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Ruben’s Tube

This experiment demonstrates standing wave
patterns in a closed pipe

Materials Required: A 2m long metallic tube
with holes 1 mm in diameter and spaced by
about 10 mm, LPG, speaker, signal generator,
Amplifier

One end of the tube is closed while the other
end is covered by a thin diaphragm. A speaker
is fixed over the diaphragm. The speaker is
connected to a signal generator through an
amplifier. LPG from a cylinder is fed into the
pipe through a separate inlet. Flames of nearly
equal heights will be noticed when the gas
burns. Suppose we feed the speaker with
different frequencies wusing the signal
generator, what we notice is that the heights
of the flames vary in a systematic manner as
shown in the figure.

Reason: The height of the flame at a
particular hole depends on the pressure of the
gas exuding through that hole. On account of
the periodic vibrations from the speaker, the
gas in the pipe will be subjected to a change in
the pressure such that there are regions of high
and low pressures alternating at regular
intervals throughout the length of the pipe. In
between, the pressure changes gradually. The
gas molecules driven by the speaker set up a
standing wave on account of which the
heights of the flames above each opening
remain constant.
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FLEMING’S LEFT HAND RULE
This experiment demonstrates motion of ions under
magnetic field

Materials Required: Petridish, ring
magnets, aluminium/ magnesium/ zinc,
sodium chloride, iron nail, 6V DC supply.
OHP is optional.

Experiment: Prepare a solution of sodium
chloride in water and take it in the petridish.
Place a strip of magnesium or zinc in the
solution and connect it to the positive
terminal of the DC supply. Connect the iron
nail to the negative terminal and place it in
the solution. Observe the effervescence at
the cathode. Now place the ring magnet
below the petridish. Now observe that the
bubbles move in a circular path around the
cathode. Next, flip the magnet and observe
that the bubbles now move in a counter
clockwise direction.

Explanation: The effervescence at the
cathode is due to the motion of hydroxide
ions formed during electrolysis. In the
absence of the magnet the ions exhibit by
random motion. Under the influence of the
magnet, the ions move in a direction
perpendicular to both the electric and the
magnetic fields. This combination results in
the circular motion of the ions as per
Fleming’s Left Hand Rule.




®OITEVTIY 63
DOV BOTOV ERFEE

o555y oL U 85000 398, s’
odBgertory, 6V DC  Begedono
VOJReRE® FOLOOL, &F, oITocROe’
0360 (F503%).

DGOT : BREPDOVO VOZBEBTE® EVBY O
RDE BOIROY. 80830 HQ HDGRIT’

Je0d. amay U 9383 00nd. H0ED
BQOTY Tor s’ HBBPeE® [OD. ALY
FoOWD. 8O0 SBger®  (Bs8e)
TES  8YTBom g BVOLRTVSE.
BRYOW DSBEPLE® (V) TET B
08T O ey SOLITVLTT.

dTOB . QWY  TEOHE  BOW
BRFPOOVO  WOZREFE® TOOIWG I
BREIDQOODO VI ©030ed
©ONTRETILIE) eyesad BRHOWSLS.

BREPDOVO SFEoe3e EBREIRON0 BB (&°
B0  SHDogRE’ JIRBTDTY V30500
TOTEETTAW. SHHFRRER 0T W3R’
To) BT Y PT TOOINT BITYDY
BOOTOTE3.

MIGRATION OF IONS
This experiment demonstrates movement of
ions

Materials Required: A U-tube, carbon
electrodes, 6v DC supply, potassium
1odide, starch, phenolphthalein

Experiment: Prepare a solution of
potassium iodide and starch. Add a few
drops of phenolphthalein and pour the
mixture into the U-tube. Place carbon
electrodes in the two arms of the U-tube
and connect them to 6v DC supply.
Observe that the negative terminal side of
the U-tube turns pink and the other side
blue-black.

Explanation: Potassium iodide
electrolyses to give potassium and iodide
ions. Potassium forms  potassium

hydroxide that turns the indicator pink
while iodine reacts with starch to form a
blue-black complex.
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VISCOSITY

This experiment demonstrates motion in a
viscous medium

Materials Required: Three glass pipes
closed at one end, fluids of different
viscosities, three steel spheres of same
diameter.

Experiment: Stand the pipes vertical.
Pour glycerine into one of them, water into
the second and castor oil into the third.
Drop the three steel spheres
simultaneously into the three liquids. We
notice that the three spheres descend at
different rates.

Reason: The three liquids have different
viscosities. Viscosity is a property of
fluids. It arises due to the relative motion
of different layers of the fluid. In effect,
viscosity offers a drag force on the object
moving through a fluid. Not only that. It
causes the object to fall at a constant
velocity called terminal velocity. That is, a
body falling through a viscous medium
does not accelerate after falling through a
certain distance.
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SETTING SUN EXPERIMENT

This experiment demonstrates scattering of
light by colloids

Materials Required: A narrow transparent
container made of glass or acrylic,
hydrochloric acid and sodium thiosulphate
and a source of polychromatic light (a
torch).

Experiment: This experiment simulates the
colours of the sky as the sun sets. In the
natural sky, particles of dust scatter light
from the sun giving the pleasant reddish
hue. Prepare a solution of Thiosulphate and
take it in the narrow container. Place the
container in a vantage position such that
you can shine light through the wider
portion as shown in the figure. Place a
white screen on the other side of the
container so that the light passing through
the container illuminates it.

Now add a few drops of concentrated acid
and shine light through the container.
Observe the colour of the light on the
screen. It gradually changes from yellow to
orange and to deep red and finally the
contents of the container turn opaque to
light.

Reason: The thiosulphate reacts with the
acid to form the colloidal form of sulphur.
The size of the particles decide the colour
that one seen on the screen. The smaller
ones produce orange. As the reaction
continues and more sulphur is formed, the
particle coagulate and increase the size
when deep red is observed. When the size of
the particles becomes several times the
wavelength of light, they turn opaque.
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CURIE POINT

This  experiment  demonstrates loss of
magnetism in ferromagnetic materials beyond a
certain temperature

Materials required: Nichrome coil (about
40 cm), a heat source like Bunsen burner,
a test tube holder, and a ceramic magnet.
This experiment shows the effect of
temperature on the magnetic properties of
Nichrome.

A short length of nichrome wire is
suspended from two ends of a vertical
support. A magnet taken near it pulls the
wire towards it. Now, the wire is heated
over a Bunsen burner until it turns red. If
the magnet is now taken near it, the
magnet does not attract the wire anymore.
Upon cooling, however, the magnet
attracts the wire again. The lowest
temperature at which a material looses its
magnetic property is known as its curie
point.

Further Activities: Repeat this
experiment with iron wire. Estimate the
curie points of iron and Nichrome.
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LOOP THE LOOP
This experiment works on the principle of
conservation of energy
Materials required: Plastic casing used
for domestic wiring, steel sphere.

Experiment: This experiment
demonstrates the  conversion  of
gravitational potential energy to kinetic
energy. Arrange the apparatus such that
the linear portion of the track is inclined
to the horizontal. Roll a steel ball from
different positions (heights). Depending
on the height of its release, the ball
completes the loop or falls off before
that.

Reason: The maximum kinetic energy
of the ball depends on its potential
energy. As the ball climbs up the circular
portion of the loop, it has to work
against the force of gravity. A greater
kinetic energy at the bottom of the loop
takes it farther against the force of

gravity.
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AMPERE BALANCE

This experiment demonstrates force acting
between current carrying coils

Materials Required: Two coils of 2
ohm resistance, about 100 turns each
and 10 cm diameter, a weighing scale,
weights, a constant current source

Experiment: One of the pans of the
weighing scale is replaced with one of
the coils connected and connected to
other as shown in the diagram. The
weight of the coil is balanced with
proper weights in the other pan of the
scale. Suppose we pass current through
the coils the pan with the weights tips
down and the two coils move apart.

Explanation: The same current flows
in both the coils. On account of this
the two coils experience a repulsive
force. Hence, the coils separate out.
Observe that a certain minimum
current is required to bring about this
separation.
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CRUSHING CAN EXPERIMENT
This experiment demonstrates action of
atmospheric pressure

Materials Required: A plastic bottle, a
plastic pipe of about 3 meter, water

Experiment: Make a hole in the cap of
the bottle that will just about snuggle in
the pipe. Fill up the bottle with water and
push about 10 cm of the pipe into the cap.
Cap the bottle with the small length of the
pipe inside it. Now, hold the bottle up at a
height — larger the height better is the
effect — and invert it. Water flows out of
the pipe and soon you will see the bottle
being crushed.

Reason: The bottle is under the pressure
from atmosphere outside it and also from
water from within. The pressures are
nearly balanced. As water flows out of the
bottle, the outward pressure on the walls
of the bottle due to water is reduced while
the inward pressure on the walls of the
bottle due to atmosphere continues to be
the same. As a result, the bottle gets
crushed due to atmospheric pressure.
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WHAT DOES A WEIGHING
MACHINE MEASURE?
This experiment demonstrates that a weighing
machine measure force

Materials Required: A spring, slotted
weights, a stand to suspend the string and
a digital balance

Experiment: Place the stand on the
platform of the balance. Suspend the
spring. Attach a mass of about 30 g to the
free end of the spring. Tare the balance,
that is, set it to zero ( this is, however,
optional). Now pull the mass down gently
and release it such that the spring executes
smooth, longitudinal oscillations. Observe
that the Weighing machine shows varying
‘weight’

Reason: What a weighing machine
measures i1s actually not the weight of an
object, as we commonly believe. It
measure the normal force exerted by it on
the object. Normally, the objects we
weight are statically placed on the
balance. Under this condition, the normal
force and the weight of the object are the
same. If the object is in motion, or more
precisely, its centre of mass (CoM) is
accelerating, the normal force also
changes in tune with the force that is
causing the acceleration of the CoM.
Hence, the reading on the balance also
changes.
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BENARD CELL

This experiment shows formation of cells
due to convection in liquids

Materials Required: Silicone oil,
Aluminium powder, porcelain
container (cylindrical containers with
flat base are better), -electrically
operated hot plate

Experiment: Pour a small quantity of
silicone oil into the porcelain
container. Place it on a flat hot plate.
The hot plate is to ensure uniform
heating of the base of the container.
Sprinkle aluminium powder on the
surface of the oil. Heat the container.
In a few minutes you will notice that
the surface of the oil exhibits
polygonal cells. These are called
Rayleigh-Benard Cells

Reason: This is a complicated
phenomenon with several factors
affecting it. A simplistic explanation is
that cells are formed due to convection
of the liquid and associated changes in
the surface tension at the top layer.
The size, shape and the life-time of the
cells depend on such factors as the
viscosity of the oil, temperature
gradient in it, shape of the container
and depth of oil in it. Aluminium
powder is used to visualize the cells.
Stars, including the sun, show similar
surface features known as granulations
which too arise due to convection.
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ANTI-GRAVITY TRACK

This experiment illustrates how one
should define ‘up’ and ‘down’

Materials Required: A long plank of
wood / U-channel, marble / steel
sphere

Experiment: The marble or the steel
sphere is placed at the bottom of the
U-channel that is kept inclined. The
sphere seems to roll up, against the
direction of gravity unaided by any
other force!

Reason: The table on which the U-
Channel rests is slightly tilted on one
side. If you disregard this, the U-
channel seems to be inclined
‘downwards’ and the sphere appears
to be rolling ‘upwards’. However,
this is an illusion. The table has been
tilted such that the bottom of the U-
channel is at a higher position than
its top when you compare the heights
with respect to the horizontal (the
floor) rather than compare with the
surface of the table! So, the sphere is
rolling downward but gives you the
impression of rolling upward.
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PRINCIPLE OF COLOUR
PRINTING

This  experiment  demonstrates  the
principle of colour printing

Materials Required: Four
transparencies of the same image in
cyan, magenta, yellow and black ; one
colour picture of the same object.

Experiment: Lay one transparency at
a time over the other taking care to
match the features exactly. As we lay
each layer various colours present in
the original picture are reproduced. At
the end of the fourth one, all the
colours present in the original picture
are seen.

Reason: Colour is a sensation of light
of a particular energy. Even though
there are millions of colours, in
principle it is possible generate all of
them using three primary colours,
namely red, green and blue in different
proportions of each. This is additive
mixing of colours. One can also
complimentary colour of the primary,
that is, white minus red; white minus
green and white minus blue that give
Magenta, yellow and cyan
respectively. A combination of these in
different proportions and in different
concentration reproduces a vast
variety of colours that the human eye
can sense. This is subtractive colour
printing.
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LONGITUDINAL
OSCILLATIONS OF A SPRING

This experiment demonstrates the standing
wave patterns in a spring

Materials Required: A spring of about
10 cm in length, a speaker (Mid-range
works best), a signal generator and
amplifier

Experiment: A signal generator is a
device with which one can produce
signal of different frequencies and also
of different shapes. Here we use
sinusoidal  signals. @ The  signal
generator is connected to an amplifier.
The output of the amplifier is
connected to a 8” mid-range speaker.
The spring is suspended from an iron
stand. The bottom end of the spring is
carefully attached to the centre of the
speaker. The speaker is driven by the
signal generator. Longitudinal
oscillations the spring is observed.
What we notice is that the entire
spring is set into oscillations making
every turn on the spring appear fuzzy.
As we gradually increase the
frequency from about 20 Hz we notice
that at certain frequencies, one or
more turns of the spring remain
stationary while the rest of the spring
appears fuzzy due to oscillations.

Reason: The oscillations in the spring
set up a standing wave due to
superposition of waves traveling up
and down. The stationary turns are the
nodes, where the amplitude of
oscillation is nearly zero. Nodes
remain perfectly stationary at certain
frequencies only. These frequencies
are related to the fundamental
frequency of the spring. The
fundamental frequency itself depends
on the tension in the spring and also
on the number of turns per unit length
of the spring.
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INVERTED PENDULUM

This experiment shows the dynamic
stability of an inverted pendulum

Materials Required : A steel strip
bent at right angles near its one end,
A steel flat with a hole near one end

Experiment: The schematic of the
inverted pendulum is shown in the
figure. A normal pendulum has its
centre of mass below the point of
suspension. The bottom of the
pendulum moves in the arc of a
circle. An inverted pendulum has its
CoM above the point of suspension.
This is an unstable configuration and
the pendulum falls down due to
gravity. The challenge is to keep the
pendulum inverted, yet stable. This is
done by setting the steel strip to
vibrate at a certain frequency and
with a certain amplitude. The steel
strip can be set into vibration by
placing it on the edge of a table with
the pendulum end jutting out of the
table. Hold the other end of the strip
firmly pressed against the table. The
pendulum end is slightly depressed
down and released. The strip vibrates
at a frequency decided by the length
of the strip that is extending outside
the table. For a certain range of
frequencies and amplitude, the
inverted pendulum remains stable.

Reason: This is a case of dynamic
stability. As the strip vibrates up and
down, the pendulum makes a small,
to and fro motion. If the acceleration
of this motion is greater than ‘g’,
then the pendulum will be stable in
the inverted position.
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RESONANT RINGS

This experiment shows that the natural
frequency of a ring depends on the
diameter

Materials Required: A speaker, a
signal generator, rings of different
diameters made of thin steel strips.

Experiment: Rings of different
diameters are made out of thin steel
strips /thick paper. Care should be
taken to make rings of equal width but
of different diameters. The rings are
then glued to cardboard which is then
placed on a speaker. A signal generator
is connected to an amplifier. And, the
output of the amplifier is connected to
the speaker. As we feed the speaker
with different frequencies, gradually
increasing from about 10 Hz, we notice
that different rings respond with large
amplitudes at different frequencies.
This is because the natural frequencies
of the rings depend on the diameter of
the rings. Also, the amplitude of
vibration is largest when the natural
frequency of a ring matches with the
frequency with which it is driven.
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UV BEADS

This experiment shows the absorption of
UV light and re-emission of colours light
by pigments

Materials Required: UV Beads and
UV light/ Sunlight.

Experiment: UV Beads are plastic
beads coated with dyes. They all
appear white when illuminated by
light devoid of ultraviolet rays. On
exposing them to sources of UV light
such as sunlight, they change their
colours.

Reason: When light is incident on
matter, it is absorbed and reemitted.
Depending on the structure and
composition of the molecules
making up matter, light energy is
strongly absorbed at different
energies or wavelengths. Again, the
energy or the wavelength of the
reemitted light depends on the
structure and composition  of
molecule. The UV beads here are
coated with dyes that strongly absorb
UV light and reemit in the visible
region, that is VIBGYOR. Each of
the colours is brought about by a
different dye.
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TOTAL INTERNAL
REFLECTION

This experiment illustrates total internal
reflection of light

Things required: A glass container
with a hole close to the bottom, a
battery operated torch/ LASER
pointer.

Experiment: This is a classic
experiment demonstrated by the
well-known scientist John Tyndall.
Close the hole in the container with a
rubber stopper. Fill up the container
with water. As soon as the stopper is
removed, water flows out of the
opening in a parabolic path. Now
shine light from the other end of the
container and in line with the
opening as shown in the figure. One
can see light follow the parabolic
path of water.

Reason: This is due to total internal
reflection. If light is incident in the
denser medium at an angle greater
than or equal to the critical angle,
light wundergoes total internal
reflection.

Visual tip: A black background
against the liquid flowing enhances
the visibility of the phenomenon.
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SINGING TUBE

This experiment demonstrates production
of sound due to air currents generated by
heat

Materials Required: A metal pipe of
about 2 cm diameter, fine wire mesh,
bunsen burner.

Experiment: Cut the wire mesh
slightly bigger than the diameter of
the pipe. Insert it into one of the ends
and push to place it at about one-
fourth the length of the pipe. Hold
the tube vertically above the flame of
the burner so that the wire mesh
heats to redness. Remove the tube
from the flame. We hear a loud,
continuous sound that persists for a
while.

Reason: The tube behaves as an
open end resonator. The heated
mesh produces a strong tone at its
resonant frequency for several
seconds. The standard explanation
has to with the ease of excitation of a
system at its resonant frequency. The
air which passes up through the red
hot mesh is heated and expands,
producing a pulse of air toward the
center of the pipe. Like a push which
raises a mass on a spring above its
equilibrium position, that pulse of air
will start the system into oscillation
at its natural frequency.
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FARADAY CAGE

This experiment demonstrates that the
electric field inside a hollow conductor is
zero

Things required: A  pocket
transistor radio/television, a fine
metallic wire mesh — the kind
used as mosquito net or one can
use biscuit tin and drill holes on
one side.

Experiment: Tune the
radio/television to receive signals
from the local station. Place the
radio inside the metallic wire
mesh. Now, one will find that the
radio does not any more receive
the signals.

Reason: Radio waves are
electromagnetic waves. The field
due to these waves distributes
over the outer surface of the
hollow mesh and the field inside
the mesh is zero. Therefore, the
radio does not receive any signal
when placed inside the mesh.
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MECHANICAL ‘STROBE’

This experiment demonstrates the effect of
seeing moving objects intermittently

Materials required: A white circular
disc that can be rotated in a vertical
plane, A circular disc which has four
to eight slits which can also rotate in
a vertical plane

Experiment: Paint the first disc with
some pattern. As the disc is set into
rotation, the pattern becomes fuzzy.
Now observe this rotating disc
through the other disc with slits. The
pattern still appears fuzzy. Now, set
the second disc also into rotation but
in a direction opposite to the first
one. The patterns can be seen clearly
and it appears to be stationary

Reason: When seen through the slits
we see the image intermittently. If
the frequency of rotation of the two
discs match, it is as though the discs
are relatively at rest. Hence, the
patterns appear stationary.
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TORNADO TUBE

This exhibit demonstrates the principle
behind the formation of a tornado.

Exhibit: A Sive foot tall acrylic pipe
is open at the top and has a small
opening at the bottom, A fan placed
below this opening is manually
operated using a handle provided.
On spinning the blades of the fan at
sufficient speed, we observe that
water in the tube drains out quickly
and with a surface that appears as
funnel-shaped as in a typical tornado

Reason: The spinning Dblades
produce a low pressure at the bottom
of the tube. Not only that, there will
be a gradual change in pressure from
top to the bottom of the water
column — high at the top and
diminishing as we go down. The
diameter of the spinning surface of
water at any level depends on the
pressure difference at that level. On
account of the pressure gradient, we
see the diameter of the spinning
surface diminishing giving the funnel
shape that we see here.
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GRAVITY BENDS LIGHT

Set up by Visvesvaraya Museum,
Bangalore

This exhibit analogously demonstrates the
bending of light by gravitational field.

Exhibit: Here we have a rubber
membrane that can be slightly
deformed at the centre by using a
lever attached to it. Pressing the lever
down causes the membrane to warp.
This simulates the warping of space
by strong gravity such as the ones
due to stars or galaxies or cluster of
galaxies. Roll the steel ball down the
rubber membrane and you will
notice that it moves in a straight path
for some distance and as it
approaches the centre of the rubber
sheet, it deflects from the straight
path and gently curves around it.

Reason: According to Einstein’s
General Theory of Relativity,
Gravity affects the geometry of
space. So, a ray of light traveling
from a distant star to us would
deflect from its straight line path
when it passes close to a massive
celestial object such as the sun.
Einstein’s prediction was verified
during a total solar eclipse in 1919 by
Sir Arthur Eddington.
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PIXELS AND SHARPNESS
OF IMAGE

Set up by Visvesvaraya Museum,
Bangalore

This exhibit demonstrates the dependence of
the sharpness of an image on the density of
pixels in a digital camera.

Experiment: The exhibit consists of
an array of pins that are evenly
spaced on a large area. The two
cardboards here contain pins of
different sizes. The pins can be
moved up by pushing them from
below the cardboard. Gently press
your palm against the pins in the two
boards and observe the sharpness of
the features of the palm. The one
with more number of pins per unit
area shows a sharper ‘image’

Reason: Larger number of pins
provide a better resolution of the
image — that is, nearby points in the
objects are clearly seen in the
‘image’. This principle is used in
making all kinds of detectors — digital
camera, eye, telescopes...
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LENZ’s LAW
Demonstration of induced current

Materials Required: A thick copper
wire — one used for earthing, a
powerful magnet

Experiment: Make a ring out of the
copper wire and suspend it. Now,
hold the magnet such that part of it is
outside the plane of the ring. Pull the
magnet back with a jerk. The ring is
also set into oscillation. By
repeatedly pumping the magnet at
the right time (phase), we can
gradually increase its amplitude.

Reason: When the magnet is
suddenly pulled out of the ring, the
sudden change in the magnetic flux
indices a current in the wire. This, in
turn, has a magnetic field. The
interaction between the magnetic
fields of the magnet and the one
induced in the coil causes the motion
of the ring.




