TecHNoOLOGY STuDY FiLE 17

MATHS HELP

Technology uses mathematics in many different ways - ranging
from simple measurement 'sums' in marking out materials to
complicated calculations in engineering. Unfortunately, many
people think of maths as very difficult and try to avoid using it
when they are designing things. In fact, a lot of the maths
needed in design work is really quite simple arithmetic and is a
friend not an enemy! The following pages give you some
examples of how maths can help in your design work.

Areas of shapes tells you how to work out the areas of a number of
common shapes. For example, you may need to work out the cost
of a circular disc of material which is priced in pence per square
cm (e.g. silver). On a calculator, you simply have to multiply the
radius of the blank by itself (r?) and then multiply this figure by =
which on most calculators means pressing the x key.

Volumes of shapes tells you how to work out the volumes of a
number of different 'containers'. It is only slightly more
complicated than working out areas. For example, the volume of
a cylinder = the area of the base (identical to the calculation on
the area of a disc) x the length. This simple calculation is often
used for estimating how much liquid a container will hold. With
a bit of thought, you can work out the dimensions of different
container sizes needed to hold a specified amount of liquid. For
example, you make an assumption about (guess) the diameter of
the base and divide its area into the volume of liquid to give the
length.

It is important to note that if you are estimating the volume of a
complicated container shape, you can break it down into a
number of simpler shapes - e.g., a cylinder with a hemispherical
dome at both ends has a volume of the cylinder + a sphere.

If you know the volume of a piece of material - e.g., your design

for a paperweight - you can predict its overall mass by multiplying
the volume by density which can be found in table 2.11.
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AREAS OF SHAPES
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Circle

Area = mr?
circumference = 2nr

Sector of a circle

Area = 0 x mr? = r’o (6 in rad.)*
27 2
Length = 6 x 2xnr = 16 (6 in rad.)*
ofarc (1) 2=
Ellipse
ﬁ
A
a\_
Area = mab
Perimeter = 1.414nv(a*+b?)
(approx.)

188

* (0 in radians)
1 radian = 57.3° = 360°/2x
1°=0.0175 radian
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VoLuUMES oF OBJECTS

N~

Volume of cylinder = nir?> x h Volume of sphere = 4mr?
3
h h
\ / v
Volume of box =1xb xh Volume of cone = nir? h
3
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DiviDING AND CALIBRATING

There is often a need in technology to divide lines and circles
into equal divisions with great accuracy. For example, you might
be marking out a piece of work to drill a series of equally spaced
holes or putting a series of numbers on a clock dial. The next
tew pages give you some methods for dividing and calibrating.
They also provide some problems to practise on.

Examples of calibration
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DivIDING A LINE BY INTERSECTION

Our problem is to divide a straight line AB into
a number of equal parts, say ten. Why can't you
just use a ruler? Sometimes you can. For
example, if the length of AB is 5 cm, you can
simply make a mark every 5/10 = 0.5 cm with
your ruler.

However, suppose the length of the line is

7.75 cm. You now need to mark every

7.75/10 = 0.775 cm. This is much more difficult
to do accurately.

There are two ways of constructing the
divisions accurately. One is given on this sheet.
(The other is dividing the line by parallels and
is covered on the next sheet.)

METHOD

1. Draw a line XY parallel to AB It should be
longer than AB and a few cm away - see
diagram.

2. Use a ruler to measure accurately 10 equal
spaces (for example, use 1 cm or 0.5 cm
spacing). Mark this line CD. CD should be a
little longer than AB.

3. Join C to A and D to B, and extend these
lines to intersect at O - see diagram.

4. Now join up each division on CD to O.
Mark clearly where these lines cross AB.
These points give accurate divisions of the
line into 10 equal parts.

PRoOBLEMS

1. Draw a line AB about 11 cm long, on a sheet
of A4 paper. Use the method described
above to divide AB into five equal divisions.

2. Aline 6 cm long is to be calibrated for
temperatures of between 45°C to 70°C. Use
the method above to show the temperature
every 5°C.

EXTENSIONS

(a) Will the method work if the line XY is
shorter than AB?

(b) Will the method work if XY is not drawn
parallel to AB?
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DivIDING A LINE BY PARALLELS

Our problem is to divide a straight line AB into
a number of equal parts, say seven. Why can't
you just use a ruler? Sometimes you can. For
example, if the length of AB is 3.5 cm, you can
make a mark every 3.5/7 = 0.5 cm with your
ruler.

However, suppose the length of the line is

5.81 cm. You now need to mark every 5.81/7 =
0.83 cm. This is much more difficult to do
accurately.

There are two ways of constructing the

divisions accurately. One is given on this sheet.

(The other is dividing the line by intersection
shown earlier.)

METHOD

1. Draw a second line XB at an angle of about
40° to AB.

2. Mark seven equal divisions along BX - use a
convenient size such as 1 cm.

3. Draw a line from A to the last division
(marked 7).

4. Using a ruler and set-square, as shown
opposite, draw lines parallel to A7 which
pass through 6, 5, 4, 3, 2 and 1 on BX.

5. The intersection of these lines on AB divides
it into seven equal parts.

PRrRoBLEMS

1. Use this method to divide a line of about
11 cm into six equal divisions.

2. Aline 7 cm long is to be calibrated from
0 km per hour to 150 km per hour, showing
every 10 km per hour. Use the method
above to achieve this calibration.

EXTENSIONS

(a) What happens when the angle ABX is
increased to 90° (see right)?

(b) Will this method still work if an angle of
more than 90° is used?
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DiviDING AN ARC AND CALIBRATION

Our problem here is to calibrate a rotary control

knob. For example, suppose you want to read
the volume of liquid in a tank in litres. The
lowest value is O litres and the largest value 70
litres. The knob turns through 255".

litres

You want to read every 5 litres on the scale; O,
5,10, 15, ..., 65, 70. Since 70 litres is
represented by an angle of 2557, 1 litre is
represented by

255°
70

= 3.6428°

and 5 litres is represented by

5 x 255° =18.214°
70

which is 18° to the nearest degree.
You can continue in this way:

10 litres needs an angle of

10 x 255° =36.428°
70

which is 36° to the nearest degree.

15 litres needs an angle of

15 x 255° = 54.642°
70

which is 55° to the nearest degree.

StrucTUREs (VERsION 1.2)

PRoBLEMS

1. Copy and complete the table below to give

all the required angles:

Reading
(litres)

Angle
(nearest degree)

0 0°

S 18°
10 36°
20 55°
25 -
30 -
35 -
40 -
45 -
50 -
55 -
60 -
65
70

. Using a circle of radius 4 cm, calibrate a 255°

sector of a circle to show O to 70 litres in 5
litre divisions.

A completed calibration from 20 to 90 is
shown in the diagram below. Estimate the
reading shown by the pointer.

. A similar dial has to be calibrated from O to

130 litres, marked off in 10 litre intervals.
The total angle to be used is 290°. Complete
a table of angle calculations and draw the
diagram.

EXTENSION

Suppose you use 18° for each 5 litre division in
the first problem. Would your calibration be
accurate enough?
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VOLTS

0 250

What voltage is being shown by the
pointer?

volts

1. Complete the marking of the voltmeter
scale to show 50, 100, 150 and 200 volts.

Fuel Temp°C

Full 120

Empty 50

2. Mark the fuel gauge to show 0.25, 0.5
and 0.75 full.

Estimate the fraction shown by the
pointer.

full

Mark the temperature gauge to show 10°
intervals.

Draw the pointer when it is at 105°C.

km/hour
mph

100

3. Complete the scales for the
speedometer dial on the left. The
outside scale has to be marked from O
to 100 mph at 10 mph intervals. The
inside scale has to be marked from O to
160 at 10 km/hour intervals.

Draw the pointer of the speedometer
when it is showing a speed of 60 mph.

What is 60 mph in km/hour?

km/hour
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MEASURES AND ERRORS

You are making a thermometer scale. It is a straight line scale,
and all the divisions on it must be equally spaced. The positions
of the lowest and highest temperatures, (0°C and 50°C) are 10.5
cm or 105 mm apart.

0°C 50°C

So, a change in temperature of 50°C is shown by the length
105 mm. This means a change of 1°C is shown by the length
105/50 = 2.1 mm. As it is difficult to measure 2.1 mm, you
might decide to use 2 mm which is close.

Laying your ruler along the scale and, starting at O, you make a
mark every 2 mm.

Finally, you would make the 50th mark as shown but it is not
where it should be at the 50°C mark.

So what went wrong? Fifty spaces at 2 mm each is 50x2 = 100 mm
but 105 mm were actually needed. Though 2 mm seems close to
2.1 mm, when used several times over it can make a big error in
the end. The total error is 105 - 100 = 5 mm too small.

2. Mark is making a
thermometer to show 20°C
to 60°C. The measured
distance between those
points is 13.6 cm.

PRoOBLEMS

1. Sara is making a
thermometer to measure
from 0°C to 50°C. On her
scale the distance between
the two is 11.5 cm. 13.6 cm

I I
11.5cm g 20°C 60°C %
I I
0°C 50°C

(a) What should the
distance be between each
degree?

(a) How many degrees does
Mark's thermometer show?

(b) What should the
measured distance be for
each degree?

(c) He marks the degree
spaces starting from 20°C.
What will his total error be
if he uses

(b) Sara uses 2 mm spacing
to mark the degrees. What
will her total error be at
50°C?
(i) 3 mm for each degree?
(ii) 4 mm for each degree?
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. Rohan is making an

electronic weighing
machine to weigh between
100 and 800 grams only.
The scale is a straight line
and, between those two
points, the distance is 11.3
cm. Rohan wants to put a
mark on the scale at every
20 grams.

(a) What distance is needed
between each mark?

(b) Working to the nearest
millimetre, what error will
Rohan have at the end?

(c) If Rohan measured the
marks in from both ends,
what would his error be
when he reached the
middle?
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ReaDING AND UNDERSTANDING GRAPHS

Graphs are used to show and enable us to interpret information.
Very often, drawing a graph is the only way to make sense of a
mass of figures from an experiment. In many instances graphs
are certainly the easiest way of conveying technical information.
Like pictures, one graph can be worth 1000 words!

The following graphs are provided to give you some practice in
reading and understanding. The first two graphs give
information on thermistors. A thermistor is a special type of
resistor that changes its resistance according to temperature.
Thermistors are used, for example, as sensors in such things as
central heating boilers to signal to the controller that a certain
temperature has been reached.

The last graph gives information on a light dependent resistor
(LDR) called ORP12. This reduces in resistance as more light falls
on it. LDRs are used, for example, as sensors in circuits to switch
street lights on and off.
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ReabpING A GRAPH

Look at the graph on thr right. You can use
graphs to illustrate general trends. The
divisions on the horizontal scale are numbered
0, 10, 20, ... etc, going up in tens. The divisions
on the vertical scale are numbered O, 5, 10, 15,
..., going up in fives. A larger version of this
graph is given on page 35.

PRoOBLEMS

Use the graph on page 35 to answer these
questions:

1. As the temperature increases, what happens
to the resistance of the thermistor?

2. If the resistance of the thermistor increases,
what must have happened to the
temperature?

3. On the horizontal scale, what does one small
division represent?

4. On the vertical scale:

(a) How many small divisions are needed to
show 1 kQ on the scale?

(b) What does one small division represent?

You can use this graph to make accurate
readings. For example, for the 15 kQ
thermistor, at 10°C, its resistance is 29 kQ.

5. Complete the table below, giving your
answers in kQ to the nearest 0.5.

Resistance in kQ

50

45

40

35

30

25

20

15

10

47 kQ

thermistor

15 kQ

thermistor

o= 4.7 kQ

thermistor

0

10

20

30 40 50

Temperature °C

Temperature °C

0 5 10 | 15 | 20

25

30

40

50

Resistance of:

4.7 kKQ thermistor 9.5

3.5

15 kQ thermistor 29.0

11.5

47 kQ thermistor

36.0

6. For each thermistor find, if possible, the
range of the resistance for:

(a) 25°C to 45°C.
(b) 0°C to 20°C.
(c) 30°C to 40°C.

Extension

For each thermistor, find at what temperature it
gives a resistance equal to that of its name.
Suggest a rule for naming the thermistor.
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7. This graph shows how the resistances of three thermistors
vary with changes in temperature. What is the resistance of
the 15 kQ thermistor at temperatures of (a) 10°C and (b)
24°C?

50

——

—
—

45 )

—1
—

40

——
1

35

30 X X

Resistance in kQ 25 \ X

20

47 kQ Thermistor

15

10

[

15 kQ Thermistor

= 4.7 kQ Thermistor

10 20 30 40 50

Temperature in °C
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NoN LINEAR ScALES

The graph on the right shows
the relationship between

Cell resistance (kQ)
and
IHHlumination (lux)

in a light dependent resistor.

Although the graph line is
straight, the relationship is not
as simple as it looks because
the scales on both axes are not
evenly spaced. They are non-
linear logarithmic scales.

Look at the vertical axis and
count the number of lines
marked between 1 and 10.
They correspond to 2, 3, 4,.., 9.

Similarly, from 10 to 100, the

lines correspond to 20, 30, 40,
..., 90.

PRoBLEMS

1. What do the lines (on the vertical scale) between 100 and

1000 represent?

2. What do the lines between 0.1 and 1 represent?

The horizontal scale is also non-linear and follows a similar
pattern to the vertical scale. We are now ready to read off

Cell resistance (kQ)

1000 -
= =
ORP12
Lamp colour
temperature
100 N 2700 K
N
\\\
10 =
\\‘
N
N
N
\\
1 \‘
\\\
0.1
1.0 10 100 1000

lllumination (lux)

values from the graph. For example, an illumination of 60 lux

corresponds to 20 kQ.

3. Estimate the resistance that corresponds to an illumination of:
(a) 2 lux (b) 20 lux (c) 500 lux (d) 100 lux

4. Estimate the illumination that corresponds to a resistance of:
(a) 2 kQ (b) S0kQ  (c) 0.3 kQ

Extension

The equation represented by the graph is given by the formula

y=800x

where y is the cell resistance (kQ) and x the illumination (lux).
Check the values of y from the graph and formula when

x=1, 10, 100, 1000, 10 000.

StrucTUREs (VERsION 1.2)
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SOLUTIONS

DiviDING A LINE BY
INTERSECTION

Problems
1.

Extensions
(a) Yes, but probably not so accurately.
(b) No! Divisions will not be equal unless lines are parallel.

Di1vIDING A LINE BY PARALLELS

Problems
2. 0 20 40 60 80 100 120 140
T T T

T T T

T
\
\
\
\

Extensions

Yes, it would work for 90° or even angles larger than 90°, but it
would become more liable to inaccuracies as the angle gets larger.
It would not work for an angle of 180°.
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DivIDING AN ARC AND

CALIBRATION

MEASURES AND ERRORS

Problems

Problems 1. (a) 0.23 cm (or 2.3 mm)
1.  Reading  Angle (b) 1.5 cm (or 15 mm)
0 0 2. (a) 40°C
S 18° (b) 0.34 cm = 3.4 mm
10 360 (c) (i) 1.6 cm too small
15 53 (ii) 2.4 cm too big
20 73°
25 o1’ 3. (a)11.3/35  =0.322 cm
30 1097 =3.2 mm
35 128°
40 146° (b) Using 3 mm, the error
45 164° will be 0.8 cm.
30 182° (c) Since the same number
55 200° of divisions have to be
60 219° made, the total error will
65 237° still be 0.8 cm.
70 255°
3. 63
4. Reading Angle
0 0°
10 22°
20 45°
30 67°
40 89°
50 112°
60 134°
70 156°
80 178°
90 201°
100 223°
110 245°
120 268°
130 290°
Extension

By the time the calibration is
complete, you would have
used 14 x 18 = 252° and you
would have been 3° short at
the far end point.

CALIBRATION QUESTIONS

1. 187 volts
2. 5/8 full
3. 96 km/hour
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ReabpING A GRAPH

Problems

1. decreases.
2. decreases.

3.1°C

4. (a) Two (b) 0.5 kQ

5. 0 5 10 15 20 25 30 40 50
4.7 k| 15.5 12.2 9.5 7.2 5.5 4.3 3.5 2.3 1.5
15 kQ | 47.0 36.5 29.0 23.0 18.2 14.4 11.5 7.8 6.1
47 kQ - - - - - 45.7 36.0 23.3 16.2

6. @ (b) (©)
4.7k Q 2.5 10.0 1.2
15 kQ 6.7 28.8 3.7
47 kQ | 26.7 - 13.2

Extension
23.5°C  24°C 24.3°C Resistance at 24°C

7. (a) 29 kQ (b) 15 kQ

NON-LINEAR SCALES

Problems

1. 200, 300, 400, ..., 900
2.02,03,04, .., 09

3. (a) 400 kQ

4. (a) 750 lux

Extension

(b) 50 kQ
(b) 20 lux

(c) 3kQ
(c) 6000 lux

(d) about 12 kQ
(d) about 120 lux

There should be a close fit between values. By calculation, you obtain

x|

10

100

1000

10 000

y | 800
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ExampLES oF THE Use oF ‘[’

Pi (w) is a special number which is used very widely

in engineering calculations. You can work it out by ﬁ
measuring the circumference of a drinks can
(or anything circular) with a tape measure and
then dividing this figure by the diameter of
the can! The diameter goes into the
circumference a little over three times. If you
did this very accurately, you would come up
with a figure of 3.141592654! For most
purposes, though, we say 'n'is 3.142. (If we
are talking technically, we say that & is a ratio
between the circumference of a circle and its
diameter. It is also a constant because it is
always the same for a circle of any diameter.

As you may have noticed from other pages in 'maths help' such
as areas and volumes , m is a very useful figure. Apart from
enabling you to calculate some areas and volumes, it can be used
in your design work to calculate the speed of something turning
or running along. In technology it is important to note that
these can never be left to chance or trial and error when
designing something like a photocopier. Paper feed speeds can be
predicted very accurately if, for example, you know the speed of
the driving motor and what % to allow for slippage in a pulley or
gear drive system.
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Example 1. Paper feeder feed rate

This example shows how you can work out the speed of paper
from a small paper feeder when the speed of the rubber driving
wheels is known.

Assume a 10 tooth pinion gear on the motor spindle, a 60 tooth
driven gear and 8 mm diameter wheels on the driving shaft.

Speed of driven gear = number of teeth on driver gear
Speed of driver gear number of teeth on driven gear
Speed of driven gear = 10
1500 r.p.m. 60
Speed of driven gear= 10x 1,500 = 250r.p.m.

60

The driving wheels also rotate at 250 r.p.m. The paper feed speed
is therefore:

250 x circumference of the 8 mm diameter drive wheels.
Circumference = nd = 3.142 x 8 = 25.1 mm.

Paper feed speed is therefore 25.1 x 250 = 6275 mm/min.
This equals approximately 6.3 m/min or 105 mm/s.
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Example 2. Length of paper needed for roll-tubes

This example shows how you can work out the length of paper
needed for making a roll-tube. Roll-tubes are used in designing
and making structures and can be bolted together.

Roll tube dimensions

The inside diameter (I/D) of a roll tube is the
outside diameter (O/D) of the mandrel -
providing the tube is tightly wound.

The outside diameter of a roll tube depends on the number of turns of paper.

e For a required O/D of roll tube, the number of turns of paper required is given by:

No. turns = Required outside diameter - mandrel diameter -+ paper thickness
2

For example, for a required O/D = 8 mm, mandrel O/D = 5mm and paper thickness = 0.1 mm
(ordinary photocopy paper):

Number of turns = 8-5 +0.1mm = 15 turns.
2

e The approximate length of paper needed for a required O/D of roll tube is given by:

Length = no. turns x diameter of mandrel x &

For example, number of turns = 15, mandrel O/D = 15 mm:
Length = 15 x 15mm x 3.142 =707 mm approximately.

e A closer approximation is given by:

Length = no. of turns x average diameter of tube x &

E.g. no. of turns = 15, mandrel O/D =15, tube O/D =18

Length =15 x 16.5 mm x = 778 mm
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