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8 Concept: Wave-Particle Duality

Materials:

A laser pointer (preferably red, as it has a visible and well-defined
beam)

A piece of cardboard with two very thin, parallel slits (created

using a razor blade or sharp knife)

A stable stand to hold the cardboard upright (e.g., books or clamps)
A white projection surface (a white wall or a large sheet of paper)

A dark room to enhance visibility of the interference pattern

Procedure:

1.

Set up the cardboard vertically so that the laser beam can pass through the two
slits.

Turn off the lights in the room to ensure optimal contrast.

Aim the laser pointer at the slits and observe the pattern that forms on the white
wall or paper.

Instead of just two bright spots (one for each slit), you will see multiple
alternating bright and dark bands arranged symmetrically around the center.

Explanation:

This pattern, known as an interference pattern, occurs because light behaves like a

wave. When waves pass through the two slits, they spread out and overlap, creating

areas of constructive interference (bright bands, where the waves reinforce each other)

and destructive interference (dark bands, where the waves cancel each other out).

This is one of the most important experiments in quantum mechanics because it shows

that light behaves both as a particle and as a wave, depending on how it is observed.

When a detector is placed at the slits to determine which slit the photon passes
through, the interference pattern disappears, and the light behaves like a particle,
traveling in a straight line.

This demonstrates the fundamental role of observation in quantum mechanics.



B Concept: Light Polarization & Quantum Superposition

Materials:

Two pairs of polarized sunglasses (must be confirmed to have
vertically polarized lenses)

A third polarized lens (optional, can be taken from a different pair
of polarized glasses)

A strong light source (such as an LCD screen, a flashlight, or direct

sunlight)

Procedure:

1.

Hold one pair of polarized sunglasses in front of a light source and look through
them. You will notice that the light is slightly dimmed due to the blocking of
certain light waves.

Now, take the second pair of polarized sunglasses and place them in front of the
first, alighed in the same orientation. Light will still pass through, though slightly
dimmer.

Slowly rotate one of the pairs of sunglasses by 90 degrees. The light will gradually
disappear as the polarization planes become perpendicular.

4. Introduce a third polarized lens at a 45-degree angle between the two
perpendicular lenses. Surprisingly, some light passes through again.
Explanation:

Light is an electromagnetic wave that oscillates in different directions. A polarizing filter

allows only light waves oscillating in a specific direction to pass through.

When two filters are aligned, some light still passes through. When they are
perpendicular (cross-polarized), almost no light passes because the second filter blocks
what the first lets through. However, when a third filter is inserted at 45°, it introduces a

new intermediate polarization state, allowing some light to pass. This is analogous to

quantum superposition, where an intermediate measurement can change the final state
of a system. It demonstrates how observation (inserting the third filter) alters the

system's outcome, just like measuring a quantum system collapses its wavefunction.



B Concept: Quantum Superposition & Measurement

| Materials:

¢ A standard coin (e.g., a U.S. quarter or Euro coin)

e An opaque cup (must fully cover the coin)

| Procedure:

1. Place the coin on atable.
2. Cover it with the cup without looking at which side is facing up.
3. Untilyou lift the cup, you do not know whether the coin landed on heads or tails.

| Explanation:

In classical physics, the coin is always either heads or tails, even if we don’t know the
result. However, in quantum mechanics, a particle exists in multiple states
simultaneously until observed.

In Schrodinger’s famous thought experiment, a cat inside a box could be both alive and
dead until observed. This analogy helps visualize how a quantum system remainsin a
superposition of states (e.g., an electron spinning both up and down) until a
measurement collapses it into one definite state.

The coin analogy is limited because it follows classical mechanics, but it helps illustrate
the paradox of measurement affecting the state of a system.



B Concept: Diffraction & Wave Behavior of Light

| Materials:
e Ared laser pointer (a coherent light source)
¢ A human hair (or a very thin wire)
e A white wall or paper for projection
e Adark room for better visibility

| Procedure:

1. Hold the hair vertically and aim the laser pointer at it.
2. Observe the projection on the wall. Instead of a single shadow, you will see a
series of bright and dark bands on either side of the hair.

| Explanation:

Light waves bend around obstacles and interfere with each other. The hair acts as a
single-slit diffraction barrier, creating constructive and destructive interference in the

projected pattern.

This confirms that light, even though composed of particles (photons), behaves like a
wave, reinforcing the wave-particle duality principle.



B Concept: Einstein’s Photoelectric Effect

| Materials:

¢ Apairof photochromic sunglasses (lenses that darken when
e exposedto UV light)

e AUV-rich light source (sunlight or a UV lamp)

e Astandard LED or incandescent lamp (as a control)

| Procedure:
1. Place the sunglasses under direct sunlight. The lenses darken as they absorb UV
light.
2. Place them under a standard LED or incandescent light indoors. The lenses do
not darken.

| Explanation:

Photochromic lenses contain molecules that absorb high-energy UV photons, causing a
chemical reaction that darkens the lenses.

However, indoor artificial light lacks high-energy UV photons required for this reaction,
so the lenses remain unchanged.

This demonstrates Einstein’s photoelectric effect, where only photons above a specific
energy threshold can excite electrons, proving that light energy is quantized.



& Concept: Photon Absorption and Emission

| Materials:

¢ Avyellow highlighter (fluorescent ink)
¢ A white sheet of paper
e AUV lamp (blacklight)

| Procedure:

1. Use the yellow highlighter to draw on a white sheet of paper.
2. Turn off the room lights and shine a UV lamp over the paper.
3. Observe how the yellow markings glow brightly under the UV light.

| Explanation:

This phenomenon is called fluorescence, where molecules absorb photons of a high-
energy wavelength (such as UV light) and then re-emit photons at a longer, visible
wavelength.

¢ The highlighter ink contains fluorescent dye molecules, which are designed to
absorb ultraviolet light and re-emit it as visible light.

e The energy absorbed from the UV light excites the electrons in the dye molecules
to a higher energy level.

¢ When these electrons return to their normal state, they release energy in the form
of visible light, which makes the markings appear to "glow."

This process is similar to how quantum systems absorb and emit energy in discrete
packets (quanta), a fundamental principle in quantum mechanics.



Q Concept: Quantum Tunneling in Semiconductors

| Materials:

¢ Alight-emitting diode (LED)
e A9V battery
e Connecting wires or a battery holder

| Procedure:

1. Connect the LED to the battery in the correct polarity (positive to the longer leg of
the LED). The LED lights up.
2. Reverse the battery’s polarity. The LED does not turn on.

| Explanation:

In semiconductors like LEDs, electrical current flows because electrons "jump" across a
potential barrier in the material.

¢ Inthe correct polarity, the applied voltage allows electrons to tunnel through the
potential barrier and recombine with "holes," releasing energy as visible light (this
is why LEDs emit light).

e When the polarity is reversed, the barrier is too high, and electrons cannot flow,
so the LED stays off.

This effect relies on quantum tunneling, where particles can move through energy
barriers they classically shouldn't be able to cross. This behavior is a fundamental
concept in quantum mechanics and is used in modern electronics, such as transistors
and diodes.



‘Q Concept: Photon Perception and Probabilistic Detection

| Materials:

e Acompletely dark room
¢ Averydim flashlight (or a single LED light)

| Procedure:

1. Sitin complete darkness for at least 10-15 minutes to allow your eyes to adjust.
2. Quickly flash the dim light source for a fraction of a second and turn it off.
3. Youwill notice that even after the light is gone, you still perceive a faint glow for a

brief moment.

| Explanation:

Human eyes do not detect single photons instantaneously. Instead, they integrate light
over time, much like a probabilistic quantum detector.

¢ Inextreme darkness, our vision shifts to rod cells, which are highly sensitive to

low light but take time to process information.
¢ The brief afterglow you perceive is due to the cumulative effect of weak photon

detections over time.
e Thisis similarto quantum experiments where photon detection is not

instantaneous but builds up a signal probabilistically.

This experiment helps illustrate how quantum detectors work when counting photons in

scientific experiments.
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8 Concept: Heisenberg’s Uncertainty Principle

| Materials:

e Asimple pendulum (a string with a weight tied at the end)
e Aruler (for measuring position)
e Astopwatch (for measuring velocity)

| Procedure:

1. Start by holding the pendulum at rest and measuring its exact position with a
ruler.

2. Now, give it a gentle push and try to measure both its position and velocity at the
same time.

3. You will notice that the faster it moves, the harder it becomes to pinpoint its exact
position at any given moment.

Explanation:
This is a classical analogy for Heisenberg’s Uncertainty Principle, which states that:

The more precisely you know a particle’s position, the less precisely you can know its
momentum (velocity x mass), and vice versa.

e When the pendulum is still, its position is well-defined, but ist velocity is zero.
e When it swings, if you try to measure exactly where it is, you lose precision in
knowing how fast it is moving.

In quantum mechanics, this principle is a fundamental limit of nature: we cannot
simultaneously know a particle’s exact position and velocity beyond a certain limit.

11



Q Concept: Quantum Communication and Secure Information
Transfer

| Materials:

e Two identical coins
e Asecond participant (for interaction)

| Procedure:

One person flips the coin and covers it without looking at the result.

The second person tries to guess if it's heads or tails.

The first person uncovers the coin and reveals the result.

If the first person checks the result before the second person makes a guess, the
outcome is fixed. But if they both observe at the same time, the act of
observation itself changes the way the system behaves.

P oObd =

Explanation:

This is an analogy for quantum cryptography, where observing a system changes it.
In real quantum communication (e.g., Quantum Key Distribution — QKD):

e Asender (Alice) transmits quantum bits (qubits) in an unknown state.

e Areceiver (Bob) measures them.

e [fathird party (Eve) tries to intercept the message, their act of measurement
changes the quantum state, making the interception detectable.

This is why quantum cryptography provides unbreakable encryption, as any attempt to
eavesdrop alters the information being transmitted.
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