


This kit is aimed at giving you a glimpse into the world of electrical & electronics engineering! 
Going through this journal, you will discover & learn more about various electronic components 
that are used in all the gadgets and appliances we see around us. With the help of some theory, 
you will also start making your own electric circuits and learn how these work in the real world! 

As we go further experimenting, learning and making projects, you will develop an 
understanding of how to make your own circuits and bring your ideas to life. 

So, let’s start the journey by meeting our friends!

                                  

Disclaimer: Although we have taken all reasonable care in preparing this book, we make no 
warranty about the accuracy or completeness of its content and to the maximum extent 
permitted, disclaim all liability arising from its use.
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Today, electricity is everywhere and it has perhaps become the most important form of energy 
for humans. Our home appliances, phones, computers, internet and now even cars run on 
electricity. So, what exactly is electricity?

Electricity is a form of energy which is created by the flow of “electric charges” through any 
material. Electricity, i.e. this flow of “charges”, can be generated by various sources like power 
stations, batteries, solar panels or even lightning!

We know that all matter around us is made up of tiny particles called Atoms. Atoms are made up 
of 3 basic units: Protons (positively charged), Electrons (negatively charged) & Neutrons (no 
charge). Electrons are the primary reason behind electricity and hence the name!

T1. WHAT IS ELECTRICITY?

WHAT’S A BATTERY?

Battery is like a portable power station. It stores 
electrical energy and can provide it whenever and 
wherever needed! That’s why we are able to charge our 
phones & laptops with electricity and then use them 
everywhere even if not connected to electricity!

IT’S ALL ABOUT ELECTRONS!

Whenever any “electric field” is 
present in a material, the electrons 
get excited and start flowing in the 
material.

We call this flow of electrons as 
Electricity in general!

Atom

Material under Electric Field

Electron



Don’t worry, it is common in electronics for things not to work because of tiny errors. 
Just check if all the wires are firmly connected & are connected as per the directions above. 
Also make sure the batteries are new and are inserted correctly in the box.   
Your circuit should work now!
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An electric circuit is like a path for electricity. A circuit is completed when two terminals (“+” & “-“) 
of a battery are connected through a wire or any other conducting material. When this happens, 
the electricity starts flowing from “+” to “-“ terminal of the battery.

You can think of the battery as a water pump and the wire like a water pipe. The battery pumps 
electricity into the wire from one terminal to the other.

Thus battery is the “power source” that is required in every electric circuit. The components 
connected in the circuit make use of this power. For example, a bulb glows by using power from 
the battery just in the same way as a water wheel will rotate by using the power of a pump!

CIRCUIT DIAGRAMS!

Engineers use “Circuit Symbols” to represent circuits in 
a concise way. The diagrams made using these 
symbols are called “Circuit Diagrams”.

• Can you identify the components from this diagram?

• Can you now relate the previous circuit to the water 
diagram and this circuit diagram?

Battery

LED

JUST REMEMBER THIS!

If you want to check whether a circuit is complete or not, look for a continuous path from the 
‘+’ to the ‘-’ terminal of a battery!

PUMP

Water wheel

Battery

Bulb

T2. WHAT IS AN ELECTRIC CIRCUIT?
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T3. OPEN AND CLOSED CIRCUITS

We learnt that for a circuit to be complete, there should be a continuous path for electricity to 
flow from one terminal of the battery to the other.

If you disconnect the wire from even one terminal of the battery, the circuit will not be complete 
and this is called “Open Circuit”. If you connect it again, the circuit is completed and is called 
“Closed Circuit”. (Try doing this in E1 !) 

A Switch helps you do just that. It helps you to open & close circuits with ease. It acts like a water 
tap, which when open, lets electricity to flow, else doesn’t.

PUMP

Water wheel can spin
when tap is opened

PUMP

Water wheel can’t spin
when tap is closed

Bulb On

Switch On
Closed Circuit

Bulb O�

Switch O�
Open Circuit
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• Connect the same circuit as E3. 

• Use a dark room for this experiment.

• Now connect the clips to a NON-METALLIC glass as shown.

• Slowly start pouring TAP WATER into the glass.

• As soon as water reaches the top, the LED will glow, alerting that the glass is full!

Can you tell why this happens? Well, because tap water generally contains minerals which make 
it a fairly decent conductor of electricity! When the water reached the top, it touched both the 
clips and completed the circuit! Thus we made use of the simple concept of conductors & 
open-close circuits to make such an important circuit. Saving water is now easy!

This is also why you should not touch electric appliances or switches with wet hands, else you 
can get a shock! Now, try the following things in this experiment & write your observations:

E4. WATER OVERFLOW INDICATOR

QUESTION 1

What would happen if we used distilled water? Why?

            

            

            

            

1.5V 1.5V

LED

L1
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QUESTION 2

What if we added salt to this filtered distilled water and then tried this experiment?

            

            

            

            

QUESTION 3

LED was glowing weak and so we had to check this circuit in the dark. Why did this happen?

            

            

            

            

QUESTION 4

Why did we use a non-metallic glass here? What would have happened with a metallic glass?
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The word LED stands for Light Emitting Diode. It is a special kind of “diode” which emits light. 
“Diode” is a very important electronic component that allows electricity to pass in only one 
direction. That’s the reason why an LED does not glow when connected in “reverse”!

Thus, LEDs and diodes in general, are like valves that allow water/air to pass only in one direction. 
You would have seen valves in action in cycle tubes. You can push air inside the valve but the air 
can’t come outside (unless you press-open the valve)!

Valve Open

Valve Closed

LED On

LED O�

MORE ON DIODES

The circuit symbol of LED & Diode is almost same other than the 
“arrows” symbols that are depicted in LED.

Diodes are used in circuits where it is important to allow electricity 
to pass in only one direction, to either protect some components or 
to convert certain electrical signals.

LED

Diode

LEDS ARE EVERYWHERE!

Today we see so many LEDs. They are everywhere - 
from mobile phones to televisions to lighting and 
everyone just loves these blinkies!

The LED that we have provided with the kit is very big 
compared to the tiny LEDs that are used inside LED TVs 
and many other gadgets - especially those tiny lights 
that blink to indicate di�erent things, but all of them 
are conceptually the same.

T7. LED = LIGHT EMITTING DIODE!







We saw that there are 2 types of currents: AC & DC. AC seemed to be not a�ected by polarity 
where as DC was a�ected by it.

Basically Alternating Current is a current whose polarity constantly keeps on changing from 
positive to negative. It is as if one moment the battery is connected one way and the other 
moment its opposite way. So the voltage keeps on fluctuating and is never at a fixed value like in 
case of a battery.

The reason AC is used in our homes is because scientists have found that AC can be easily and 
e�ciently be transmitted over larger distances as compared to DC. But AC is di�cult to be used 
directly by most appliances. DC on the other hand can’t be transmitted over long distances but is 
usable by most appliances. Hence most of the times, the AC received in our homes is converted 
to DC before use, as we saw in the previous experiment.

Another advantage of using AC is that its voltage can be increased or decreased very easily and 
e�ciently using devices known as “Transformers”. You would have often seen these devices in 
your city. DC voltage can’t be very easily changed hence transformers are first used to lower the 
AC voltage that comes to our homes before converting to DC voltage!

20

DC - Fixed Voltage AC - Changing Voltage

Transmission Lines Substation Transformers

Step Down Transformers on Poles

Power Station Step Up Transformer

AC power reaches homeConverted to DC before use

T8. AC & DC
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Now that we have understood frequency, there is one more thing you can do with sound. You 
can make it loud and you can make it soft. When you listen to music, and you want to change 
the volume, you do not change frequency, instead you change the “Amplitude” of the sound. 

That’s why when you want very loud music, you need a device called “Amplifier” that can change 
the amplitude of a sound wave drastically. For example, at a concert, the singers voice is too soft 
for everyone to hear, therefore an amplifier is used to increase the volume (amplitude).

Buzzers that we used in the previous circuit are components that produce a buzzing sound when 
electric signals are passed through them, just like an LED glows when electricity passes. You will 
find them in all sorts of things from toys to alarm clocks to door bells etc.

The buzzer that we use in this set, is called a 'Piezo electric' buzzer. It gets it's name from this 
special material that has a tendency to vibrate when a current is applied. Therefore when you 
apply voltage to a piezo buzzer, the material inside vibrates, and we experience this vibration as 
sound.

More Vibrations
High Frequency

Less Vibrations
Low Frequency

High Amplitude
High Volume

Low Amplitude
Low Volume

Frequency

Amplitude
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E14. VOLUME DOWN!

• First connect the basic circuit of Battery & Buzzer as shown in the 1st diagram below. Keep in 
mind the polarity of the Buzzer.

• Now connect the 3.3kΩ R3 Resistor in series with the Buzzer as shown in the 2nd diagram.

• The Buzzer will beep but its volume would have decreased a bit after connecting the resistor.

• Now replace the R3 first with R1 (10kΩ) and then with R2 (20kΩ) and observe carefully.

• You will observe that the volume of the Buzzer goes down as the resistance goes up!

The reason can now be explained easily with Ohm’s Law. For a circuit having a fixed battery 
voltage, the current will go down when the resistance increases. Now, as the component gets 
less current, its output also decreases!

Think in terms of the water wheel. When the flow of water is less, the wheel spins slowly!
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COLOUR CODING PUZZLE!

Ok so let’s try calculating some resistor values with the help of the coloured stripes. You can 
take the help of the previous table for the colour coding. Also, don’t forget to show your 
calculations in the space provided!

            

            

            

            

            

            

            

            

            

            

            

            

            

            

            

            

1.

3.

5.

7.

2.

4.

6.

8.



T16. VOLTAGE & CURRENT IN SERIES CIRCUITS



L1 L1

43



44

T17. VOLTAGE & CURRENT IN PARALLEL CIRCUITS
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E19. THIS OR THAT!
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A Truth Table is used by engineers to analyse and design digital circuits. It helps in relating the 
output of a digital circuit to its inputs. This is especially useful when a circuit contains lots of 
gates, inputs & outputs.

Let’s make one for the previous OR and AND circuits to understand how this works.

Fill the LED‘s value in E19’s Truth Table. Here 1 means ON (Pressed) and 0 means OFF 
(Not Pressed). 

Now fill the LED‘s value in E20’s Truth Table. Again, 1 means ON and 0 means OFF. 

This is exactly how an OR and AND Gate should behave! Truth Table gives us the relation 
between the input & output of the circuit, which further helps engineers in designing it.

You would have seen 110001101011 like numbers in movies and ads when people talk about 
computers. Does our Truth Table now look interesting?

T20. TRUTH TABLES

Button 1

0

0

1

1

0

1

0

1

Button 2 LED

Button 1

0

0

1

1

0

1

0

1

Button 2 LED
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E21. NEITHER THIS NOR THAT!
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E23. RESISTORS IN SERIES

• Connect the Buzzer, 3.3kΩ, 10kΩ & 20kΩ Resistors as shown.

• Now connect the Battery and Jumper Wire exactly as shown.

• Connect the Jumper Wire first to A, then B & finally C as shown.

• Did you observe that the volume of the Buzzer is decreasing constantly?

You can actually use the setup as a “Variable Resistance”, since you can change the total 
Resistance in the circuit! Try changing the order of the resistors and see what happens!

IT ALL ADDS UP!

Here we are connecting the Resistors in Series. When we do this, the total resistance adds up 
and increases, and as the resistance is increasing, the volume of the Buzzer goes on 
decreasing. We’ll see why this happens in the next topic, but for now, just remember that 
resistance adds up in series!

1.5V 1.5V

Resistor

R1
10kΩ

Resistor

R2
20kΩ

Resistor

R3
3.3kΩ
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E24. RESISTORS IN PARALLEL

• Connect the 20kΩ Resistor, Buzzer & Battery as shown.

• Now first connect the 10kΩ and then the 3.3kΩ Resistor in Parallel as shown.

• Did you observe that the Volume of the Buzzer is increasing constantly?

SPLIT THE BILL!

Here we are connecting the Resistors in Parallel. When we do this, the resistance gets split up 
and decreases. The total resistance is Lower than the Least value of Resistance!

We started with 20kΩ and then added 10kΩ in parallel, so the Net Resistance became lower 
than 10kΩ and the Volume of the Buzzer increased! Same happened when we added 3.3kΩ. 
We’ll see why this happens in the next topic, but for now, just remember that  resistance splits 
up in parallel and is lower than the least value of resistance!

1.5V 1.5V

Resistor

R2
20kΩ

1.5V 1.5V

Resistor

R2
20kΩ

Resistor

R1
10kΩ

Resistor

R3
3.3kΩ
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T22. SERIES & PARALLEL RESISTANCE

We saw that on adding resistors in series, the Buzzer volume went down got dimmer, but on 
adding resistors in parallel, the Buzzer volume went up . This is because the resistance adds up in 
series and decreases in parallel. 

Let’s understand from the water analogy. When you have a smooth & wide pipe and you go on 
adding narrower pipes in front of it, the flow rate of water (current) goes on decreasing 
constantly and results in a higher net resistance for the whole system. 

When we connect resistors in parallel, though the additional resistor blocks the flow of current, 
it also gives a new path for current to flow. As a result more current passes through the circuit 
and the net resistance goes down!

PUMP

R adds up, flow decreases

PUMP

R splits up, more water can flow

R sp lits up, current increases

R adds up, current decreases
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E25. SLIDER DISCO LIGHTS!

• Connect the Clip Wire, LED & Battery as shown.

• Draw a long, thick & dark line with a pencil on paper.

• Keep the red clip fixed at an end & slide the black one away from it as shown.

• Do you see the LED dimming down?

• Did you also observe that the brightness is more when the clips are near to each other and less 
when they are far apart?

• This is because, when you slide the clips on the pencil stroke’s graphite (ok-ish conductor!), you 
are varying the resistance that is connected in series with the LED! 

1.5V 1.5V

LED

L1



T23. RESISTANCE  DEPENDS ON AREA & LENGTH
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T24. CAPACITORS

Capacitors are again one of the very fundamental electronic components. They are found in 
almost all electronic circuits and have a crucial role to play. You definitely would have seen them 
on circuit boards, inside fans, motors etc. 

Capacitors are like small & temporary electric storage tanks! When supplied with electricity, they 
store it inside them temporarily and provide it back to the circuit when electricity is cut-o�.

This feature has many applications, for example, storing & releasing the high electricity required 
in camera flashes, providing su�cient electricity to motors & fans on starting etc. 

A capacitor and its circuit symbol looks as shown above.

As you can read on its body and label, the value of this capacitor is 470µF (micro Farad). Farad is 
the unit of capacitance (after the scientist Michael Faraday). 

We will learn about capacitors next and make some cool circuits using them!

Capacitor

470µF

Capacitors come in various shapes, sizes & types!

Capacitor

C1

470µF
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Magnet

Centre shaft

Winding

motor rotates as per the direction of current,
like a water wheel rotates as per the water flow

Motors convert Electrical Energy into Mechanical Energy.

Interestingly, Motors work with the help of Magnets and by the principle of Electromagnetism! 
When we apply electric current to the Motor, a “Magnetic Field” is produced by the current. This 
field interacts with the magnetic field of motor’s magnets and creates a rotational motion!

Since motors are polar, applying voltage in one direction makes them spin clockwise while in the 
other direction, they spin anti-clockwise. But unlike the LEDs, they do work in both directions.

This is similar to the Water Wheel analogy. When water flows through the pipes and hits the 
water wheel, it forces the wheel to move!

Also, more the pressure of the water, more will be the speed of the water wheel. Thus, applying 
more voltage to the Motor will increase its speed. But too much can also damage it!

In a way, we can say that motors transform the electrical energy into mechanical energy just like 
the water wheel transforms the mechanical energy of the flowing water into the mechanical 
energy of the rotation! 

T25. HOW MOTORS WORK
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E37. LIGHT THEREMIN

1.5V 1.5V

LDR

RL

• Make sure that  you are in a well lit up place. Avoid a dark room for this project.

• Connect the LDR, Buzzer & Battery as shown.

• Now try to block the light falling on the LDR by moving your hand near to it. Then move your 
hand away from the LDR. Hear the volume change?

• Move your hand from one side of the LDR to the other very fast and also go on changing the 
distance from the LDR as shown. Do you hear crazy sounds?

• Theremin is exactly such an instrument that’s played by waving hands in the air! You just made 
your own Light Theremin! 

•  Go on maestro, create your own new tunes and ways of playing this instrument!
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PUZZLE SOLUTIONS

Circuit Puzzle, Page 6:

1) Open Circuit: The black wires of LED & Battery are not connected, thus breaking the path.

2) Open Circuit: Battery is not present hence circuit can’t be formed.

3) Closed Circuit: A path is connecting both terminals of the battery & switch is closed.

4) Open Circuit: A path is connecting both terminals of the battery but the switch is open.

Conductor Puzzle, Page 9:

Softdrink Can, Metal Ring = Conductor

T-shirt, Wooden Table, Co�ee Mug, Notebook = Insulator

Volt-Ampere Puzzle, Page 11:

Vehicle Battery = 12 Volts

TV, Charger, Mixer = Varies with each device model. Look for voltage/current rating label on it.

Polarity Puzzle, Page 15:

Button, LDR, Resistor R1, Resistor R2, Switch = Non-Polar (indicated by both blue wires)

LED, Capacitor, Buzzer, Motor = Polar (indicated by red-black wires)

Diode Puzzle, Page 18:

1) LED Glows: Circuit is connected properly and polarity of LED is correct.

2) LED Won’t Glow: Circuit is connected properly but polarity of LED is wrong.

3) LED Glows: Circuit is connected properly, LED’s polarity is correct & switch is closed.

4) LED Won’t Glow: Circuit is connected properly & switch is closed but LED’s polarity is wrong.

Energy Transformation Puzzle, Page 23:

CAR:   chemical energy (fuel) --> mechanical energy (motion of wheels)

FAN:   electrical energy (electricity) --> mechanical energy (motion of blades)

BULB:   electrical energy (electricity) --> light energy (glow)

TOASTER:  electrical energy (electricity) --> heat/thermal energy (heating coil)

DIYA:   chemical energy (ghee/oil) --> light & thermal energy (glow)

HEADPHONE: electrical energy (electric signals) --> sound energy (audio output)
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Truth Table Puzzle - 1, Page 57: 

Voltage Drop Puzzle, Page 46:                             

1) R = 120Ω          2) VD = 1.5V          3) i = 0.036A or 36mA

Series-Parallel Puzzle, Page 32:



D

B

A D

A B

D

C

B

A

Truth Table Puzzle - 2, Page 58:  
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Circuit Resistance Puzzle, Page 62:

1) R = 1414Ω          2) R = 100Ω

Circuit Capacitance Puzzle, Page 68:

1) C = 50µF          2) C = 100µF

Power Puzzle, Page 78:

1) 1000W or 1kW          2) 3A

3

10

6

2

2

1.04

12

Series-Parallel Puzzle, Page 79:

20.16
21.52 5.38

Voltage Divider Puzzle, Page 89:

1) V1 = 1.5V     V2 = 1.5V       2) V1 = 2V     V2 = 3V    
3) V1 = 2V        V2 = 5V      V3 = 1V
4) V1 = 2.7V     V2 = 0.3V
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