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CHAPTER1: ELECTRICITY AND CIRCUITS
1.1 MEMORY MAP

1.2 ACTIVITY SEQUENCE
Sr. No. Sequence

Activity Description

Time Frame

1

PART-1

Theory Session : Covering fundamentals of the topic. 1 hr.

2

PART-2

Practical Session : 1BHK House circuit connections

50 mins

3

PART-3

Common Session : Safety & Moral Values

10 mins

TOTAL

120 MINS

1.3 THEORY SESSION
We tell students that in today’s session we will be developing our own electrical circuit
connections of a 1BHK house similar to what they can see right now in the classroom. We stress the
need for the students to be able to differentiate between the terms VOLTAGE, CURRENT,
RESISTANCE and POWER at the end of the session. We tell they that these terms are not
interchangeable and they must know which term to be used and when.
- 2 mins
We then divide the students in groups for the practical sessions during the course of the
lecture. We start the theory session by probing students for terms they know related to Electricity. We
expect minimum terms like Charge(Coulomb), Current(Ampere) , Voltage/Potential Difference(Volt),
Power(watts), Resistance(Ohms) and along with this we also list all the relevant terms put forward by
student on blackboard. Considering these terms as a reference we start with the detailed explanation
of each term.
- 5 mins
We switch on the tube light in the classroom. We ask students what happens when we turn on
the electric switch connected to a tube light. For which students respond that it will glow. Now we ask
the students why this happens what makes it make glow. For which students will respond in their own
way like current flows, electron flows etc. We ask them it is that the current flows or voltage? Which
terms is to be used here? For developing curiosity we raise the questions like why electrons/current
flows, what makes them to flow?
- 2 mins

A. CURRENT
We start with the very basic of electricity that is charge. To explain this we draw atomic
structure of carbon (C6). We highlight that the protons have positive charge and electrons have
negative charge and the net charge on a stable atom is zero as both numbers are equal. Now we put
forward the concept of free electrons which is the primary cause of current. Here we introduce the
statement “Current is flow of free electrons”. This statement shall be repeated throughout the
session with the class. Now we introduce students with the formula I=Q/T i.e. current is nothing but
flow of n number of electrons per unit time, we explain this with numbers.
-6 mins
B. VOLTAGE
Now we come to the cause of electron flow. Draw two buckets one filled with water and other
empty placed at same elevations and connected by a pipe & valve in between. Ask students what
happens when the valve is opened. For which students respond that the water flows from one bucket
(higher level) to the other (lower level) till they reach at same level. Now we draw a 1.5 V battery on
board and state that there difference of net positive and negative charges across the two terminals. We
explain that a lamp connected across a new battery glows brighter and its intensity reduces with
usage. Finally the lamp stops glowing after a certain point, which we state is the instant where the
number of positive and negative charges are equal across the terminals. Here we introduce the term
potential difference, which is nothing but the difference in the potential across the terminals of a
source. This potential difference is also known as VOLTAGE in electrical terminology. We highlight
that this is analogous to the water bucket example stating that there is flow of electrons till there is a
difference in potential. We give each group a 1.5V battery along with multimeter and tell them to
measure the voltage.
-10 mins
C. POWER
Now we introduce the term POWER which is a product of current and voltage and its unit is
watts. We state some familiar values of power of some electrical appliances like lamps, fan, AC. We
won’t go in details for Power.
- 2 mins

D. RESISTANCE
Next term is Resistance. We explain them the literal meaning of resistance i.e. opposition to
cause. Correlating this with electrical resistance, we state that it is ‘opposition to flow of electrons’
(R⇑ I⇓ & vice versa). We introduce the formula R = (p*L/A) To explain each term we use analogy of
water running through a pipe. We explain what happens to the flow of water when we press the pipe.
Where students respond the flow increases or decreases based on their own understanding. But we
highlight the fact that flow is decreased, this we can make them believe by explaining what happens
when we completely press the pipe. Now we explain that by pressing the pipe we actually reduce the
cross sectional area of the pipe and thus effective area available for flow of water is reduced. This
analogy explains the inverse proportionality between area and resistance. Next we ask what happens
when two people press simultaneously. Again students respond the flow increases or decreases based
on their own understanding. We explain that the flow decreases due to effective increase in the length
of reduced cross sectional area. Here we explain the direct proportionality between resistance and
length. We give each group 2 resistors and ask them to measure the value using multimeter.
-13 mins
E. ELECTRICAL CIRCUIT.
We draw a typical Electrical Circuit consisting of source, load, switch and connecting wires
to form a closed path. We ask students for types of circuit/ connection diagrams they are aware of. We
draw two separate series and parallel connection diagrams. Here we ask students to identify which is
series and parallel. After identification we shall ask students for what makes them different. We
explain that when an electron starts from the source in a series connection it has only one path through
which it can return back to source, whereas in a parallel connection electron has more than one path
through which it can return back to source. We shall highlight the same repeatedly with the
connection diagram shown on the board.
-5 mins
We show them a demo consisting of three incandescent lamps connected in series with
switches in between them and another set of three incandescent lamps connected in parallel with
switches. We include different combinations in the demo like switching On/Off 1 lamp, 2 lamps and 3
lamps both for series and parallel connections. We also ask students to identify which is series and
parallel. Here we explain that in a series connection due to only one return path for electron flow,
turning off one switch makes all lamp go off. Whereas in parallel connection due to multiple return
paths the lamps would glow independently. Also we highlight the reason for dimming of lamps in
series connection due to division of voltage across each lamps and same not applicable for parallel
connection as the entire applied voltage is available for each lamp. (Instead of showing the demo
using 40W lamps, we can alternatively give each group sets of three 12V-3W lamps and tell them to
connect it in series and parallel and check the difference. Either of the 2 can be done as per
convenience)
- 10 mins
Now we ask students to connect the 2 resistors given to them in series and parallel and
measure the values using Multimeter.
- 5
mins
Explain them calculation of residential electricity bill (Units of Energy Consumed); if time
permits and students are receptive.
-Total Time: 60 mins maximum.

1.4 PRACTICAL SESSION
After about an hour of the theory session, we move to the practicals part. Dividing students
into groups we give them all the materials for the hands on practical design for this Electricity &

Circuits Module. Before we start with the actual activity, we brief students about the safety
precautions to be strictly followed by each student. We highlight the points related to safety like
proper use of scissors, cutters, wires connection, safe handling of lamps made of glass, etc. Now we
give all the materials to the students (2nos. A3 sheets, thermocol, stationeries, wires, switches and all
the loads). Give them a basic idea of what they have to do with all the loads.
Now volunteers go to each group and guide them in making a typical connection. Here
volunteers should highlight that each connection made by the students follow the rule stated in the
theory part i.e. each circuit has wire-switch-wire-lamp-wire to form a closed path with a power
source. This will help students to see the circuit in a simpler way.
After this ask students to connect the remaining part of the circuit. Students shall be
encouraged to understand the circuit and connect and not simply do it mechanically. Once the
students are done with the connections we shall ask the students to explain the circuit step by step and
also rectify any errors in the circuit. Hereafter volunteers should check the circuit thoroughly, make
all the switches in off position and only then the circuit shall be powered. The control of the main
supply shall be kept only in hands of the volunteers for safety reasons.
Now volunteers shall request students to turn on the switch for the various loads. Firstly we
tell them that we have selected 12V source for safe operation. We show them the converter which
converts 230V ac to 12V DC. We explain the students the basics of the use of multimeter like the
meaning of V~-,I~,Ω markings; continuity check, etc. Then we check the voltage of our power
supply. The switch ON sequence shall be doorbell, kitchen lamp, hall room lamps, motor1, LED1,
LED2, motor2 and after some mins turn them off one by one by students what to expect from students
is important here, students should be able to identify the switches for respective loads. As in the
circuit there will be 3 lamps, of which 2 lamps are in series and students should be able to identify
them easily and before turning them ON, students should be able to tell that whether it will glow dim
and also justify the cause. Here we highlight that the actual connection in our homes are all parallel
circuits and ask students what the reason is. The students should answer that switching OFF one
connection does not switch OFF all the loads. Students shall be encouraged here to ask doubts and
interact as much possible. Also volunteers shall inform students with minor details of the equipment
like polarity of motors, LEDs and also tell them that lamps, switches are not polarized. As far as
possible the volunteer must correlate this circuit with the actual connections in the room.

Optional: There is an additional LDR sensor circuit that the volunteer will include in the model
prepared by the students to explain them automatic switching ON-OFF of lamps without switches.
This will be correlated the switching of street light circuits in practical. Also we introduce the students
to the concept of fuse which is used for protection of the electrical circuits in our homes.
Total Time: 50 mins maximum.
Circuit
Diagram-1.pdf

Circuit
Diagram-2.pdf

1.5 COMMON SESSION
After each batch is completed with their explanation, we tell the entire class to assemble again
for a 10 mins post-practical explanation in which we highlight the hazards while working with
electricity as well as their moral responsibility towards Energy Conservation. But firstly, we draw the
equivalent series/parallel model of the circuits that the students just prepared. We thereby highlight
the fact that the apparent complex connection is nothing but a combination of series-parallel circuit

that they study in their curriculum. After this we show them a video on laptop or projector (if
available) which highlights the danger of complacency and ignorance while working with electricity.
Next, to explain the energy conservation part we write on the blackboard the list of all household
electric loads as their power consumption (viz. Tube light-36W, Fans-65W, TV set- 100W, A.C.3kW, Geyser- 3kW, Refrigerator 100W (compressor OFF) & 500W(compressor ON). We point out
that the high energy consuming loads must be used judiciously. Also we explain them some energy
conservation methods like the use of sensors for daylight switching as shown to them in practical
explanation, use of LEDs instead of conventional tube lights, keeping the doors closed while using
ACs, use of renewable resources, etc. Finally we highlight that it is moral responsibility towards
Mother Nature to conserve the depleting resources and we as educated individuals should always
strive to do so.
Total Time: 10 mins maximum.

EQUIVALENT CIRCUIT DIAGRAM

1.6 ELECTRICITY AND CIRCUITS: THE 7 ASSETS

Sr.
No.

Asset

Example

1

Main Script

Concepts on
Voltage, Current, Resistance, Series & Parallel Connection

2

Day to Day
relevance

1. 1.5V Batteries
2. Power rating of various loads.
3. Parallel Connection of Residential Loads.

3

Inquisitive Questions

1. Switch ON a lamp and ask students how did the lamp glow.
2. House load connection- Is it Series or Parallel?

4

Interesting Aside

1. Street Lights working on LDR sensors.
2. Electrical Generation using Solar Energy.

5

Value Content

Energy Saving by optimising usage of Electrical Energy

6

Suggested Activity

1. Measure Voltage, Current using multimeter
2. Series/Parallel Demo.
3. Final 1 hr. Activity of building a 1BHK model of House.

7

Assessment

1. Pre and Post Assessment
2. Asking students to list words related to electricity.
3. Asking students to trace a circuit connection of the 1BHK
model.

1.7 MATERIAL REQUIREMENTS
1.7.1 SERIES PARALLEL CONNECTION OF ELECTRIC LAMPS.
Sr.
No.

Item

Per Session

Image

-

NA

1

230V AC, 50Hz Power Supply

2

Incandescent lamp: 230V, 40-60 watt (Max)

3

Red and Black Coloured Wires: Multi-Stranded of
cross section 1.5 sq.mm. (Min)

4

Lamp Holders

6 nos.

5

Switches

8 nos.

6 nos.

As per
requirement

1.7.2 ELECTRIC CIRCUIT DIAGRAM OF A RESIDENCE
Sr.
No.

Item Description

Quantity
per Group
of 5 Students

1

Print Out of Architectural Layout of a
Residence spread over two A3 Size Paper

1 Set

2

2 cm thick Thermocol sheet of 2xA3 size paper.

1 no.

Image

3

Masking tape

2 role

4

A DC Supply of 12V (Max), 5 Amp (Min)
Rating

1 no.

5

Incandescent lamp: 12V, 5 watt (Max)

3 nos.

6

3V DC Motor

2 nos.

7

Fan Blades

2 nos.

8

Electric Buzzer: Rating 3 to 24V DC

1 no.

Sr.
No.

Item Description

9

Red and Black Coloured Wires:
Multi-Stranded of cross section 0.5 sqmm (Min)

10

Switches

11

LED Lights : White Colour

Quantity
per Group
of
5 Students

3 meters
approx.

7 nos.

0.1 meter

Image

12

LED Lights : Green Colour

0.1 meter

13

Resistor: 30 Ohms, 10 Watt.

2 nos.

14

Connectors

4 nos.

15

5A Fuse

1 no.

16

Electronic Kit: Automatic switching of Outdoor
Lights.
Working Principle: Function of Day Light

1 no.

-

CHAPTER 2: ELECTROMAGNETISM
2.1 MEMORY MAP

2.2 ACTIVITY SEQUENCE
Sr. No. Sequence

Activity Description

Time Frame

1

PART-1

Theory Session : Covering fundamentals of the topic. 1 hr.

2

PART-2

Practical Session : Make a Generator

50 mins.

3

PART-3

Common Session : Insightful Videos

10 mins.

TOTAL

120 MINS

2.3 THEORY SESSION
2.3.1 MAGNETISM
Start with the DEMO on Lenz’s law using copper tube, PVC pipe and neodymium magnets.
Before starting with the actual theory session, we demonstrate a small experiment on Lenz’s law to

awaken the curiosity in the minds of the students. For this demonstration, we ask the class if there is a
magician amongst us. When the class comes up with a name we tell that student to come forward to
perform magic which is nothing but our Lenz’s law experiment. We tell the student to first pass a
neodymium magnets through a PVC pipe, the result being that the magnet falls down quickly in a
couple of seconds. Next the student is told to pass the magnet through a hollow copper pipe of same
length. Now the magnet takes almost 14 seconds to fall down a one meter copper pipe, thereby
creating a magical illusion. The students are amazed to see this, to which we ask them whether this
was MAGIC. The student tell NO and we concur by telling them that is indeed wasn’t MAGIC but
MAGNETISM. We tell them that we will reveal magical secret scientifically at the end of the session.
- 2 mins
We start the theory session by probing students for terms they know related to Magnetism.
We expect minimum words like magnetic field, various types of magnet, laws related to magnetism,
etc. We write down the names of 4 scientists on the board viz. Hans Oersted, John Fleming, Michael
Faraday & Heinrich Lenz and tell students that these people made significant contribution in the field
of Electromagnetism, which we will be learning in the session today
- 3 mins

Mention types of magnetic materials
a.
b.
c.

Paramagnetic - Aluminium, Sodium, Magnesium (all weakly attractive)
Diamagnetic - Copper, Water, Silver (all weakly repulsive)
Ferromagnetic - Iron, Cobalt, Nickel (all strongly attractive)

-2 mins

We then introduce them to the term magnetic field and magnetic poles. We highlight that like
poles attract each other and unlike poles repel. We demonstrate this using two small ring magnets
inside a pen. We put the pen inside the hole of the ring magnet and another ring magnet is put over it.
The magnet is attracted if the two poles are unlike whereas it repels strongly when the poles are
similar, thereby proving the theory.
We then introduce students to various types of magnets- Bar, Ring, Disc, Horseshoe, Sphere,
Neodymium etc. We explain them that the magnetic field of each magnet is different and we draw the
same on board. We highlight that even though each magnetic field is different but it starts from North
Pole and terminates at South Pole. Here we demonstrate that the actual magnetic field of a ring
magnet using iron fillings, writing pad and the magnet, thereby proving them that the magnetic field is
real and not just in theory. Also we highlight that every magnet has a limited range under which it
shows its significant effect. Here we highlight a very important point that the poles of the magnet are
inseparable.
-10
mins

2.3.2 ELECTROMAGNETISM
Probe students about words related to electricity (Current, Voltage, Resistance, Circuit- make
students draw the circuit)
-2 mins
Then we state that till the 18th century, Electricity and Magnetism were considered to be two
separate entities with no relationship between them. But in the early 19th century Hans Oersted
conducted an experiment where he found that electricity and magnetism are closely related, in fact
one cannot exist independently of the other. We perform the Oersted’s experiment in front of the class
where we connect a battery to a coil of copper wire and bring a magnetic compass near to the coil.
Here we explain in brief the working principle of a magnetic compass, stating that it responds to the
earth’s magnetic field and always points to the geographical north(magnetic south) pole of earth.

When we connect the battery the magnetic needle starts deflecting and when we disconnect the
battery it again comes back to its original position. We thereby conclude that “A current carrying
conductor produces a magnetic field around it”, thereby showing a strong relationship between
electricity and magnetism. Here we introduce the term magnetic flux which is nothing but magnetic
lines of forces. We state the relationship between current and magnetic flux i.e. Φ (Flux) is directly
proportional to current and number of turns of the coil. (Φ⇑ when I or N⇑ & vice versa).
-10 mins
Having shown the relationship between the magnitudes of flux and current, we now establish
a relationship between the directions of each. Here we introduce the Right Hand Thumb Rule which
gives the direction of magnetic flux w.r.t current. If we hold a current carrying conductor in our right
hand with fingers curled around it and thumb stretched outwards, then if the thumb points to the
direction of current, the curled fingers show the direction of magnetic flux.
-1 min
Now we come to an important concept of current flowing through a solenoid. Before
explaining the students this concept, we show them a demo of ‘Electric train’. When a battery
connected with neodymium magnets at its two terminals is placed inside a solenoid of bare copper
wire, it starts moving inside the solenoid on its own. We now show the magnetic field produced by
the current flowing through a solenoid and correlate this with the field of a bar magnet. We explain
the working of electric train by showing the magnetic field interaction of the neodymium magnet and
the field produced by current through a solenoid because of the battery. Here we ask a question to the
students that ‘Will the train keep on moving indefinitely if we provide a closed path?’ We expect
students to answer that it will stop when the battery dies down. We state that the train will reduce its
speed as the battery capacity reduces and will gradually stop when the battery is exhausted. Here we
state the practical application of Current through viz. Electric Bell, Power Transformers, etc.
-10 mins

Now to come to another important concept of ‘Force on a current carrying conductor placed
in a magnetic field.’ We explain that whenever a current carrying conductor is placed in a magnetic
field, it experiences a force which is directly proportional to the strength of the magnetic field and the
current flowing through the conductor
-5
mins
Here we point out to the second scientist viz. John Fleming. We explain the Fleming’s Left
Hand Rule to the students. We draw two poles of a magnet and place a single coil in between them.
We show that we connect positive terminal of a battery to one end of the coil and negative terminal to
the other. We ask students the direction of current, to which they’ll respond, from +ve to -ve. We then
call a student towards the black board and include the whole class to participate in understanding the
rule through him. We tell all the students to orient their thumb, fore finger and middle finger of the
left hand so that all three fingers are perpendicular to each other. We state the rule using the terms “FB-I”. ‘F’ is for the thumb which stands for Force, ‘B’ is for fore finger which stands for magnetic field
and ‘I’ is for middle finger which stands for current. We correlate this with the drawing on the
blackboard and find the direction of force on each arm of the coil. We make the student called near
the blackboard to find the direction of force and help him do the same thereby explaining the
Fleming’s Left Hand Rule. We now show a demo of Electric Motor to the students and explain them
that the torque produced on the motor is nothing but the force on the arms of the current carrying coil
placed in the magnetic field of the ring magnet used in the demo.
-10 mins

Generator principle: For this we move to the name of the third scientist viz. Michael Faraday.
We explain Faraday’s Law of electromagnetic induction which states that ‘whenever there is change
of flux linked to a conductor, a voltage is produced at its terminals. To make it simple to the students
we tell them that if we move a conductor through a stationary magnetic field or if we change the
magnetic field around a stationary conductor, then a voltage is produced at the terminals of the
conductor. The direction of the voltage is given by Fleming's Right Hand Rule. We explain the Right
Hand Rule in a manner similar to the Left Hand Rule, involving the entire classroom. We use the
same drawing on the blackboard used earlier for Left Hand Rule, but we remove the +ve and -ve
terminals of the battery shown earlier. We tell the students that this time we will apply force to the
two arms of the conductor in opposite directions. We use the words “F-B-I” again with same
notations, but inside of finding the force, we find the Current (I) this time. We arrive at the direction
of current and assign +ve & -ve terminals at the terminals accordingly, highlighting that the voltage is
generated which is nothing but generating action. Here we state that Fleming’s Right Hand Rule is for
Generator action and Left Hand Rule is for Motoring action.
-5 mins
We now explain the students that “the voltage generated is proportional to the rate of change
of flux. i.e e is proportional to dΦ/dt (R)”. We write the formula on the board i.e. e=N*R and explain
students that the voltage generated depends on 2 factors viz. Number of turns of the coil and rate of
change of flux. We tell students to remember this formula as we’ll be using the same while building
the generator. We tell the students that we will be asking them to explain this formula when they are
finished building the generator. Before moving to the practical part, we just mention in brief about the
fourth scientist viz. Heinrich Lenz. We explain that the above formula e=NdΦ/dt has a minus sign
before it i.e. e=-NdΦ/dt. We explain that the voltage generated oppose the cause that produces it. This
explains the copper tube magnet experiment shown at the start of the session i,e the eddy currents
produced in the copper conductor due to the movement of neodymium magnet opposes the cause
thereby reducing the speed of fall.
-5 mins
Total Time: 60 mins Maximum

2.4 PRACTICAL SESSION
Now we move to the practical part, dividing students in group of 4-5. We first explain the
students the safety precautions while working with scissors, cutters, nails, copper wires and strong
magnets.
We give them a piece of cardboard and tell them to draw the outline as shown below.

Cut the 26cms x 8 cms rectangular piece. Tell them to bend the cardboard across the 8, 4, 8,
4, 2 cms edges to form a closed box (do not glue the box now). Next tell them to find the centre of the
8cms x 8cms square surface by drawing diagonal lines. Now make a hole at the centre point and insert
the nail through it. Attach the bar magnets 2 nos each on either side of the nail. Fix the nail and
magnet arrangement properly in such a way that the nails don’t slip on the surface of the magnet when

the assembly is rotated. (This part is crucial in terms of stability of the generator, so volunteers should
check the same before the next step).
Next, tell them to glue the cardboard to form a rectangular box assembly inside which the
magnet and nail arrangement can be rotated. Now, take the copper winding and start coiling it on the
surface of the box. A minimum of 150 + 150 turns should be made of the 2 sides of the nails. (Tell the
students that the wire should not be cut and the direction of coiling should be kept same for the entire
300 coil). Now, scrape the varnish coating at the terminals of the windings using polish paper or
cutters and connect the LED at the terminals.
Finally after they build the generator and the LEDs are connected at the two ends of the wire,
we tell them to rotate the magnets through the nail. As they do so voltage is produced and the LED
glows. We tell the group to explain the phenomenon. We probe them to answer to question like how
can we increase the brightness of the LED?, what will happen if we increase the number of turns?, etc.
We explain the students the basics of the use of multimeter like the meaning of V~-,I~,Ω markings;
continuity check, etc. Then we connect the generator terminals to the multimeter probes and check the
voltage. We tell the students to rotate the nails faster to check the effect. We can observe that the
voltage increases. Thus we conclude that we have build a generator which produces enough voltage to
power a LED.

Total Time= 50 mins Maximum

2.5 COMMON SESSION
After each batch is completed with their explanation, we tell the entire class to assemble again
for a 10 mins post-practical explanation in which we show them a video to explain the working
principle
of
Speakers.
The
video
is
quite
self-explanatory
https://www.youtube.com/watch?v=LKuHuyaRiHg. We highlight that it uses the same laws which we
studied in the theory session. We can show some more insightful videos if time permits. Refer the
“INTERESTING VIDEO LINKS” in section 2.7 for some interesting Videos.
As a part of moral values, before closing the session we inform students that to produce just
100 mV so much efforts are required. So to power the entire world, the amount of resources required
are tremendous. For rotating turbines water, coal and other types of fuels are used which are depleting
very fast. So it becomes our moral responsibility to use these resources judiciously and come up with
alternate renewable sources for generating electricity.

Total Time= 10 mins Maximum

2.6 ELECTROMAGNETISM: THE 7 ASSETS
Sr.
No.

Asset

Example

1

Main Script

Concepts on
Magnetism,
Electromagnetism

2

Day to Day
relevance

1. Working of compass
2. Working principle of Motor
3. Working principle of Speaker
4. Working principle of Microphone.

3

Inquisitive
Questions

1. How the Compass works.
2. Will the Electric Train move perpetually.
3. How to increase the voltage in a generator.

4

Interesting
Aside

Neodymium magnets passing slowly through a hollow copper tube.

5

Value
Content

Emphasis the fact that as students need more energy to make the LED glow
bright in similar manner for huge generation of electricity, tremendous amount
of our limited resources are being consumed continuously. Hence Use
resources Judiciously. SAVE EARTH

6

Suggested
Activity

1. Magnets and Iron Filings
2. Attraction and repulsion using ring magnets.
3. Oersted’s Experiment.
4. Electric Train
5. Make a Generator

7

Assessment

1. Pre and Post Assessment
2. Asking students to list words related to electromagnetism.
3. Explain the working principle of Generator, Motor, Speaker and
Microphone.

2.7 INTERESTING VIDEO LINKS
1. MAGNETISM:
a. Materials :- Paramagnetic, Diamagnetic, Ferromagnetic
https://www.youtube.com/watch?v=yiXgYg17N0o : Experiment-magnetic
materials
https://www.youtube.com/watch?v=OXrU-USvGvU : Magnets on straw.
2. ELECTROMAGNETISM :
a. Oersted Experiment :- (Electric circuit + Iron Fillings + Compass)
CBSE text book reference.
b. Force on Current Carrying Conductor

Fleming’s Left Hand Rule: Motor
https://www.youtube.com/watch?v=oRSU4FnUSrA : Motor with Safety Pin
(HOMOPOLAR MOTOR)
https://www.youtube.com/watch?v=wUqbvHOW6Us : Motor-Battery & Magnet
https://www.youtube.com/watch?v=d_aTC0iKO68 : Best Motor/Generator
c. Electromagnetic Induction (Faraday’s Law)
Explain Moving magnet inside coil on board.
Fleming’s Right Hand Rule: Generator
https://www.youtube.com/watch?v=d_aTC0iKO68 : Best Motor/Generator
3. Lenz’s Law
https://www.youtube.com/watch?v=N7tIi71-AjA- Lenz Law
https://www.youtube.com/watch?v=qtcXVXY6Gv0 - Lenz’ Law
4. Levitation & Electric Train (WOW factor)
https://www.youtube.com/watch?v=VylZJrep1MM - Levitation
http://youtube.com/watch?v=Y1MDOerruDU - Electric Train

2.8 MATERIALS REQUIRED

Sr.
No.

Item

Per
Session

2.8.1 LENZ’S LAW
1

Copper Tube

1 meter

2

Plastic PVC tube

1 meter

3

Aluminium Tube (optional)

1 meter

4

Neodymium Magnets

1 no.

Image

2.8.2 MAGNETIC FIELD DEMO USING IRON FILINGS

1

Acrylic Base(transparent)

2

Iron Filings

3

Magnetic (Large Ring Magnet)

1 no.

1 Box.

1 no.

2.8.3 OERSTED's EXPERIMENT

1

Copper windings

200 turns.

2

Battery 1.5V Duracell

1 no.

3

Magnetic Compass

1 no.

2.8.4 ELECTRIC TRAIN

1

Bare Copper Wire XXX gauge Wound in form of
Solenoid

Sr.
No.

Item

1 set

Per
Session

2

Battery 1.5V Duracell

1 no.

3

Neodymium Magnets

2 nos.

Image

2.8.5 ELECTRIC DC MOTOR

1

Copper Windings XXX gauge.

XXX

2

Wooden Shaft 20 cm length.

1 no.

3

Bearing 6205 with its side removed.

2 nos.

4

Copper sheets used as Commutator

8 nos.

5

Round Acrylic to house the windings.

2 nos.

6

12V DC Power Supply

1 no.

7

Connectors from power supply to commutator

2 nos.

2.8.6 PREPARE A GENERATOR
Sr. No.

Item Description

1

Carboard.

2

Nails as shaft.

Quantity
per Group
of 5 Students

1 full size

1 no.

Image

3

Bar Magnets

4 nos.

4

Copper Windings XXX gauge.

Bulk.

5

LED’s

2 nos.

2.9 SAFETY PRECAUTIONS




Magnets are very powerful (especially neodymium). It may hurt someone if not handled
properly
Ensure the power source is properly grounded, test the same using a tester for any leakage
on every bare conducting parts.
Working with nails, cutter, and scissors require proper care.

CHAPTER 3: OPTICS
3.1 MEMORY MAP

3.2 DEMO ACTIVITIES
1. Laser light demo of refraction and total internal reflection.
2. Total internal reflection shown with laser light following the path of water. You make a hole
somewhere near the bottom in a plastic bottle filled with water. Laser is shone onto the hole
from the other side..and the light instead of going straight out of the hole will follow the
stream of water.
https://www.youtube.com/watch?v=Z9O5xY3Z1WE
3. Inversion of an arrow drawn on a piece of paper when a glass of water is kept before it.

https://www.youtube.com/watch?v=zkUIhMOm4kc
4. Magic dissolution of glass in sunflower oil.
https://www.youtube.com/watch?v=yLp745TWZ44
5. Showing why sky is blue and sunsets orange.
This didn't come out very well. We put milk powder in water, which forms a colloid. Then
shone white torch light through it. It should start to appear blue on the sides of the trough
and at the other end should be orange. Basically as light passes through the colloid, all the
blue light gets scattered and after a lot of scattering what's left is orange-red.
If you use sodium thiosulphate and HCl, it forms colloids which slowly grow in size. So it
would almost be like watching a sunset in a bottle/trough.
https://www.youtube.com/watch?v=l7y1GoCLeRs
We can try this too:
https://www.youtube.com/watch?v=MtMmgcZoTSA

3.3 THEORY SESSION
Introduction
What is light? How is light different from heat. Heat sometimes produces light, like in a fire. Can light
also produce heat? What are the sources of light? Is sun the only source of light? Is moon a source of
light; is the tube light a source of light? (Moon is not a source of light, it only reflects the light from
the sun. Tube light is a source)
Light helps us see objects. But we cannot see all the objects at once. We cannot see behind walls. We
can see an object only if the light from that object reaches us. If the light from an object does not reach
us, we cannot see it.
Using the blackboard:
Suppose you are standing in the dark and light is falling on a tree far away. Will you be able to see it?
Suppose there is light near you but the tree is in the dark, will you be able to see the tree?
(You can only see the tree when light is reflected off the tree and reaches your eyes.)

While we are in the classroom, we cannot see what’s going on outside. We can hear what’s going on
outside, but we cannot see. Why doesn’t light from the objects outside reach us? This is because light
follows certain rules. Light rays always travel in straight lines (while in the same medium). So now we
are in the classroom and we want to see what’s happening outside. How can we do it? One way would
be to make all the walls transparent so that all the light from outside comes in unhindered. Is there any
other way to make the light from an object outside come in? — We can use a mirror.
Ask one student to stand outside the classroom and ask another student to bring the light from the
student standing outside into the classroom using a mirror.

Reflection
So how does this mirror work? What is its function called?—Mirrors reflect light.

Point a laser onto a mirror and show the beam of light reflecting off its surface with a
deodorant spray or chalk powder. The spray or chalk powder is used to show the path of the
beam in the air. This activity can also be done in a water trough. A mirror is placed at the
bottom of the trough, filled with water and a pinch of milk powder added to it. The milk
powder forms a colloid in water, which helps reveal the path of the laser beam. The students
recognise the law of reflection by seeing this. That the angle of reflection = angle of
incidence. The students can even be asked to measure the two angles with a compass. We can
hold a pen or a thin rod to mark the normal. The phenomenon is illustrated by drawing the
ray diagram on the board.

Refraction
What happens when light goes from air to water, or air to glass?
Ask a student to demonstrate the bending of light as it goes from air to water using laser and water
trough. Spray or chalk dust may again be needed to reveal the path of beam in air. Ask the students
to observe what’s happening.
Where is the normal? Once the light goes into the water does it bend towards or away from the
normal? When the ray goes into the water, its speed reduces, which is what causes it to bend. The
amount by which a ray slows down is given by the medium’s refractive index, n. In a medium with
refractive index n, the ray travels with speed c/n (where c is the speed in air). A medium’s refractive
index thus also determines how much a ray will bend. The higher the refractive index, more a ray will
bend. Air has refractive index 1. Water has a refractive index more than air, and glass has refractive
index more than water. Refractive index of water: 1.3. Refractive index of glass: 1.5. It is always > 1.

The ray diagram is also shown on the board.

If students are curious to know why the ray bends, explain using the Fermat’s principle. Light
wants to go from point A to point B in the least time possible. Now, in air the light travels
with speed c. But in the water, it travels slow; v = c/n. If it takes the shortest length path (1);
it will be travelling a long path in water (slow speed, v) and short path in air. So the time
taken would be more. If it were to travel by (3), it would be travelling along a very long path,
through air and water. So again the time taken would be more. Light chooses an appropriate
path like (2) so that the time taken for it to reach from point A to B is minimised.

Draw a new diagram with three interfaces and draw the incident ray. Ask the students to
construct the normal at every interface and demonstrate how the ray should traverse through.

Sun flower oil demo:
Video links:
https://www.youtube.com/watch?v=GJhB1mnigAw
https://www.youtube.com/watch?v=9Tj2KMZhfoc&spfreload=5
Ask the class if they want to see some magic. Ask a student to come forward and have
him/her pour sunflower oil into an empty beaker and place an empty test tube inside it. Show
the class that the test-tube is visible. Now ask the student to slowly pour the oil into the test
tube too. The test-tube will start to disappear. Ask the kids why this is happening. Tell them
that the refractive index of sunflower oil is very close to that of glass. So when there was the
empty test tube inside the oil, the light was bending when it went from glass to air; and hence
the test tube was visible. Now when we poured oil into the test-tube and replaced all air

inside, it became one continuous medium; so the light didn’t bend and we couldn't see the
test-tube anymore. For further explanation or ideas on how to demonstrate this, check out the
video links.

Total internal reflection (TIR)
When a ray of light goes from a denser medium to rarer medium, it bends away from the
normal. As we increase the angle of incidence, the angle of refraction keeps increasing until
it grazes the interface. At this point, the angle of refraction is 90 degrees and the angle of
incidence is called the critical angle.
Show the ray diagram of a ray going from a denser medium to rarer medium. Show another
ray with a higher incidence angle and the corresponding refracted ray, with angle of
refraction 90 degrees.

When a ray of light hits an interface, there is always some amount of reflection and
refraction. Below the critical angle, the amount of reflection is negligible and most of the ray
is transmitted as the refracted ray. But beyond the critical angle, there is no transmission,
only reflection.
In more technical terms, there are transmission and reflection coefficients that govern what
fraction of the ray is transmitted and reflected, respectively. The transmission coefficient is
~1 and reflection coefficient is ~0 below the critical angle. For angle of incidence higher than
the critical angle, the transmission coefficient is ~0 and the reflection coefficient is ~1.
We can demonstrate this with the water trough and laser. Aim the laser so that the beam goes
from water to air, and we will find that beyond a certain angle of incidence, there is complete
reflection and no refraction.

Demo with laser, water bottle:
Video links:
https://www.youtube.com/watch?v=ifbCsha7Syc
Fill a bottle with water and make a hole at the bottom until you get a steady stream of water
out. Hold the laser on the other side of the bottle so that the beam goes into the hole made.
We will observe the light bend through the stream of water. This is an example of TIR. Show
the stream on the board and how the light is bending through it.

Lenses
The laws of refraction are used in lenses for various applications like correcting eyesight,
making telescopes and microscopes, etc . Draw a big convex lens on the board and ask them
if it’s a converging lens or a diverging lens. It isn’t necessary to remember this. We will use
the laws of refraction we just studied to tell if this lens is converging or diverging.
Draw a ray parallel to the principal axis of the lens. Show the kids how a normal to this lens
is drawn (by making a tangent to the surface where the ray hits and then drawing a
perpendicular). Ask the kids what will happen next. How will the ray bend when it goes from
a rarer medium (air) to a denser medium (glass)? Continue the ray by making it bend
towards the normal until it hits the next interface. Ask the students how to draw the normal at
this point. Draw the normal and show how the ray bends again. When the ray emerges, it
would have converged towards the principle axis.
This is hence a converging lens. The point where it converges (or “focusses”) is called the
focus of the lens. Mark the point where it hits the principle axis as ‘f’ and show that the
distance from the optic centre (O) to this point is the focal length of the lens.

Draw a big concave lens on the board and make the students draw the normal at every
interface and trace the ray through the lens. We will find that the rays indeed diverge. When
the rays are traced back, they appear to come from a single point on the left of the lens. This
is the focal point of the concave lens. Hence the concave lens is diverging and the convex
lens is converging.
Quickly summarise what a concave lens and convex lens do. Draw the two lenses side by
side on the board and draw 3-4 parallel rays coming in. Show how the rays would diverge or
converge. Next, draw 3-4 rays passing through the optic centre of the two lenses and show
how they go undeviated. If time permits, draw the ray diagram on the working of a
magnifying glass and talk about virtual and real images.
Arrow inversion demo:
Video link: https://www.youtube.com/watch?v=G303o8pJzls
A glass of water acts like a convex lens in this demo, creating an inverted image.

3.4 PRACTICAL SESSION
Galilean Telescope
Now, using all that we learnt about light, refraction and lenses, we will make a telescope.
What does a telescope do? It helps us see a faraway object, which appears very tiny to the
eyes, larger. A telescope magnifies an object far away. It does this by increasing the angle

subtended by that object on the eye. Take a pencil or pen and bring it close to your eye. Does
it seem very large when it is closer to your eye? This is exactly what the telescope does. It
increases the angle made by the far away object on your eye so that it appears big and we
can see it clearly. This is what it does:

Draw a small tree on one side of the board and an eye on the other side. Show the small angle
subtended by this far away tree. Call it angle ‘a’.
Now when we place the telescope in front of our eye, this angle will be made large— ‘b’. The
magnification of the telescope is given by angle b divided by angle a.

The Galilean telescope comprises of two lenses, one convex and one concave. The lens
facing the object is called the objective. The one closer to the eye is called the eye piece. Start
by drawing the convex lens (this lens has a large focal length and large aperture, so draw it
long and thin). Draw the two incident parallel rays from the object as shown in the figure.
They subtend a small angle ‘a’ as shown. These rays converge at the focal plane which is at a
distance f from the optic centre. Now place the concave lens (this has a small focal length
and a small aperture, so draw it small and fat), the eye piece, before f . This will make the
rays diverge as shown. When you trace back these rays, they form a large virtual image
which subtends a large angle ‘b’. Magnification of the telescope is given by angle ‘b’ divided
by angle ‘a’. This, with some more math, is the same as the ratio: f /f . So to increase the
magnification, we should use a small focal length lens for the eye piece and a large focal
length lens for the objective. Also, a large aperture is used in the objective to collect more
light. Larger the aperture, higher the resolution of the telescope (ie. clearer the image).
o

o

o

e

A Galilean telescope has one convex lens and one concave lens. The concave lens serves
as the eyepiece, while the convex lens serves as the objective. The lens are situated on
either side of a tube such that the focal point of the eyepiece lens is the same as the focal
point for the objective lens.

The Lens specifications are as follows
1. Objective Lens (convex)
Focal Length: 30cm
Diameter
: 75mm
2. Eyepiece Lens (concave)
Focal Length: 5cm
Diameter
: 50mm

3.5 OPTICS: THE 7 ASSETS
Sr.
No.

Asset

Example

1

Main Script

Understanding the concept of Visibility, Reflection, Refraction using
Mirrors and Lenses.

2

Day to Day
relevance

1. Plane mirrors that we use at homes.
2. Convex Rear View mirrors used in vehicles.
3. Telescopes and Microscopes.

3

Inquisitive
Questions

1. What is Light, its Sources- Sun? Moon? Bulb?
2. Why is Sky Blue? Sunrise and Sunset Sky colour? Rainbow
3. Why does the light bend at surface?

4

Interesting
Aside

1. To make a beaker invisible using refraction principle.
2. To bend the ray of light through water.

5

Value Content We get a proper image from the surface of a plane mirror as its surface

is still. We can get a similar image from the surface of water as well,
but the image becomes distorted as soon as there is any turbulence on
the surface.
In the similar manner, we too should keep our minds calm and still to
have a clear picture of everything in any aspect of life.
6

Suggested
Activity

1. Showing ray of light using laser and chalk powder/water
spray/deodorant
2. Sunflower Oil Demo.
3. TIR Demo using Water bottle and Laser.
4. Arrow Inversion Demo.
5. Make a Telescope.

7

Assessment

1. Pre and Post Assessment
2. Draw diagram of refraction on 3 surfaces

CHAPTER 4: NEWTON’S LAWS OF MOTION
4.1 Activity Sequence

Sr. Sequen
Activity Description
No.
ce
1 PART-1 Theory Session : Covering fundamentals of the
topic.
2 PART-2 Practical Session : Water Rocket
3 PART-3 Common Session : Discussion
TOTAL

Time
Frame
1 hr.
50 mins.
10 mins.
120
MINS

4.2 THEORY SESSION
The theory session of Newton`s laws could be delivered in a deductive sense. Since it
concerns with motion of everyday objects easily found around us. However, the counterintuitive nature of these laws arises due to gravity and friction, to counter the same, we shall
introduce the interesting notion of ‘thought experiments’, where the students shall imagine an
hypothetical experimental setup and analyse the same. This is a very important tool and helps
build intuition.
The flow shall consist of a sequence of various thought experiments and physical
experiments/demos. The class could begin by asking the students what they understand from
the title, ‘who was Newton’, and ‘what laws did he give’? We could then encourage the
students that they would work to arrive on a similar set of laws, based on a certain sequence
of deductive reasoning and experiments. Like donning the Hats of Newton!
4.2.1 LAW OF INERTIA
Consider this ‘duster’ on the table, we kept it there and it is stationary, what would happen
after a certain lapse of time, say 5 mins, 20 mins, 2 hrs or by tommorrow, provided no-one or
nothing was to move it? (It would stay there!) Similarly for anything. We could take more
examples of a clock on the wall, a book or anything! We shall now examine the situation as
to why did it not change its position or that when would it actually change its position? Say
when someone actually moves it with our hands, what does that mean? It means we are
applying a certain external force on it! Therefore, any object at rest would remain so, till an
external force acts on it! Once this notion is understood, we would move to the concept of
multiple external forces. Give examples of situations of two sources of external forces
cancelling out each other to keep the object stationary. Further extend the same to unbalanced
forces. Finally,conclude that any object at rest continues to be at rest as long as there no
external unbalanced force acting on it! Ask the students for examples of scenarios of
balanced and unbalanced forces acting on stationary objects, perhaps show practically as
demos.
- 4 mins

The same needs to be extended to situations where the objects are in motion. To this end, we
could take a ball and roll it on the ground (make sure, ball sees no obstruction and stops
purely due to friction). Ask the students as to why did it stop? What made the ball stop?
(Expect answers as friction). To establish it further, extend the idea to situations where the
floor is more or lesser rough. This concludes with establishing the presence of friction and the
fact that if not for friction, the ball would continue to roll.
Even in rockets, the engine is off after a certain height and the rocket goes in a straight path
unaltered, at constant speed and the engine from then on is used only to change the path and
navigate.
- 3 mins
Applications and Implications of this Law
We are now in a position to analyse day-to day practical scenarios, like say traveling in a bus.
We could ask the students to state the reasons and analyse situation of moving bus coming to
a halt and vice-versa as to which side a person standing inside the bus would fall!
The Outer-Space Frame
The main difference between being on earth and in space is the fact that on earth we are
affected by gravity and friction, these are the main reasons for counter-intuitive nature of
Newton`s Laws! So, we would give them examples and establish a frame of outer-space, well
in their minds, i.e. what is meant by no gravity and no friction! How would things be any
different? We would need to revisit the space frame again and again, so it would be better to
establish this frame very clearly at the start!
Drinking Coke in space
This would probably be the first visit to this frame. Take an bottle of water/coke etc, open the
cap, keep it over your mouth and allow the liquid to fall in! Ask the students as to why did it
fall? (gravity- if they are unable answer, we could throw a chalk up and catch it as a hint).
Now, consider a hypothetical situation, where you all are in space, very tired of the long
journey and want to get some coke!. You have one big bottle of coke. One of you opened the
coke bottle, kept it over your mouth and tilted it! Will you be able to drink the coke? Will it
fall into your mouth? (remind, lack of gravity if they are not getting it). So, what would you
do to drink the coke, how will you all drink it?
HINT : Place a coin on a card and flick the card, the coin stays and the card flies out!
Answer : After opening the bottle, if we move the bottle away, by the law of inertia, the
bottle moves away and the liquid stays in its place! We can now, divide it into parts, go to the
liquid and rather eat it!.
(Review of the Law of Inertia)
What exactly is inertia? We could also use an example like, students remain inactive and
stationary until prodded and asked repeatedly, until external force is applied on them.
Similarly the case with objects in motion at constant velocity. We could stress on the fact that
being stationary is relative and the velocity is ‘0’. In a different reference frame it could have
a possible relative velocity (Inaction and In-action). The first law is all about observation. It
is just a statement based on observing things moving and stationary. Ask students to give
examples, repeat the law statement and establish a thorough understanding.
Next, now that we observed all objects and we realise that till it is disturbed, till an external
force actually acts on the objects, it actually just does what it was doing, if at rest it remains
at rest, if in motion, it remains in the same at constant velocity. The next thing is to disturb, to

cause a change; and this could be done by applying an external unbalanced force! This leads
us to, how much force? How does one quantify it? What all factors should I consider before
applying the external unbalanced force to cause a change in the current state of motion? This
leads to the second law.
4.2.2 SECOND LAW OF MOTION
The Law is about causing the change, its about quantifying the external unbalanced force, to
understand what all will that depend on.
To arrive at the expression, we approach at it, through inquisitive questions, asking students
to arrive through conceptualizing experiments both thought and physical, trying the same
out.
What do you think? What all factors should the force depend on?
Demo : Take two balls, one light and the other heavy, throw them to a student to catch. Then,
ask as to which one hurt more and why?
Similarly, we discuss examples of stopping things in motion, like stopping a truck vs
stopping a cycle, light things vs heavy things. This would establish the fact that we need more
force to stop anything with more mass. It is also important simultaneously to give example
and talk about stationary things to be set to motions, things like push light and heavy things,
lifting them, changing their current positions. Then again reiterate the point, that they must
see stationary objects as a subject of objects in motion at constant velocity, but with zero
velocity. This discussion would conclude by establishing that External Force required to
change the state of motion of any object depends on the mass of the object! We could
indicate the proportionality on the board, and let it sink in further by taking some numbers
and fermenting the concept of proportionality with respect to force and mass.
If people use the term ‘weight’, ask them the difference, put in the question and keep it aside
for time being, we could come to it after acceleration.
Next, take two identical balls or any identical small objects and throw with varied speeds
towards a student, asking her/him to catch it! Now, ask them to reason out which hurt more
and why? The important thing to note here is students would get stuck to speed! However, it
is important to reinforce that it is the change of speed that is important and not speed.
At this point we can get in the concept of acceleration. To this end we can prod them based
on the accelerator of any vehicle, say a bike. What does an accelerator do? What happens
when we press or use the accelerator? It accelerates, meaning it changes the rate of change of
the speed on the bike. The speed of the bike changes faster! We would need to ask the
students to give example, to tell difference between velocity and acceleration. Also ask them
to come to the SI unit of acceleration.
So, that students get a feel of it in terms of numbers, we could make a table on the board:#
vi
vf
t
10 m/s
0 m/s
10s
10 m/s
0 m/s
5s
20 m/s
0 m/s
10s
20m/s
10 m/s
10s
Now, we analyse the four scenarios, we calculate the acceleration in the various cases, after
which we could consider an arbitrary value for mass and find the force and compare. This
exercise would give a feel of numbers in terms of force and what all it depends on, remove
any misunderstandings about velocity and acceleration.
If the students are able to follow it easily, we could then explain the two laws considered till
now, from the point of view of momentum. Explain the concept of momentum, with various
examples. Then go till force being rate of change of momentum!
At this point, we could also point out and clarify the difference between weight and mass.

4.2.3 THIRD LAW OF MOTION
“Every action has an equal and opposite reaction”. If a force is applied to an object, the
object applies the same amount of force back on us and against us. So if I were to push a
wall, the wall should push back at me with the same force and in the direction opposite to that
applied.
Here we can pause and clear concepts about external forces and internal forces. Suppose an
object is placed on a table. To understand the state of the object, we consider only the
external forces acting on it. For this duster on the table, there are two external forces: one due
to gravity pulling it down and other the reaction force acting against gravity and upwards.
These two forces cancel and the duster stays still on the table. So here I am pushing against a
wall, the external force here is that of the wall pushing me back with the same force. So why
is it that I am not moving backwards? Similarly if I was throwing a ball, I apply force on the
ball and the ball applies force on me. But I do not seem to move. On the other hand consider
simple walking. I apply force on the earth, the earth applies force on me and I move forward.
It seems like the third law works for the first two cases but doesn’t for the last case. The
missing link among these we did not consider is friction. In the first case, the frictional force
between the ground and feet balances the reaction force from the wall. While throwing a ball
as well, there exists friction between the ground and the person’s feet.

4.2.4 CONSERVATION OF MOMENTUM
Momentum of an object is a measure of how difficult it is to stop a moving object. An object
with a lot of mass like a truck, even if it is moving at a low speed, is definitely very hard to
stop. On the other hand a bullet which is light but going very fast if again very hard to stop.
Momentum hence depends on mass and velocity of the object. Momentum is thus defined as
mass x velocity.

Momentum is conserved for a system with no external unbalanced forces. Consider two
people wearing ice skates, standing on ice. There is no friction between them and the ground
-- there are no external forces. Now if they push each other, they move away from each other
with some speed. In this situation we can apply conservation of momentum to find the speed
with which one person is moving if we know the mass of this person and the mass and
velocity of the other person.

This is more relevant in the case of a rocket. The rocket propels upwards on the principle of
conservation of momentum. It throws out hot gases or a part of its structure with some
velocity backwards. And this causes it to move forward.

4.3 PRACTICAL SESSION
We will make a rocket today with water and a bottle and see how this principle applies there.
We are going to fill a bottle with some water and then invert it onto a PVC pipe which is
connected on the other end to a pump. The finished setup should look somewhat like the
picture below.

We will then pump the bottle with air, in order to build the pressure inside the bottle. When
we then release the pumped bottle, the water is pushed out with a lot of velocity. Which in
turn causes the bottle to move upwards.

We can first do the setup with an empty bottle and note the height to which it goes (roughly).
We then fill the bottle with water (as mentioned above) and shoot it up again. We again note
the height that it reaches. The bottle would go higher when it is filled with water (third law of
motion). The water/air coming out of the bottle in the downward direction is ACTION and
the bottle going upward is the REACTION. Since the weight of water is more than that of air,
water comes down with more force than air (F=ma). Therefore, the force with which the
water is coming downward also pushes the bottle higher.
We can now write the conservation law equation for the bottle and water. We can from there
even find how high the rocket will go! Let the mass of the water in the bottle be mw, and
mass of the bottle be mb. Let the velocity of the bottle be vw. We can then find the velocity of
the bottle, vb.

4.4 MATERIALS REQUIRED
Materials

Requirement per team

Specifications

2L Coke bottles

1

Can be Coke/any other sturdy plastic
bottle

Cycle pumps

1

10" PVC Pipes

4

Diameter – 1” or less

20" PVC Pipes

2

Diameter – 1” or less

L-shaped PVC joint

1

T-shaped PVC joint

2

PVC Caps

3

Cycle valve

1

PVC glue cans

2

Araldite

3 tubes

Spray paint cans

4 different colors

Candles

3

Hacksaw blade

1

Should fit with the PVC pipes
without any gaps.
Should fit with the PVC pipes
without any gaps.
Should fit with the PVC pipes
without any gaps.
Should not be blocked; it should
allow air to flow freely.
To be used if the pipes are not fitting
into the joints/caps easily
5-minute araldite is recommended.
This is used for fixing the cycle valve
in the PVC caps.
Good to have. This is required for
adding colors to the rocket (water
bottle).
This is used for creating a bulge in
the pvc pipe.
To cut the PVC pipes if necessary.

Insulation tape

2-3 rolls

Good to have. Can be used to make
the pipes and caps fit into each
other tightly.

