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Electric Field, Electric Field Lines and Direction

The space or region around the
positive charged sphere is known

as electric field. & s

,

A positively <
charged sphere

The lines around the
sphere/particle are known
as electric field lines.

\

The denser the lines
(closer/more lines)
the stronger the
electric field strength.

S

But how to remember
what is the direction of
the electric field lines?
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To know the direction of
the electric field lines ...

%

Just image you always

have a tiny
positive charge
in your pocket ...

How to remember it is positive?
Just remember that you want
to be a 'positive’ person!

... and recall the

Laws of Electrostatic

- Like charges repel

- Unlike charges attract




Using the positive test charge,
place it in the electric field of
the positive sphere in this case.

As like charges repel, the
positive charge will be
repelled by the positive
sphere. Hence it will move
outwards.

The direction of the force
experiences by the positive
charge indicates the
direction of the field lines.
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Definition of the terms...

Electric field is the &ioﬂ
in which an electic charge , \ Concepts apply for

electric field around
a negatively charged
sphere.

experiences a force !
(attraction or repulsion).

Electric field line is the path
in which a positive cha
would take in an electric field.




Key concepts in Electrostatics

The electric charge (with opposite signs)
The Coulomb law

The Electric field

The Electric potential

~»— Electric field
..... Line of constant potential



Key concepts in Electrostatics

e Motion of particles in Electric field




Key concepts in Electrostatics

e The electric charge
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Key concepts in Electrostatics

e The electric charge




Key concepts in Electrostatics

e The Electric field as a vector
e The Potential as a scalar field Vs
e How to “see” them? R D el
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Key concepts in Electrostatics

e Concept of “Voltage” Conductive N

ectnca
e \oltage and currents Parallel Plates Charge
e \oltage and capacitors

4 ! . .
A N8 Dielectric
A e Symbol

‘ |
- el = <—'<‘—< - <—<—<_' +| -
: i [
| 1
6 VOLTS 9VOLTS Voltage V¢




Key concepts in Electrostatics

e \oltage and capacitors




Key concepts in Electrostatics

e The electric current
. . Load—Lightbulb
e Electric resistance Soutie—Sinigle Dry ol (energy conversion
. . . (chemical energy) to heat/ light)
e Circuitsin CC ;
e Ohm’s law
e Batteries

Conductors—Wires




Key concepts in Electrostatics

e PBatteries

~la=y

AS1-Eny. s

T35 Yy | H—
ZT s




Key concepts in Electrostatics

e Electric circuits involve the
flow of Electric Circuits
under the Electric current behavior
nflsence of determined / by

govemed
Current law
troueJoltage> by

and
Conductors governed Vo law nd
- by Cottage lad-_a Electric power”

ircuit elements relationship
part of

such as |mP9d8n°9 and
¥ related tc
.Ohm‘s law
" Capacitor—CTrductors




Key concepts in Electrostatics

The Ohm’s law

Ohm’s law
formulas

www.ohmlaw.com

To Calculate

Voltage (V)

Current (l)

Resistance (R)

Given parameters

Current &
Resistance

V=IR

Current & Power

Voltage &
Current

Voltage &
Resistance

—
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Voltage &
Power
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Power &
Resistance
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Key concepts in Electrostatics

e The resistors
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Key concepts in Electrostatics

switch

e The powerin Electric fields
power supply

calorimeter

lagging



Setup: charged line -
Color: field magnitude =
Floor: equipotentials =

Flat View

Display: Particles (Vel.) -
Mouse = Adjust Angle :
Stopped
Reverse
Reset

Field Strength
Number of Particles

http:/iwww.falstad.com

http://www.falstad.com/vector2de/
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Fleld selection:
point charge
Display: Field Vectors
Mouse = Adjust Angle
Show Z Slice
Stopped
Reverse
Reset

Field Strength

Vector Density
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Field selection:
point charge
Display: Field Lines
Mouse = Adjust Angle
Show Z Slice
Stopped
Reverse
Reset

Field Strength

Field Line Density

http://iwww.falstad.com

http://www.falstad.com/vector3de/



Field selection:

point charge :
Display: Equipotentials $
Mouse = Adjust Angle :\
Show Z Slice +

Stopped

Reverse
Reset

Potentia

http://iwww.falstad.com

http://www.falstad.com/vector3de/



Misconceptions in Electrostatics

Current flows in one direction and charges move in the other one
Electric field is a scalar field

Potential field is a vector field -- which relation to electric field ?
The elementary charge

Neutrality of matter and electricity ...

Potential and Potential energy

Capacitors treatment - Voltage and charge relationships
Potential - Voltage

Ohm law inversion



Inquiry Based
Science Education
(IBSE approach)



Inquiry is a multifaceted activity that involves: making
observations; posing questions; examining books and other
sources of information to see what is already known; planning
investigations; reviewing what is already known in light of
experimental evidence; using tools to gather, analyze, and

proposing answers, explanations, and

(National Research Council, 1996)
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INQURY-RASED LEARNING

IN'LESS THAN FIVE MINUTES



http://www.youtube.com/watch?v=QlwkerwaV2E

https://www.youtube.com/watch?v=kYap39FNFv8

IBSE DESCRIPTION



http://www.youtube.com/watch?v=kYap39FNFv8
https://www.youtube.com/watch?v=kYap39FNFv8
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AL VIA LA SECONDA EDIZIONE DI HOP HANDS-ON PHYSICS: PROGETTO DI INFN, CERN E FONDAZIONE AGNELLI PER
LE SCUOLE MEDIE

Dopo il grande successo dellanno scorso, torna il progetto HOP Hands-On Physics con 18 giornate di m
formazione docenti tra ottobre e dicembre 2024.

Mettere le mani in pasta, sperimentare in prima persona, imparare divertendosi e partendo dalle domande e non dalle
risposte sono gli ingredienti fondamentali di HOP Hands-On Physics (www.hopscuola.it ), un progetto per le scuole
medie che propone un kit didattico e un percorso di formazione per docenti di matematica, scienze e tecnologia. I
progetto ¢ ideato, realizzato e promosso dal CERN di Ginevra, dalla Fondazione Agnelli, e dall'INFN Istituto Nazionale
di Fisica Nucleare, con il sostegno di Intesa Sanpaolo e di Stellantis, completamente gratuito per docenti e scuole.

Dopo una fase pilota nella primavera 2023, HOP & stato avviato lo scorso autunno per proporre ai docenti delle
scuole medie italiane un approccio didattico innovativo e coinvolgente per insegnare le discipline STEM e torna
quest’anno con la seconda edizione che accogliera 650 docenti da tutta Italia.

| docenti partecipanti al progetto riceveranno il kit didattico e seguiranno la giornata di formazione per imparare a utilizzarlo in classe e approfondire il metodo di insegnamento su cui
si basa, I'Inquiry based learning. Il kit contiene il materiale necessario per svolgere circa 20 esperienze laboratoriali, descritte in una guida pedagogica che suggerisce all'insegnante
anche alcune modalita per condurre le attivita in classe. Le tematiche delle attivita, scelte in base al curriculum scolastico previsto per le scuole medie, sono il metodo scientifico, la
pressione, la luce e I'elettricita. La giornata di formazione, condotta da ricercatori e ricercatrici INFN ed esperti in comunicazione e in didattica, & poi un'occasione per i docenti di
entrare in contatto con il mondo della ricerca di CERN e INFN e di sperimentare in prima persona le attivita e il metodo che potranno portare in classe grazie al kit.

A chi partecipera alla formazione sara rilasciato un attestato e saranno attribuiti crediti formativi riconosciuti dal MIM attraverso il portale SOFIA.
Per I'edizione 2024, 4 nuove sedi si sono aggiunte (Aosta, Cosenza, Matera e Perugia) a quelle dello scorso anno.

Le giornate di formazione si terranno a Torino (18 ottobre), Lecce (21 ottobre), Cosenza (25 ottobre), Aosta (30 ottobre), lAquila (4 novembre), Perugia (7 novembre), Genova (11
novembre), Ferrara (13 novembre), Trieste (15 novembre), Napoli (19 novembre), Roma (21 novembre), Matera (25 novembre), Catania (27 novembre), Milano (5 dicembre), Cagliari (6
dicembre), Bologna (9 dicembre), Firenze 11 dicembre), Padova (13 dicembre).

Con l'obiettivo di coinvolgere in totale circa 2.000 docenti, & gia prevista una terza edizione nell'autunno 2025 le cui formazioni si terranno anche in nuove sedi in modo da estendere
la diffusione del progetto.






http://www.youtube.com/watch?v=CwfVlym3wYs

IBSE example for Electrostatics

e ENGAGE students in Electrostatics : find few examples ...

N/

Metal Rod E—E + i3
Plastic \—
or glass <. |

Glass

Foil

[N

Plastic

or glass Neutral Electroscope approached Electroscope approached
Electroscope with a negative rod with a positive rod
Like charge foils repel Like charge foils repel



IBSE example for Electrostatics

e ENGAGE students in Electrostatics : find few examples ...




IBSE example for Electrostatics

e ENGAGE students in Electrostatics : find few examples ...




IBSE example for Electrostatics

e ENGAGE students in Electrostatics Don,t PAN'C - Positive is
find few examples . Anode, Negative Is Cathode.




IBSE example for Electrostatics

ENGAGE students in Electrostatics :
find few examples ...

Electric vs. Gasoline

No Tailpipe Emissions jﬂh\

Utility Company ‘a
100+/- Mile Range mE! | |

Hours to Recharge

2 cents per mile ee

m Greenhouse Gases/Pollution

ﬂ OPEC

w300+ Mile Range

Minutes to Refuel

eses 12 cents+ per mile
o000

Household
Plug




Engage examples

e Gabbia di Faraday, Circuito e misura di corrente .. esperimento di Faraday (pile elettriche), penna sfregata
e pezzettini di carta, fuoco di Sant’EImo

e penna sul panno, palloncino strofinato, acqua deviata dal getto d'acqua, scossa tra persona, palline
strofinata nel plexiglas (https://www.youtube.com/watch?v=ixk4Q-vCiks)

e penna e filo d'acqua, penna sposta una lattina, strisce di alluminio si spostano se passa la corrente,
fulmini in provetta (https:/www.youtube.com/watch?v=5Py227b4Vcc)



https://www.youtube.com/watch?v=ixk4Q-vCiks
https://www.youtube.com/watch?v=5Py227b4Vcc

Engage more examples

Carica cellulare - Wifi - Piastra induzione
Fulmine in Auto

Scossa in giornate secche

La scossa

Display pixel

Carica e scarica batteria



Engage more examples

Palloncino con capelli - van der Graaf example

Piu carichi meno dura la batteria

Alta tensione e uccellini

Penna che attira la carta

Stare sotto un albero durante un temporale

Perche’ prendo la scossa e non quando attacco il cellulare
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Inquiry Levels

Limiies gy mmmm'wimmmuum.




Confirmation
inquiry

It is based on confirmation or
verification of laws and theories.
Confirmatory inquiry is appropriate
at the beginning of IBSE
implementation, when the teacher
aims to develop observational,

experimental and analytical skills of
the students. When conducting
experiments, students follow
teacher's detailed instructions
under his/her guidance.




Structured
inquiry

The teacher significantly influences the
inquiry at this level and helps students by
asking questions and providing guidance.
Students look for solutions (answers)
through their inquiry and provide an
explanation based on the evidence they
have collected. A detailed procedure of
experiments is defined by the teacher, but
the results are not known in advance.
Students show their creativity in
discovering laws. However, they are
conducted by teacher’s instructions in the
research. This level of inquiry is very
important for developing students' abilities
to perform high-level inquiry.




Guided inquiry

The third level of IBSE changes the role of
the teacher dramatically. The teacher
becomes a students” guide. He/she
cooperates with students in defining
research questions (problems) and gives
advice on procedures and implementation.
Students themselves suggest procedures
to verify the inquiry questions and their
subsequent solutions. Students are
encouraged by the teacher much less than
in the previous two levels, which radically
increases their level of independence.
Students should have previous experience
of lower levels to be able to work
independently.




Open inquiry

This highest level of IBSE builds on
previous three inquiry levels and it
resembles a real scientific research.
Students should be able to set up
their inquiry questions, methods
and procedures of research, record
and analyze data and draw

conclusions from evidence. This
requires a high level of scientific
thinking and places high cognitive
demands on students, so it is
applicable for the oldest and/or
gifted students.




Inquiry Levels

Student Student
Guided Directed Research

Inquiry Inquiry Inquiry
Teacher Teacher Teacher/Student

Teacher  Teacher/Student
Teacher Student

Student




Studerits follow the
lead of the teacher [Teacher chooses
as the entire class ‘fﬂ:s ard idertfles

engages in one resources
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Teaching & Learning Units
to ewplre stievtific topics

Read wore

Programmes About the project

http://www.establish-fp7.eu/home.html



