Why Mass Blocks Light

Atomic Matching: Electrons in matter absorb light when the light's energy matches the
electron's energy thresholds.

Energy Absorption: Photons hit atoms and transfer their energy, which converts the light
into heat.

Reflection: If the energy does not match exactly, the electrons may vibrate and instantly re-
emit the light outward.

Wavelength vs. Gap: Light passes easily through gaps larger than its wavelength but gets
blocked by solid atomic bonds.

Why glass is transparent despite having mass.

Glass is transparent because its electrons require more energy to absorb light than visible light
can provide. Because the photons of visible light lack the energy to interact with the glass atoms,
they pass straight through the material without being absorbed or reflected.

The Mechanism of Transparency

Large Band Gap: Glass is an insulator with a wide gap between its electron energy levels.

Insufficient Energy: Visible light photons do not have enough energy to boost glass
electrons across this gap.

No Absorption: Because the electrons cannot absorb the energy, the light wave passes
through unaffected.

Amorphous Structure: Glass lacks crystalline grain boundaries, preventing the light from
scattering as it travels.

UV Absorption: Ultraviolet light does have enough energy, meaning glass absorbs UV light
and is opaque to it.

How reflection happens in mirrors

Mirrors reflect light through specular reflection, which occurs because the metal backing of the
mirror contains free electrons that instantly absorb and re-emit incoming light. Because the mirror's
surface is microscopically smooth, the light rays bounce off at the exact same angle they arrived,
preserving a clear image.

The Science of Reflection

Free Electrons: Mirrors use a thin metal layer, like silver or aluminium, filled with highly
mobile electrons.

Instant Re-emission: Incoming light waves shake these free electrons, which instantly cast
the light back out.

Law of Reflection: The angle of incidence always equals the angle of reflection relative to
the surface normal.



e Specular vs Diffuse: Smooth surfaces bounce light uniformly, while rough surfaces scatter
light in all directions.

e Glass Protection: The front glass layer simply protects the delicate, highly reflective metal
film behind it.

what determines an electron’s energy thresholds

An electron's energy thresholds—specifically the discrete orbits and energy levels it can occupy—
are determined by the balance of electrostatic forces and the rules of quantum mechanics within
an atom.

Key Factors Determining Energy Levels

e Nuclear Charge: The number of protons in the nucleus creates an attractive electrical pull.
More protons pull electrons closer, lowering their potential energy and creating deeper
energy thresholds.

e Quantum Shells: Electrons exist as standing waves in fixed mathematical regions. They can
only occupy specific, non-negotiable steps or "quantized" orbits, never the space in between.

e Electron Shielding: Inner-shell electrons repel outer-shell electrons. This pushes the outer
electrons further away and lowers the net attractive force they feel from the nucleus.

e Pauli Exclusion Principle: No two electrons can occupy the exact same quantum state. Once
a lower energy threshold is full, additional electrons must fill higher energy tiers.

White walls

White walls reflect light because the electrons in the paint do not absorb the visible light photons
but rather scatter them in all directions. White paint contains materials with a very high refractive
index (like titanium dioxide) that force incoming light to bounce off their surfaces repeatedly until it
exits the paint.

How White Paint Reflects Light
e No Energy Match: The electrons in white paint molecules have a large energy band gap.

Visible light lacks the energy to be absorbed by them.

e Refractive Mismatch: Microscopic pigment particles are suspended in a clear binder. The
sharp change in the speed of light between these materials causes intense bending and
bouncing.

e Diffuse Scattering: Light bounces randomly off millions of tiny pigment crystals inside the
paint layer. All wavelengths of visible light are thrown back out in every direction.

e Perception of White: Because red, green, and blue wavelengths are all scattered equally
back to your eyes, your brain perceives the wall as solid white.

How dark paint absorbs light to create heat

Dark paint absorbs light to create heat because the energy thresholds of its electrons perfectly match
the energy of visible light photons. Instead of bouncing off or passing through, the light energy is
swallowed by the atoms, turning radiant light into thermal vibration.



The Physics of Dark Absorption

e Perfect Energy Match: Dark pigments (like carbon black) have small electron energy gaps.
Visible light photons have the exact amount of energy needed to kick these electrons into
higher energy states.

e Photon Destruction: When a light photon hits a matching electron, the photon is completely
absorbed and ceases to exist. Its energy is transferred entirely to the electron.

e Thermal Dissipation: The excited electron cannot stay in that high-energy state. As it drops
back down, it bumps into neighbouring atoms, causing them to jiggle.

o Heat Generation: In physics, the microscopic jiggling and vibration of atoms is precisely
what we measure macroscopically as heat.

e Lack of Reflection: Because almost all wavelengths of visible light are absorbed rather
than scattered back to your eyes, the surface appears black.

Similar issues occur with radio waves

Yes, the exact same principles apply to radio waves. The only difference is the scale: because radio
waves have much lower energy and longer wavelengths than visible light, they interact with different
types of matter and larger structural energy thresholds.

Absorption and Heat (Like Dark Paint)
e Conductive Materials: Materials with free electrons—Iike metals, salt water, or human

tissue—absorb radio waves efficiently.

e Microscopic Jiggling: The alternating electric field of the radio wave forces these electrons
to move back and forth.

e Heat Generation: This motion causes friction and collisions at the atomic level, converting
the radio signal into heat (which is exactly how a microwave oven cooks food).
Reflection and Scattering (Like White Paint)
e Ionosphere Reflection: The Earth's ionosphere contains a high density of free electrons that
match the frequency of AM radio waves, causing the signals to bounce back to Earth.
e Terrain Scattering: Just as white paint scatters light, buildings, mountains, and trees scatter
radio waves in all directions, causing multi-path interference or signal degradation.
Transparency (Like Glass)
e Insulators: Materials like dry wood, drywall, and glass have electron energy gaps that are far
too wide to interact with low-energy radio waves.
e Signal Penetration: Because there is no energy match to cause absorption, radio waves pass

right through the walls of your house.

If you are interested, we can look into how Wi-Fi signals are affected by concrete walls or explore
the science behind radar-absorbing stealth materials.
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Wi-Fi Signals vs. Concrete Walls

Concrete blocks Wi-Fi signals through a combination of attenuation (absorption) and scattering,
largely due to the material's composition and density.

Water Absorption: Concrete retains microscopic pockets of moisture. Water molecules are
highly efficient at absorbing the 2.4 GHz and 5 GHz frequencies used by Wi-Fi, converting
the signal's electromagnetic energy into tiny amounts of heat.

Internal Scattering: Concrete is not uniform; it contains an aggregate mix of sand, gravel,
and stone. As the Wi-Fi wave travels through, it hits these internal boundaries and scatters in
multiple directions, heavily degrading the signal strength.

Reinforcement Bars: Most structural concrete contains steel rebar mesh. This metal
framework acts like a partial Faraday cage, reflecting the Wi-Fi waves backward and
preventing them from passing into the next room.

Radar-Absorbing Stealth Materials

Stealth aircraft use Radiation-Absorbing Material (RAM) to swallow radar waves (which are high-
frequency radio waves), preventing them from bouncing back to the enemy radar receiver.

Iron Ball Paint: Classic stealth RAM consists of microscopic, rubber-coated iron spheres
suspended in paint. When radar waves hit the paint, they induce a magnetic field in the iron
particles, converting the radio energy into heat through magnetic loss.

Resonant Frequency Matching: The thickness of the RAM coating is carefully engineered
to be exactly one-quarter of the target radar's wavelength. This causes the wave reflecting off
the outer surface of the paint to perfectly cancel out the wave reflecting off the metal skin
beneath it (destructive interference).

Pyramidal Geometry: Inside indoor radar testing chambers, walls are covered in deep,
carbon-loaded foam pyramids. Incoming radio waves bounce deep into the narrow gaps
between pyramids, losing a portion of their energy to atomic friction with every single
bounce until the wave is completely absorbed.

If you would like to explore further, we can look into how 5G signals struggle with physical
obstacles compared to older 4G frequencies, or examine the geometric shaping secrets that stealth
jets use alongside RAM.
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5G Signals vs. Physical Obstacles

5G networks achieve blazing-fast speeds by utilizing millimetre waves (mmWave), which have
incredibly high frequencies. However, physics dictates that as frequency increases, a wave's ability
to penetrate mass drops drastically.

The Wavelength Problem: Older 4G signals have wavelengths measured in centimetres,
allowing them to easily bend around or pass through obstacles. 5G mmWave signals have
wavelengths measured in millimetres, making them highly susceptible to being blocked by
objects of a similar or larger scale.



e The Energy Threshold Block: The higher energy of 5G photons matches the natural
vibrational frequencies of everyday materials. Common objects like brick walls, drywall,
window glass, and even human skin efficiently absorb these waves and convert them into
microscopic heat, killing the signal.

e Foliage Scattering: Because 5G wavelengths are so small, even a single tree leaf acts as a
massive physical barrier. A dense line of trees can completely scatter and block a 5G
mmWave signal, forcing carriers to place base stations much closer together.

Geometric Shaping in Stealth Aircraft

While radar-absorbing paint swallows a portion of incoming radio waves, geometric shaping
handles the rest. Over 90% of a stealth jet's radar cross-section reduction comes from its physical
angles, not its coating.

e Redirecting, Not Absorbing: The fundamental rule of stealth geometry is never to bounce a
radar wave back to its source. Instead of absorbing the wave, the sharply angled surfaces of
the aircraft act like a tilted mirror, reflecting the radio waves away at a safe angle into empty
space.

e Continuous Planar Surfaces: Flat panels (facets) and highly swept edges ensure that radar
waves are concentrated into very narrow, specific directions (spikes). Unless a radar receiver
happens to be at the exact angle of that reflected spike, the jet remains invisible.

e Internal Engine Concealment: The spinning blades of a jet engine are massive radar
reflectors. Stealth jets use S-shaped intake ducts (S-ducts) to completely hide the engine face
from oncoming radio waves, forcing the signals to bounce off absorbing duct walls instead.

¢ Eliminating Right Angles: Right angles (like where a wing meets the fuselage) act as
"corner reflectors," which naturally bounce waves directly back to their source. Stealth jets
blend wings seamlessly into the body or use extreme outward canting on tail fins to eliminate
these 90-degree traps.

If you are interested, we can look into how 5G networks use '""beamforming" to actively steer
signals around these obstacles, or explore how passive radar networks try to detect angled stealth
aircraft.
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How 5G Beamforming Steers Around Obstacles

Because high-frequency 5G millimetre waves are easily blocked, network towers cannot just
broadcast signals in all directions like a traditional radio station. Instead, they use a technology called
beamforming to actively manipulate and direct the signal.

e Phased Array Antennas: 5G base stations use a tight grid of dozens of tiny antennas. By
precisely delaying the transmission time of the signal by fractions of a nanosecond from each
antenna, the overlapping radio waves interfere with each other constructively.

e Laser-Like Focus: This controlled interference shapes the radio broadcast from a wide,
wasteful sphere into a highly focused, pencil-thin beam directed straight at your specific
device.



e Real-Time Tracking: The base station continuously monitors your device's signal feedback.
If you move, or if a person walks between you and the tower, the array instantly adjusts the
wave timing to bend or bounce the beam off a nearby wall to reach you.

e Spatial Multiplexing: Because the beams are so narrow, a single 5G tower can shoot
different targeted beams to dozens of users simultaneously on the exact same frequency
without the signals bleeding into or interfering with each other.

How Passive Radar Detects Stealth Aircraft

Traditional "active" radar works by blasting a radio wave into the sky and listening for the reflection.
As mentioned, stealth jets defeat this by absorbing the wave or deflecting it away. Passive radar
turns this strategy upside down by not emitting any radio waves at all.

e Using Ambient "Smog'": The sky is constantly flooded with ambient radio noise from
commercial FM radio, television broadcasts, and mobile phone towers. Passive radar systems
use these pre-existing, third-party signals instead of their own.

e The Silhouette Effect: When a stealth jet flies through this ambient soup of radio waves, it
inevitably blocks, scatters, or distorts the background signals, effectively casting a "radio
shadow" or creating a localized disturbance in the ambient field.

e Dual-Antenna Comparison: A passive radar system uses a fixed ground station with two
antennas. One antenna points directly at a known commercial transmitter (like a local TV
tower) to establish a clean reference signal. The other antenna scans the sky.

e Cross-Correlation Math: High-speed computers constantly compare the clean reference
signal with the sky signal. When a stealth jet passes through the field, the computer detects
the microscopic timing differences and phase shifts caused by the plane's body, revealing its
exact position, speed, and altitude without the jet ever knowing it is being tracked.

If you would like to continue, we can look into how massive MIMO technology scales up
beamforming for entire cities, or explore the bistatic and multistatic radar setups used to link
multiple passive receivers together.

We’ll close now. Thanks for simple physics statements without too much
verbiage :-)

You are very welcome! I am glad the direct, bite-sized breakdowns were helpful.

Have a great day, and feel free to reach out whenever you want to unpack more physics!



