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(" What’s in your experiment kit:
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Checklist: Find - Inspect - Check off Sosavdedsd
v No. Description Qty. Item No. ‘
dditional
0 1 Electronics board 1 774090 A = ill
. X things you Wi
0 Contact clips (17 pieces) 1 000642 d
O 3 Electronic components 1 774100 neea:
- Resistor, 470 0hm (2) - 9-yolt battery
_ Resistor, 33 Kiloohm (1) (Type 6LR61)
- Res!stor, 22 Kll.oohm (1) = DrinkingglﬂSS
- Resistor, 100 Kiloohm (1) Blotting paper
- Resistor, 220 Kiloohm (1) - Blotting
- Electrolytic capacitor, 10 Microfarad (1) - Tape
- Electrolytic capacitor, 100 Microfarad (1) - Glue
- Transistor module, npn (2) - Scissors
- Light-emitting diode (LED), green (1) - paper
- Light-emitting diode (LED), red (1) - Cardboard
O 4 Pushbutton 1 000367 - pencil
J s Wire bridges, short (10 pieces) 1 000282 - Various objects (.8,
J 6 Wire bridges, long (10 pieces) 1 000292 bowl, eraser, pencil, toy)
0 7 Wire connectors 2 000343 - Adhesive banfiage
O 8 Battery clip (for 9-volt battery) 1 712310 > Aluminum foil
- Hair dryer
Please check all the parts against the list to make sure that nothing is missing. >lee
If you are missing any parts, please contact Thames & Kosmos customer = Water
service.
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Conductance
Pages 16 to 21

Can water conduct
electricity?

Alarm Systems
Pages 22 to 27

Sound the alarm! Learn
how alarm systems work.

Timer Switches
Pages 28 to 33

fi:
17
T e

Circuits that
buy you time.

N

Flashers
Pages 34 to 41

On — Off — On — Off.
it works!

Sensitive detectors and
exciting experiments.

you will find supp\ementa\
information on pages 21,
27, 22,23, 41 47,and 48.




Dear Parents,

This experiment kit will
introduce your children to the
world of electronics with the
help of lots of fun and exciting
experiments.

Please stand by your child’s
side during the experiments
and be ready to provide advice
and assistance.

Before beginning the
experiments, read through the
manual along with your child.
Pay attention to the adjacent
safety notes and follow the
advice provided with the
instructions.

Please be sure that none of the
kit parts get into the hands of
young children.

We wish you and your child a
lot of fun with the
experiments!

Safety Notes

WARNING! Only appropriate for use by children at least 8 years
of age. Instructions for parents or other supervising adults
must be followed.

Save the packaging, as it contains important information!

- You will need a 9-volt square battery of type 6LR61 for the
experiments. Due to its limited shelf life, the battery is not
included in the kit and must be purchased separately.

- Never perform experiments using wall outlets or the
household current supply. Never insert wires or other parts
into wall outlets! Household voltage can be deadly.

- Do not use batteries together with the household power
supply.

- Avoid short-circuiting the batteries while experimenting
— they could explode!

- Never connect the battery terminals to each other.

- Remove dead batteries from the kit box.

- Dispose of used batteries in accordance with environmental
guidelines.

- Only install batteries in the correct polarity direction.

- Never recharge non-rechargeable batteries. They could
explode!

- Take rechargeable batteries out of the experiment kit box
before recharging them.

We assume no liability against any damage of any kind that may
arise from the experiments. In addition, we offer no guarantee
that the circuits and procedures described in this manual are

free of copyright protection. The instructions and the
materials in the kit are for instructional purposes only,
not for professional or practical application.



Used Batteries

What should you do with dead batteries?
Do not under any circumstances simply
throw them into the trash! For the sake of N

. Otel
the environment, you should always take )

: . (0)
them to a collection location for used Nce ave att
battery disposal. Some stores that sell to the payee ched the (
batteries will also accept used batteries €nds of the O not et tp,q tw

for proper disposal.

Advice about
protecting the
environment

None of the electrical or electron-
iccomponents in this kit should
be disposed of in the regular
household trash when you have
finished using them; instead, they
must be delivered to a collection
location for the recycling of elec-
trical and electronic equipment.
The symbol on the product, in-
structions for use, or packaging
indicates this.

2

The materials are reusable in ac-
cordance with their designation.
By reusing or recycling used de-
vices, you are making an impor-
tant contribution to the protec-
tion of the environment. Please
consult your local authorities for
the appropriate disposal location.




|ntroducing the
components

/!’
In electronics, components
such as resistors, capacitors,

light-emitting diodes, and
transistors are used.

To understand how all of these
components work, you should
start by reading through the

descriptions below.

Contact clips

You will need something to hold the You will be inserting the components into
electronic components in place while these contact clips in order to connect
performing the experiments. them to one another electronically.

In electronics, you usually work with a
base plate, sometimes called a breadboard
or simply “board.” The electronics board in
your kit will serve this purpose. It contains
openings for the contact clips and for
forming the circuit assembly.



Resistors

In electronics, it’sa common problem that effect. You can tell how large a resistor is

there might be too much current flowing by looking at the little colored rings
— which can be dangerous for certain printed on the component.

electronic components. Light-emitting The various resistors in your kit can be
diodes — miniature electronic lights — distinguished as follows:

can overheat, for example, and be

destroyed if they get too much current. - 470 Q yellow-violet-brown

That’s why you need resistors, which act - 3.3 kQ orange-orange-red

like little “current brakes.” Their ability to - 22 kQ red-red-orange

put the brakes on currentis indicated in - 100 kQ brown-black-yellow

ohms (Q) and kilohms (kQ). The more ohms - 220 kQ red-red-yellow
aresistor has, the greater its braking

c
Electrolytic ;”F
capacitors
H 10 F
Capacitors are able to store electric In this kit, you will find a 10-pF capacitor
current, just like a battery. Their and a 100-UF one. The capacitance value is
capacitance, or how much current they printed directly on it. For your
can store, is indicated in “farads.” Usually, experiments, you will be using so-called
though, 1 farad is much too much. That’s electrolytic capacitors, which have a plus
why you typically work with a much and a minus mark.
smaller unit of measure, the “microfarad”
— one millionth of a farad! The Note: The electrolytic capacitors always
abbreviation for microfarad is “pF” (with have to be installed the right way around,
that first symbol being the Greek letter exactly as shown in the circuit diagram.

“mu,” short for “micro” or “one millionth”).



Transistor
Module

Schematic Symbol

Transistors are used for switching and
amplifying electrical currents and
voltages. Each of the two transistor
modules in your kit has three terminals:

> Collector (C)

Collector

> Base (B) B

Base

> Emitter (E)

Emitter
Always be sure to insert the sensitive
transistor the right way around — exactly
as shown in the circuit diagram!
You can understand the way a transistor
works by picturing a model with gates
that are controlled by water: First, no
water flows in base channel B
(corresponding to the transistor’s base

terminal), meaning no current flows, with
the gate at the collector (C) staying shut
and blocking the path of the water to the
emitter (E). If water does flow in the small
base channel (B), then the gate at the
collector terminal opens up and a current
flows from the collector (C) to the emitter
(E) that is much stronger than the base
current (B)!

So now the transistor is switched on, and
current flows between the collector (C)
and the emitter (E).

The transistor is not just capable of
turning on and off, though. It can also
become more or less conductive. It can use
smaller current to influence larger ones,
which can be used to amplify small
signals.

In the model, we can picture that as small
waves in the base channel turning into
larger ones in the collector-emitter
channel.



Light-emitting
diodes

" pictorial Representation Schematic Symbol

Light-emitting diodes, or LEDs for short,
are small, sensitive components used to
signal a switch state. For example, an LED
will let you see whether a piece of
equipment is switched on or whether an
alarm has been triggered. LEDs have
terminals of two different lengths. The
shorter oneis called a cathode (C), and the
longer one is an anode (A).

LEDs and other diodes have two different
poles, meaning that they only work in one
direction. When turned the wrong way,
they won’t let current through and they
alsowon’t light up.

Diodes work similarly to the model with
the water and the gate. If the current
comes from the wrong direction, the
mechanism prevents the water from
flowing through.

If the water comes from the other
direction, the gates open up and the water
flows through. That corresponds to an LED
with its poles turned the right way.




Component Illustration

Pushbutton
(tactile switch)

- Pictorial Representation

Schematic Symbol

Serererrrerereeaseaestaaasaanaes

The pushbutton is a kind of current switch,
serving to open or close a circuit. A regular
switch will open or close a current flow
and keep itin that state. A pushbutton, on
the other hand, will open or close the

Component Illustration

" Pictorial Representation

circuit just briefly, releasing a kind of
“signal” in the process.

This signal is understood by the circuit as
a kind of order, such as “Set the alarm!”

Schematic Symbol

Wire bridges

Trereeaesaaassaaessanessaannns

The wire bridges are made of thin copper
wire, which is a good current conductor.
They connect the other kit components by

Component Illustration

Wire connectors

- Pictorial Representation

way of small contact clips, thus
conducting the current from one
component to the next.

Schematic Symbol

You will find two additional long wire
connectors in your kit. You will be using

them as sensors and alarm wires, for
example.



Battery clip

Without electricity, electronics cannot

function at all. The electricity for your

experiments will be supplied by a 9-volt (9

V) square battery, which is notincluded in ‘
the kit. You will have to get one.

Batteries lose their power after they have Safety Note

been stored a while. So if a battery were to Never Connec

be included in the kit, it might not have its batteryd. inals
full power when you purchased it — and it I &l

wouldn’t be good for anything.

The battery clip will help to conduct
electrical current from the battery to your
circuit. It is easily mounted onto the
battery, with only one orientation being
possible relative to the battery terminals.
The current will then move through the
two loose wires to your circuit.




Before you can actually start,
there are still a few
preparations you have to take
care of. One is to mount the
contact clips onto your board.
You will also have to insulate
off the wire sections and bend
them into the right shape. The
LEDs will have to be prepared
before inserting them in the
contact clips, too.

Mounting the contact clips

In order to assemble an alarm system or a
lie detector, you will have to be able to
connect the individual components to one
another. That is what the contact clips are
for. These are small, highly conductive
metal parts with holes in the top. You can
insert the components’ terminal wires or
connecting wires (the wire bridges) into
the holes and pull them out again easily.
Your kit contains 17 contact clips to insert
into the board. It’s easy. Just hold the sides
of the contact clip between thumb and
forefinger and press them gently together.
Then, simply insert the sides into the
openings. When you insert the clip, be
sure that the side with the holes is always
toward the top. If there are components
that you don’t need right away, you can
keep them in the top compartment and
the recesses to the right. The battery goes
in the compartment next to the area with
the contact clip openings.




Take a careful look at the short and long
wire pieces. You can see that the wire is
surrounded by a thin layer of plastic, know
as “insulation.” The insulation prevents
current from being conveyed to your body,
for example, if you accidentally touch the
wire. There are cuts through the insulation
near both ends of the wire, forming loose
sleeves that you can easily slide off,

'4

leaving bare wire ends behind. The two
bare wire end sections should be equally
long, as shown in the picture below. Then,
you will still have to bend the wire pieces
into shape. To do that, place them so they
fit exactly on top of the sketch, and bend
them as shown:

N YR Y

+—30mm —p

You will also have to bend the LED
terminal wires to be able to insert them
into position later on. To do that, proceed
just as you did with the wire bridges: Place
the LED on top of the sketch to the right,
and bend the wires as shown in the
drawing. Please note that one of the LED
terminals is shorter than the other. This
helps to tell them apart, which is
important because the LEDs will only light
up if they are installed in the right
direction.

<€ 15 mmp>

<15 mmp



Getting everything ready

At the beginning of each experiment, you
will find an overview of all the
components that you will need. So start by
looking for all the parts and placing them
in the parts compartment.

Always install the capacitors the right way
around! The assembly drawing shows
exactly how. Also be sure to use the right
capacitance value, 10 UF or 100 pF.
Otherwise, the circuit won’t work right.

Insert the transistor module ..

You always have to install the transistor
correctly, too. All of the assembly drawings
are oriented so the “E” (emitter) terminal

is at the bottom, never at the right, left, or
top.

" Insert the LEDs correctly

The LEDs have one long and one short
terminal wire. The short terminal (the
cathode) is indicated with a “C” in the
drawings, and the longer one (the anode)
is indicated with an “A” In addition, the
cathode side of the LED is flattened.




Pay attention to the wire colors -..
The current always has to flow in the right
direction. It can only do that if you attach
the battery terminal wires correctly.

The positive wire coming from the battery
clipis red, while the negative wire is black.
The same colors are used in the assembly
drawing as well.

In the drawing, you will also seea +anda
- sign next to the connections.

The resistors protect components such as
the LEDs against excessive current, which
might destroy them. So always be sure to
install the right ones.




The circuit diagram

Y77 LED1

In order to understand how a circuit
works, you need a circuit diagram. It uses
symbols to represent the individual

components and shows how they are [] A o [] o [] o
connected to one another.
You can check the meanings of the = oV
symbols by taking a look at the section
with the component descriptions. This
kind of schematic circuit diagram is much _ <E> n
easier and quicker to draw than a

complete circuit board illustration. For H]Rz

each experiment, you will find both a 22ka
pictorial illustration as well as its
corresponding circuit diagram.

As an example, this is the circuit diagram
for a battery tester (Experiment 18).
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TIPS AND TRICKS

The circuit board illustration

If you have a complicated circuit assembly,
a schematic circuit diagram can be quite

difficult for a layperson to understand.

That is why, in some of the experiments, NOte!

we alsoillustrate the board as viewed e col -

straight down from above. Som=r ors ecom

In these illustrations, all of the Metimes pg i PONents cq
components are shown and labeled 'theyare showp ; €rent from how
exactly as described on pages 2 to 8. So if ’”ustr.at,-0 _'" € Mmanyy,

you ever aren’t sure exactly which
component you are supposed to use, you
can check the front of this manual.

This shows theillustration corresponding
to the battery tester (Experiment 18)
circuit board on the previous page.

s |
O
>
O
e




FE PP g

-

- "ep o .Jnn‘ R
- - . =T
-..\ n..!.i . PR PR IN, *; .nx\‘

y T eyt ey il

Conductance

of electricity and which are not? Then assemble your



Humidity detector

YOU WILL NEED

- 2resistors, 470 Q
- 1resistor, 3.3 kQ
- 1resistor, 22 kQ

- 1resistor, 100 kQ
- 1resistor, 220 kQ A
- 3 short wire bridges '

A |
- 2long wire 4 h
connectors
- 2LEDs

- 2 transistor modules:

- electronics board \ A

- battery clip

- and additional household
items: 9-volt square battery,
glass of water

HERE’S HOW

1.Assemble the circuit following the
circuit diagram. You will use the
loose ends of the two long wires
(“A” and “B”) as “sensors.”

2. Fill a glass with tap water.

3. Dangle the two long wires Aand B
into the glass.

Conductance | 17

EXPERIMENT 1

- — WHAT’S HAPPENING?

the two long wires touch the

¢ Assoonas .
i water, the green LED lightsup —an
i indication that there’s enough water

present. If you pull one of thg wires out
of the glass, the green LED will go out
and the red one will come on. The same
thing happens, of course, whe:n the s
water level drops far enough in the gla
for the wires to be no longer covel:ed
with water. The red LED turnson, in )
other words, when there’s not enoug

'-....................................................-

What happens?

4. Now pull the P lma P (e
wires back out of
the glass. R3 R6
4709 470 Q
5.Hang the two f Re gy
wires in the water — 11— T2 .

again and wait a
couple days.
What happens
when the water
evaporates?

22 ko

T1

R5
33ka




Rain sensor

YOU WILL NEED

- your humidity detector

- and additional household
items: blotting paper, tape,
scissors

HERE’S HOW

1. Cut a piece of blotting paper about
5Xx10cmin size and tape it to the
outside sill of a window in your
room.

2.Insert the bare ends of the long
wires A and B of the humidity
detector into the blotting paper
strip. Now you just have to wait for
a good rain.

: comeson.

EXPERIMENT 2

— WHAT’S HAPPENING?

When it starts to rain, the blotting :
paper soaks up water and your
electronic circuit reacts to the
moisture — the green LED

lights up.

When the rain stops, the blotting
paper dries again, and the red LED
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vi EXPERIMENT 3
Conductivity

tester

YOU WILL NEED

- your humidity detector

- and additional household
items such as a key, eraser,
coin, pencil, toys

HERE’S HOW

1. Get the items ready that you will
want to test.

— WHAT’S HAPPENING?

i ive, the

the materials are conductive, :
v if theydo :
the red LED

2. Hold the two bare ends of the long 4 )
wires of your humidity detector up : green LED will light up;
to the key, eraser, coin, etc. not conduct electricity,

¢ lights up.

so not only can your circuit signal

the conductivity of water, itcan
‘ i also show whatother objects are

capable of conducting current.

72
©)
=
S
M1



. EXPERIMENT 4
Lie detector

YOU WILL NEED

- your humidity detector

- and additional household
items: adhesive bandage,
test subject:)

HERE’S HOW

1. Find a test subject and use the >
bandage to tape the two loose wire — WHAT’S HAPPENING?
ends to the palm of his or her hand. : test
Carefully position the wires so their ! Aslong as the red LED stays lit, thhe ethe
ends are close to each other but do subjectis telling the truth. Butw r?tnbe
not touch. Before you start the lie i green LED lights up, he or she mig
test, the detector’s red LED should : lying.
be lit. :

When people lie, their palms start to

: Ims
: This film of sweaton the pal
e e to accumulate

2. Start by asking your test i causes enough moisture
subject some harmless i foryour circuitto be able to detect and
questions, and then ¢ signal this. .
proceed to trICkIer and e ereeesesessenenneasensnsanenssassasaneet

more awkward ones.

il e

B2 |
e
' JW&M rm«% s

\‘ e —

—3
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Moist CHECK IT OUT v
oisture \
| - Almost every car has an electronic
il'l :ﬁzsczl'r moisture sensor, which serves to detect

whether there is enough water in the
windshield wiper system.

If the water level drops far enough to
leave the moisture sensor “hanging in
the air,” a diode lights up on the
dashboard or the moisture sensor sends
asignal to the on-board computer.

Lie detector ‘

|f someone seems to be.
telling something thatis
wholly or partly untrue,
it’s common to say '
something like «“Now he’s
starting to sweat!” Your
humidity detector reveals
the literal truth behind

that saying.

=> In everyday language, a lie detector refers to a device
that measures and displays bodily signals — such as
blood pressure, pulse, breathing rate, or the electrical
conductance of the skin — during an interrogation. In
technical terms, the deviceis not called a lie detector, but
(“multi-writer").

In some countries, lie detectors are not permittedina
court of law, because they only work well with people
who are cooperative. Even something as simple as a hand
movement can falsify the results, meaning that the
recorded reactions will not be typical for a given
true or false answer.
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Did someone steal your favorite candy bar again? Try
building a simple alarm system that you can use to secure
your door or window. That way, you will be able to see if

someone has been in your room while you were away.
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Alarm system

YOU WILL NEED

- 2resistors, 470 Q
- 1resistor, 3.3 kQ
- 1resistor, 22 kQ

- 1resistor, 100 kQ
- 1resistor, 220 kQ
- 1 capacitor 10 pF

- 2LEDs
- 2 transistor modules
- 1 pushbutton
- 6 short wire bridges
- 1llong wire connector - WHAT’S HAPPEN|NG?
- electronics board :
- battery clip i as soon as the connection
- and additional household between the A and B contact :
item: g-volt square battery i clipsis interrupted, thered LED
' turns on: Alarm! And the green
LED only comes on briefly when
the alarm is shut off.
HERE’S HOW

'oo......-..-----u--n-n-n--o--n-o--------0‘

1. Assemble your alarm system.

2. Connect the contact clips marked T,'p ;
“A” and “B” with a long wire. c
ONtinue righy awa
3. When you hook up the battery and the next €Xpe A5
push briefly on the pushbutton, the fiment
red LED (LED2) goes out.
4.The alarm system is now
ready for you to test it by P BE
pulling the long wire out of [];ikn
O R
the circuit. []m a6 e
4700 LI
220 ko .
R3 K -9
c1 L:DI 100 ko >T2
o T —
1o=F \- L'
| S|
22ka
LA




Clever alarm
system

YOU WILL NEED

- your alarm system from
Experiment 5

HERE’S HOW

Insert the long wire into the alarm

circuit again. What do you notice?
What do you notice?

— WHAT’S HAPPENING?

When you re-install the long wire, the
red LED won’t go out!

{ Youcan only cut off the alarm and get

i thesystem ready again by pressing the

: pushbutton.Can you figure out why you
: might not want the LED to go out again,
: evenwhenyou re-establish the original
: connection?

i The explanation is simple: If that weren’t
: thecase,an intruder could simply turn
i offthealarm himself!

: soif, instead of the long wire, you usea
: thin tripwire thatan intruder breaks, it
won’t do him any good to mend the wire

......................................................




Securing the
room door

YOU WILL NEED

- your alarm system
from Experiment 5

- 1long wire connector

- and additional house-
hold items: 9-volt square
battery, aluminum foil (2 x
5cm), cardboard (2 x7 cm),
tape, glue, scissors

HERE’S HOW

1.To use your alarm system properly,
you will need a door contact. To
make one, pull the long wire out of
terminal Aor B and insert another
long wire into the now-open
terminal. Now lead the two long
wires to the doorframe and secure
them there with tape.

2. Cut a piece of aluminum foil
(around 2 x 5 cm, say) and a slightly
longer strip of cardboard (2 x 7 cm).
Glue the foil to the cardboard strip.

3. Attach the cardboard with the foil
to the door at the same height as
the two wire ends that you already
attached to the doorframe. Be sure
that when the door closes, the two
wires from terminals A and B touch
the aluminum foil.

4.0pen the door and see what
happens.

— WHAT’S HAPPENING?

The aluminum foil is a good conductor
of current. If the door opens, the flow y
of current is interrupted — gxact|y asi
you had pulled one of the_wwes aV\llay
from the A or B contact clip. Alarm! ,
And since the LED won’'t gooutevenl
the door is closed again, you can gt
always tell whether someone openedi
and went into your room while you

were away.

Sen cesecssscse®’
teesessessssessesesseseasecses cssesscscsse



Flip-flop circuit

YOU WILL NEED

- your alarm system from
Experiment s

HERE’S HOW

1. Pull the long wire out
) of co
oA ntact

2. Brjeﬂy touch the free end of the
wire against the base terminal
. B) o
the right T2 transistor. ot
What do you notice?

—5 WHAT’S HAPPENING?

: Whenyou touch B, the LED still lights up.

: Butassoonasyou press the pushbutton,

i the LED goes out. You can repeat this
little game as many times as you like. The
circuit always remembers the last state
— in other words, it stores it.

3. Now press the pushbutton.
Do you notice a change?

Flip-flop .
your alarm system 1 a
modified «flip-flop”
circuit. A flip-flop is a fully
automatic electronic
switch of atype thatis
very often usedin
electronic equipment
__suchasinthe memory
cells of computers.




—

Well protected

= Today, electronic alarm systems protect
many valuable objects, such as cars, and
buildings, such as banks and apartments. A
loud siren or a wildly flashing alarm light will
usually drive off anintruder pretty quickly,
because it attracts a lot of attention.

Intruders can often even be frightened just by
seeing that an alarm system has been installed.
Holdup alarm systems serve to respond to
break-ins or notify a security service or the
police in case of a stickup.

How do real alarm systems work?

= They operate in pretty much the same
way as the system you built: during a break-
in, a burglar will trip a hidden switch, which
will break a circuit, thereby triggering the
alarm. The circuitin an alarm system is
called a“zone.” Such switches are located
around windows and doors. If a burglar
opens the window or door, it will sound a
siren or an alarm light will go on.

Alarm Systems | 27
Access control
There are also other methods,

though, to deny access to

unwanted persons. This kind of
system only lets peopleinto a

building if

they know

theright key

combination.
i 8l1921FR
4 5 | 6 |F2
1]2]3]r
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Timer switches

Timer switches can open or close circuits in
adelayed manner. What role does an
electrolytic capacitor play in this? Perform

the experiments in this chapter to find out.
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. . EXPERIMENT 9
Timer switch

YOU WILL NEED

- 2resistors, 470 Q
- 1resistor, 3.3 kQ
- 1resistor, 22 kQ

- 1resistor, 100 kQ

. |
- lresistor, 220 kQ Nk ’%z! :'?: mﬂ d
- 1 capacitor 10 pF R | 2Tokollaon 20k0 4700
> 2LEDs ni LN W SN _"T_
. o T o 10pF 0L 2
- 2 transistor modules

KOSMOS

- 1 pushbutton
- 5short wire bridges
- llong wire bridge
- electronics board :
- battery clip — WHAT’S HAPPENING?
- and additional household ! : e

item: 9-volt square battery i When you first connect the batdteryé h

i greenLEDislitup while the red on :

switched off. Your timer sw1tch is rea 3(;
once the red LED comes on by itself an
the green one goes out.

HERE’S HOW the
: Assoon asyou press the pushbutton, e 3

1. Assemble your timer switch and : green LED comeson and t'he red:neag :

connect the battery. Wait for the i out.Aftera cycle time of justun :(l; o

red LED to come on and the green i second, the timer switch fetuTnz or.

one to go out by itself. Now your i starting state. The cycle time s ter s

timer switch is ready! ' mined by capacitor C1 and resistor R5.
2. Pressonceonthe .. -------------------------------------

pushbutton.

77 LED 1 77 LED 2
[] R1 R3 [] RS R6
3.3ka 470Q 220 ka 470Q

100 ko
R2
|;| 22ka




EXPERIMENT 10
Lengthening the

cycle time

YOU WILL NEED

- your timer from
Experiment 9
- capacitor 100 pF

n Nk SEr wem
“R3 Rs “Re

R A 0kollizon 0kl Mlioo
Dk N LA
S L] R S

HERE’S HOW T e
1. Replace the 10-pF capacitor in )
your timer switch with the

100-UF one.

s s _s WHAT’S HAPPENING?

the timer is ready.

: Thecycletimeis determingd by tl‘1ethe

b e B L i electrolytic capacitor you install in

S i switch circuit. Because the newly- )
SRS : installed 100-yF capacitor has ten t|rrc\|e.sn
the capacitance of the 1q-uF oneusedl
Experimentg, the result is about ten

times the cycle time.

77 LED 1 27 LED 2

R1 R3 Rs5 R6
3.3 ka 470Q 220 ko 470Q

[A\Tal - w
0| T
100 ko
R2
|;| 22 ka




Hands as
resistors

YOU WILL NEED

- your timer from Experiment 9
- 2long wire connectors
- 1 capacitor 10 pF

R2
22 kO

HERE’S HOW

1. Remove the 220-kQ resistor (R5) and
insertalong wire into each of the
places where its two terminals
were.

2. Take the bare wire ends between
your thumb and forefinger of each
hand and press the pushbutton
with your middle finger (which has
the farthest reach). You will see that
you act like a large resistor.
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EXPERIMENT 11

ik ﬂ'g
100 k4700
; <)

T1

Depending on the dampness of

KOSMOS

—s WHAT’S HAPPENING?

your skin and the pressure of your

finger, the cycle time will be
shorter or longer. Of course, you
can also perform this experiment
with the 10-pF capacitor. In that
case, you will see tl:\at the cycle
time is shorter again.



What a timer
switch is used for

® pusH °©
BUTTON

Atimer clockis a clock that switches \\\

an electrical contact on or offata \\. .
specified time. The switching times can be ‘N‘\
individually adjusted. Electronic timer clocks can be .

used to switch a water system on or off at a certain
hour, or example.
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CHECKIT OUT

THE RESISTOR COLOR CODE

Rather than having their resistor values printed
onthem in numbers, these tiny components use

colored rings. That me.ans Fhat they are easy to Caution:
read regardless of their orientation.

Note the polarit
Depending on their position, the individual rings
designate the first or second digit of the number
value along with the number of zeros that follow.

Because the insulation layer of

lytic capacitor is
The table below shows which ring stands for an electroly trochemica“y,
which digit or for the following zeros, and what prOdUCEd elec - sitive to
each color meansin terms of numbers. this componentis sen

So you haveto

reverse polarity. ;
be careful to install your 1004
look

. d—
@ (0 (0000 (5%) the right way aroun

brown black yellow gold for the +) sign!
Example: 100 Kiloohm = 100,000 Ohm
Color 1st Ring 2nd Ring 3rd Ring 4thRing
1st Digit 2nd Digit Zeros Tolerance
Black _ 0 0
Brown I 1 1 0 1% 4
Red _ 2 2 00 2%
Orange 3 3 000
Yellow 4 4 0000
Green 5 5 00 000
Blue _ 6 6 000 000
Purple _ 7 7
Gray 8 8
White 9 9
Gold x0.1
Silver X 0.01

No Ring




How does a flasher work? What role do resistors play?
How can you assemble a flashing alarm system? All these

exciting questions will be answered in this chapter!
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Flasher circuit

YOU WILL NEED

- 2resistors, 470 Q

- 1resistor, 22 kQ

- 1resistor, 220 kQ

- 1capacitor 10 pF

- 1capacitor 100 pF

- 2LEDs

- 2 transistor modules

- 4short wire bridges

- 2long wire bridges

- electronics board

- battery clip

- and additional household
item: g-volt square battery

HERE’S HOW
1. Assemble your circuit.

2. Connect the battery and watch
what happens.

— WHAT’S HAPPENING?

As soon as you hook up the
battery, the green and red LEDs
start to lightup in turn —
switching quickly every one or
two seconds.

77 LED 1 77 LED 2

*e teesssssssesssssssese cessssse ot
.
. ey
esesssssscsse

R3 R1 R2 R4
470Q 22ka 220 ka 470Q




Changing the
flashing speed

YOU WILL NEED

- your flasher circuit from
Experiment 12
- 1resistor, 3.3 kQ

HERE’S HOW

1. Take your flasher circuit from
Experiment 12 and remove the red
wire from the positive battery
terminal. Park it in one of the

board’s compartments. — WHAT’S HAPPENING?

2. Now make the following changes in i Assoon asyou have replaced the' red d
accordance with your new : pattery wire, the two LEDs flash lr:jrt?\l:
assembly plan: Remove the 22-kQ i succession! Soyou have shortene
resistor (R1) and the 220-kQ resistor : flash duration.

(R2). In their place, insert the 3.3-kQ ;
rESiStOr fOr Rl’ and the 22-kQ ...° ................................................... *

resistor for R2.

3. Replace the red battery wire.
What do you notice?

77 LED 1 77 LED 2

R3 R1 R2 R4
470Q 3.3ka 22ka 470Q




Brief blinking

YOU WILL NEED

- your flasher circuit from
Experiment 12
- 1resistor, 100 kQ

HERE’S HOW

1. Remove the 22-kQ resistor (R1) and
replace it with the 100-kQ resistor.
Do you notice something?

2. Wait a brief moment.
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EXPERIMENT 14

— WHAT’S HAPPENING?

At first, when you exchange the
resistor, nothing happens‘at a!l
except for the green LED lighting
up.

But then the red LED flashes
quickly, while the green one briefly :
goes out!

s . ou
so, by switching the resistors, y :
changed the circuit so that the red :

i LED blinks just briefly.

77 LED 1 77 LED 2
R3 R1 R2 R4
470Q 100 ko 220 ka 470Q
Ci C2
+ +




Other flash
patterns

YOU WILL NEED

- your flasher circuit from
Experiment 14

- and additional household
items: paper, pencil

HERE’S HOW

1. Switch the positions of the two resistors (R1 and R2) and the two
capacitors (C1and C2) in your capacitors (C1 and C2). Make a note
circuit. Make sure that their poles of which positions produce short or
are turned as shown in the long flash patterns.
illustration. Does the flash pattern
change?

2. You can also try switching the R1 g NING?
and R2 resistors and then return Ca — WHAT’S HAPPE

and C2 back to their original posi-
tions.

mbinations of R1, R2, %

ing the co
By changing get different flash

C1,and C2, you can

o : inati o!
3. Try all the flash combinations you 4 combinations to

can get by switching the two

O cssecscsccce ....-..o..o..u..-.n.-..-..oo"
eeoe
cesesssccscse
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Hands as “flash
regulators”

YOU WILL NEED

- your flasher circuit from
Experiment 14

- 2long wire connectors

- 1resistor, 3.3 kQ

HERE’S HOW

1. Remove the 100-kQ resistor from the
flasher circuit again, and replace it
with the 3.3-kQ resistor.

2.Insert the long wires.
3. Take the two bare wire ends
between your moistened thumb

and forefinger.
What do you observe?

— WHAT’S HAPPENING?

ending on how moist your
gﬁgers ars, the LEDs will blink
faster or slower. So you can
regulate their ﬂashjng speed by
using your skin resistance!

77 LED 1 77 LED 2
R1
........................................ R3 33ka
..... 470Q R2 R4
— 220 ka 470 Q




Flashing alarm
system

YOU WILL NEED

- your flasher circuit from
Experiment 14
- 1short wire bridge

HERE’S HOW

1. Inserta small wire bridge into the
contact clips at the bottom left.
What change do you notice?

2. Remove the wire bridge again. — WHAT’S HAPPENING?

i Assoonas you mount the wire bridge on

¢ your flasher circuit, the base (B) and
emitter (E) terminals of transistor T1are

: short-circuited, and the transistor can’t

: work. The flashing immediately stops,

: and the red LED shines uninterruptedly.

Ti ‘ i When you pull the wire bridge back out
P i again, the circuit starts to flash: Alarm!
Insteqq of th i That's how easy it is to turn your flasher
b’idge of €smaj| Wire ! circuitintoan alarm system...
.o PTcours :
usin 5 €, you
contg 3 tipwire orad T T SRR
act, as . Oor
system j Youdid i ¢pq
N Experim alarm
ent 5. 77 LED 1 o LEDa
R3
470Q |:| :Tot ka |:| :zzo ka 27400
. Ci &
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T
HAZR

What'’s that flashing?

=> Can youimagine how a flasher circuit might be used? Think of circuits that switch a
light on and off at regular intervals. For example, a blinking light at a pedestrian
crosswalk, or atarailroad crossing, orin a shop window display...

And of course, any motor vehicle has a blinker too. A blinker, or turn signal, is a light that
isused to signal a change in driving direction to other drivers. So all in all, flasher
circuits are very common.
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Battery tester EXPERIMENT 18

YOU WILL NEED

- 2resistors, 470 Q
- 1resistor, 22 kQ
- 1resistor, 220 kQ

item: 9-volt square battery P — - [ - ]

-»>1red LED =

- 1Transistor module e r

- 1short wire bridge L

- electronics board e e a3

L

- battery clip 220 kﬂ 4700470 _ 2

> and additional household 22 S @ %
e
Y

— WHAT’S HAPPENING?

HERE’S HOW ]
1 As If the LED shines brightly, you're inluck i
.Assemble your battery tester. { — it means your battery is still in b
R excellent shape. Or does itonly g!immer
e ol e battery. i weakly? If so, take that as a warning. It
h e LED really light up or just : may mean that the experiments in this
glimmer a little? : chapter won't work with that battery.

i ordoesthe LED not light up atall? If

that’s the case, check to be sure that none :
i of the componentsare installed wrong, or
: whether there’s a wire bridge missing. If
i everything looks good, you can be sure

i thatthecauseisa dead battery.

i That’s how you can tell whether a battery
still has enough power. Even a battery

: freshfrom the store might have lost some :
i ofits charge just by sitting around too

long before you boughtit.




Electronic
Sensors

YOU WILL NEED

- 2resistors, 470 Q

> 1lred LED

- 2 transistor modules

- 2short wire bridges

- 1long wire connector

- electronics board

- battery clip

- and additional household
item: 9-volt square battery

HERE’S HOW

1.Assemble the components as
shown in the circuit diagram. At
terminal B, insert a long wire
vertically, like an antenna.

2. Make an “0” with your thumb and

forefinger, and lower this “O” over

the antenna without touching it.

Shuffle or rub your feet a few times =

against the floor.
Do you notice anything?

77 LED 1

R2
A 4700

}:

EXPERIMENT 19

OSMOS

- F g

O

i your LED will flicker.

: When you rubbed your
i feet against the floor,
i your sensor detectedan :
i ‘electrical field created by
i static electricity. :




Electronic
“magic”

YOU WILL NEED

- your electronic sensor from
Experiment 19
> as well as: a few friends

HERE’S HOW

1. Remove the “antenna.” Now it’s
time to invite a few friends to an
electronic magic show.

2. You and your friends should all join
hands in a row, with the first person
touching contact clip Aand the last
person with his or her finger on
contact clip B.

3. Now, have one of your friends let go
of his or her neighbor’s hand and
then touch the neighbor on the
nose or ear.

What do you see?

EXPERIMENT 20

®

Tip

gy the way: You i

the green LED for this
t, of course.

also use

expeﬂmen

— WHAT’s HAPPENING

The LED tyrns

onrij
€Xperiment ey, fght away, g

€n works we) wi
ith
Peoplg, because a



Temperature
sensor

YOU WILL NEED

- 1resistor, 470 Q

- 1resistor, 3.3 kQ

> 1red LED

- 2 transistor modules

- 3 short wire bridges

- battery clip

- electronics board

- and additional
household items: 9-volt
square battery, hair dryer,
cube of ice ’

HERE’S HOW

1.Assemble the circuit, and then heat
transistor T1 with the hair dryer
followed by transistor T2. I
How does the LED react when you
heat the transistors?

2. Now for the cooling stage: First cool
down transistor T1 with the ice
cube, then transistor T2.

How does the LED react now?

77 LED1

|:| R1 R2
33ka 4700 .

T2
T1

EXPERIMENT 21

— WHAT’S HAPPENING?

When you heat transistor T1 with
the warm air, the LED gradually
becomes darker; but when you heat
T2, it gets brighter.

When you cool transistor TLwith an
ice cube, the LED gets brighter. But
as soon as you cool T2, it gets
darker.

Soyou can influence the brightness
of the LED by changing the
temperatures of the transistors.
The temperature differences have
to be quite distinct, though —
otherwise this trick won’t work.
That is why you need a hair dryer
for heating and a piece of ice for
cooling them.

As in the previous experiment, you
can use the red LED as well as the
green one for this experiment.

. .
................................................



CHECK IT OUT V

\

We humans perceive the
world through our
senses — through our
eyes, ears, nose, mouth,
and skin. Our senses are
very delicate. The
human sense of smell,
for example, is capable
of perceiving even the
slightest distinctions.

.. AND SENSORS

Electronics can perceive changesin the
environment as well — particularly through
sensors, also known as detectors. There are
detectors for gas, temperature, humidity,
sound, light, and a lot of other things.
Electronic sensors can also detect things that
we cannot perceive at all through our own
senses, such as electrical and magnetic fields.




Do you know
what a
flip-flop is?

Atype of fully automatic
electronic switch thatis
very often used in
electronic devices.

Adance in which you
move your shouldersin
rhythm to electronic
sounds.

[C1The common name for an
old computer diskette.

How many terminals
does a transistor have?

It has one terminal.

It has two terminals.

It has three terminals.

'1291102 S|V Jamsuy

The anode side

The cathode side

The electrode side

*1234100 I g Jamsuy

what kind of resistor

is shown here?
Al a470-Q resistor.
222-kQ resistor.
[Ca220-kQ resistor.

red red orange gold

-qyB1) 518 JaMsUY
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