PREFACE

The Secondary 2 kit is one of an updated range of electronics kits

produced by Cambridge Brainbox.

The Secondary 2 kit has been upgraded by adding an oscilloscope
simulation program so students can now see the waveforms produced
by the circuits. The kitis designed to be used in the classroom or the

home and covers Unit 7J (Electrical Circuits) of the Science National

Curriculum at Key Stage 3.

The kit will also be useful in supporting Design and Technology at Key @
Stage 3. N )

Afeature of all Cambridge BrainBox kits is ease of assembly, all the N \ ® B
parts just clip together with press studs. Mistakes can be corrected o il
in seconds so maintaining a high level of interest. All the parts are
colour and number coded so making the selection of parts very easy.

Each part has it's own slot within the box so it is easy to see if any '
parts are missing.

A comprehensive manual is included containing notes for parents
and teachers, National Curriculum worksheets and easy to follow
circuits with explanations as to how they work.

Children find the experiments stimulating and absorbing. The kit
provides many hours of fun whilst learning the skills and concepts
of electricity and electronics so necessary in today's environment.
The process of actually building the circuit provides a real understanding
of how the circuit works,
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Using your Digital Multimeter.

The multimeter is a precision instrument and must be used

correctly.
The rotary switch should not be turned unnecessarily.

To measure Volts, Milliamps or
resistance, the black test lead
must be connected to the lowest
socket marked COM and the red
lead connected to the middle
socket marked VmaA.

To measure Amps, the black lead
should be connected to the COM
socket and the red lead connected

10ADC socket
VOmA. Socket
COM socket
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to the upper socket marked 10ADC.

To measure voltage in a circuit, the meter is connected in
parallel with the bulb or motor. Rotate the switch to 20 on the
DCV scale.

The red lead should be connected to the positive side (+) of
the lamp and the black lead connected to the negative (-)
side. Note the reading. switch the meter off.

Use the special connectors provided to connect the meter

probes to the circuit.
NERIIOIG

To measure current (Amps), the meter is connected in series
with the lamp or motor, Rotate the switch to 10A

The red lead should be connected to the positive side (+) of
the lamp and the black lead connected to the negative (-) side.
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Science Year 7 Unit 7]
Electrical Circuits Section 1a

Revision of Circuits

In each of the circuits show below, decide if the bulbs will
be alight. If your answer is no, say why you think they will
not light.
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Science Year 7 Unit 7]
Electrical Circuits Section 2b
A Complete Circuit?

In section 1a, you where given a number of ¢ircuits and
asked to say if they would work or not.

Looking at a circuit diagram which has one wire missing or
just not connected makes it quite easy to say if the circuit
will work or not. But what about in the real world when you
have torch which will not work?

Make up this circuit which
shows the workings of a
torch.

Press the switch, does the
bulb light?

Hopefully it does! But what
if it does not?

The obvious thing to do is to check that all the parts are
properly connected, the batteries are in the correct way
round and are properly connected. Finally, check that the
bulb is screwed fully into it's holder.

If this fails to get the circuit working, it looks like we have a
faulty component and we need to devise a way of checking
each component individually.

One of the simplest ways of doing this is called substitution .
All this means is taking a component, a wire, bulb, switch
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etc. that you know works and swapping it for the same
component in the faulty circuit. Keep doing this until the
circuit works.

This way is fine providing you have some spare components,
but what if you do not?

We will have to take a more scientific approach and test
each component separately with what is called a continuity
tester. Most of the components can be checked in this way,
but not all.

A continuity test is to pass a small voltage through the
component, if the component is ok then a lamp will light or
a buzzer sound.

A simple continuity tester can be made by connecting a
bulb in a bulb holder to one terminal of a battery. Fit a
three connector on the other battery terminal. To test a
component, touch the ends of the three connector and
bulb holder on to the two terminals of the component
under test. If the component is ok, the bulb will light.

Luckily you do not have to make a continuity tester as the
multimeter in your kit has one built-in.

To use it, connect the test leads, black to COM and red to
VmaA, turn the meter switch to the position indicating sound
[ -4)) ] and you are ready to test. If the component works,
the built-in buzzer will sound.

Your teacher may now give you some faulty circuits to test
your new found skills! Good luck.
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Science Year 7 Unit7)
Electrical Circuits Section 3a
What happens in a circuit?

In this section you are going to investigate how the
brightness of bulbs varies when they are wired in series.
How do you judge the brightness of a bulb? Is this method
still valid or do you need something more quantitative?

Experiment 3.1

Connect a bulb te a 3 Volt battery, this is normal brightness.
Now connect another bulb in series with the first one. What
about the brightness now? Add another bulb in series with
the other two and judge the brightness of the bulbs. Can
you make a prediction about the brightness of the bulbs if
you now add another bulb to make four bulbs in series?
Would any of the circuits be useful as a torch? Does adding
extra bulbs in a series circuit give more light?

Now add another 3 Volt battery unit making a total of 6
Volts. What about the brightness of the bulbs now? You
must be careful always to use the correct voltage for the
bulb. If you connect a 3 Volt bulb to a 6 Volt battery, the
bulb will light very brightly for a few moments and then
the filament will burn out!
The bulbs have a rating of 2.5 Volts so in a series circuit
with four of these bulbs, what voltage is required to make
all the bulbs light at normal brightness?

Electricity is a flow of electrons and these electrons find it
very difficult to flow through the filament of a bulb because
of the resistance of the wire. This resistance opposes the

PDF SCPFffF] "pdfFactory Pro™ iR fiAsfi)sd: www. Fineprint.cn

flow and an electrical pressure (Voltage) is required to
force the electrons through. As the electrons are forced
through the filament, a great deal of heat is produced by
friction, enough to make the filament glow red hot and give
out light.

When bulbs are in series, the resistance of each bulbis
added together and this total resistance determines the
quantity of the electron flow and therefore the brightness
of the bulbs. This electron flow is measured with an
ammeter.

Experiment 3.2
An ammeter has a red (positive) and a black (negative)
lead which must be correctly connected to the circuit.

Make up this circuit

Press the switch just to check that the bulb lights and the
circuit is working correctly.
Now remove the top blue 3 connector between the bulb

and the battery.

Check that the test leads on the meter are connected,
Red to 10ADC and Black to COM. Turn the rotary switch
to the 10A position.
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Science Year 7 Unit7J)
Electrical Circuits Section 3al
What happensin a circuit?

The red lead (+) should be
connecied to the battery
terminal

and the black lead (-) conn-
ected to the terminal on the
bulb.

Check once again that the
connections are correct as
you could damage the meter
if they are not!

Now press the switch on the circuit and note down the meter
reading.

Switch off, remove the meter connections and replace the
top blue 3 connector with the switch.

Connect the meter to where the switch was. This time,
connect the black lead to the battery (-) and the red lead to
the blue 3 connector. Trace the flow of electricity round the
circuit. Start at the battery positive (+) terminal, follow the
flow through the bulb, the two 3 connectors, through the
meter and back into the battery.

You will notice that the red lead from the meter is connected
to the positive (+) terminal of the battery, by way of a bulb
and three blue connectors, so the meter is still connected
correctly.
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Press the switch and note down the meter reading. You
should see that the meter reading is the same as it was
before. This experiment shows that for any given circuit,
the readings are constant throughout the circuit.

Experiment 3.3

Rebuild the last circuit but this time include another bulb in
series with the first.

Can you predict what the meter readings will be for this
circuit?

Use the multimeter to see if your prediction was correct.

Experiment 3.4

Use the last circuit again but this time increase the voltage
from 3 to 6 Volts. Predict what the current readings will be
and check to see if you are correct.

Experiment 3.5
Still using 6 Volts, connect 3 bulbs in series. Predict the
meter readings now. Check to see if you are correct.

By this time you may notice a pattern between the voltage

of the battery and the number of bulbs in series.

If some of your results seem are not as you expected,

check each bulb for its ratings, i.e. 2.5V 0.3Athis should be
marked on the metal cap of the bulb just under the glass
dome. All the bulbs should have the same rating. If the bulbs
are not marked, check each one for the same brightness in
simple circuit. The preblem could also be caused by the
resistance of the press studs or the resistance of the
filaments in the bulbs.
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Science Year 7 Unit 7J
Electrical Circuits Section 4b
Cell or Battery?

Most of us use the term Battery

to cover all types portable power oo )
supplies. If you buy a pack of 4 N\ B 2 vy
AA Dbatteries, they really should - R

== Cathods

be called cells. A cell is one single | |
unit and a battery is a number of
cells connected together in series.
The voltage of a single cell is 1.5

Volts.

When two or more are connected | N

— Cathode Clrreat Collector
Amnnde Curent Collactor

Plaste Gromevat

: // Tnsulator
4

Hegative Cap(-)
Membrana Vant

together in series, the voltage is
calculated as the number of cells

times 1.5. _ _ The construction of
Three cells connected in series modern alkaline D cell.

gives a voltageof 3x 1.5 =4.5 Picture by kind permission
Volts. Two cells gives 3 Volts and | of Duracell

four cells gives & Volts.

Cells are a source of energy and are constructed with an outer
casing made from a metal such as zinc and filled with an
electrolyte with a carbon rod in the middle. This electrolyte is
usually a strong alkaline in jelly form .

The case is the negative (-) terminal and the carbon rod is the
positive (+) terminal. The electrical energy is made by the
chemical reaction between the electrolyte and the metal casing.
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Nowadays, cells are made with a leak proof construction.
In earlier times the electrolyte could eat through the metal
casing and cause damage to anything it came into contact
with, including skin!.

Electricity is a flow of electrons. These electrons flow from
the negative terminal of the cell, around the circuit and
back into the cell via the positive terminal.

Voltage is the way to express the force of the flow of
electrons, or put another way the greater the voltage, the
more bulbs will light.

.When cells are connected in series to increase the voltage,
the correct polarity must be observed. The positive terminal
on the first cell should be connected to the negative terminal
of the second cell and so on.
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Science Year7 Unit7)
Electrical Circuits Section 5a
Energy and Current

Energy is the ability to do work while current is the rate of
flow of electricity around a circuit and is measured in Amps.
There are two types of energy, Potential and Kinetic.

A cell or battery is a store of energy. Until it is connected in
a circuit, the energy is doing nothing, it just sits there in the
cell or battery waiting to be used. This is called potential
energy.

A brick held two meters above your foot has potential
energy and the potential to injure your foot should it fall!

Once the circuit is switched on, the current flows around
the circuit passing through bulbs or whatever is in the
circuit. This is called Kinetic energy, (the brick on the way
down towards your foot). As the current passes through
the circuit, it produces light and heat from the bulbs so
the Kinetic energy is changed into light energy and heat
energy (or pain in the case of the brick and your foot!).
Once all the energy is used up, the cell or battery has to be
replaced.

Think of this another way. Imagine your big sister is
sunbathing in the garden and you want to give her a good
soaking with the garden hose! Although the element of
surprise is on your side, you will still need to be some way a
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way from her to make an easy escape. You need enough
water flowing through the pipe to soak her quickly and a
high pressure of water so you can be as far away as possible.

The tap controls the amount of water flowing and is the
battery in the water circuit. The flow of water through the
pipe is the electric current . With the tap on full, the water
only travels about a meter from the end of the pipe, no
good at all for soaking big sister! To make the water travel
further, you could place your thumb partly over the end of
the pipe, this makes the outlet smaller creating a resistance
to the flow and increasing the pressure of the water so
making it travel further. This is like a bulb in the electric
circuit, it offers a resistance to the flow of current so the
current is forced through the filament of the bulb at high
speed and makes it glow white hot.

or §
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Science Year7 Unit 7]
Electrical Circuits Section 6b
How much Current?

Measuring the current flowing
in the circuit.

Build up this parallel circuit,
switch on to check that all
three bulbs light and then
switch off.

Are all the bulbs as bright as
each other? They should be!
If not, check that the rating

of each bulb is the same.

The first thing to do is to measure the total current with
all three bulbs alight. To do this, remove the switch and
connect your multimeter in place of the switch.

Check that the red test lead is connected to the 10ADC
socket on the meter and the black test lead to the COM
socket, the meter switch should be turned to the 10A
position.

Connect the other end of the red test lead to the vacant

battery stud and the black test lead to the vacant stud on
the blue 4 connector. Measure the current flowing in the
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circuit and write down the meter reading.
Remove the meter and replace the switch.

Next we are going to measure the current flowing in each
of the three branches, in this case it means each bulb.
Remove the three lower 2 connectors from each bulb in
turn. With the switch on, measure the current flowing
through each bulb. For each bulb the red test lead should
be connected to the terminal on the bulb holder and the
black test lead to the terminal on the 5 connector. For each
bulb note down the meter reading.

Add up the last three readings, do the equal the first
reading? They should at least be close.

In theory, as each bulb is rated at 0.3 Amp, the total current
should be 0.9 Amp and the reading for each bulb should be
0.3 Amp. There are several reasons why this may not work
out in practice, one is, that the resistance of each bulb may
not be the same. Resistance slows the flow of electricity so
the bulbs will not shine so brightly.

Now you should have sufficient information to make
predictions about the current flowing in other circuits,
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Science Year 7 Unit 7J
Electrical Circuits Section 6b2
How much Current?
Look at the following circuits and predict the current

readings. All the batteries are 3 Volt and the bulbs are
2.5V. 0.3 Amp.

Predict the current flowing through the switch X and
through wires Y and Z.

Use your multimeter to check your
results.
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O O O =

X Y Z

Predict the current flowing through the switch A and
through wires X, Y and Z.

Use your multimeter to check your results.

Predict the current flowing through the wires X and Y.

Use your multimeter to check your results.
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Science Year 7 Unit 7]
Electrical Circuits Section 8b
Fuses

Please note, you will need some steel wool for this
experiment, it is not provided in the Kkit.

If the wires in a circuit have too much current flowing
through them, they will get hot. This is the way we
generate heat with an electric fire or light with an electric
ight bulb. This is perfectly safe as the wires are designed
to glow red hot without melting. If however, the electric
wiring in your house got too hot, the plastic covering of the
wire might melt and catch fire, not what we would want to
happen!

To prevent this from happening a fuse is put in each circuit.
A fuse is a short length of thin wire enclosed in a casing
that plugs into the circuit. You will also find a fuse in the
mains plug of all electrical equipment. The fuse wire is
made of a metal similar to solder and has a lower melting
point than the copper wire of the circuit. If too much
current passes through the circuit, the fuse wire gets hot
and then melts so cutting off the current. The main job of
the fuse is to protect the wiring, not what is connected to it.
The problem with fuses is, they only work once. Every time
you blow a fuse, you have to replace it with a new one.
Modern houses do not have fuses, they use circuit breakers
which do the same thing as a fuse, it uses an electromagnet
to sense the flow of current and switches a circuit off as

PDF SCPFffF] "pdfFactory Pro™ iR fiAsfi)sd: www. Fineprint.cn

soon as the current climbs to unsafe levels, the big
advantage is that you can use it over and over again.

Now its time to see the fuse in action!

This next experiment must be done with the supervision of
your teacher or parents, the fuse wire gets very hot and you
could easily burn yourself or set fire to papers etc. You will

need some steel wool.

Make the circuit as shown below.

Set the variable resistor to maximum resistance. Attach a
length of wire wool across Aand B. This is best done by
twisting three or four strands together, too many strands
and the fuse will not work. Use a press-stud to hold the wire
in position. Connect the meter as shown and set the meter
to measure Amps (10A setting).

Slowly reduce the resistance and watch the meter reading.
Look for signs that the wire wool is getting hot, smell of
burning, glowing red hot. Keep reducing the resistance until
the wire wool melts and breaks the circuit. The wire wool will
be very hot so do not touch it until it has cooled down.


http://www.fineprint.cn
http://www.fineprint.cn

Parts List

Number  Description tem Number Description Item Number| Description ltem
1 St o 17] | i 235 & ©® ©
| 29] | swpitonen| | g |
2| C— 18] | 25V Lamp IC o B ] o]
3| | mar — (30] | 100Resisicr
. 1 9 Battery Unit
4 Eﬂ,fnm g 44| | 470F Capacity
5 Five-Sn;I:‘ T PR—, 20 Speaker
Variable
6 Six-Snap 66 Resistor
Connector
i : 21 Missic IC
10 .
Vibrating stitch . (Integrated Circait)
10 _ @-( —o
= Digital
Alam IC Multimeter
11 Rt 22| (togrstod Circuit)
1 2 Touch plate
Sound Effects IC
T hti 23| | (tategrated Circuit Diladcs
13 (Reed Switch)
14| Pressswich 24 DC Motor Magret .
15| | stide switch . Lead _ 9 0
| 25| | "R
Photosensor IC Computer
16 (CdS) | Interface Cable | 2@\
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Using Electricity
Teacher/Parent Notes

Electricity, What is it?

Electricity is a flow of electrons. An electron is the smallest part of an atom and rotates around the nucleus binding the atoms together.
It is very important to point out to children the dangers of using mains electricity. None of the ideas as shown in any of these kits should ever be
attempted using mains voltage.

The battery.

A battery is a store of electrons produced by the reaction between the metal of the case and a chemical inside the case. When the positive and
negative terminals are connected as in an electric circuit, electrons flow around the circuit. The voltage is a measure of the pressure with which
the electrons flows. The Amperage is a measure of the amount of electrons that flow. In materials that conduct electricity, like metals, there is an
electron that is easily pushed out of orbit from the first atom and into the orbit of the next atom. This in turn knocks an electron from the second
atam into tha third atom and so on. This is the way elactricity flows around the circuit and becausa of this, thera is no time delay in the movement
of electrons between one end of the circuit and the other. It is recommended that rechargeable batteries are not used because they can get very
hot if shorted out,

Direction of the flow of electricity.

Electricity flows from positive to negative, however electrons flow from negative to positive.

This contradictory state of affairs exists because the direction of flow of electricity was decided long before scientists discovered the electron. An
electron is the smallest part of an atom. In an atom of the metal copper there are 29 electrons. Most electrical wiring is made of copper.

To-day the standard flow of electricity is accepted as being from positive to negative. It is however important for students to know the facts, itis
up to individuals to decide when to introduce the concept of electron flow.

Electricity as a producer of light and heat.

When electrons are forced through a thin wire as in the filament of a bulb or the element of an electric fire, so much heat is generated by friction
that the filament glows red or white hot.

Electricity as a producer of movement.

When electricity flows through a wire, it produces the effect of a magnet. If the wire is coiled around a nail, it produces a powerful magnetic effect.
This electro magnetic force is the basis on which the electro magnet and electric motor works.,
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Bulbs in Series and Parallel.

'I-.r‘uhen bulbs are connected together in series, the electricity has to flow through the filaments of both bulbs before it can get back to the battery.
The filaments in series act as a high resistance to the flow and this slows down the speed at which the electrons travel. The brightness of both

bulbs will be only half as bright as one bulb on its own.

If the bulbs are connected in parallel, the electrons have to still flow through the filaments of both bulbs but, wired in parallel, they offer a low
resistance to the flow and so the bulbs glow with the same brightness as one bulb on its own.
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