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 Physware series of workshops is an initiative launched 
to  ‘Educate the educators’ for improving physics 
education in developing countries. 

 1st workshop held at ICTP from 16 to 27 February, 
2009. The main focus was on ‘Mechanics’.

 To explore active learning material at the 
undergraduate level  using low-cost equipment that 
can easily be adapted throughout developing 
countries.

 To provide an exposure to appropriate technologies 
and computer-based tool to enhance conceptual 
understanding.







 Electrostatics: Verifications of Coulomb’s law 
(video analysis).

 Electric field hockey, Rutherford scattering 
(simulations).

 Exploring Gauss law and Faraday’s pail (Lab 
investigations & BEMA). 

 Representations of electric fields and electric 
potentials (lab investigations).

 Basic DC circuits (lab investigations, activities & 
BEMA questions).

 Basic capacitors circuits (lab investigations).



 Motion of charges in a magnetic field (Activity done 
using wires, magnets and batteries).

 Motion of wires in magnetic fields. (Activity of online 
e/m experiment).

 Magnetic filed around a current carrying wire 
(Visualizations).

 Motions of magnets and coils. (Dropping a magnet in 
a tube).

 Electromagnetic induction (visualizations).
 Faraday’s law (Demo, video analysis & BEMA).
 Magnetic resonance imaging analogy.
 Energy flow in simple circuits (Pen & paper tutorial).
 Electromagnetic waves.



 Mathematically,

 Learning outcomes: 
Helps to understand
the magnetic field 
directions
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 Mathematically,

 Learning outcomes:
 Helps to understand Faraday’s Law of

Electromagnetic Induction.
 Relate the induced current/EMF with the changing

Magnetic Flux.
 Correlate Faraday’s Law with Lenz’s Law as per

their statements with the help of polarity
(direction) of the induced current, in accordance to
the changing magnetic flux.

 Compare different materials on the basis of their
magnetic interaction (using pipes made up of
different materials creating tunnels for magnet to
move and pass through a pick up coil).

Aziz Fatima Hasnain, Imrana Ashraf,
Nazia Sadiq, Amrozia Shaheen Setup # 2, 5/12/2012
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•Phasors and phase in passive circuits
•AC circuit analysis using complex 
numbers
•Working of an oscilloscope
•Simulating electrical behavior
•Nonlinear circuits and chaos (Optional) 





2 2

1 2 1 2

0x
R RV V V

R R R R
= =

+
∠

+


3
2

3 33

11
1 1 1 ( )y

i R CV VV V
i C i R C R CR i C

ω
ω ω ωω

−
= • = =

+ ++

3

1
3

2
32 1 ( )

1
tan

(
( )

)
V R C R
R

C
C

ω
ω

ω− 
= + 


∠

+
−





0
1

30

sin( )

sin tan (( ))
x

y

V a t

V Rb Ct

ω

ω

ϕ

ω ϕ −

=

−

+

= + +



2 2
2

2 2

sin( )
sin( )

2 cos sin

x a t
y b t
y x xy
b a ab

ω
ω θ

θ θ

=
= +

+ − =









Aziz Fatima
Imrana Ashraf

Nazia Sadiq
Amrozia Shaheen

PAKISTAN
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1. BABY OIL
2. ARTIFICAL HAIR
3. PLEXY GLASS CONTAINER
4. WIMSHURT MACHINE
5. CONNECTING CABLES
6. COPPER BALLS
7. CO-AXIAL CYLINDERS
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 PUT BABY OIL IN PLEXY GLASS PLATE
 ATTACH  TWO COPPER BALLS WITH 

CONNECTING WIRES.
 JOIN WITH WIMSHURT MECHINE
 MAKE SMALL CUTINGS OF ARTIFICAL HAIR

SPRINKLE ON THE TOP OF OIL
 MAKE WIMSHRUT MECHINE TO WORK

HAVE FUN
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EQUAL AND OPPOSITE CHARGE ATTRACT 
EACH OTHER
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 CONNECT BOTH BALLS WITH SAME 
TERMINAL OF WIMSHRUT MECHINE

 MAKE WIMSHRUT TO WORK 
 SEE THE MOVEMENT OF HAIR ON OIL
 IT IS LIKE THIS WE THINK?
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Coaxial Cylinder
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A SIMPLE TRANSISTORIZED ELECTRIC FIELD 
DETECTOR

We have made it to detect the presence of electric field. When there is any
electric field present in a proximity of even 10 meters, this simple tool is
capable of detecting very week fields also. This detector can be equipped
with a calibrated meter to provide electric field measurement also.
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•Circuit laws are generally taught as 
being a distinct entity from Maxwell’s 
equations. Can we wed the two?

•Demonstrate the changing magnetic 
flux can act as a battery inside a circuit

•Concept of paths, loops and areas 
pierced by changing flux





0

0

E dl

V

⋅ =

=
∫
∑

 


dE dl B d S
dt

dV B d S
dt

⋅ = − ⋅

= − ⋅

∫ ∫

∑ ∫

   

 


1 2

dV V B d S
dt

− + = − ⋅∫
 







0.124 0.15        in Tesla,  in AmpereB I B I= +









•Control over
d B d S
dt

− ⋅∫
 

•Precise measurement of voltages, 
preferably using analog voltmeters 
or acquiring data

•KCL and KVL are only lumped
approximations
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 The switch S1 is closed to charge a and
S2 is used to energize the solenoid.

 Since the current varies in time, the
magnetic field in the solenoid and the
magnetic flux defined in the solenoid will
vary in time.

 The flux passes through the can inside
the solenoid, inducing in it a current in
opposite direction of the current through
the solenoid (Lenz's Law).

 The two anti-parallel currents repel each
other, and since the solenoid is fixed the
can will be crushed.





 To understand Lenz’s law in an interesting way.

 Study of Repulsion between anti-parallel currents and the consequence.

Our Exploration:
 So far now, it is just a proposal by us!

 We have not been successful in crushing the pop cans by the said 
procedure.

 Analyzing the possibilities and causes of failure has been very interesting 
however!
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 Copper rods as electric rail
 Light weight metallic cylinder
 Ring magnets
 Battery
 Switch
 Connecting wires
 Thermo pore blocks



Schematic diagram



 To understand the concept of Motional EMF
generated by a current carrying conductor in an
external magnetic field.

 To show the motion of a current carrying
conductor in a magnetic field.

 To show the dependence of the speed of a
current carrying conductor on magnetic field.

 To show the direction of motion with the
changing direction of magnetic field.

 To explore an indirect way of finding the
strength of Magnetic field of a magnet.



 The magnetic force is,

 From Faraday’s law the 
induced emf is,





 Quantitative analysis of speed of the moving
conductor simply using a meter scale and a stop
watch.

 Exploring the dependence of the moving
conductor’s speed on the strength of magnetic
field.

 Dependence of the moving conductor’s speed
on the battery voltage.

 Reversing the polarity of the battery and/or
flipping the poles of the magnet and observing
its effect on the motional emf.



 Are induced EMFs and currents different in 
any way from EMFs and current provided by 
battery connected to a conducting loop?

 Can a charged particle at rest be set in motion 
by the action of a magnetic field? If so low? 
Consider both static and time varying fields.
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 Why was the can not crushed in our setup # 1?
 During the exploration we have analyzed that

the use of smaller value of capacitor and low-
inductive solenoid might be the hurdles to the
success. Are we really correct?

 Instead of creating a strong magnetic field and
thus permitting an induced current in the can,
the solenoid got extremely hot. Is that because
of the coil resistance (in our case it was 17ohms)
of the solenoid only?

 Instead of metallic can we also tried with an
aluminum foil cylinder to shorten the scale of
our experiment, but it didn’t work. What had
been wrong with it?
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