Breaking the Rules of Classical Physics

A A visual exploration of the dual nature of radiation and matter, mapping the

TopAll paradigm shift from classical continuous waves to discrete quantum mechanics.




The Universe Divided A

By the end of the 19th century, the rules were absolute: energy flowed TopAll
continuously as waves, and physical mass existed as discrete, indivisible
particles. The boundary between them was considered impenetrable.

The Wave Paradigm RADIATION (Light) The Particle Paradigm MATTER (Electrons)
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Escaping the Metal Surface A

Free electrons in a metal are trapped by the attractive forces of positive ions. To escape, they must pay a
specific energy toll, measured in electron volts (eV), unique to each metal. 1 eV = 1.602 x 10~1° J.
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The Escape
Metaphor Diagram

The Emission Engines
Thermionic Emission =@ | Field Emission /g | Photoelectric Emission’ ¢/

Triggered by intense Heat. Triggered by an immense Triggered by illuminating the
Thermal energy pulls Electric Field (~10A8 V/m), as surface with Light of a suitable

electrons out. in a spark plug. frequency.
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The Ultraviolet Anomaly

Between 1886 and 1902, Wilhelm
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TopAll
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Dashboard |: The Effect of Intensity
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The Observation: Increasing the brightness (intensity) of the light linearly increases the number
of photoelectrons emitted per second. More light equals more current.

The Input

Photoelectric current

The Output

Intensity of light




Dashboard |ll: The Retarding Tug-of-War
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The Metaphor

Retarding
Voltage

The Observation: By applying a negative voltage,
we repel the electrons. The exact voltage required
to stop even the fastest electron is the Stopping
Potential. Increasing light intensity does not
change their maximum kinetic energy (K .x =

eVp).

The Output

Photoelectric current

-V,
(Stopping potential)

Collector plate potential
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Dashboard lll: The Frequency Threshold A |
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The Observation: The energy of the emitted electrons depends entirely on the colour
(frequency) of the light, not its brightness.

The Hard Stop

Below the threshold
frequency (v,), absolutely
Zero emission occurs—even
if the light is blindingly
intense.

Furthermore, when
emission does happen, it
is instantaneous (under
10~ seconds).

Stopping potential V,,

Threshold Frequency (v,)

Frequency v of incident radiation




The Collapse of the Wave Paradigm

Classical mechanics could not explain the photoelectric effect. A new interpretation of

reality was required.
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The Clash of Paradigms
Dimension Classical Wave Prediction Experimental Reality
Brighter light means stronger :
Energy Transfer electric fields, leading to faster ARSI cliiages fbsgiutely
nothing about electron speed.
electrons.
Energy absorbs continuously over W oam WK R
The Time Lag a broad wavefront; it should take 29
(<1077s).
hours to pop an electron free.
The absolute mathematical barrier
The Minimum Any frequency should work if given | of the Threshold Frequency (v,)
Frequency enough time and intensity. exists. Below it, zero
emission.




1905: The Quantum Master Key

Albert Einstein proposed a radical solution: Light does not interact with matter as a
continuous wave, but as discrete, indivisible packets of energy called quanta, or
photons. Einstein’s Photoelectric Equation mathematically maps this elegant
transaction.

The Energy Budget Graphic

Photon Energy (hv) Work Function (®) Max Kinetic Energy (Knax)
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The Anatomy of a Quantum Collision A

TopAll
By reframing light as a particle, every experimental anomaly is resolved. The intensity of light merely
determines the quantity of photons, while the frequency determines the power of each individual photon.

1. One-to-One Interaction 2. The Intensity Irrelevance 3. The Frequency Factor

Explains the instantaneous emission. Explains the Threshold Frequency. Explains why Frequency = Speed.

A single photon transfers all its energy A thousand low-energy photons A high-energy photon easily pays the
energy instantly to a single electron. cannot combine their energy. If hv is toll. The leftover energy perfectly

No ‘saving up’ energy is required. less than the Work Function toll, determines the electron’s maximum

absolutely nothing happens. Kinetic energy.



Blueprint of a Photon
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American physicist A.-H. Compton’s 1924 experiments on X-ray scattering further
confirmed this paradigm. Light undeniably acts as a particle with definitive properties.

Charge
Electrically Neutral

Completely unaffected by

electric and magnetic fields.

Speed
V=¢C

Travels precisely at the
speed of light in a vacuum.

Y
Collision Rules

Energy
Fi=hy=hejX
Dependent only on
frequency/wavelength.

Momentum
p=hyvic=h/\

Proves it behaves as a
physical particle.

Total energy and momentum are conserved when colliding with an
electron, though the photon itself may be completely absorbed.




' The Mirror Universe Al

TopAll
In 1924, French physicist Louis de Broglie proposed a profound symmetry. If radiant energy
exhibits dual characteristics, then the fundamental physical entities of matter must share this
this symmetrical character. Moving particles possess a wavelength.
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Light behaves as a Particle. Matter behaves as a Wave.
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The Scale of Matter Waves

Because Planck’s constant (%) is so infinitesimally small (6.63 x 10734 J s), the wave TopAl

nature of matter only becomes physically significant in the sub-atomic domain.

The Macroscopic World

Mass: 0.150 kg
Speed: 30 m/s
Calculation: A =/ /muv

A—1.47 x 10 **m

Trillions of times smaller than a proton.
Beyond physical measurement.

The Quantum World

Mass: 0.11 x 10~°! kg
Speed: 5.4 x 10 m/s
Calculation: A = h /mu

A =0.135 nm

L

Comparable to the spacing of atomic planes in a
crystal. Highly measurable via X-ray wavelengths.

A




The Unified Quantum Reality A

TopAll

The conflict between wave and particle is an illusion born from the limitations of
macroscopic observation. Depending on the nature of the experiment—whether mapping
interference patterns or analyzing photoelectric collisions—reality simply reveals the face it
needs to. Both descriptions are not just valid; they are required to understand the universe.
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