absolute 
zero (0 K). 

~ 0 K is the theoretical point at which all 
atomic or molecular vibrations cease. It cannot 
get any colder than absolute zero. 

oc 1---~~~-r--~-~-+--~ 

-273 0 100 

K 1--- ------+--- --+---
0 273 373 

Time (t) 
As engineers, you are most often interested 
in the rate at which change occurs. Many 
calculations are dependent upon time. Units s. 

Linear dimensions 
Many thermal processes cause expansion or 
contraction, which can be measured by changes 
in the linear dimensions of bodies; e.g. length, 
width, height, diameter. Units m. 

..--------,,......_Surface area, A 

Heat transfer 
rate,Q 

'-- '---------> 

maximise its surface area. - Temperature at I· ·I Temperature at 
cold face, Tb hot face, Ta Thickness, x 

Now try this 

Calculate the heat transfer rate through a 2 m2 window, with an internal temperature on one side of 23 °C and an 
external temperature at the other of-4 °C, given the glass has thickness 3 mm and thermal conductivity 0.96 W/m K. 
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Heat tra s er_ r cesses Linear exp_ansivity an 

Nailed it! 0 

p ases 
- .. J1eat_j5 __ transferredJrom _ _one .. .p.lace .. to.anotherJ:1y .. three .. .distinct .. mecbanisms.: .. .conduction~ - convection.... - a tt er 

and radiation. 

Conduction 
Conduction· invohres the transmission· of heat 

energy by: 
• Atomic vibrations from one atom to another 

__ ____ _e_ _T.he .movement .. of hiqh-:-:energy.free .. electrons .. . 

Conduction happens only when atoms are in contact, 
·50 ·ga5es tend tc> be ·poor thermal conductors. 

Heat 
energy --

Heat transfer by 
conduction in a solid. 

--~~----~-~-----~-------- ---
- _CQl:\Vect.iOlL 

Convection can occur only in liquids or gases where 

the molecules are free to move. 

Heating in one area of a fluid causes localised 

expans;on and reducfon ~ens;ty, 

Low dens;ty flu;d dses, T"~ heat enM3y w;th ;t. 

Dense, low temperature fluid flows in to replace it 

-- -and-the-cycle--repeats;· 

A fan heater uses forced convection to distribute 
heat energy to its surroundings by blowing cool air 

over an electric heatin'3_ element. 

Cool 

~ ..... 
• 0 • - •• 

:•••\•o • • • • • Hot 
•l:~• Convection • • 

current 

i i t i t t 
Heat energy Heat transfer away 

from a surface by .a 
convection current. 

---~------- -------------------
Radiation 

- • ·Nc:f·p11ysican::o-neacnsreqUireaTrffieat 

transfer radiation. 

• Radiation does not need a medium through 
_ which to travel and can move .thro.uqh a 

vacuum. 

Radiation involves the transmission of heat energy 

as electromagnetic waves released by high-energy 

electrons as they move between atomic orbits. 

---·------ ____ .__ ___ __ ------ ---- -----~-~---- ---------

Describe how a vacuum flask insulates its contents, making reference to the three processes of heat transfer. 
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Linear expansivity describes the tendency of ·a solidmaterial to expand in size as it is heated. If heating 
is continued then eventually the solid will undergo a phase change to a liqujg_Jurther heating ~ill cause 
a phase change to a gas. 

Coefficient of linear expansion (a) 
Coefficient of linear expansion is a material property 
that describes the amount by which a material 
expands upon heating with each degree rise in 
temperature. The expansion occurs in all directions. 
Units 1/K. 

Linear expansion is given by the equation: 

M=aUT 

where Ll T is the temperature difference T2 - r;. 

Solid material, 
with coefficient 
of linear 
expansion a 

Material at 
temperature T2 

r-- ---------------~ 
I I 

Material at l 
an initial : 
temperature T1 1 

l 
I 
l 
I 
I 

-'-~~~~~~~--1 

Initial length, L _ 

A material undergoini::_i therrna liriea r e.xpans 1o n. 

Lchange in 
length t:i.L 

Phase changes 
The diagram shows the temperature of a material 
when subjected to a continuous input of heat 
energy. There are three distinct phases that the 
material adopts as its temperature increases: 
solid, liquid and gas. 

_Differen_t phas:<: s observed when heat energy 
is supplied to a material at a constant rate. 

Now try this 

Temperature· (K) 

Solid 
only 

phase 

Meltin'3 
point 

; ! 
I 1 

Mix of Liquid 
. solid and phase 

liquid 
phases 

I I eom"( I/ ;~:~ 

• - --> Time(s) 

Mix of 
liquid and _ 
gaseous 
phases 

A steel bolt is 100 mm long at 20°C. Given that it has a coefficient of linear 
thermal expansion of 12.8 x 10-6 1 /K, find the overall length of the bolt at 136 °C. 

D i 
I• 100 mm at 20·c •I 

Don't forget to add the 

extension you calculate 

to the original length 
of the bolt when finding 
over.all length. 
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Spee· ic heat capacify-, latent an 
sensible heat 

tf1e reiati0ri5hip betweenfhe amount-of li"eat energy 5uppiied tO a material and it5 temperature i5 
dependent on its. pha::;e, ?p<;:ciflc; hea~ capacity and lc:itent heat. 

Sensible heat 
Any heat energy that cau5e5 a ri5e in the 
temperature of-a--material-i5--known as sensiDle --

heat. 

_Spe_cific ___ heatcapacity __ (c)_ 
Specific heat capacity i5 the amount of heat 
-e·nergy·reqoirea ·to rai5e the temperature ·of 

1 kg of a material __ ~)'~ -~· 

The different pha5e5 of a material have 
different values of specific.heat capacity 

(csolid• Ctiquid and cqaJ· 
Unit--JlkgK. 

Sensible heat transfer ( Q) 
-sensible neaf trarisfer ___ <aris a function of -the --

mass of material (rT1), the spc;:c;ific; heat capacity 
of the material (~) and-the change in temperature 

__ (ilD. @ivem ~: _ 

Q = mcilT 

Unit J. 

Temperature (K) 

O=m4 
,- : I 
I I 
I ; ! 

Latent heat 
During a pha5e change, heat energy i5 ab5orbed by the 
material-and -no increase in temperature isob-served. - -
Thi5 ab5orbed energy i5 known as latent heat. 

_L_atent b_e_at __ QfJg_si.Q_:n (Lr) _ 
Latent heat of fu5ion i5 the amount of heat energy 
requirecHor-1kg -of a ·matertat to--changephase -from -
solid to liquid. 

UnifJ"hj~1 • 

Latent heat of vaporisation (L,,) 
Latent heat of vapori5ation i5 the amount of heat 
~ncrgy re:q_1,J _ir(::~ fqr U.g Qf .a_ rn.a.t:cri.al_ t9 ch~mqe:: ph.a~_c 
from liquid to gas. 

Unit Jkg-1• 

Latent heat transfer (Q) 
Liitenflieat-transfer f Qfis a fi.inctlOn of the mass -
of material (m) and its latent heat (L), givc;:n l;iy: 

Q = mL 

UiiitJ. -

Ga5 

Time(5) 

Solid Solid/ __ Liquid _ _ __1.jquid/ 
Liquid Ga5 

Now try this 

Calculate the energy required to convert 1 kg of water at 2Q°C to dry superheated steam used to drive a turbine 
at 146°C. 

For water: boiling point= 100°C, Lv = 2260kj kg-1, cliquid= 4.2kj kg-1 K, C9as = 1.8 kj kg-l K. 
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Beat p p perfor ance ratios 
- __ Heat_ pumps_ include refriqerators, air ___ conditioning equipment __ and qround_ or _ai.r source __ heat __ pump 

heating system5. 

Beat pumps 
A heat pump doe5 work in-order 
to force heat from an area of low 
e·ernperature eo·anarea of"liigliefr 
temperature. 

Heat delivered 
.to_ a hi<,3her _ 
temperature 

Heat extracted 
from a lower 

----temperature--

Work done b¥ 
heat pump usin'.3 
some external 
energy · 

Cooling and heating performance 
-In a neat pump--used-for coolinq (a-refri-gerator}: 

Work done by 
refri.geration 

system 

- Heat delive~ed- ~ Heat extracted 

-
to e_n_vi_r on_m __ ent .____ I fro":1 interior of 

r--~ hi<,3_~i;:r --- ~ r~:~apt~:Jre emperature / 

Refrigeration performance rate = Heat extracted 
---- External energy -sup-plied -

In a heat pump u5ed for heating: 

Work done by 
c::iround source 
- heat pump 

Heat extracted ~ \ m~ Heat delivered 

-~~vT~~~~e~t- -~~/" ~~~i;h~~use 
at low temperature 

---temperature --~- - - ,._ 

Heat pump performance rate = Heat delivered 

-

<J.;r~rke~ e:xa:.t';.p1e 

External energy ~IJpplie:c::l 

-----------------------
A domestic ground source heat pump consumes 3 kW of electricity and can 
deliver 19 MJ of heat energy per hour to a house central heating system. 

Determine the performance ratio of the heat pump when warming the house. 

from the question: 

External power supplied = 3 kW = 3000 W 

Heat ener-gy delivered = 19 MJ/h = 19 x 106 J/h 

Calculated quantities: 

External power supplied in an hour = 3000 x 3600 = 10.8 x 106 J 

19 x 106 
Heat pump performance ratio = -

1
-
0
-.

8
-x-

1
-
0
-
6
- = 1. 76 

Follow these steps: 

1 Identify the parameters 

given in the question and 

convert to standard units. 
2 You can use energy or 

power in the performance 
ratio calculations_ In this 

example, use the energy 

used and heat delivered 
in an hour. 

3 Calculate the performance 
ratio using the given 
formula. 

4 Remember this is a 

performance ratio and not 
an efficiency. If the heat 

pump is working properly 
the performance ratio 

should be greater than 1_ 

Now try this --~~-~-~-~----~~--- -- ------
A domestic ground source heat pump consumes 2.5 kW of electricity and can deliver 17 MJ of heat energy per hour 
to a house central heating system. 

Calculate the amount of heat energy per second extracted from the ground at low temperature. 
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E tha y__an entropy 
Enthalpy and entropy are important thermodynamics concepts that you should be familiar with. 

Internal energy (U) 
Internal energy is the energy within a substance that is 

due to: 

A v 

• 
The kinetic energy of the random microscopic 
movement of particles inside the substance 

The potential energy related to the forces, such 
as chemical bonds binding particles together. 

Internal energy does not include the potential or 

kinetic energy of a body on a larger scale. A stationary 

ball has the same internal energy as one that has been 
thrown up into the air. 

Enthalpy (B) 
Enthalpy- (H) is the amount of energy contained 

within a thermodynamic system. 

It's helpful if you think of this system as a balloon 
containing a fixed amount of gas. 

Any heat energy entering the balloon will: 

• increase the internal energy (U) of the gas or 

• lead to some work being done to expand the 

system. 

This work is the product of pressure (p} and 

volume(\/}. 

Enthalpy (H) takes both these factors into account: 

H = U + pV 

Velocity gives 
rise to kinetic 

energy 

lntemal ener'3}' {U) 
in both cases 

remains the same 

// 
5tationary 
ball on the 

ground 

5ealed balloon 
containing a fixed 
quantity of gas 

Overall 
enthalpy 
increases 

Heat energy 
entering the 
system · · 

i 
lfeigtit gives 
rise to 
potential 
energy 

177 / //:.;)7777 / / 
Moving ball 

thrown in the air 

Internal 
energy 
increases 

Work done against 
the surroundings 
of the balloon 
increases as it 
expands 

----------------------- ---
Entropy (S) 
• Can be thought of as a measure of the dispersal 

of energy present in a thermodynamic system 

• Always tends to increase 

• Results in heat flow from hot to cold 

• Results in fluid flow from areas of high pressure 

to low pressure. 

An ordered system will tend towards 
increased disorder over time. 

FI n u~u 
Low entropy High entropy 

------- ------- -----------
Now try this 

Explain the difference between internal energy and enthalpy. 
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Th er ale • • 1c1ency o heat 
• en --nes 

· --~-·tteat·englnes·; - ·suc11··asinter·nat·coml::iustion ·engines-anasteam··e-ngTnes;·-cnange·n-eat··errer$f · into

mechanical work. 
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- .. ~E!~~ f!l\9~1\~f:; Thermal efficiency 
A heat engine converts some high temperature 

.. heat -er1er<3y-- ir1t-o usefol mecnanicalwork--and .. 
rejects the rest to some lower temperature. 

The thermal efficiency of a heat enqine is the ratio 
-· ······ ··- of useful--work cloAe to· the heateAerqy coritained 

in the amount of fuel used: 

Heatenergy received-at 
high temperature Thermal efficiency = Mechanical power output (W) 

... .Equivalent heat . . ... Fuel 

Heat··rejected at·a---
lower temperature 

=--
¥l~:rke-l e:xa:..~:.p~e 

Mechanical 
work done 

During a 20-minute test, a combustion engine did 6.96 MJ of mechanical 
work and used 820 g of fuel with equivalent heat energy of 41 .9 MJ/kg. 

-·- Calculate the thermal efficiency of the engine. 

from the question: 

Time= 20 min = 1200s 

Mechanical work done= 6.96MJ = 6.96 x 106 J 

fuel used= 820q = 0.82~ 

Equivalent heat enerqy of fuel= 41.9 M.Jlb3 = 41.9 x 106 JJkt3 

Calculated quantities: 

6.96 x 106 

Mechanical power output= 
1200 

= 5800W 

0.82 
fuel consumption 

1200 
= 0.68 ... x 10-3 ~/s 

5800 
Thermal efficiency= 41.9 x 106 x 0.68 x 1o-3 

= 0.204 (to 3 s.f.) 

energy of fuel x consumption 
(J/~) ....... ... -----{~}---

Follow these steps: 

1 Identify the parameters given 

in the question and convert to 
standard units. 

2 Calculate mechanical power output 

by dividing total work done by the 
duration of the test, in seconds. 

3 Calculate fuel consumption by 

dividing the mass of fuel used 

by the duration of the test, in 
seconds. 

4 Calculate thermal efficiency using 
the given formula. 

5 Check that the solution is 

reasonable. You can't get more out 

than you put in, so an efficiency of 

greater than 1 is not possible! 

-
,... _ .. -"" .. _ .... - ... - ..... - · ... _ QIJ - - ,,., - "" · a._ - - -- - · -- - - - - _ .. _ -

Now try this 

An internal combustion heat engine outputs mechanical power to drive a generator. The heat energy input is 
provided by the combustion of a fuel with an energy content of 40 MJ/kg, which is consumed at a rate of 0.005 kg/s. 
The mechanical power required to drive the generator is 38 kW. 

Calculate the efficiency with which the heat engine provides mechanical work to the generator. 
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• c process 
eters 

Before you can carry out any thermodynamic calculation5, you mu5t be familiar with the term5 u5ed to 
_____ define .. them~--known .as.proce55 .. paramet~5~-----

Thermodynami~~mperatll.re ( !fk) 
You must use ab5olute or thermodynamic temperature 
mea5ured irr· K.elvin (~ in thermodynamic- calculations. 

'9,.... To revise temperature 
vJliiiiil scales, see page 32. 

__ Absolute.zero .. (0-1"-0 IQ is atheoreticaLminimi.im 
temperature when the kinetic energy of molecular 

- -- --vi-bratfonswithi-n--a--mat-eriaH5--zero-; 

freezing 
point of 

water 
Cel5iU5 I 

=2-73· -----=200- -------- -o- -

Kelvin I 
0 73 273 

Comparison of Kelvin a d 

Celsius temperature scales. 

Volume (V) Pressure (P) 

Boiling 
point of 
wafer 

I oc 
--100-------- ---tso 

I K 
373 423 

- -The-amountot-spaceoccupied--by-an·-~ect-. ---- Always-makesureyou--u5e-5tan-dard-5t-u-nits--in--cal-culations:---
Unit5 m3 • The 51 unit of pressure i5 the pascal (Pa) but several 

other units remain fn common usage. 1 Pa = 1 Wm2 • 

Mass--(m)-------- -
The amount of matter contained within an 
oBJect:-u111ts--Ki3·:------

Density (p) 
The compaclne5s of a material calculated a5 
the mas5 (m) per unit volume (V). Unit5 kqm3 • 

Comparison of units of pressure 
still in common usage. 

1 Pa 

1--bar--

1atm 

1 p5i 

Standard atmospheric pressure (Patm) 
-T-i-re· pressure··at·the--Ea·rth'-5·-~mrface-c:a11sect· by--oor 

atm05phere is 101 325 Pa. 

- Gauge-pressure(Pgage) --~--
The pre55ure above P atm that is 
shown on a standard pres5ure 

-_'3_3._'!.'3_~_· __ lJ!1i!~ __ f='.~_'._ _____ _ 

-

Now try fhis 

p~ Bar (bar) Atmoephere 
(Pa) (atmJ 

1 1 x 10--5 9.87x x 1o--6 

1 X 105 1 -----------0--:987---------

101325 1.01325 1 

6894 68.9 x 1o--3 68.0 x 10--3 

A tyre pressure gauge shows a reading of 28 psi. Calculate the equivalent absolute pressure in Pa. 

fbunde 
per 
94uarw 
Inch (peO 
145 x 1o--6 

1-4-5 

14.7 

1 
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Gas laws 
Jt's .important __ fo_r __ enqineers __ to__understand __ the_ behav.iovr __ of_.qases __ as __ they are_ beat_ed_or co.mpre5sed. ____________ _ 
You will need to cover only the simplified behaviour of ideal gases to which the5e gas laws can be applied. 

Boyle's law 
-·--·For··a-fixed mae>~:n::>f an IGleal c;:,a5 at constant 

temperature (T), the volume (V) is inversely 
proportlonarto-ffie pre55ure-(Pf ---
This.can be stated as.: 

PV = con5tant 

or 
From Boyle's law at constant T 

P1 

iLJ: ~ w P2 . ; / ·. 

~' •• • • : • • • V2 

---------------- --------------
Charles' law 
For a fixed mas5 of an ideal ga5 at constant 

__ pr~-~-~-1,1r_~ {E')_.__J;h<;: __ y_c;:>!_L1me.CYJ J?. __ directJy 
proportional to the ab5olut e temperature (T). 

---- This -·canb-e-statedas: 

- i -~--=--c-onstant-
T 

-~---or-

'- V1 -=-V2 - From Charles' law at constant P 
T; T2 

-------------------
- ~--T-he -Genera-1---Gas--Equat-ion- -

This equation is derived by combininc;:, Boyle 's and 
Charle5' laws and takes the form: 

PV = constant 
T 

Or: 

FrVr = P2V2 
T; T2 

From the General Gas Equation 

--------
------P-z ---

---~~-------~~-------~-

40 
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Now try ~his 

A car tyre (with fixed volume) is inflated to an absolute pressure of 193 kPa 
at 20°C. After being driven for several hours the temperature of the tyre has 
increased to 43 °C. 

Calculate the absolute pressure in the tyre. 

Remember to convert 
temperatures to Kelvin 
before doing any 
calculations. 
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C rrent f lo-w-
Current flow is fundamental to understanding how electricity is used by engineered components such as 
motors and generators. You will find the following concepts used to explain topics such as capacitors on 

pages 47 to 48, and DC power sources on page 57. 

Atomic structure 

Current flow 

PROTONS in a nucleus 
(positive charge) 

Outermost EL£CTR.ON5 
in orbit around nucleus 

NEUTRONS in a nucleus 
! (no charge) 

A solid conductor is made 
up of closely packed 
atoms with electrons 
available to form a 'free 
electron cloud'. 

NUCLEUS with innermost 
~electrons in orbit 

Outermost electrons can form 
' FREE ELECTRON cloud' 

Electric current, measured in amps (A), is the flow 
of electric charge (q) in a specified time. 

The more free electrons that pass a point per 

second, the greater the current. 

Current (I) is defined as the rate of flow of 

charge: I = .1, where q is charge, in coulombs 
t 

Static electricity 
An atom consists of charged particles: 

(.i?/ The nucleus is positive and hold_s _ 
electrons in orbit around it. 

(0 Only electrons are transferred when 
friction is used to charge objects. 

~A positively charged object has lost 

electrons. 

~The outer electrons are less tightly bound 
because they are farthest from the nucleus. 

~ In a conductor the outer electrons can 
drift away from the nucleu5-to-form a 'free 

electron cloud' . 

Metals are good conductors because 
they have many free electrons. 

Insulators have few or no free electrons. 

Voltage applied across 
conductor (wire) 

Free electrons drift 
along the wire 

A conductor in the form 
of a wire In a circuit 

Each electro,., has cha~.ge I q) 

of 1.G x 10 18 C. 

(C), and t is time measured in seconds. 

Worked example 

A current of 2 A flows through a point in a circuit. 
How much charge passes the point in 3 minutes? 

The direction of conventional 
current was decided by early 
experimenters before the 
role of electrons in current 
flow was understood. 

The free electrons drift 
along a conductor, such as 
copper wire in a circuit, when 
a voltage is applied across 

· the ends of the conductor. 

------
I= .1 

t 
Substitute: I= 2 A, t = 3 x 60 s 

q 
2 = 180 
therefore q = 2 x 180 C = 360 C 

Conventional current flow 
Although electrons drift from the negative to the 
positive terminal, the conventional direction of 
current is taken as being from the +ve terminal 

towards the -ve terminal. 

Now try this 

1 A charge of 3 µC flows through an LED in 2 ms. Calculate the current. 

2 A total charge of 4320 C passes a point in a circuit in which a current 
of 25 mA flows. Find the number of days this takes. 

You need to be careful with the units 
g·1ven in quest"lon 1. 

For question 2, remember that time 
is usually calculated in seconds, so 
you will need to convert this to days. 

41 
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Co lomb's aw an 
e ectrostatic oree 

You can use Col.llomb's iaw to caiculate the .force b.etweeii two small charged bodies: 

·· Two· ·equal and -- · 
-- like---ch.arges. 

t) J \ r {(~ 
· ·· The closer-to13etherttre·force··· 

lines are, the stronger the field. 

,1~ I / 

- - - three-

Two un-equai-·and· ·opposite 
----charges---

~-,~ 
/ / l l 

~~/ Fiekfi5 · 

./" 
1 
· ---...._ .. dimell5ional 

Like c harges 
repel; the. force 
(F) is positive. 

Fa _c:J 1 ~2 

/!\ 
Field strength a~,where r is t he 
distance from the po int o f cha1'13e . 

=~---

Vl~rke£ exa:i"'i'~p~e 1 

A positive charge of 1.68 µC and a negative charge 
of 4.1 µCare separated by 0.99 m. Calculate the force 
between the two charges. 

q1 = +1.68 x 1o--6C, t:l2= -4.1 x 1o--6C, 
Eo = 8.85 X 10-12 f/m, r = 0.99m, F = ?N 

F = t:f1q2 

4xe0 r2 
F = (1.68x10-6)(-4.1x1o--6) 

41t(8.85x10-12) x 0.992 

--6.888 x 10-12 

1.112x10-10 x 0.9801 

F = 63.193 x 1o-3 = 63.19 x 1o-3N (to 2 d.p.) 

_PermitU-.~ity of free space -
uniform fields 

····Two parallel ··plates ·at different cnargeq~otentiats ·· 

have a potential voltage gradient between them. 

/;J.'m. Energy is needed to create a flow 
U of charge between two points in a 
circuit. This is called potential difference or voltage. 
You will find further details about voltage and field 
strength on page 45. 

Mow try this 

Unlike charqes ·attract; ttre·force (-F) is ne<:Jative; · 

...;. ;~ i.:.'bl- .i!tk< _ ~--- ~ --~~- ~,.-~ - ~- :~-~~1 ~- ____ DJ':! am llllilli a.;rn: -v_~ ::e.." 

Coulomb's law 
F = q1<=12-Charge, in coulombs (C) 

J r2~Distance (m} 
Force F, in newtons (N}, between the 

charges 

The constant of proportionality is 

Coulomb's constant (k) = ~Eo , 
where Eo is the permittivity of free space. 

f = ~ and Co = 8.85 x 10-12 f/m are both on 
41[£or2 

the formulae sheet, so there is no need to learn them. 

+ + 

+ + + 

+ + + 

Charge on plates 
oc potential voltage 
difference. 

A negative charge of-3.0 x 10-5 C and a positive charge of 8.0 x 10-5 Care 
separated by 0.20 m. Calculate the force between the two charges. signs of the charge. 

2 The force between two identical charges separated by 20 mm is equal to 30 N. 
Find the magnitude of the two charges. 

42 
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esistance, con uctance and 
te perature 

Resistors are widely used in electronics and you will find details on page 44. Here we look at the 

factors. affecting- the resistance of materials .and fluids. 

Resistivity 
~often used in relation to solids · 

Conductivity 

~ constant for a material ~
often used in relation to liquids 

constant for a material 

depends on how many free electrons are available to 

move 

(0' depends on how many free 
electrons are available to move 

~
depends on h.o .. w. easily the free electrons can move 

symbol sigma (a) 

~depends on how easily the_ free 

electrons can move 
units siemens per metre (5/m) . . 1 

~ equal to 1/resistivity or <J = P 
@ symbol rho (p) 

~ unit? oh111 1T1etres (Q rnJ,_. 
~the higher the conductivity, the lower the resistance 

Resistance 
..... -------

Depends on its dimensions and the 

material it is made of. 

The resistivity of aluminium is 2.6 x 1 o-a Q m. Find the length of 
aluminium wire, of diameter 2.5 mm, that has resistance of 0.3 Q. 

• has symbol R. 

• units ohms (Q). 

Resistivity, in nm 

Res' ta ce 'n n~R. 1lJ_ Length~ ih- m . 
R = 0.3 Q, p = 2.G x 1o-8 Qm, A= 1t(2;

5
)

2 
mm

2 

1sn,1 ~ 

Cro55-5eetional 
area, in m2 

Conductance 
The reciprocal c:>! resistanc~ is con~uct1nce 

{G), measured in siemens (5), i.e. G = R· 

Temperature coefficient of _ 

resistance Temperature coefficient 
oh-esistance· -

(
0.0025)2 2 or7t --

2
-- m 

R=f!!. 
A 

Substituting values: 

2.G x 10-6 x I 
0.3 = 

n~)2 x 0.3 
I= 2.G x 10-6 

= 57m (to 2 s.f.) 

Change io ~') Chaoge lo 

---~temperature; in 
Original resistance (Q) °C or K 

Now try this 

A coil has a son resistance at S0°C and assn resistance 
at 80 °(. Find its resistance temperature coefficient. 

2 What is the conductance of a resistor having a 

resistance of 100 Q? 

Conductor 
---at lower 

temperature 

The increased oscillations of particles ·1n a heated conductor's 

lattice reduce the flow of free electrons by increasing the 

number of collisions. This increases the res·1stanc...,e ..... ......... -=-=,.........--~ 

Free electron 
carryi11g_ c1'lar9~- .. 
through lattice of 
the conductor 

lon.aer path -
travelled by free 
electron - reduced 
char9e flow 
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Types . resistor 
You need to understand the characteristics. of different resistors in order to use them effectively. 

Uses of fixed resistors 

Prevent dama43e. to electrical components 

Control time delays-in a circuit when paired with a capacitor 

Split voltage around a circuit 

Variable resistors 
(0 Potentiometers: may be used either as a 
voltage divider, or to Vary current flow. 

~ Presets: often included in circuits where 
the exact resistance is not known until the 
circuit is constructed . 

Make sure that you know how a potentiometer 
would be wired, both as· a voltage .divider and 
as a variable resistance. 

Special types 
(0. Thermistors: change resistance as 

their temperature changes. They are used 
in temperature detecting circuits such as 
electronic thermometers. 

~ Light-dependent resistors (LDRs) change 
their resistance as light levels change and 
are used in light detection circuits such as 
controlling street lights. 

The resistance of a thermistor usually falls as 
the temperature increases. The resistance of 
an LDR falls as light levels increase. 

Preferred resistor values 
Resistors are manufactured in specific ranges to 
reduce the number of different Values required. 

The value of a resistor is shown in one of two 
ways: 

• by -colour bands; usually four or five bands 

• by 'multiplication factor', where R = x 1, 
K = x 1000 and M = x 1000000. 

Now try this 

Worked-example 

A radio set contains both pre-set resistors and a 
potentiometer. 

(a) State one use of each in a radio. 

(b) Explain how often and why each would be 
adjusted. 

{a) The radio receiver circuits use a pre-set 
resistor. The volume is controlled with a 
potentiometer. 

(b) The pre-set resistor is adjusted once, in 
the factory, to make the radio receiver 
work. The potentiometer is adjusted by 
the user many times. 

Potentiometers also come in the form of a 

straight track cal 1e,J sliders. They are found , 

for example, on audio rri:~ing decks to contrel 
volume. 

The resistor tolerance is the amount by w:iich 

the r-.~sistance d a resistor rnav varv f~om ,t:, 

stated value. 'f coloured bands, .re ~sed, the 

tolerance is the last band, separated from the 
other bands by a space. 

If the multiplication factor is used, then 

tolerance is given in the form of a letter; e.g. J 
indicates a tolerance of ± 5%. 

Explain why a carbon composition resistor is unsuitable for use in a high specification audio system. 

2 What is the resistance value and tolerance of a resistor specified in a circuit diagram as 5 Mill? 
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strengt 
.On paqe 42 you used Coulomb's law to calculate the force bet.ween two small cha~qed bodies . . Her~ you 
will calculate the force on a small charged body in an electric field. There are practical aspects of this 
on page 60 (emf and field force), and page 67 (Faraday's laws - induced emf}. 

Field strength 
{0 The field ·strenqth increases closer to the source 
charge. (You can see that the equipotential lines are 
closer together nearer to the source charge.) 

E oc J_. 
d2 

<i1 If the distance of the test charge from the 
source charge is doubled, then the field strength 
will decrease by a factor of 4 (2 2

). 

(0 The field strenqth is independent of the size of 

the test charge. 

(0 field strength is a vector; it has magnitude and 

direction. 

<YJ' The test charge carries a quantity of charge (cp. 
~ The +ve .test. charge will experience a force (f) 

of attraction towards the -ve source charge. 

(0 The el·ectric field strength (E) is defined as the 
force per charge on the test charge or: 

E = _!_ 
q 

Uniform electric field 
This is a special case when considerinq electric 
field strength. Instead of an inverse square 
relationship, the field strength is constant 
between the two plates (but not~the edges!}. 

Potential difference 
~pplieda~
plate::. (V volt5) 

Uniform 
electric field 
(E) 

The field strength is constant, therefore the 
force on a small d1<3rged ol?ject is constant. 

E = - applied to t~ plates M 
fie-Id 5. tr·e· n'3th CV/m~ Potential differ-ence 

Di5tance between d 

Non-uniform electric field 
Here is a (-ve) source charge with a (+ve) 
test charge placed at some distance from it 
to measure the field strength at that point. 

/ !:Test· char'3e (qC} I / 
1 / __...K'.j force of 

/-".4_. ~ attraction (F N) 

~ 

.. --~ 
\ \ Electric field; line5 of 

&:{Ual char43e potential 
(~uipotential) 

Worked exampie 

A test charge of 1 x 1 o-6 C experiences a repulsion 
force of 0.40 N when placed within the electric 
field of a positively charged source of 2 x 10--4 C. 
Find the electric field strength at that point. 

E = ~ = 1 ~16-6 = 4.0X105 N/C 

A food preservation process uses pulsed electric fields 
(PEF) between parallel conducting plates. The uniform 
field strength is 40 kV /cm. Calculate the voltage applied _ 
to the plates if they are 0.3 m apart. 

v 
E=d 
40 kV/cm = 40 X 103 X 100 

= 4.0 x 106 V/m 
v 

Substituti~ : 4 x 106 = 0 .3 
v = 4 x 106 x 0.3 v 

the plate5 (m) 

Now try this 
By convention, the direction of the fie ld 

- - - - is from the positive to the ne".Jative plate. 

, = 1.2 x 106V or 1.2 MV 

F.· - .... ------·""' .. 
A test charge of 2 x 1 o-s c experiences a repulsion force of 0.20 N when placed within ~he electric field of a 
positively charged source of 3 x 1 o-4 C. Determine the electric field strength at that point. 

2 Find the electric field strength between a pair of parallel conducting plates, positioned 4 cm apart, when the 

potential difference between them is 300V. 
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Capacitance 
There are three factors that effect the amou.nt of charge. stored on parallel plates. You will find details of 
how these are used in electrical capacitors on pages 4 7 and 48. 

Charge on parallel plates 
Amount -of charge -stored· depends on: 

§d istance between the plates 

area of the plate~ 

material between the plates. 

·units of capacitance 
1 f capadtor, charged by 1 V carries a charge 
of1C. ~ 

Thi5"is a large amount of charge; usually · 
capacitors have values in the microfarad 
(1~ or picofarad-(10-12) range~ 

\Jote that flux density (quantity of charge per 
unit area (D = Q/A)) remains the same. 

Permittivity 
-- · • Symbol for abso1ute permittivity is £ (Greek 

letter epsilon). 

• Units of permittivity are farads/metre or f/m. 

d 

• The permittivity .. depends on the material between 
the plates, called the dielectric . 

. • eis usualty written er eo 
• £r ie; the relativ~ perrriittivity of tbe di~lectric used. 

The values are relative to a vacuum, which has a 
_ value of 1. 

• £o is the permittivity of free ~pace 
(8~·85 x 10-12-F/m). 

• Typical values of £rare 2.5 for paper, 6 for mica and 
80 for water. Air has a value very close to 1. 

Reducing d increases 
field 5trength and 

therefore capacitance. 

Ca-;i-

+ 

+ + + 

...... Jncrea~ . 
field 
strength 

Increased '\uantity 
of charge 

y y y 

Increasing A increases charge on the 
plates and t herefore capacitance. 

CaA 

dt@di{,;l 
"Dierectnc (an insulator) between the plates 
increases capacitance. Ca E where c is the 
pennittivi:ty of.the dielectric. 

-==---
Calcalati:1_1:g: _ c_a.Pcac.itanc_~ 1' Wcrkel. e~a;,J.'~p~e 
Absolute permittivity £ is the constant of 

· · proportionafity in the relationship C <>< ~ such that 

_ C = £ ~- This is more usu,ally written as C = _ ereo ~ '. _ 

• The value of e0 (8.85 x 10-12 f/m) is provided on 
the formulae and constants sheet. 

• The formula will be on the formula sheet in the 
A 

form C = e d. Remember to substitute e with 

er Eo SO that you USe the form C = E P~ ~ 
r"-"(.) d " 

-

Now ~ry this 

A parallel plate capacitor in a circuit has plates of area 
0.005 m2 and 1 mm apart, with a polymer dielectric of 
relative permittivity 3.5. Calculate the capacitance. 

C = 3 •5 x &~ : ,1g:°~
12 

x O.OOS = 1.54875 X 10-10 f 

= 154.87 x 10-12 F or 154.87pF 

A parallel plate capacitor in a circuit has plates of area 0.01 m2 and 1 mm apart, with an electrolytic-based dielectric of 
relative permittivity e, = 2. Calculate the capacitance. 
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Capacitors - non~po 
• arise 

_Capacitors fincLmany uses Jn electronic_ circuits __ and .some __ of these are.covere_d on .. f1aqes _ _53 and 54. 
Here and on page 4 _8 you will explore the three main types of capacitor and their construction. 

Types of capacitor 
-Three main qroups: -

Fblar capacitors 

Non-polar capacitors 

Polyester 

Ceramic 

Electrolytic 

Capacitor construction - non-polarised 
May be used with AC or DC voltages 

_ It_ fixed value __ _ 

• film. 

(0 Waxed paper Or polymer 
dielectric between metal foil. 

{0 Named after their 
dielectric, for example, 
paper, PP or PTFE. 

-(0' Typical relative· -
permittivity: 2.5 for polymer 
and 4 for paper. 

(0 Typical c&pacitance 
values: between 0.5 µF and 50pf 
for polymer, a-nd -10--µf and 10 nf-for-paperr -

(0 Working voltages are up to about 
- ---GoOV"for -paper an·c:r400V for-polymer. 

Metal films 

Ceramic 

Protective 
coatin03 

-----------
Ceramic 
dielectric 

-J---- Crimped 
connectors 

(0 Two types: class 1 and class 2; each -
with different characteristics. 

(0 Simf'le5t-coii5tructlord5 a plate c,r· ---
ceramic coated with silver on each side. 
Often with crimped wires to keep it clear of 
PCB-induced movement or _stress. 

~ Typical relative permittivity: Class 1: 20 
to 40~class · 2-: 200-"-14000. 

~-~~l~~-r::::n:p~t:1~66~~~- ~() -~J'~ 
-~-=-----~----~---- ----=====-----=---

Variable value 
{0 The simplest form has an air dielectric with 

____ movable plat_es. 

(0 Relative permittivity of 1. __ __ __ _ __ _ 

C0 typicafcapadtar.c::e---va1ues-are 1ri-f' -fo166pF. 
~ Working- voltaqes-10 V to 2 kV. 

Explain why the dielectric material in a capacitor must 
be an insulator. 

Movable 
plates.: 
rotor 
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Capacitors - po arise 
Capacitors find many uses in electronic circuits and some of these are covered on pages 53 and 54. 
following on from the construction of non-polarised capacitors on page 4 7, here you will explore the 
construction of polarised capacitors and the calculation of dielectric field strength. 

Capacitor construction - polarised Supercapacitors 
DC voltage only; correct terminal connection is required to 
avoid breaking down the insulating oxide layer. 

Supercapacitors bridge the gap between 
electrolytic capacitor and rechargeable 
battery. 

Electrolytic 
Electrolyte 

I 
Paper sat urated with electrolyte 

@' Relies on chemical action for operation; oxide forms on 
+ ve plate when voltage applied. This acts as dielectric. 

@ Historically named after cathode material, for example, 
Separator 

Positive electrode 
aluminium, tantalum or niobium. -

@' May be radial or axial. 

~Relative permittivity: 10 to 40. 

~Typical capacitance values: 1 F to 1 µF. 

(0 Working voltages 10_:_600 V. 

Dielectric strength 
The electric field strength is defined as 

E = ~. where E i~ ~he electric field, Vis the 
d 

potential difference (in volts) and d is the 
distance between the plates (in metres). 

An applied potential difference greater than 
rated capacitor volt-a-ge can strip atoms of 
e lectrons and make the dielectric conduct. 
Charge is no longer maintained on the plates. 

Typical dielectric streng~hs : 

• dry air 3 x 106 V/m 

- • ceramics 10 X 106 V/m 

• polymers 20 x 106 V/m 

• mica 40 X 106 V/m 

Now try this 

~Very high capacitance values but 
lower voltage limits than other capacitors. 

~ Used where multiple_ charge/recharge 
required, such as regenerative braking 
or CPU cache memory back-up in 
computers. 

, Worke~ example 

The dielectric strength (E) of a polymer is 20 x 106 Vim. 

Calculate the maximum potential difference that can be 
applied to a parallel plate capacitor with polymer dielectric 
thickness 0.2 mm. 

E = y_ 
d 

V max = E...axd 

Substitute in V max = 20 x 106 x 2 x 10-4 V/m 

= 4000V 

= 4k.V 

Explain why the terminals on polarised capacitors must have polarity markings. Provide an example of how this 
is shown. 

2 An electrolytic capacitor has a tantalum oxide dielectric of thickness 1 µm and dielectric strength 5 x 106 V /m. 
What is the maximum voltage that can be used with this capacitor? 
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e ficiency 
__ _Qhm's __ lawapplies to _QHMlC_CONDUCTORS, _whether.in_a __ DC or ACcirc_uiLEmv.idingthe __ temperature __ 

remains constant, their resistance doesn't change over a wide range of currents. 
--- ffyo1;.1--ar-e--qiven-two--oftlle-values-;--you--ean--ealculate-the--unknewn-trnrd---valu-e.-----

V= IR • / =~ R=y_ 
I 

Where V = potential difference measured in volts (V), I= current measured in amps (A), and 

-R :;;;;-- resrsfance measi.ireC:nn ohrr.s·--cnr·--- -

-- in-- grapllical form 

/ 

An ohmic resistance produces a 
straic:iht-line caraph when p.d. (_\I) .is 
plotted a(jairet current (I). The line 
passes throu'3h the ori'3in and Its 
caradient is the- resistance (R). 

Current,/ 

A non-ohmic resistance, 
-5ucfi -a5.idir.an;·e-ritiiui&; 
aoes not produce a strai'3ht
llne 9raph when p.d. (V) is 
plotted a'3ainst current(/) . 

Current,/ 

------ ~~ 

Wo:?:kei e:xa:.:~,~p~e 

A thermistor of resistance 10 kQ at room temperature is 

connected across a 12V source. 

(a) Calculate the resulting current. 

(b) Sketch a graph of potential difference against current 

for a thermistor. 

(c) Explain whether thermistors obey Ohm's law. 

(a) V = 12V, I=?, R = 10 x 103 Q 

(b) 

V = IR. 12 = 10 x 103 1 

I= --12
-- = 1.2 x10- 3 Aor1.2 mA 

10 x 103 

P.d. vs current 
{Thermistor) 

Current,/ 

(c) Although it goes through the origin, the 

resistance (gradient: t> of the thermistor 

shown in the sketch of p.d. against current 

varies as the current changes: R * t, 
therefore it does not obey Ohm's law. 

- .. .. - - - - - - - - - - ~ aa. - -----------~-----
-:.. --- --.. -

Now try this 
Sketch the graph of current against voltage for a diode and use it to explain why a diode is a non-ohmic device. 

Your revision on page 56 may help with this. 

2 
A power tool is supplied with 11 ov and has a power rating of 1.5 kW. Calculate the current drawn by the motor. 
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's law, power an e 
Power and energy are very important t.o engineer5.. when designing electric/electronic products. Whether 
increasinq battery life of a mobile phone by reducing power demands, or reducing the noise from a 
computer by reducing the need for coeling air, the power equations---and efficiency calculations are useful 
in optimising enc:aineering solutions at the desiqn stage. 

Variations __ on the p_ow_er _equation 
Enerqy transferred to a circuit component is 
the product of the number ·of coutombs per 
second (current in amps, A) and the energy 
per coulomb (pofontiaf d ifference Tn volts, V). 
i.e. Power in watts = VI. But Ohm's law tells 

~~,.;;, ~ ~~: 
r.Y ---- R. --- v V2 
w P= Vx-orP=-

R. R. 
Similarly V-= IR so: 

@ P = IR x I or P = 12 R. 

Engineers refer to wasted energy lost in 
power cables _ _as l~R losses. 

Efficiency 
Usually expressed as a percentage: 

(
Power out' 

E = Power in ) x 100% 

Here you are looking at power; which is 
the energy consumed per unit time and is 

measured in joules per second or watts (W). 

=~---

~Jo:rke!\2. e:za:.n"'.i.p~e 

Two power stations transmit 2.5 MW of electrical 
power at 25 kV for two factories 100 km away. 
Power station A uses a step-up transformer to 
raise the voltage to 400 kV before transmission, 
but power station B does not. In each case the 
resistance of the transmission line is son. 
Calculate: 

(a) the power lost in transmission lines for each 
power station 

(b) the percentage efficiency of each. 

Now try this 

- '- ~--

Worke~ e:za::~,~p~e 

A 300 Q resistor has a power rating of 4 W. Find the 
maximum current that can be drawn through the 
resistor without exceeding the power rating. 

R = 300 Q, P = 4 W, I = ? A; P = 12 R 

Substituting: 4 = 12 x 300, 12 = _i_ 
300 

I= -- = 0.116Aor116 mA 
300 

By transmitting power at higher voltage through 
the same resistance, the current is correspondingly 
lower (think Ohm's law: R = -'-- ). Therefore / is 

greatly reduced, which reduces the wasted energy. ~ 

Electrical 
enerqy from
power station 
6: 2.5 MW 

/ 2R heat losses: 
-- __ 0.5.MW 

Electrical 
energy received 
at-ractory 2 .0 MW 

Sankey diagram. 

Current generated by station A: P = IV, 

2.5 x 106 = I x 400 x 103, I = !~: ~~ = 6.25 A 

a) Power lost due to heating power line= t2 R 

= 6.252 x 50 = 1.95 kW 

b) Efficiency= 2
•
5 >< ~o;~~~ x 

1<>' x 100 

= 99.92% (to 2 d.p.) 

Current generated by station 6: P = IV, 

2.5 x 106 = Ix 25 x 103
, I=~·;: 

1
1g: = 100 A 

(a) Power lost due to heating power line = 12R 

= 1002 x 50 = 0.50 MW 

(b) Efficiency =((2.5 - 0.5)/2.5) X 100 = 80% 

If the voltage across a circuit is quadrupled, explain how the current through the circuit changes. Assume the 
power remains constant. 

2 Calculate the efficiency of a power supply that produces a 0.6W output from a 5V supply and draws 0.2A. 
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• ire of 's voltage an 
- c rrent a'tVS 

You-·can·· ose::--ohm·s--1aw-eo·analyse ·a-·srmple-Circuit butyou-also n·eed--Kfrchoff's laws for network5 of 

resistors. 

Kirchoff's voltage law 
When resistors are connected in series the sum of the voltage 
dro_p (or __ potenti~Laiffere_nces _ f'D) _across _each _ one_ is equal to the 
total supply voltage. 

--- So where three resistors· are -in series·· then: 

V = V1 + \12 + ~3 

Combining-Kirchoff's and-Ohm's law 
When you combine Kirchoff's \{Ol~<ige __ l_(il\N with Ohm's law you get: 

V = V1 + V2 + V3 = 1R, + 1R2 + 1R3 
This- is sometimes- written in terms- of·the som of the potential 
differences (or voltage drops) across each resistor: L,PD = L.1 R. 

Kirchoff's cunent law -
_ At any j1Jnc:,1;ipr:i_i_11 an electrical circuit_. the total_ 

current flowing towards the junction is equal to 

the totaLcurrent flowing away from it. 

When t flows towards the junction and 11, 12 and /3 

-flow away from it then t -= t; + 72 + T3. 

Out 

In 
/r 

------- -----------
Now try this 

The diagram shows a simple series circuit containing three resistors. 

Calculate the value of resistor R. 

I= 0.GA 

V = 12V 

v 

•·- --___J 

- / Out 
'y 

Junction 

Out 

--------
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charging an e ergy 
Capacitors may be found i n almost every __ electricaLproduct. Justa few of their uses are to smooth 
power supplies, filter wanted or unwanted signals or provide energy storage. Here you will calculate the 
charge and-the energy stored by a capacitor. On pages 53 and 54 you wtll revise how they can be used 
in circuits. 

Charging a capacitor 

Posith/'e 
charge 
+Q 

Negative 
charge 
-Q 

Positive 
terminal + 

DC 
potential 
difference 

Negative -
terminal 

Amount of ~Potential 
~~~~ ~ &~ro~M 

Capacitance (f) 

/;),~ See page 4G to revise more 
U about capacitance. 

Energy stored in a capacitor 
~ Tfie energy stored E = _!__ CVZ 

2 
~The energy, in joules, stored in a 
capacitor is equal to the work done in 
charging ·tne ·capacitor from O V. 

A Charge vs p.d. 
Q for a capacitor 

Ill 
.n 
E 
0 

"'5 

8 

Area _und~r thi;: graph 
equals energy in joules 
(J) stored in a capacitor. y 

Potential difference-, 
in volts (V) 

=----
Workee exa~~p!e 

A DC 24 V circuit contains a 3 µF capacitor. Calculate 
the charge stored by the capacitor. 

Q = ? ' c = 3 x 10-6 c, v = 24 v 
Q = CV = 3 x 10-6 x 24 

= 72 x 10-6 C or 72 µC 

The synbo1 for coulomb is an upright C, whereas 
the variable capacitance is an italic C. The 

a 1 !3eb~a1c SL:'T' er char::ie on the capacicor i::>lates 
ic; 0 t:'ecause o·;e plate s ---0 .;ind the other :s 

-Q. Q refers ro the magnitude of charc;:;e stored 

C''1 each plate. "'"he fully char·3ed 3 µ F c~pacicor 
"'-ill fia~·e + 7 2 µ C or the pos tive p.ate a,.,d 

7 2 µ C on the 1etqative plare_ 

~~-

Worke~ examplie 

6.25 x 10-3 J of energy needs to be stored on a 
capacitor that is supplied with 200V. Calculate the 
capacitance value required. 

E = 6.25 x 10-3 J, C = ?, V = 200V 

E = _!_ CV2 
2 

6.25 x 10-3 = _!_ x c x 2002 
2 

c = 2 x 6.25 x 210-3 

2002 

= 0.31 µF 

A_ capacitor is never connected directly to a voltage source. There 

will always be a resistor to com::rol the rate at which the capacitor is 

charged - this protects both the capacitor and the voltage source. 
r-~ Revise more about this 
U on page 55. 

Now try this 

A 3 mF capacitor is connected to a 6 V DC power supply. How much charge can be stored by the capacitor? 
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Capaci ors net _orks 
HereyouwilLrevis.e the ... different .. resultsJ_rom_connectinq. .. capacitors. in .. series .andJn._p.aralleL .. 

. Capacitors .. in parallel and series 
Parallel 

~------' ·---- {----
_c, 

G--· 
Q 1 

Q2 

.. Q3 . 

e~ 
............. QT 

+----- v ~ 

Series 

+--- V -~ 

_1_ =_1_ +_1_ + _1_ 
C, C1 C2 C3 

The potential difference applied will equal the 
sum of the potential differences across each 
capacitor: V = V, + V2 + V3 

-~- - ---------------------"¥r~:dte:[ e~~a:..:-..p~e 

Find the total capacitance between points X and Yin 

the circuit shown. 

3µf 

00 2 µ.F 

[J--6 

For parallel capacitors: Cr- = ~ + C2 
= 3 + 3 = 6µf 

GµF 2µf 

& --{}{}--{H}----
The two capacitors are in series: ~ = -k + -t, 
Cr = lf'~ = ~: ~ = ~ = 1.SOµf (to 2 d.p.) 

first consider the two 3 µF capacitors; they 
are in parallel and so can be replaced by one 

capacitor of value G µF (Cr = C, + C2)· 

Next, consider the two capacitors in series: 

G µF and 2 µF: C; = tft. 
Remember 'product over sum' works only for 
two capacitors. For three or more, you need to 
calculate the reciprocals individually and then 
take the reciprocal of the answer to obtain Cr: 
i.e. ± = Z, + Z; + Z; etc. 

When using identical capacitors, state which has 
the largest capacitance. 

(a) three capacitors in series 

(b) three capacitors in parallel 

2 Two capacitors with values of 35 µF and 76 µFare 
connected in series. What is the total capacitance 
of this arrangement? 
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apacitors in circ •ts ~ the ti 
constan 

e 

Capacitors are charged and discharged through a resistor, which controls the flow of current and 
therefore the time taken for the cap~~itor to ~harge and discharge. Qn the next page you will revise 
how to analyse the R.C transients during the exponential-based charging and discharge cycle. 

Capacitor charging Capacitor discharging 
The··curr-ent·flow decays; The ·potential··differ-ence 
across the plates increases as the charge 
accumulates. 

·The curr-ent flow,·· potential· difference across··the ·· 
plates and the charge all follow the same type of 
decay ci.Jrve- di.fring the c:l iscnar~e . 

__ Current 
l4. Char13in13 

current delay 

I (amps) 

Time 

PD 

Current 
A 

I (amps) 

Discharge: 
c urrent decay 

.... lime·· 

· p ha:inq: --
- _ PD increase 

V(volts) 

PD 
A 

V(volts) 

. ..... Di~chii!r-a~; 
PD decay 

--Tlme·--

·RC·transient ·period· 
Th~ oa~nerally_ Cilc:cept;_~~ tim~Jqr 
a capacitor to be fully charged/ 
dischas-¥c:Lis . .taken as. 5 .t ime . 
constants. The R.C transient 

-period-is-taken to· be· 
0 > time constants < 5. 

Now try this 

4ime - -

····Re -transients · 
_The tim~ .. c:c:m~tarit (Gre:~:lc l~tt;er 'taµ '_ 't), in __ ?_~c::qn~s~ .fqr th~ _c;:a.p;Jc;itpr_ 

to charge/discharge depends on the capacitance of the capacitor (C, 
. .in .far.ad5) . .and the l'.'esi5tance. of .tbe.resistor .. (R,-in ohms). 

It is given by the product of the two values: 

r= RC 
V (volts) 

The resistor restricts the 
flow of c:vrrent to prevent 
damage to the-capacitor 8-::s~ 

C1 and/or battery. 
R1 

A 2200 µF capacitor is charged to 12V through a 100 kQ resistor. Calculate 

(a) the maximum charge stored by the capacitor 

(b) the time constant of the circuit. 
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You need to know how to analyse the RC transients during the exponential-based charging and discharge 
cycles of capacitors. ____ _ 

=~- -
Voltage change on capacitor 
charge/discharge 
The value ofthe voifag_e_ across tfie caf'adtorlVJ 
at any instant in time during the charge period is 
given by~= V

5 
(1-e=f). - --- - -

The equiv-atent discharge--voltaqe-~s <aiven -b-y-

Vc = V5 e::f, where V5 is the supply voltage and t 
is the elapsed tinie since the af'plicatiC>n/removal, 

~~~f'~(;~i1,1~ly, of ~~e supply voltage. 

~ ,/:,:-------------------- a -cvb 
\ Q = CVb[1 -e-t/RC] max B 

\ Charge on ~ 
\ capacitor t1... 

' ll 
' ,, I = vb e-t/RC 

',,',~--- ~rre~g 
0 RC 2R.C 3R.C 4R.C Time-.-

Worke~ e~a:;.i,1p!e 

- An extrusion machine in a plastic bottle manufacturing 
factory includes an RC network with a time constant of 
0.56s. The value of the capacitor is 3.9µF. Calculate the 
value of the resistor. 

-r = 0.56, R = ?, C = 3.9µf 

-r= RC 

0.56 = 3.9 x 10-6 R 

R = 3.9o;~o-• = 144 k.Q 

If these expressions are required for the exam, 
they will be provided on the sheet. There is no 
need to learn them. 

Make sure you know the laws of logs and indices, 
which can be revised on pages 1 and 2. 

~-------------------~----= -- -

Worke-lli e~~a:..1'~pEe 

A single-phase squirrel cage motor requires a secondary 
winding, in series with a 'start capacitor~ to generate sufficient 
torque to start the motor turning. A typical start capacitor has a 
capacitance of 100 µF and a supply voltage of 250V. What is the 
discharge voltage after 2 time constants? 

Vc = ?V, V,.=. Ignore the 
capacitance because 

Va = V,.e -t/-r you don't need to 

Va = 25oe-2 = 250 x 0.1353 

Va= 33.83V (to 2 d.p.) 

calculate the time 
constant, "t. 

Use the 'In· button on your 
calculator; wgether with the 'shift' 
key, to access ~he e" function. 

D.on'.t for'3et_to_cbange tbe__slgn 
of the power 2 to a minus. 

An RC timing circuit has a time constant of 0.56 s. The value of the resistor is 15 kQ. Calculate the value of the 
capacitor. 

2 An RC circuit has a time constant of 5 seconds. How long should be allowed for the capacitor to be considered 
fully charged? 
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es bias an a _p ications 
______ Here you will explore __ bow _diodes work..and .. the .. .many_ uses they have in .. ele_ctronic engineering. __ 

Bias characteristics 

56 

Simple diodes allow current to flow in one direction only. Modern diodes are based on a semiconductor 
-pn jtJnction. The voltaqe/current characteristics can be amended by the additton of-dopin'-3 material at 
manufacture. 

Current 

I Forward 
Pias 

Forward bias 

Anode ~ Cathode 
+ -

- --Ciwl'ent flow 

Reverse bias 

··-- - ------- ---------A-node--- ---Cathode------ -

-~+ 

----:=~=i-....£......_.._-~v·o1t<1ge - -- --- ·--·- · ··-·-· --- -------... ~-Etectron- flow-

/

/Reverse 
bias 

'Niee' volta~e 
is-lihe-thre5hold 
for si~nificant 
curr~nt flow. 

+---,~
~ 

Narrow depletion zone 

Remember: forward bias is positive terminal to p side of the junction. Reverse bias is ne13ative terminal 
· - to p siae of the jliiictiori :-P (ArioaeJsiae ·ofjuffction has hoTes. N (CathoaeY side of Junction has· ·electrons; · 

Forward bias 
applications 
Remember that before a diode 

wi_ll aj_low sig_riift~?l!l_t; c.i,irr~11L 
to pass there must be an 
applied voltage to collapse tbe 
depletion region. for germanium 
diodes the-forward voltage is 
0.3 V and for silicon it is 0.7 V. 

You should be able to sketch 
a suitable diagram to support 
your description of uses for a 
forward-biased diode. 

-Reverse--bias ---
In reverse bias: 

~a small -l~ak<3ge current, although 
there is a high -resistance -

~avalanche breakdown or Zener 
effect, applicatioi,- of-·suffieient 
(precise) voltage causes a significant 
current to flow. 

Typical uses for.Zener .. reverse~biased 
diodes include: 

voltage regulator 

power dissipation 

reference voltage generation. 

-=---
¥J~rke~ e~~a'.?i"~plie 

Explain how a diode can provide: 

(a) rectification (b) clamping function (c) circuit protection. 

(a) One diode can provide half wave rectification of an AC 
current, but full wave rectification requires four diodes in 
a bridge circuit. 

(b) A diode connected with reverse bias in parallel to a 
component protects the circuit from back EMF when the 
component is switched off. 

(c) A series-connected diode protects the circuit if the 
battery is connected the wrong way round. 

=-- -
.,~~rke-l eza:.--~-..plie 

Describe how a Zener diode can be used to regulate voltage in 
a circuit. 

A Zener diode provides a controlled breakdown 
when reverse biased. It will try to limit the voltacae 
drop across it to the breakdown voltacae even if the 
current changes. The voltage drop is very nearly 
constant across a wide rancae of reverse currents. 

Describe, with the aid of a sketch, how you could achieve full 
wave rectification using a bridge rectifier containing four diodes. 
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C power sources 
Direct current (DC) power sources are able to provide the voltage and current required to power a 
range of electrical and electronic devices. 

Cells 
Cells are electrochemical devices able to 
generate an emf and are used as a source of 
electrical current. 

Internal resistance 
The internal structure of a cell or battery has 
some resistance to the flow of current. This is 
known as internal resistance and is the reason 
why batteries tend to get hot when discharged 
rapidly. 

You can calculate the internal resistance of a 
battery by considering it as an additional series 
resistor in a circuit. 

You m·1ght have to remind yourself about Ohm's 
law and resistors in series to follow this worked 
example. 

-------------
Stabilised power supply 
• mains powered 

• produces an accurately regulated pre-set DC 
output 

• more versatile, controllable and safer than 
batteries 

• found in science labs and electronics workshops. 

Now try this 

Batteries 
Batteries contain multiple cells connected 
together to provide higher voltage or current. 

--

Worked example 
- --- ~ ------

The circuit contains a battery supplying an emf of 12 V. 
A current of 1.1 A flows through an external load of 
100. 

Calculate the internal resistance of the battery. 

R1NT Rl= 10.n 

~ 
lntemal Load 

V= 12V 

y 

resistance 

O·~~~~~~~~~~~~ .,.. __ 
I= 1.1A 

Calculate total resistance, RT, using Ohm's law: 

RT=~=~= 10.909Q 

For resistors connected in series: 

Rr = RiNT + Rt. 
Rearrange to make RiNT the subject: 

RiNT = RT - Rt. 
RiNT = 10.909 - 10 = 0.909Q 

Photo-voltaic cells 
• semiconductor devices that generate an emf 

when exposed to light 

• generate small voltages 

usually connected together into large arrays to 
provide higher voltages 

• can be mounted on roofs for domestic use. 

A battery with an emf of 12V and internal resistance 0.5 Q is connected to a load with resistance 9 Q. Calculate the 
voltage across the battery terminals. 
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Resistors in series or para le 
. ..... You .. ne.ed to..kno.w.how.to. . .analyse .circuits. that contain.resistors .. connected.togetberja. sedes .. orparallel. 

58 

Resistors in series 
When resistors are connected in series the same 

···currentflows··thratrghout the··circuitand·the 
current flowing through each resistor is the same. 

The total resistance (RT) for a number (n) o f 

re.~i~t;pr~ iri ~.~ri~~ . i;. .. simply:. 

Rr = R.i + R2 • • • + R,, Resistors in series where 
current (I) is constant. 

Resistors. in parallel 
When resistors are connected in parallel there is 
t he same voltage across each resistor. 

.The J:ot~Lr:e~i~tance JR.TJ for a numl?er. Cnl.of 
resistors in parallel is: 

_!_ = _!_ + _.!_ . . . + _!_ 
Rr R, R2 Rn 

Resistors in parallel where 
voltage (V) is constant. 

VI 
.-T-- ....-~~--J'--~~~~-'--~~~~~ 

--
Wo:!·~af~ e;;~a: .. ~p';.e 

A simple circuit contains three resistors connected in 
parallel, where R1 = 1 k.Q, R2 = 2.2 k.Q and R3 = 5.7 k.Q. 

The circuit supply voltage V = 12 V. 

Calculate the circuit current, I. 

~1 =11\!l 

V= 12V 

for resistors in parallel: 

i = * + i + i; = t + 2~2 + 5~7 
i = * + i + i; = t + 2~2 + 5~7 

R = -
1

- = 0.614kn 
'f 1.981 

Apply Ohm's law: 

t = ~ = 12 = 0.0195A (to .3 s.f.) 
R 0.614 x 103 

follow these steps: 
1 Annotate the circuit diagram. 

2 Find the total resistance of the parallel resistors. 
3 Use Ohm's law to find the current. 

A simple circuit contains three resistors connected in parallel. The circuit supply current V = 12V and current 
I= 25 mA. Two of the resistors have known values, where R1 = 2.2 kQ and R2 = 5.3 kn. 

Calculate the value of resistor R3• 
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Resistors in series an 
co binations 

It is common for electrical and electronic circuits to contain resistors connected together in series 
and parallel cofT1bin<Jtioris. It'? important that; you undt::r?t.anc:I tbt::_ l/C>lt;,aqe ar1c:I c_lJrl"t;:nt characteristics of 

these networks. 

Series and parallel combination 
first calculate the equivalent r-esistance of the 

parallel element, using 

__!__ = __!__ + __!__ 
-~ - - R.i - R2 -

Then use: 

Resistors connected in a series 
and parallel combination. 

p 
I ~ - v, bi----V2---1 

RT = ~ + R3 to find the total 

resistance of the coml;ii11atio11. 

-------
In the circuit shown, calculate current/. 

·Fl A R.- sn 

~ 
R2 •4.sn ~ 

v-12v 

You may need to remind yourself about Ohm's law 
before working through this example. 

v 

Simplifying parallel combination A: 

-k = ~ + ~ = l + '4~S 
~-an 
Simplifying parallel combination 6: 

i;=i;+j;=~+i 
Re= 2.180 

-------

Combining 9erle9 element9 of 5lmpllfled circuit: 

Rr = ~ + Re+ Re ""' 3 + 2.18 + 3 

Rr = 0.180 
Apply Ohm'5 law: 

1- ¥;- ;,~t; • 4.47A (to 3 e.f.) 

Follow these steps: · · d. 
1 Identify the parts of the circuit that can be s·1mplified and annotat~ the c1rcu1t iagram. 

2 Find the combined total resistance of R, and Rz in parallel. Call this RA· 
3 Find the combined total resistance of R3 and ~ in p_aralle~. Call this RB· 

4 find the combined total resistance of RA, RB and Rs in series. 

5 Apply Ohm's law to find /. 

------- -~-~~-~~~~~---------

In the circuit shown calculate the value of R3. 

0 
/•12A ~2•100 

V• 200V 

Use Ohm's law to find the equivalent total 
resistance. Next find the equivalent total 
resistances of the parallel combinations. 

Substitute in t = t + t to find the 
p 3 4 

unknown value R3 . 
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esist rs an • 10 • • es in series 
It is common for electrical and electronic circuits to contain diodes connected together in series with 
resistors. It's important t hat you understand the voltage and current characteristics of these simple 
circuits. 

Resi-stors and diodes in series 
When a forward biased diode is connected in 
series with a resistor there is a voltage drop 
across the diode. 

For silicon diodes the volt age drop is typically 
0.7V. 

From K.irchoff's voltage law, the total voltage (VT) 
for a silicon diode and resistor in series is: 

VT=0.7+V2 

Wcrke~ ejt.a:.:~ .. plie 

A simple circuit contains a typical silicon diode and 
resistor connected in series. The voltage drop across 
the diode is 0.7V. The supply voltage is 12V DC and 
R1 =3.3 kn. 

Find the current flowing in the circuit. 

Now try this 

Resistor connected in series with 
a forward biased silicon diode. 

VT= 12V, V1 = 0.7V: 

V2 = 12 - 0.7 = 11 .3V 

From Ohm's law: 

I= V2 = 11
.
3 = 0.0034A (to 2 s.f.) 

Ri 3.3 x 103 

Follow these steps: 

1 The voltage drop for a silicon diode is 0.7V. 
2 From Kirchoff's voltage law: VT = V, + V

2
. 

Rearrange to make V2 the subject and 
substitute known values to find V2 across 
known resistor R1• 

3 Apply Ohm's law to find the current flowing 
through R1, which will be the same throughout a 
ser·1es circuit. 

A simple circuit contains a silicon diode and resistor connected in series. The supply voltage is 9V DC and the circuit 
current is 6 mA. The voltage drop across the diode is 0.7V. 

Find the resistance of the series resistor. 
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• ser es para le . Capac "tors in_s_eries and parallel a • ac: ors • 

You need to know how to analyse circuits that contain capacitors connected togetherin series or 
parallel. 

Capacitors in series 
· When·capacitors ·are connected in series the 
charge (Q) stored by each capacitor is the same. 

The total capacitance <Gr> for a number (n) 

of capacit;prs in series is :ck-.= i ± <k. · · · .. :::- . ;" 
Note that capacitors in series and parallel are 
treated differently from resistors inseries 
and parallel. 

Capacitors in parallel 
··When capacitors are connec~ed in· paraHe1 there 

is the same voltage across each capacitor. 

The total capacitance (Gr) for a number (n) of 
capacitors in parallel is: 

C1 C2 C3 

El n I~ 

v, ·I· v, + v~] 
Volts M 

Capacitors in series where charge (Q) is a constant. 

c, 

Gr = C1 + C2 · · · + Cn Capacitors in parallel where 

voltage (V) is constant. ·rE31· 
A simple circuit contains three capacitors connected 
in series, where C1 = 2 µF, C2 = 4 µF and C3 = 5 µF. The 
circuit supply voltage V = 11 OV DC. 

Calculate the charge stored in each capacitor. 

110V 

Volts M 

for capacitors in series 

i;=~+t,+~=i+~+i-
1 

Gr= 0.
95 

= 1.052 .•• µf 

Charged stored: 

Q= CV 

a= 1.052 ... x 10-6 x 110 = 1.16 x 10-4 c 
Each capacitor holds the same charge. 

Follow these steps: 

1 Annotate the circuit diagram. 

2 Find the combined total capacitance of the 
series capacitors. 

3 Use Q = CV to find the charge required. 
4 Remember that in a series circuit the charge 

stored in each capacitor is the same. 

----------------~-:Now try this 

A simple circuit contains three capacitors connected in parallel, where C1 = 2 µF and C2 = 4 µF, C3 = 5 µF. The circuit 
supply current V = 11 OV DC. Calculate the charge stored in each capacitor. 
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- comhina i ns 
It is common for electrical and electronic circuits to contain capacitors connected together in series 
and parallel combinations. It's important that you understand the characteristics of these networks. 

Series and parallel combinations 
first calculate the equivalent resistance of the 

- parallel element, usi11<3:----

Cp = C1 + C2 

Then use: 
1_1+_!__ 
Gr Cp C3 

to find the total capacitance of the_combination. 

Capacitors connected in a series 
and parallel combination. 

-

Worked example 

A circuit, as shown, contains three capactitors in a series/parallel combination, 
where C1 = 2 µF, C2 = 4 µF and C3 = 5 µF. The circuit supply voltage V = 11 OV DC. 

Calculate the total stored charge in the circuit. 

A[9~:JC!F 
4µ.F 

110V 
V de 

Simplifying parallel combination: 

CA = C1 + C2 = 2 + 4 = 6 µf 
Combining series elements of simplified circuit : 

1 1 1 1 1 11 
-=-+-=-+-=-
Gr CA C3 6 5 30 

Gr= 2.72µf 

Charge stored: 

Q= CV 

Q = 2.72 x 10-6 x 110 = 2.99 x 10-4 c 

Now try this 

Follow these steps: 

1 Identify the parts of the circuit that 
can be simplified and annotate the 
circuit diagram. 

2 Find the combined total capacitance 

of C1 and C2 in parallel. Call this CA. 
3 Find the combined total capacitance 

of CA and C3 in series. 

4 Use 0 = CV to find the charge. 

Continue with the Worked example and find the charge stored in capacitor C1• 

Capacitors in series carry the 
same charge. Find the voltage 
across the parallel combination 
using V = Q/C. Find the 
charge in C1 using Q = CV 
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Ma netis an agnet·c 
Magnetism underpins.a _ huge_ range of important_ areas __ ofenqineerinq, .such.as_ .electricaLgener.ators, ___ _ 
motors, transformers and a host of other electro-mechanical devices. 

Magnetic fields 
--Maqn-etic-flux-((f>) is--used-to meastJre the 
total magnetic field produced by a source of 
magnetism: Unit5 webers -(Wb): 

Magnetic flux density 
Ma<::1netic flux:--ar:Magnetlc 
density (the <!> flux, in Wb 

intensity of a B = A 
ma'9netic field), Area. in m2 

in Wb/m2 or 
tesla (T) 

Units Wb/m2 or Tesla (T). 

Pennanent 
R1a<3net-- Perpendicular 

area (A) Line5 of magnetic flux around a bar magnet. 

Ferromagnetic materials 
• iron and steel 

Lines of magnetic flux from 

the end of a bar magnet. 

can be ma-gnetised by -a permanent maqnet or th-e magnetic field ofa-solenoic:L 

Solenoids 
- -- - - M-a-gneto motive for-ce -~F;J --

Magneto motive~- = J 
force (A) m 

.ElectricaLcurrent __ 
Number of tum5 throu'3h a 50lenoid (A) 

Units A. 

Magnetic field strength (B) 
Number of tum5 

Ma<::1netic field Electrical current 
str<en~h (Nm) through a solenoid (IV 

leii'3tli (m) 

Number ·i::if wire 
tum5 in 50lenoid 

(N) 

Mag11~if: __ f!~lf.I __ 
5tren.3th (H) 

Current flowin'3 
in 50lenold (/) 

A solenoid is 25 mm in length and has 250 turns. When connected to a power supply, a current of 1.2 A flows through 
the solenoid. 

Calculate the magnetic field strength generated inside the solenoid. 

. 
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Permeability 
_ _______________________ Permeability_is .. a .. measure_ of._the_degree _of.magnetisation a _materiaLunder.go.es .whenitis.expose_d __ t_a __ a _ 

magnetic field. 

Permeability (µ) 
The -ratio of the ma-gnetic flux density (B) 
generated inside a material and the external 

Permeability of free space (µ0 ) 

The theoretical -rati-o of magnetic flux -density (B-) 

and magnetising field strength (H) in a vacuum. 
magnetic fieid strength (nj tnatcauses tne· -------- -- - -- Th15 is a lixec::r-co-nsta-nt ·ana·usea·;a5 ·;a·-i:;e-ncnrhark 

magnetising effect. Maianetlc flux 

Permeability (H/m) 

Units H/m. 

density (T) 

Magnetic field 
stren13th (Nm) 

-Relative. permeability (µr) 
This compares the permeability (µ) observed in a 
given materiart6tli"e permeability of free space 
(Jlo). 

µr = l!:_ 
µo 

This relationship can also be expressed as: 

B 
Ii = 11oµr 

Value5 of the relative permeability 

(µr) of 5ome common material5. 

- Magnetic flux __ 

I ~~e;:!%i ~)~~1~~d-
External magnetising 

- -field strength 
CH)= 1500Nm 

In carbon steel the magnetising field 

H = 1500 Nm cau5e5 a magnetic 
flux den5ity B = 0.19T. 

to which other materials are compared. 

J1o = 4n x 10-7 H/m 

The unit is the henry per metre. 

Medium Relative permeability (µ,.) 
Vacuum 1 

Air 1.00000037 

Wood 1.00000043 

Aluminium 1.000022 

Carbon steel 100 

Electrical steel 4000 

Iron -5000- - ----

Permalloy 8000 

-External-magnet-ising-
fleld strength 

- Magnetic-flux density-
CB) formed in aluminium 
= 0.0019T (H) = 1500Nm 

The 5ame magneti5ing field in aluminium 

cau5e5 a much lower magnetic flux den5ity B 

= 0.0019T, wh-1ch ·15 1·1ttle more than exists in 

the surrounding air. 

A bar of electrical steel withµ,= 4000 is placed inside a solenoid and exposed to a magnetic field strength which is 
H=2200A/m. 

The permeability of free space, 11o, is 4n x 10-7 H/m. 

Calculate the magnetic flux density (8) formed in the electrical steel. 
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el ctance an agnetic 
... tt..is_Jmport.ant that you .. are. aware _ of tberelationsbip .. betwe.en_tbe ~gn.etic fie.k:l strength_(H) __ and ·· 

magnetic flux density (B) in ferromagnetic materials where permeability 1s not a constant. 

BIB curves in ferromagnetic 
materials 
./l., J3/H _GY.!YCJ ? ~imply a graph_of the magnetic flux 
density (B) and applied magnetic field strength 

{H)for.a.qiven material.. .. 

These are not straight lines as you might 
expect. They are curves· because permeability 
~jl) decreases as the apf'_li~9 ~~_'j~~.ti.~ _ fi<;:lt;;l _~':1) .. 

increases. 

/ ...... ::::~.:-::.:.:_::::::: : ~~:f~~!:fl 

/ ' //// 

I 
I I 

X I I 
::> I J u:: J 

I 

I 

__ _ - - - - - - - - Cast iron 

Mainetic fie ld lenqth (H} 

Typical B/H curves for a range of ferromagnetic materials. 

Aftl: ____ ... ___ ... _ 

B 

Retained . 
flux 

.. f'Qint-- of' ... 

flux density 

-;:/ Saturation 

/ 'T ,,;; 
coercivity / 

-H'-~~~-===-~~~t--+-~~~~~~• H 
Magnetising 
force 

Magnetising force 
· in opposite direction " f 

At low values of H where µ is high, a small increase in 
-···-· -H -lead5·to--a--large· increase· in- 6 ;· ·-- -·· - -- · 

At high values of H, where the material approaches 
-magnetic5attfration-;--j.i·tends. t~ ·O and aft mcrease-ifl ····· 

H leads to no further increase in B. 

J'al: .. !Rlllll' ___ a.mw __ _ 

1 A B/H loop shows the full magnetisation of a 

-·-·--ferromacanetic-·materfal-·aleng··the-detted·- line ;-- - ·--·-- ··-· 
2 When the magnetising field H is reduced to zero, some 

-0f the flux B is retained . 
3 When the magnetising field His reversed, the retained 

·-- .. flux. B .. reduce5.to .zero.at . .thepoint.of .coercivltyr -
4 As the reversed magnetic field H increases, saturation 

___ . _____ ___ in .. the .. opposite...direction.ls.reacbed. -· - --- -··-- --··-·-·-----·· -·· 
5 Repeating this cycle causes a closed hy~teresis l~op 

_ .. to.b.e.Jorrnec:L .. Ibe .. a.re.aJ115ide .thi5.Joo12.1e proport1011.al .. 
to the energy lost as heat during the magnetisation 

cyc::le, 

5at"ratlo" '" £--
opposite direction flux density in 

.., opposite direction 
A typical B!H hysteresis loop 
for a ferromagnetic material. 

-~ 

In many applications, ferromagnetic materials undergo the magnetisation cycle man~ times a second. - . 

Explain the importance of specifying a ferromagnetic material with a narrow hysteresis loop when designing a 

transformer core. 
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• screen1n 
Some materials oppose t he flow of magnetic flux. Reluctance (S) is used to describe this magnetic 
resistance. Units are 1/H. 

.Analogy of reluctance and resistance 
You can think of reluctance as being similar to electrical 
resistance: 

Resistance (R) Reluctance (.5) 

~ I ~ emf~V) < ' mm~ (F.) < =1 
Current (I) Magnetic 

R= .Jt.... 
I 

Electrical resistance 

flux (<P} 

.5 = F., 
<P 

Magnetic resistance. 

Reluctance (5) can be expressed as the ratio of magneto 
motive force (F .J to magnetic flux (<P): 

5=~ 
<P 

Magnetic screening 

Reluctance (S) 
You can also express reluctance in terms 
of the characteristics of the material 
used in a magnetic circuit. 

5=-'-
11oµ,A 

Ila = permeability of free space 

Magnetic flu)( 
flowing t hrough 
a mat eria l 

The area through 
which the flux is 
flowing (A) 

The re lative 
penneability 

-of the 

materialµ., 

The mean length of the flux path (/) 

Often it is necessary to screen sensitive electronic components or devices from magnetic fields to 
prevent any unwanted effects. Effective screening can be achieved using ferromagnetic materials with low 
reluctance. These provide a pathway for lines of magnetic flux around the components being protected . 

I, 
Static magnetic field from 
a permanent magnet 

The magnetic field passes 
through the air and then 

through an unshielded 

electronic device. 

Electronic 
device 
exposed to J m••"etic field 

A magnetic field finds it 

easier to pass through 

the low reluctance 

shield rather than hig1 

reluctance air. 

Now try this 

- Static magnetic field 
from a permanent magnet 

High permeabilty 
ferromagnetic 
shield 

I 

A steel circular core with relative permeability 190 has a mean length of 0.2 m and a cross-sectional area of 0.01 m2• 

The permeability of free space is 47t x 10-7 H/m. 

Calculate the magnetic reluctance of the circuit. 
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lectro agnetic in 
Electromagnetic induction is the key process in tbe generation of electricity. 

Faraday's law. of electromagnetic 
induction 
The magnitude of the emf generated is given by 

faraday's law: 

'When a magnetic flux through a coil is made to 
vary, an emf is induced~ The magnituae of this emf 
is proportional to the rat~ of change of flux.' 

------------
The_emr .induced in a coil . 
An emf is generated in a stationary coil by the 
movement of a -permanent magnet, which provides 

the changing magnetic flux. 

. .. Lenz's law .or electromagnetic 
induction 
The direction of the induced current is given by 

Lenz's-law:-- · 

'An induced current always acts in such a 
direction· 56 as fo-opp6se the change in flux . 

producing the current.' 

I 

'f 

-------
Magnet made to 
move through 
centre of coil 

5tationery coil 1..-----t 

witli numl:>er of '-----i 
Voltmeter 

v indicating size 
of induced emf turns, N 

A simple experiment can be carried out to . 
demonstrate electromagnetic induction 10 a coil. 

The emf induced in a moving 
conductor 
An emf is generated in a conductor moving 
through a stationary magnetic field at right ang.les 

to the lines of flux. 
Velocity (m/s) 

emf induced (V) __ 

length (m) 
flux density (T) · -

emf ·induced in a wire moving in a magnetic field. 

Length of 
conductor, L 

v 
Velocity of 

.. moving conductor 

Magnetic 
flux density, B 

in the conductor 

------------------ --------
Now try this 

A conductor moving at right angles to a magnetic field with a flux density of 0.04 Tat a velocity of 0.5 m/s generates 

an emf of 2.4 x 10-3 V. 

Calculate the length of the conductor moving within the field. 
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otors 
Motors convert. electrical energy to .. mechanical rotation. able .to do work . 

-The-.basic operation of aD.C motor 
• A permanent magnet provides a static 

magnetic field in wfiich·a .. coir is free to rotate: 
• When current. flOllV? in the ce>il, the:: magnetic 

field generated opposes the static field from 
the m&3nets and the coiLrotates until the 
fields are aligned. 

• As" this happens, the commutator reverses the 
current in the coil. 

• This; in turn, rever5es its magnetic field, 
causing the rotation to continue. 

The DC m:Jtor. Current is fed through carbon brushes to a split 
rmg, comr:iutator, which reverses the current every half-turn. 

Industrial DC moto~s 

Permanent 
magnet 

Commutator 

In practice, motors are more refined. Some features of industrial motors 
indude: 

The rotating section, including the coils (or windings), commutator and 
drive shaft, is called an armature and is supported In bearings to allow 
free rotation. 

The commutator is split into several segments, feeding current to 
several coils or windings in turn to provide smooth operation; 

The stationary part of the motor, or stator, uses electromagnets to 
provide the static magnetic field, because permanent magnets have a 
limit to the size of magne:tic field they can pr<;>duce. 

End cover 
Stator 

Nailed it! 0 

Magnetic· 
flux, cp 

In this cut away you can see the 

internal parts of an industrial DC motor. 

Commutator 

Now try this 

Explain the function of the commutator and the armature in a DC electric motor. 
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Electric generators _ 
_ Elect.ric _qenerators ___ are __ used __ to convertmechanical power, _usuall}t.provided_ by __ a _rotating __ turbine __ or ----

engine, to electricity. 

Operation of an electric generator 
Generators rely on the -prmci~es of 
electromaqnetic induction. 

A-coirrotates inside--a 5tatre: magnetic- fie1a; 
here provide9 by a per!Tlan~nt magnet. 

• An emf is induced in the coil. 

-• Each end of the coil is-connected to two 
separate slip rinqs, which maintain contact with 

carbon brushes. 
• The induced emf causes an electric current to 

flow between the brushes as the coil rotates. 

This sketch illustrates the basic 
construction of an electric generator. 

-Factors effecting induced emf -
The magnitude of the emf qenerate9 is 

proportional to: 

___ • the number _of turns. in. the .. coiL 

• the speed of rotation 

the 5trenqth of the magnetic field in which the 

coil rotates 
• the angle of the coil relative to the magnetic 

field--in-which it is. rota-ting. -

Max emf induced when coil is cutting 
through perpendicular lines of magnetic flux. 

I I 
-Si-nusoidal output --
As the induced emf at any time depends on the 
anqle at which the coil is cutting through the lines 

___ gf ii:ic;ig_r1~t;if:flu>_<, t~~ 9utputfrom this type o f 

qenerator is sinusoidal . 
,.,----~ 

/ Rotation 

N 5 

Magnetic flux 

B 

Min emf (V = O) when coil is moving 

parallel to lines of magnet"ic flux. 
N 5 

Ma-c;jnetic flux__ 
A 

... -- ~ ~ -
Over a complete rotation of the coil a 

single cycle of a si riusotdal waveform 
ls 13ener<0ted. This waveto,.m is better 
knowr1 35 an alternatln':l current (AC) 
and for this reason generators of this 
type are o~en called alternators. 

---------Now try this 

State three factors that increase the emf generated by 

an alternator. 
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In ctors an sel • -lft ucta ce 
_____ S:el.f,.,~uctance_ occur~ .when __ the __ _varyfoq_ magnetjc_field generated .. by __ a chanqe _in the current .flowinq_.in _a_ 

c 1rcu1t induces an emf m the same circuit. 

Inductance (L) 
-- - - - -- lnductance-is·-measured in h-enry -(H);---wh-ereby 

ln~asin'3 current 

--;;;---= 1 A/-:r-

70 

1 H is the inductance present in a circuit where 
a changing cur-rent-ofTA/5 induces an ·emfof1V. 
Units H. 

-· Electromotive--f-o-rce- -or-em-f -(E) 

emf M~R.ate of chan.ae 
~ of current (A/s) 

I -
Ind uctance (H) 

Units V. 

Self-inductance ~n a coil (L) 

N mber of turns 

agn 1c ux Self-inductance M -- --et· · _ __ fl 
CH) 13enerat_ed ~) 

Current (A) 

Units H. 

A coil with self inductance L 

--·--En·e-rgy· storedin·-·an · inductor·(W) -
Whe11 ii! __ flow oi.c;url"entJ!?. _estii!l'-li_sheQJl1 .. ii! 
conductor a magnetic field is also generated. The 

-work done -in creating this field is stored within 
it until the current stops flowing. As the current 

-flow ceases the-collapse -of the ·ma-qnetic fietd · 
returns the stored energy as an induced emf. 

E ;--£H
lnductance (H) 

ner13y 

-stored (JJ - - W = 2 Current (A) 

Units J. 

An inductor with inductance 2.2 H passes a current of 0.3 A. 

Calculate the energy stored in the inductor. 

Supply 
volta13e, V 

Circuit 
inductance 
c;;·rH 

Self-induced emf opposes 
the increasin13 current 

E= 1V 

A circuit with 
self-inductance 
of 1H. 

Current, I 

Ener13y stored 
t12 

W=2 

Circuit 
inductance, L 

The energy stored 
in the magnetic field 
associated with an 
inductor. 
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Transfo ers an t a 
• 
l et a-nee-

Transformers use the principles of mutual inductance to change the voltage and current characteristics 
of an AC supply. 

Mutual inductance (M) 
Mutual inductance occurs when the varying 
magnetic field generated by a change in the 
current flowing in one circuit induces an emf in an 

inductance (H) 
adjacent ci~rcuit. Mutual 

emf induced E = _ M a l 

(V) dt Rate of chan13e 

of current (N5) 

Transformers 
A transformer 

• has two separate coils or windings 

laminated iron core reduces losses through 
eddy currents 

iron core minimises hysteresis losses. 

Typical transformers. 

lncrea5in13 current 

;: = 1 N5 

Flux, <P 

Now try this 

lncrea5in13 current 

:: = 1 N5 

Flux,<P 

Circuit mutual 
inductance 
M= 1H 

____ ,.___ 
Induced emf in 
the adjacent coil 
E=1V 

Important transformer 
calculations 
For a primary coil with turns N1 and voltage V1 and 
a secondary coil with turns N2 and voltage V2 , the 
transformer voltage ratio is given by: 

V1 N1 
V2 = fi; 
The transformer current ratio is given by: 

V1 =~ 
V2 11 

A step-up transformer increases the supply 

voltage. 

A step-down transformer reduces the supply 

voltage. 

Circuit mutual 
inductance 
M= 1H 

____ . ._____ 
Induced emf in 
the adjacent coil 
E= 1V 

A schematic diagram 
of a transformer. 

A transformer with a primary supply voltage of 230V AC has a primary winding with 1200 turns and a secondary 
winding with 500 turns. 

Calculate the voltage output from the secondary winding. 
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wavefor s 
An alternating curr ent can be analysed by looking_at ho w vo ltage anc:Lcurrent vary over t ime. 
The resulting graphs are known as waveforms. 

Sinusoidal waveforms 
----·· • the outputf-rom·electrtcal··alternators···· 

(generators) 

• all mains electricity. 

v .. 

I 
-;-~~~-';-~~--,~/~~-~ 

t 

The sinusoidal waveform. 

Square 

Sawtooth 

I v / v t 

Non-sinusoidal waveforms. --- .... ----------------- ------

-----

····Half··· 

cycle 
·· complete 
cycle 

frequency (f) 1s determined 
by countin13 the number of cycle5 

-- -- ........ ----------completecLin.j _5eco1u:L. 

(In example, f = 2.5 Hz.) 

,., F 
\_) 

The sinusoidal waveform is periodic, 

being made up of a series of 
repeating cycles. 

J;m---~---
_!mm ____ _ 

Now try this 

A sinusoidal waveform has a periodic time of 0.016 s. 

Calculate the frequency of the waveform. 

- ... -- -
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Single phase C para eters 
Different _ parameters are usecLto define the charact_eristics .of a single phase.AG.supply. 

AC parameters 
• Peak volta9e (Vpe.aJ __ _ _ 
fhe.niaximum. vaiue of voltage or current reached 

_ i_n a_ po~itive: or ne:_g(il~i\ft3 half _c;yc;lt3~-
(for the example shown below VP"""= 325 V.) 

-. Peak;..to.:;peak voltage -

The difference 1?e:_t;we:e:11. _t;he: pg~it;i_'(e: _ pe:Cil~ '311c:(tht3 
-~~gatl-~~- p~~k- ~oltage in a full cycle. 

(for the example shown below peak to peak 

voltage= 650V.) 
• Root mean s(\uare (rm5). voita-~e- (V.:...J 

__ The equivalent DCvoltaqe and.how.AC voltages. -

are usually quoted. For a sine wave: 

1 
Vrms = -J2.Vpe.ak 

(for the example shown below V rms = 230 V.) 

! _ .Av_~r~ca~- yql~g~JY .. vel ... 
The average of all the instantaneous 

----measvrements--in--one haif --cycle;- For ·a sine·wave: --

2 
V;;;;e = n Vpe.ak 

-(forthe-example·shownbelow Vave =- 207-V~} 

• Form factor 

Vrm5 
Form factor = Vave _ 

for a sinusoidal waveform the form factor is a 
· consfaiitr.1r:- · --- -
Note: These _relationships are_ als.o true when 

- considering current instead of voltage. 

T . Rms voltage CV;m;) -- -- --v:s;-~~·~· ··· -~~~~==\--- ___ Peale.voltage 

~;5~ ==r======== 7==- -Avttaqe voltaqe (V..,l 

Example AC waveform 
illustrating 230V SOHz 
supply used in UK ma·1ns. 

5 o.o o o.rn5 0.020 0.025 o.o3o 0.035 o , 40 tcs> 
0 . - / 

I 
-325 -----1-~- ---- ---=~---:=::----------~- ---

--- ~ ~ .. ... .. .. --

Building sites use 11 OV AC to power portable equipment, as this is less hazardous than the standard 230V AC mains 

supply. 
Calculate the peak voltage for a 11 OV AC supply. 
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nalysing o tages 
asors 

• sin 

You can represent a sinusoidal AC voltage as a sine wave on a graph. Another useful -tool -is to think of 

f;_his 1/1/av_e: in te:r111s of .~ r_ot~t;ir:ig yec:tgr: ()!'. phci?or. 

As a phasor rotates, its vertical height at 
any instant- corresponds to the voltage 

at that _point on th~ c.e>rtespo11c:;l_ing sine 
wave. 

)v - v,,...s;n(mt + ~~ 
Voltage (in \/) 
at time t {s) Phase angle {rad) 

Am:Jular velocity1ro-= 21tf+ frequency (Hz) 

{rad/s) 

Direction of 
-vector rotatiot1 

I 

Rotating phasor 
with-a11<3ular 
velocity ro rad/s 

v 

Corresponding sinusoidal 
wavefonn, where 
v = vpe.alt sin(wt+if') 

Using phasors to represent a sinusoidal wavef~ 

(Phase angle </J = 0) 

Graphical addition 

Phasor representing 
standard sinusoidal 
waveform, where 
V = Vpeaksin (<f>t + </>) 

and</>= 0. 

Sinusoidal waveforms can be added together 
graphically. However; this is taborious ·and time -
consuming. 

__ ------------------?':'::: / Resultant wavefonn found 

I 
_ / \ by adding instantaneous 
--- -----------./----- values at eacnpoirit 

a+b 1 I / ~ 
b -t---,--,l__..____ \ 

Graphical addition of 
two sine waves. 

' \ 
\ 

' ' \ " ..... _, ... / 

:; 
r 
!I 

~has~t addition_ 

Phasor representing a 
sinusoidal waveform with 
a leading phase angle, 

where v = vpeaksin 
(wt + </>) and <f> =I= 0. 

Sinusoidal waveforms of the same frequency can 
be added together using the vector addition ·of 
phasors. 

for example, adding v1 = 100 sin(100rot) and 
-Vi~ .::: _2QO _sin(100rot + ~) . can l:?e repre~ented. as_: 

;:;;:-:,:.:;.r-----
,/ 

1t/G rad 

100 

-------------------~ 
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Now ~ry this 

Two sinusoidal voltages of the same frequency are 
represented by the equations V1 = 100 sin(l OOrot) 
and V2 = 200 sin(1 OOrot + ~ ). 
If these are combined, determine the equation for 
the resultant waveform. 

The resultant peak voltage VR and phase angle 
·<f>R can be determined usin'J basic trigonometric 
methods. 

r.,l~~:t-r.r"t 1n'3onometric methods 
for carrying oLJ't vector 

addition can be found on page 13. 

For an example of how to solve phasor 
addition problems graphically, see page 85. 
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eactance an pe a nee 
In AC circuits the equivalent to resistance is impedance (Z), which is a _combination of conventional 
resistance (R), capacitative reactance (Xc) and inductive reactance (XL). 

Capacitative reactance (Xc) 
Capacitative reactance is the opposition to 
the flow of alternating current exhibited by a 
capacitor. 

AC input I i Capacitance 

~~"cyC(L ____ ___,f (C) 

~C:i::v_e ___ -rl-Xc ~ ~J---Cap•cltao~ (FJ 

(Q) I 
Fr~uency of AC (Hz) 

Resistor/capacitor series circuit 
In circuits containing a capacitor and a resistor in 
series then the total impedance (Z) is made of the 
resistance (R) and capacitative reactance (Xc) . 

Total impedance of a resistor/ 
capacitor series circuit 
In AC circuits resistance (R) and capacitative 
reactance (Xc) are vector quantities. 

Total impedance (Z) is given by: 

Z = ~Xc2 + R2 

Now try this 

Inductive reactance (XL) 
Inductive reactance is the opposition to the flow 
of alternating current exhibited by an inductor. 

AC input o~ductance -
~uency - (L) 
( f ) -

Inductive I XL = 2nJL}- Inductance (H) 

reactance fill_ / 

Frequency of AC (Hz) 

Resistor/inductor series circuit 
In circuits containing an inductor and a resistor in 
series then the total impedance (Z) is made up of 
the resistance (R) and the inductive reactance (XL). 

Total impedance of a resistor/ 
inductor-series circuit 
In AC circuits resistance (R) and inductive 
reactance (XL) are vector quantities. 

---------------.,,, 
\ 
I 

~/ : 
R 

Total impedance (Z) is given by: 

z = ~xL2 + R2 

An engineer is testing an inductor with an inductance of 1.2 H and resistance 2.5 Q. It is connected to a 230V, 
50 Hz AC supply. 

(a) Calculate the impedance of the circuit. 

(b) Calculate the current drawn from the supply. 
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ectificatio 
An important application of diodes is in the rectification of AC to DC. Rectifier: circuits are commonly 
used to convert the low voltage AC output of a mains transformer to a DC voltage suitable for running 
electronic devices. 

Simple half wave rectifier 
A simple circuit connected t o the output of a 
transformer uses a single d iode to provide half 
wave rectification by eliminating the -ve half cycle . 

Diode 

~"~~ ~~:----.----o" :~~"' 

Vmax ~,.------~---- - ------
! 

( + I + 

ov I 
V m, n ----------- ··•··----·---· 

---------2m... .... -~ .. - ..... ---- ----- -- .. 
Full wave bridge rectifier 
A circuit connected to the output of a 
transformer uses a 4-diode bridge to provide full 
wave rectification making both half cycles +ve. 

,Dll >------~----+ 

DC 
~ output 

-----
Smoothed full wave-bridge rectifier 
The addition of a smoothing capacitor to the output 
of the rectifier reduces voltage ripple and provides a 
smoother DC output. 

-

Now try this 

5moothinca 
capacitor 

r----+----r-----+ 

------
DC 

output 

v-r,--------------- ------
ov 1 + , I + 

I - I -
vmin ~------------~--------------

AC input. 

----
v _ 5±=7--------------,.<------/ + I + 
ov \ 

- I 
VmTn --·-·--- ----L------·~~-..--~-

v ~ -~~ 
\ ,t ~ ,•' .. .. 

ov ' ' 11 
' 

-----
Electricity distribution systems use high voltage AC (alternating current) to carry electricity over long distances 
between power stations and homes and businesses. However, many electronic devices require a much lower voltage 
DC (direct current) electrical supply in order to function. 

Use notes and diagrams to explain how 240V AC mains electricity could be converted to a SV DC supply suitable for 
use in a phone charger. 
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_O r nit 1 exa 
Your Unit 1 exam will be set by Pearson and could cover any of the essential content in the unit. You can 
revise the unit content in this Revision Guide. This skills section is designed to revise skills that might 

be needed in your exam. 

Exam checklist 
Before your exam, make sure you: 

~ Have double-checked the time and date of your 

exam. 

~ Have a black pen you like and at least one spare. 

{0 Have checked what you need to take into the exam; 
e.g. a ruler, protractor, pencil, scientific calculator 
that must not be programmable and that meets the 
requirements stated. 

~ Are prepared to show all your working using the 
appropriate units in your answers, to the appropriate 

degree of accuracy. 

~ Get a good night's sleep. 

--------------

_________ zs; ___ _ 

Check the Pearson website 
The questions provided in this section 
are designed to demonstrate the skills 
that might be needed in your exam. The 
details of the actual exam may change 
so always make sure you are up to date. 
Check the Pearson website for the 
most up-to-date Sample Assessment 
Material to understand the structure of 
your paper and how much time you are 
allowed. 

-----------
Explain questions find questions 

Describe questions See an example on 5ee an example 
5ee an example on page 80 on page 81 

page 79 \ //:~:~-u~~x;:;~:i:~s 1 

~::~:::~u~ w~orking __ page 82 

Calculate questions 2 -r-------------,l 5ee an example on 

Using the formulae booklet I Exam page 
83 

5ee page 90 ---=------- skills 

Synoptic questions 2 
See an example on 

page 89 7 
~ -~:~:nq~:::;I; 

----------- / ~ ~ oo p•ge 84 

Draw questions 

ntify questions Label questions Revise this skill 

Synoptic questions 1 

5ee an example on 
page 88-

5ee an example Revise this skill on page 85 

on page 87 on page BG 

Now try this 

Visit the Pearson website and find the page containing the course 
materials for BTEC National Engineering. Look at the latest Unit 1 
Sample Assessment Material (SAM) to get an indication of: 

the number of papers you have to take 

• whether a paper is in parts 

• how much time is allowed and how many marks are allocated 

• what types of questions appear on the paper. 

You; tutor or ·instructor may already 

have provided you with a copy of 
the Sample Assessment Material. 
You can use these as a 'mock" exam 

to practise before taking your 

actual exam. 
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Here are some examples of the skills involved when showing your workings .and methods __ in your 
mathematical calculations. 

-==~-

( Worked example 

The supports for the loaded beams of a bridge must 
be able to support the load safely. 

140 kN 90 kN 

.25 I 231 kN 

UDL=22kN/m 

A 
I I 
I I 
I I 
I i I 
I I I I 

II.Sm: 2m 7m 1· ., •!f 
Calculate the reaction force at point A. ••• 

I a swering, for 
example, a simply 

supported beam 

question that includes 
a UDL (uniformly 

distribu'.;ed load), add 

the equivalent point load 

to the sketch provided. 

You should set 
out your work'ing 

clearly and, where 
necessary, explain in 

words what you are 
doing at each stage. 

Final answers, methods and marks 
In your exam, marks may be given for: 

@ your final answer 

~e method used to reach the final answer. 

For example: 1 mark foe method 

- I 
WorkintJ I 
T aki"'3 moments about B: I 

And ~uivalent point force for UDL. 

Magnitude of force: 

(1.5 + 2 + 7) x 22 = 231 kN 

Position of force: 

(1.5 + 2 + 7) 

2 
= 5.25 m from point A 

And support reaction at point A. 

Take moments about B: 

~ x 10.5 = (140 x 9) + (90 x 7) + 
(231 x 5.25) 

~ x 10.5 = 1260 + 630 + 1112.75 
3002.75 = 

~ = Numerical error 
10.5 

~ x 285.98 kN 

The response to this 

question clearly shows 
the method followed. 

However; in this case, 
the final solution is 

incorrect because of a 

1 mark for answer 

\ 
Answer\ 
~ = 295.5 kN 

is inaccurate, the 

correct method is 
clearly shown. So this 

would be reflected in 

Notes 

M1 for taking 

~ x 10;5 =(140 x 9 ) + (90;7 x 7) + (-281 x 5.25) moments about B. 

~ x 10.5 = 1260 + 630 + 1212.75 A1 for value of ~-
---

3102.75 
~= 10.5 

R,.. = 295.5 kN 

-

Now try this 

Continue with the Worked example to calculate the reaction force at point B. 

Q-You could revise e page 18 to help you. 
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'State' an escrihe' estions 
Here are some examples of skills involved when answering 'state' and 'describe' questions. 

Worked example 

A body in static equilibrium will remain at rest or in motion 
with constant velocity. 

State all three conditions that must be met for a system of 
coplanar non-concurrent forces to be in static equilibrium. 

If answering a 'state' question, recall 
the specific facts required and state 
them clearly in your answer. 

;--:-s- ~m- cop-le ~re-;p~nse extrac~ ••• 
You need to correctly state all three of the 
conditions that must be met . 

t .. ~ ~ - - - -- _. ·~-- --

The sum of all the vertical components of the forces 
actin13 in the system is zero. 

The sum of all the horizontal components actin13 in the 
system is zero. 

The sum of all the moments acting about any point in 
the system is zero. 

Worked example 

A maintenance engineer strips down a DC electric 
motor in order to find and rectify a fault that is 
causing it to malfunction. They have traced the 
fault to worn brushes, which will need replacing. 

Describe the function of the brushes in a 
DC electric motor. 

A pair of stationary carbon brushes allow 
electrical cvrrent to be supplied to the coils 
in the rotatin'3 armature of the motor. They 
are sprinoa-loaded and stay in contact with the 
commutator, which feeds current to each coil 
in turn as the motor spins. 

Brushes are usually made of carbon and wear 
down 13radually over the lifetime of the motor. 
Wom brushes are a common fault. 

Now try this 

Q.,.. Look at pages 1 G to revise the 
(7~ content covered in this question. 

The first part of the question establlshes the 
engineering context of the que5tio,11 .so that you 
will know t he subj ect area being considered. 

When answerini:'.j a ·aescribe question, you neeci to 
g ive a clear description of a particular component, 
feature or process. Here, the answer is st~ctui-eci 

In sente.nces and provides ""' qood desc lptton of 
the function of the brushes. 

Whenever p05sible yo11 should use appropriate 
t echnical languatje n your answers. Thl s example 
corredly uses the terms armature anc:l commutator 
in connec tion with the function of brushes. 

The second paragraph of this answer gives an 
indication of a good understanding of the practical 
aspects of using electric motors. However; you are 
unlikely to have time to add in extra detail in this way, 
so concentrate your efforts and write concise answers. 

A vacuum flask helps to keep hot things hot and cold things cold by 
limiting heat transfer between the inside and outside of the flask. 

)Jlllllfll You can revise heat 
8~ transfer mechanisms 

on page 33. 
State the three principal mechanisms of heat transfer. 

Electrical generators or alternators are widely used to generate electricity in a wide range of applications. 

Describe the function of the slip rings in a simple electric generator. 
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xplain' uest·ons 
..Here. are some .examples. of skills involved when answering explain ques.tions. 

-~~--

( Wcrke& e~amp~e 

Electric motors are used widely to convert electrical 
energy into mechnical energy to run everying from 
extractor fans to trains. They are clean, reliable and 
able to operate at efficiencies of up to 90%. 

Mechanical losses in electric motors are 
mainly due to friction. This occurs wherever 
surfaces move over one another, such as in 
the bearini13s that allow the annature of the 
motor to rotate. Friction losses take the 
form of waste heat. 

Always write as neatly as possible and 
make sure your answers make sense when 
you read them back to yourself. They 
should be easy to read and understand. 

When answering an 'explain' question you need 
to give a clear explanation relating to a particular 
component, feature or process. 

The answer is structured in two useful parts. 
1 The first sentence identifies a source of 

mechanical loss. 

2 The rest of the answer expands on this to 

explain its cause, characteristics and effects. 

Remember to use appropriate technical language 
in your answers wherever it is appropriate. 

Answering the question 
!-Explain' questions may require answers that ·are 
fairly short, as in this example, or a bit longer. 

For example, you may be asked to explain two 

compc>nent.s, fecit;1Jrf:?. or prc:>ce:??es,_ inst~ad of _ 
just one. If so, you can explain each one using the 
same. approach .shown. here. 

a:::dK"JllS3iJIM•----

-

Now try this 

Heat energy can be transferred from one place to another in a range of different ways. 

Explain the primary form of heat transfer used in a household hairdryer. 

80 
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• n estio s 
Here are some examples of skills involved when answering find questions. -

=~- -

Worked example 

When answering a 'find' question, determine the solution to a problem 
given in the information prov·1ded in the question. This might involve 
applying the particular technique or mathematical method mentioned in 
the question. 

The radius, r, of an enclosed cylindrical tank with 
height of 0.5 m and total surface area of 5 m2 is 

given by the equation: 
A question may have a short scenario giving 
the engineering context for the question. 

5 = 2rtr2 + rtr 

Use the quadratic formula to find the radius of the 
In this example, the equation has been 

recognised as a quadratic equation. The first 
step in finding the solution is to rearrange 
the equation into its standard form, which can 
be found in the formula booklet. 

tank. 4MM 

0 = 2nr2 + nr - 5 

y = ax2 +bx+ c 

a= 21t x=r 

b = 1t 

c = -5 

-b ± .Jb2 - 4ac 
x=-------

2a 

-n ± '1n2 + 40n 
x= 

41t 

-n ± 11.639 
x= ------

4n 

x = 0.676 or -1.176 

Negative answers are not 
possible in this scenario. 

Required radius= 0.676m 

Writing down the values of coefficients a, b and c helps to 
make the working clear. Th.is ·1s helpful when giving an answer. 

In this example, a reminder of the quadra'::ic formula would 
be found in the formula booklet and copied into the 
solution, then substituting in the values for a, b and c_ 

The quadratic formula will generate two possible solutions. You would 
need to decide whether one or both of these are relevant in the 
context of the question_ In this case, it is not possible to have a 
negative radius and so this possible solution would be ignored. 

You need to state your final answer clearly to an appropriate 

level of accuracy. This will usually be to 2 d.p. or 3 s.f. 

If time allows, always check your 
solution by substituting it back into 
the equation given in the question. 

---------------
Now try this 

The radius, r, of an enclosed cylindrical tank with height of 1 m and total 
surface area of 16 m2 is given by the equation: 

1 6 = 2nr2 + 2nr 

Use the quadratic formula to find the radius of the tank. 
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'Calculate' uestions l 
_ _ _ Here _ _are some _exampJes_ of skillsJnvolved iLanswerinia '.calculate_' _questions whe.re_ you n_e_ed to find the 

number or amount of something based on information given in the question. 

82 

- = - -

Wo:rke~ e%amplie 

The diagram shows a radio mast supported by a 
triangular system of cables. An engineer has made a 
ground level survey of the mast supports and measured 
the angles and distances shown in the diagram. 

\~ 
~v; 

125m 

The question has a short scenario 

giving the engineering context 
for the calculation, and you need 
to focus on the application of a 
mathematical method or formula. 

You may find a small 
diagram ·1s ·included to 
illustrate what is required 

in the question. 

Calculate the length of cable a. ••• 
- - . 'I 

, s1mple response e~tra_c~ -
' _J_• - - - - - - -

In this case: 

B= 35° 

A= 22° 

C = 125m 

An43le C = 180 - 35 - 22 

c = 123° 

Usin43 the sine rule: 

a c 
--=--
sinA sinC 

Rearraniae: 

sinA x c 
a=--- -

c 

You might find it useful to add your own labels or notes 
to a small sketch or the diagram itself as you work. In 
this example, labels have been added to help identify the 
sides and angles involved. 

This question involves a non right-angled triangle and 
you must recognise that the sine rule can be applied to 
find a if the missing angle C can be determined_ You will 
find a reminder of the sine rule in the formula booklet. 

SinC 

Substitute known values: 

sin22 x 125 

You should clearly organise your answer including a short 
explanation at each stage so that the solution is easy to follow. 

a= 
5in123 

a = 55.83 (to 2 d.p) 

The leniath of cable a is 55.83 m. 

You should state your final answer clearly, to an 
appropriate level of accuracy and including the 

correct units. 

~ 

Now !ry this 

Continue with the Worked example. Calculate 
the length of the second cable supporting the 
radio mast. 
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ale late' estions 2 
Here _ _are __ some examples of skills involved if answering '.calculate_' . questions.where you need toJind the_ 
number or amount of something based on information given in the question and, in addition to applying 
a mathematical method or -formtJla;- you-also use - add~tionat subject knowledge.--Some--que-stions--may

require longer answers than others. The example below is of a fairly short answer. 

=~- -

Wo;ke~ e~amp!e 

A steel tank has dimensions 1.5 m x 1.5 m x 1.5 m. The tank is 
used to store oil in a vehicle maintenance workshop. 

A depth gauge indicates an oil level of 0.8 m inside the tank. 

Assume the density of the oil is 860 kg/m3
• 

2£ 
losm ,51 9 / 

I( ·I 1.Sm 

Calculate the hydrostatic thrust on one wall of the tank. iMN 

The quest'1on has a scenario giving the 
engineering context for the question. 

You might find it useful to add your 
own labels or notes onto the diagram 
provided, or make a small sketch of 
your own to make things clear. 

from the formula booklet 

F = pqAx 

In this example, you must recognise that this question concerns the 
forces acting on an immersed plane surface. You will find the applicable 
formula in the Fluid principles section of the formula book.let. 

p = 860 k.qm3 

q = 9.81 m/s2 

A= 0.8 x 1.5 = 1.2m2 

h 
x = the height where the average pressure is found = 2 

0.8 

Your answer should list the variables used 

in the formula, identify each one and 
establish its value from the ·informat'1on 
given in the question. This will make your 
next steps far more straightforward. 

F = 860 x 9.81 x 1. 2 x 2 
F = 4049.568 ... 

F= 4050 N 

Once you have established values for each variable, these should be 
substituted into the formula. By writing this out carefully you will 
find it far eas·1er to go back and spot any mistakes that you might 
have made at this stage. 

I You should state your answer clearly us·1ng an appropriate 
level of accuracy and units. As a rule of thumb numerical 
answers are usually given to 2 d.p. or 3 s.f. 

-~--·- ------.....,.,==--=~- - - - - ---------
Now try -this 

A steel tank has dimensions 1.2 m x 1.2 m x 1.2 m. The tank is used to store 
kerosene to run a heating system. A depth gauge indicates the tank is half full. 

Assume the density of the kerosene is 810 kg/m3
• 

Calculate the hydrostatic thrust on one wall of the tank. 
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'Solve' uestio s 
Here are some_ examples of skills_involvec.Lwhen answering 'solve' questions. 

=~---

Worked examp'B.e 

The tension in a drive belt at either side of a 
powered rotating pulley can be represented by 
the following equation: 

300 = 1ooerrµ 

whereµ is the unknown coefficient of friction 
between the belt and pulley materials. 

Although you are given an engineer'ing context, 
this type of q estron ·s about your ability to apply 
mathematical methods to solve the given equation. 

The question asks you to refer to a particular 
mathematical method so you must ensure you 
show evidence of this. Use the information in the 
engineering context and question to inform your 

approach to the quest'1on. 

Solve the equation to findµ. Show evidence of the 
use of logarithms in your answer. IMN 

;., th 5 example. the question- has been correctly 

understood tb need the se of nai::ur<JI 1ogarlthms to 
soi e '--he equation. ne rules for manipulatrnq fogarithms 
are needea. as qlven In the formula book.let_ 

300 = 100~ 

Take natural logs of both sides: 

ln300 = ln100errµ 

Use the rule lnAB = lnA + lnB: 

In 300 = In 100 + In ecµ 

Use the rule lnAx = x lnA: 

ln300 = ln100 + nµ In e 

Since In e = 1 then: 

ln300 = ln100 + nµ 

Rearrange: 

(ln300 - ln100) 

7t 
=µ 

The rule that is being applied at each stage of the 
answer is being correctly written down. This makes it 
absolutely clear that an appropriate method is being 

followed and helps you to keep track of your calculations. 

An important element of this question 
is that you recall that In e = 1. This is 
not in the formula booklet. 

µ = 0.350 

Check answer: 

The final answer is stated clearly to an appropriate level 
of accuracy. This will usually be 3 s.f. or 2 d.p. 

1ooe<r. x 0 ·350> = 300 

If time allows, always check your answer 
by substituting your final solution back 
into the equation given in the question. 

-

Now try this 

As well as marks for an accurate solution, marks 
are also available for applying the correct method. 
These can be awarded only if you show your 
working clearly. 

The tension in a drive belt at either side of a powered rotating pulley can be represented by the following equation: 

350 = 100e2rrµ 

whereµ is the unknown coefficient of friction between the belt and pulley materials. 

Solve the equation to findµ. Show evidence of the use of logarithms in your answer. 
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raw' s 
Here are some examples of skills involved when answering 'draw' questions. 

=~- -

Wo;ked example 

An electrical engineer is working on a system 
that combines two AC voltages with the same 
frequency into a combined output. The two AC 
voltage waveforms can be represented by: 

V1 = 60 sin (80rot) 

V2 = 90 sin (80cot + ~) 

Draw a phasor diagram to represent V, + V2 and find 
the magnitude and phase angle of the resultant 
phasor. •@~fiw.lll-•.11N• 

V 2 phase aniale ~ is equivalent to G0°. 
Scale used: 1 cm to 10V 

V1 =GO 

By measurement from diagram: 

Magnitude of resultant phasor = 130V 

Phase angle (above horizontal) = 36.5° 

Diagrams and graphs 
In response to 'draw' questions, you 
might need to create a graph or diagram. 
This should be done accurately and to the 
appropriate scale. You might also need to label 
the diagram and provide clear annotations. 

You can solve questions involving vectors or 
phasors analytically using trigonometry or 
graphically using an accurately drawn diagram. 
Here, the command verb 'draw' tells you that 

the graphical approach is required. 

To allow measurements to be taken from the 
diagram an appropriate scale needs to be 
chosen. Th'1s allows the draw·1ng to fit comfortably 

in the space provided. In this example, a scale has 

been used of 1 cm to 10V 

It is vital you use a ruler and protractor when 
drawing diagrams and that you work as accurately 

as possible. Th"1s example allows the use of ~ . 
standard protractor by converting angles given in 

radians to degrees. 

Take any measurements from the diagram carefully 
and accurately. You need to convert your 
measurements to the units required in the solut"1on 

according to the scale you have chosen. 

Al though the question may not specifically ask 
that the diagram be labelled, if you correctly 
provide appropriate labels and annotation, it will 

help to make your working clear. 

-------~---- ----------~------
Now try this 

An electrical engineer is working on a system that combines two AC voltages with the same frequency into a 

combined output. 

The two AC voltage waveforms can be represented by: 

V1 =90 sin (120wt) 

V2 80 sin (120wt ~) 

Draw a phasor diagram to represent V
1 
+ V

2 
and find the magnitude and phase angle of the resultant phasor. 
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'Label' estions 
Here are some examples of skills involved when answering 'lal::Jel' questions. 

~dexample 

An electrical engineer is working on the designs 
for a transformer and is studying the BIH loop for 
a ferromagnetic material used in the transformer 
core. 

On the graph, label the points at which the material 
reaches magnetic saturation and the point of 

coerci~~- 1•m•.•m• 

B!H diagram for ferromagnetic material 

Point of 
coercivity 

Saturation 
-B 

Saturation 

You need to clearly identify points or components 
with a leader line to the label. 

-

Now try this 

When answering 'label' questions, you 
need to mark a particular feature or 

component on a diagram or sketch. 

You need to label all the characterist·1cs 
asked for in the question. 

An engineer is working on the designs for a structural tie bar and is studying 
the results of a tensile test on the component. 

On the graph, label the point of failure, UTS and limit of proportionality. 

Stress 

Strain 
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'I e 
Here are some examples of skills involved when answering 'identify' questions .. 

- --

Wo:rket'2. exa~p~e 

A well-designed electrical transformer can 
achieve an efficiency of between 95% and 98.5%. 

Identify two types of core losses that limit transformer 

efficiency. &WM , 

Sample response extract 

Circulating eddy currents formed in parts of 
the iron core waste energy as heat. 

Hysteresis losses are caused by the repeated 
reversal of magnetisation in the core. 

----~--------------

The first part of a question may establish the 
engineering scenario around which it is based. 

Here, the question is testing your knowledge of 

transformer losses. Note that the question asks 
you to cortsider core losses only. You do not 
need to mention the ohmic losses caused by the 

resistance of the copper windings. 

When answering 'identify' questions, you need 
to ~ecogn ise and recall the identity of particular 

features or processes. Keep your answers 
concise so that you use your time wisely for short 

and long answer questions. 

An electrical maintenance engineer is repairing a printed circuit board and is 

studying the corresponding circuit diagram. 

Identify the following components that appear on the circuit diagram. 

l --Cs:J-

3~ 

87 88 

Bad a look 0 Nearly there 0 Nailed it! 0 

Syn ptic estions l 
Here are some examples of skills involved if answering a synoptic question where .you draw .upon . 
and link together knowledge from across Unit 1. This reflects the fact that you need a wide range of 
interconnected disciplines when tackling real-life engineering problems. A synoptic-question -may-be 
divided into parts, as shown below and on page 89. 

On board a small ship electricity is provided by 
a diesel-powered generator. The diesel used to 
run the engine has a total energy content of 
36 MJ/L and is consumed at a rate of 1.7 Uhr. The 
generator provides a 230V electrical supply at 
16 A. 8 kW of waste heat is generated by the diesel 
engine. This is transferred from the engine coolant 
system via a heat exchanger into glycol-filled 
radiators that are used to heat the living quarters. 
The glycol in the heating system has a specific 
heat capacity of 4.18 kJ/kg 0 C. The flow rate of 
glycol through the heat exchanger is 8.6 kg/s and 
the temperature difference maintained between 
the input and output pipes is +0.2 °c. 

(a) Calculate the thermal efficiency of the heat 
transfer between the diesel engine and the 
glycol heating system. *MM 

You will find tha 
the scenar·10 for a 
synoptic question can 
be long and conta·1n 
lots of information 
that w·i11 be required 
to answer the 
questions that follow. 

-

Now try this 

This example of part 
of the question 
requires that you 
make connections 
between thermal 
efficiency, heat 
capacity and flow 
rates. This mix of 
topics makes the 
question synoptic. 

Thermal efficiency = Useful heat output 
Heat input 

Heat input is 8kW (waste from engine). 
This is equivalent to 8k.J per second. 

Useful heat output 

G 
is heat transferred to the system 

lycol heating 

In 1 second 8.6kg of glycol is heated by 0.2°C 
in the heat exchanger. 

From the formula booklet: 

Q = mcAT 

m = 8.6kg 

C = 4.18k.J/kg°C 

AT= 0.2 

Q = 8.6 x 4.18 x 0.2 

Q = 7.1896k.J 

Thermal efficiancy = 7
·1

896 = 0.8987 
8 

Required efficiency is 0.899 (to 3 s.f.) 

"oL shou1d set out calculate questions like this 
one carefully to reduce the likelihood of confusion. 
Writing down the formula for how you will calculate 
the final answer is a good starting point. Then you 
should show how to obtain the information needed 
from the text of the question. 

On board a small ship electricity is provided by a diesel powered generator. 
The diesel used to run the engine has a total energy content of 33 MJ/I and 

In this example of a 
synoptic question in two 
parts, the case study 
used for the Worked 
example above has been 
adjusted. 

is consumed at a rate of 1.8 1/hr. The generator provides a 11 OV electrical 
supply at 32A. 8.6 kW of waste heat is generated by the diesel engine. This is 
transferred from the engine coolant system via a heat exchanger into glycol 
filled radiators that are used to heat the living quarters. The glycol in the 
heating system has a specific heat capacity of 4.18kJ/kg 0 C. The flow rate- of 
glycol through the heat exchanger is 9.29 kg/sand the temperature difference 
maintained between the input and output pipes is +0.22 oc. You can use the Worked 
'-------------'------'-__c-'---- - --- -----.31111.'l3m.,1 example above to help you 
Calculate the thermal efficiency of the heat transfer between the diesel engine answer this example question. 
and the glycol heating system. 
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Synopt·c _questions 2 
This example of a synoptic question is the second of two parts and follows on from the case study and 

question on page 88. 

---
Worked example 

(b) Calculate the overall system efficien•cl!iy.••• ••• 
Useful enertay output 

Overall efficiency = E 
nertjY Input 

Useful ener~y output is the electrical power 

generated. 

P= VI 

V = 2.30V 

/=16A 

P = 230 x 16 = 3680W 

Heat enertay input is the heat energy available 
in the fuel supplied to the diesel engine in the 

same time. 

Eneriay of fuel used per hour = 36 MJ/h x 
1. 71/h 

= 61.2MJ/h or 61.2 x 106 J/h 

Converting tms to fuel used per second = 

61
·
2 x 10~ = 17000J/s or W 
3600 

3680 
Overall efficiency= 

17000 
= 0.216 

Re~uired efficiency is 0.216. 

Now try this 

This example of a part of a synoptic question 
r~uires that you make connections between 
electrical power, the energy content of fuel and 
flow rates. This mix of topics makes the question 

synoptic. 

A few notes or a sentence or two where 

necessary can help you to organise your thoughts 
and enable your working to be easily followed. 

Try not to become overly re1"1ant on the formulae 
booklet. You should aim to remember many of the 
more basic formulae, such as that used here to 
calculate electrical power. 

You should allocate sufficient time to answer the 
final synoptic question so that you can take your 
time and work through each part logically and 
methodically. 

You need to state your final solution clearly to an 
appropriate level of accuracy and include units. In 
this example, the final answer is an efficiency ratio 

and so has no units. 

----------

With reference to the case study in Now try this on page 88, answer the second 
part of the synoptic question that follows. 

You can use the 
Worked example above 
to help you answer this 
example question. Calculate the overall system efficiency. 
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• sing ef r Jae :bookie 
During your exam for Unit 1 you will have access to a booklet containing a list of formulae and physical 
constants. You must become familiar with this booklet, know what is included and what you will need to 
remember. This is shown on pages 91-95 and is included in the Sample Assessment Material for Unit 1 
on the BTEC National Engineering section of the Pearson website. Always check the booklet in the latest 
Sample Assessment Materials to make sure you are up to date. 

Formulae and constants 
These include: 

• static and direct current theory 

• capacitance 

• magnetism and electromagnetism 

• single phase alternating current theory 

• rules of indices 

• rules of logarithms 

• trigonometric rules 

• volume and area of regular shapes 

• the quadratic formula 

• equations of linear motion with uniform 
acceleration 

• stress and strain 

• work, power, energy and forces 

• gas laws 

• angular parameters 

• physical constants 

• thermodynamic principles 

• fluid principles. 

Uses 
Having the formulae booklet 
available means you can 
concentrate on applying your 
knowledge rather than remembering 
a large number of new formulae. 

Use the booklet to check the 
formula you need. Don't get a 
question wrong just because you 
remembered a formula incorrectly. 

If you're stuck, look through the 
list of formula; you may find it 
reminds you of the knowledge that 
you need. 

Now try this 

Compound unit styles 
fundamental quantities such as mass, length 
or time have their own units. These are usually 
stated in their abbreviated form, which would be 
kg, m and s, respectively. Calculated quantities 
such as density, velocity or acceleration have 
what are known as compound units that are 
stated as a combination of fundamental units. 
You need to be familiar with two styles of 
expressing compound units. for example, in your 
Unit 1 exam and throughout this Revision Guide: 

~The units for density are given as kqm3 ; 

elsewhere you may see this expressed as kg m-3 . 

~The units for velocity are given as m/s; 
elsewhere you may see this expressed as m s-1

• 

{,0 The units for acceleration are given as 
m/s2 ; elsewhere you may see this expressed as 
ms-2 • 

The two styles can be used interchangeably and 
there is no right or wrong method, although you 
should be consistent. L 

Limitations 
You won't be awarded any marks for remembering a 
formula when it is given in the booklet. 

I 

Many of the straightforward relationships, like 
trigonometric ratios, for example, are not included. 
You'll be expected to remember these. 

When learning a topic do this alongside the formula 
booklet. Make a note of any formulae that are not 
included. You'll need to learn these. 

Make sure you are familiar with the letters and 
symbols used in each of the formulae. The booklet 
does not define any of these terms. To be able to 
use the formulae you must learn how they are applied. 

Use the Formulae and constant booklet (pages 91-95) to find the formula used to calculate the following. 
Define all the terms used. 

1 Voltage decay on capacitor discharge V c. 

2 The force between two electrostatically charged particles, F. (Hint: Coulomb's law.) 

3 Hydrostatic thrust on an immersed plane surface, F. 
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Formulae and Constant 
Static and Direct Current electricity theory 

Formulae and 
constants 

Current 

Coulomb's law 

Resistance 

Resistance: temperature coefficient 

Ohm's Law 

Total for resistors in series 

Total for resistors in parallel 

Power 

Efficiency 

Kirchhoff's current law 

Kirchhoff's voltage law 

Capacitance 

Electric field strength 

I == ~ 
t 

F =~ 
4rrE0r 2 

R= ~ 
A 

~= all.T 
Ro 

I=! 
R 

The formulae and constants 
booklet (pages 91-95) 
is in the Unit 1 Sample 
Assessment Material on the 
BTEC Nationals Engineering 
page of the Pearson 
website. Always check the 
website to ensure you are 
up to date. 

RT= Ri +R2 +R3 

.!_= ..!:..+..!:..+..!:.. ... 
Rr Ri R2 R3 

P =IV, P = 12 R, P = ~ 
R 

I= Ii+ 12 +13 

v = V1+V2 + V3 or l.PD = l.JR 

E= ~ 
q 

Electric field strength: uniform electric fields E = ~ 

Capacitance 

Time constant 

Charged stored 

Energy stored in a capacitor 

Capacitors in series 

Capacitors in parallel 

Voltage decay on capacitor discharge 

Magnetism and electromagnetism 

Magnetic flux density 

Magneto motive force 

C=~ 
d 

T= RC 

Q =CV 

w = !cv2 
2 

..!:..= ..!:..+..!:..+..!:.. .... 
Cr C1 C2 C3 

CT = C1 + C2 + C3 

Ve = Ve(-tfT) 

B = !. 
A 

Fm=Nl 

Magnetic field strength or magnetising force H == ¥ 
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Permeability 

Reluctance 

Induced EMF 

Energy stored in an inductor 

Inductance of a coil 

Transformer equation 

Single phase Alternating Current theory 

Time period 

Capacitive reactance 

Inductive reactance 

Root mean square voltage 

B 
Ii= µoµ,. 

S= !::!!!. 

"' 
E = BLv, E == -Ndc/J = -L~ 

dt dt 

w = !u2 
z 

L= Nc/J 
I 

V1 _ N1 
v;-N; 

T =.!. 
f 

x - _ 1_ 
C - ZnfC 

XL= 2nfL 

RMS lt 
peak 1Joltage 

vo age= ,rz 

Total impedance of an inductor in series with a resistance Z = jxLz +Rz 

Total impedance of a capacitor in series with a resistance z = jxc2 +Rz 

Average waveform value average value 

Form factor of a waveform 

Laws of Mathematics 

Rules of indices 

amxan = a<m+n) 

am + an = a<m-n) 

Rules of logarithms 

log AB = log A + logB 

A 
log B = logA - logB 

logAx = xlogA 

Average value= ~ xmaximum value 
1t 

Form factor= RMS value 
a'Derage11alue 
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Trigonometric rules 

Sine rule 
a b c sinA sinB sine -=-=-or-=-=-

sinA sinB sine a b c 

Cosine rule 

a 2 = b2 + e2 
- 2bccosA 

Volume and area of regular shapes 

length of an arc of a circle 

area of a sector of a circle 

volume of a cylinder 

total surface area of a cylinder 

volume of sphere 

surface area of a sphere 

volume of a cone 

curved surface area of cone 

Quadratic formula 

To solve ax2 + bx+ c = 0, a ;I! 0 

x= 

s =re 

A= .!,2-e 
2 

V = rct2h 

TSA = 2rcrh + 2rct2 

v = ~rcr 
3 

SA = 4rct2 

CSA = rcrl 

-b±~ 
2a 

Equations of linear motion with uniform acceleration 

v = u +at 

s = ut + .!af 
2 

v2 = u2 + 2as 

s = .! (u + v)t 
2 
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Stress and strain 

Direct stress F 
a= 

A 

Direct strain E= 
M 
L 

Shear stress F -r= -
A 

Shear strain a y= -
b 

Modulus of elasticity E= 
a 
-

Modulus of rigidity G=~ 
y 

Work, power, energy and forces 

Force F= ma 

Resultant force 

Mechanical work 

Fx = Fcos8, Fy = Fsin8 
(where 8 is measured from the horizontal) 

W = Fs 

Force to overcome limiting friction 

Gravitational potential energy 

F= µN 

PE= mgh 

Kinetic energy 

Gas laws 

Boyle's Law 

Charles's Law 

General gas equation 

Angular parameters 

Centripetal acceleration 

KE= .!mv2 

pV = constant 

~ =constant 
T 

pV = constant 
T 

v2 
a= m2 r = -

r 

2 
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Power P= Tw 

Rotational Kinetic energy KE = .! Iw2 

2 

Angular frequency 

Frequency 

2n radians = 360° 

{J} = 2rrf 

f = __ 1 __ 

time period 

Physical constants 

Acceleration due to gravity 

Permittivity of free space 

Permeability of free space 

Thermodynamic principles 

Sensible heat 

Latent heat 

Entropy and enthalpy 

Linear expansivity 

Fluid principles 

Q = mcAT 

Q =ml 

H = U + pV 

AL= aLllT 

g = 9.81m/s2 

co = 8.85 x 10-12 F/m 

µo = 4:n: x 10-7 H/m 

Continuity of volumetric flow Aiv1 = Azv2 

Continuity of mass flow pA1v1 = pA2v2 

Hydrostatic thrust on an immersed plane surface F = pgAx 
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