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the country and is then transmitted across the country
to businesses and houses.

~

The electricity istransmitted as an aternating current
with afrequency of 50 cycles per second. When it
reaches your house its voltage is 240 volts. Thisvalue
iswhat is known as the root mean square of the
voltage. In fact the voltage varies periodicaly as

shown in the graph below.

Domestic power supply
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The function shown in the graph aboveisV = 2404/25 n(18t)°
where V represents the voltage in volts and t the timein milliseconds.
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Power isthe product of voltage and current. To transmit agiven amount of power you could use a
high voltage and alow current or alow voltage and a high current. High currents require large cables
and switchgear and power losses are greater with higher currents, so it is more efficient to use ahigh
voltage and alow current. The ‘supergrid’ that transmits power in bulk across the country runs largely
at 400 kilovolts (i.e. 400 000 volts).

The supergrid distributes el ectricity as a three-phase supply. The three phases of voltage supply, often
called after the colours red, yellow and blue, are shown in the graph below.

Three phase power supply
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These three phases of voltage supply are given by the functions:

V, = 400y2sin16% - 2—3?90 |V, = 40042sin(18ty and V, = 40042 sin182 +2_:?9°
e o e a

where V represents the voltage in kilovolts and t the time in milliseconds.

For any value of t, the resultant (i.e. total) voltageis zero.
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Some parts of the grid system operate at other voltages. Nationa Grid transmits electricity at

275 kilovolts aswell as at 400 kilovalts, regiona electricity companies carry electricity at

132 kilovolts, large industrial customers often receive supplies at 33 kilovolts and smaller industrial
usersat 11 kilovolts. Then, of course, there are all the residentia users requiring adomestic supply at
240 volts.

Transformers at substations are used to change voltages from one value to another.

In essence a transformer consists of two coils of wire, called the primary and secondary windings, that
are insulated from each other and linked by a common magnetic field. Passing an alternating current
through the primary winding causes an induced current to flow in the secondary winding.

IP Is '
Ve = primary voltage
_— — Vs = secondary voltage
"]
| — ——— ! I, = primary current
v —| Np Ns Vs |s= secondary current
P qQ
P / _/“ .
/ [ N, = number of turnsin
— primary coil
Ns= number of turnsin
secondary coil
Primary Secondary
The primary and secondary voltages, Vs and Vs, are related by the equation x—s = %
P P

where N, isthe number of turnsin the primary coil and N isthe number of turnsin the secondary
coil.

The primary and secondary currents, |, and |, are related by the equation :—S = %
P S

It has been stated above that domestic supply voltage in this country is 240 volts. From 1% January
1995 the nominal voltage of domestic supply across Europe has been ‘harmonised’ at 230 volts.
However The Electricity Safety, Quality and Continuity Regulations 2002 which came into force on
31* January 2003 allow UK domestic supply voltage tolerances of 230 volts— 6% to + 10%. On this
basisthereisno need at present to change the domestic supply voltage from its present value of

240 volts.

Photo-copiable
s i i =
O The Nuffield Foundation 3 % .



A Resource for Free-standing Mathematics Qualifications Power to the People

Compr ehension Questions

a Theperiod, T seconds, of asinewaveisrelated to its frequency, f cycles per second, by T = %

Use thisformulato find the period in milliseconds of avoltage supply whose frequency is
50 cycles per second. (2 marks)

b Explain how thisis confirmed by the graph on page 1. (1 mark)

a Thearticle statesthat:
‘The root mean square, Vyys , Of the supply voltage isrelated to the amplitude, V,, by the

equation:  Vgpys = ﬁ.’

J2

The root mean square of domestic supply voltage is 240 volts.
Calculate the amplitude of domestic supply voltage, giving your answer to the nearest volt.
(2 marks)
b Explain how you can check this value from the graph. (1 mark)

The statement ‘ Power isthe product of voltage and current.” can be writtenas P = IV where P
represents the power inwatts, | the current in amps and V the voltage in volts.

On these axes sketch agraph of | against V ! A
for a constant power P.
(2 marks)

0 )V
a Look at the graph on page 2. Which of the three functions
V, = 4002 sin16% - 2—3?90 |V, = 400¥2sin(18ty and V, = 400y2sin18% + %Qo
e [%] e o

givesthe curve labdled as Red in this graph, which gives Y ellow and which gives Blue?

(3 marks)
b  Describe completely the geometric transformation of the curve y = sin t that would give the Red
curve. (4 marks)
c (i) Findthevaluesof V,,V, and V; whent = 8, giving your answersto 3 significant figures.
(i) Hence show that the resultant voltage is zero for this value of t. (4 marks)
A transformer is needed to change a voltage from 132 kilovolts to 240 volts.
Find theratio of the turnsin the secondary coil to the turnsin the primary cail. (3 marks)

Use calculations to show why there is no need at present to change the domestic supply voltage of
240 volts as aresult of The Electricity Safety, Quality and Continuity Regulations 2002. (2 marks)

(Total 24 marks)
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Teacher Notes

Unit  Advanced Level, Applying mathematics

Notes

Thisisintended as a practice comprehension that students can attempt near the end of their ASlevel
course. Itisrecommended that students are given the comprehension to study in their own time prior
to attempting the questions based on it. The questions are similar to the type of questionsthat they are
likely to meet in Applying Mathematics Paper 1. They are allocated marks that total 24, again to
reflect the mark total in that paper.

Answers
1 a 20milliseconds

b  Timefor one complete wave on graph = 20 milliseconds
2 a 339volts(nearest volt)

b  Thisisthe maximum value shown on the graph.
3

LA
0 Y

4 a RedV, YdlowV,, BlueV,
b  Oneway stretch in they direction (vertically) with scale factor 400+/2

One way stretch in thet direction (horizontally) with scale factor 1_18 (either order)
c (i) V,=230,V, =333V, =—-563 (to 3sf) (i) 230+333-563=0

5 1:550

6 Domestic supply voltage must be in the range 230V — 6% to 230V + 10% i.e. 216.2V to 253V
240V is between these values and therefore acceptable.

Marks

The comprehension has atotal of 24 marks.

As noted above this reflects the number of marks available in the comprehension paper (Paper 1) for
Applying Mathematics.

There are another 6 marks available for mathemati cs presented:

accurately using correct notation
logically and clearly.
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