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Cosmic & Space RF Phenomena

? Fact #1: You're Radioactive (and Glowing!)
Your body emits radio waves RIGHT NOW:

e Frequency: ~10 THz (thermal infrared)
e Power: ~100 watts (body heat radiation)
e You're literally glowing in the RF spectrum!

What this means: Night vision cameras don't "see in the dark" - they see your RF glow! Every
warm object emits blackbody radiation at frequencies determined by temperature. Humans at 37°C
(310K) peak at about 10 micrometers wavelength (30 THz).



Fun experiment: Point a thermal camera at yourself in complete darkness - you'll see yourself
glowing bright orange/red!

? Fact #2: The Oldest Radio Message Still
Traveling

The first TV broadcast is now 88 light-years away:

Event: 1936 Olympics in Berlin

Broadcast: Hitler's opening speech

Distance traveled: 88 light-years into space
Current location: Passing nearby star systems

What is a light-year? (DISTANCE, not time!)
Speed of light: 300,000 km/second
In one year:

300,000 km/s x 60 sec x 60 min x 24 hrs x 365 days
9,460,730,472,580 km

9.46 trillion kilometers

88 light-years = 88 x 9.46 trillion km

832 trillion kilometers!

Perspective - Light travel times:

Distance | Light Takes
.................. TR —
Earth - Moon | 1.3 seconds
Earth - Sun | 8.3 minutes
Sun - Pluto | 5.5 hours

Sun - Nearest Star| 4.24 years
Hitler Broadcast | 88 years!
Across Milky Way | 100,000 years

To Andromeda | 2.5 million years

Tanzania analogy: Dar to Dodoma = 450 km. If that's 1 light-second, then 88 light-years =
traveling Dar-Dodoma 2.78 trillion times!



The implication: Any sufficiently advanced alien civilization with a big enough antenna could
watch 1930s-1940s Earth TV broadcasts RIGHT NOW. They'd see Hitler, WWII, early TV shows - a
time capsule of Earth history spreading forever through the cosmos.

Star systems that have already received our first broadcasts:

Wolf 359 (7.9 ly) - passed in 1943
Sirius (8.6 ly) - passed in 1944
Procyon (11.5 ly) - passed in 1947
40 Eridani (16.5 ly) - arriving now!
Regulus (79 ly) - receiving now!

Two-way delay: If aliens at 88 light-years replied today, we'd get answer in 2113 (88 years back)!

Forever spreading: These signhals never stop, just get weaker. Every broadcast ever made
creates expanding bubble of human history through cosmos!

?7? Fact #3: Voyager 1's Whisper From the Void

The most distant human-made radio signal:

Launch: September 5, 1977

Current distance: 24.2 billion km (162 AU)

Transmitter power: 23 watts (less than a refrigerator bulb!)
Signal at Earth: -196 dBm = 0.000000000000000001 watts!

Yet we still hear it perfectly after 47 years!

How? Error correction codes (Convolutional + Reed-Solomon) provide +12 dB coding gain. The
signal is actually 16 dB weaker than background noise, but error correction makes
communication possible!

Current status (2025): Still transmitting! Expected shutdown: 2025-2030 as power runs out (RTG
decay).

? Fact #4: The Big Bang is in Your TV Static

1% of TV static is the echo of creation!

When you tune an old analog TV to an unused channel, about 1% of that noise is the Cosmic
Microwave Background (CMB) - leftover radiation from the Big Bang!



The discovery story (1964): Arno Penzias and Robert Wilson at Bell Labs kept hearing annoying
3.5K background noise. They cleaned pigeon poop from the antenna, pointed it everywhere - same
noise!

Realization: The noise was coming from EVERYWHERE in the universe!

They'd discovered the afterglow of the Big Bang - 13.8 billion years old! Won Nobel Prize in
1978.

? Fact #5: Pulsars - Neutron Stars Are Nature's
Perfect Clocks

The discovery that fooled astronomers:

e Date: November 28, 1967

Astronomer: Jocelyn Bell (PhD student at Cambridge)
Found: Radio signal pulsing every 1.337 seconds EXACTLY
So regular they thought it was aliens!

Named it: LGM-1 (Little Green Men 1) [T]

What they really are: Neutron stars - dead star cores spinning 1-1000 times per second,
shooting radio beams from magnetic poles like cosmic lighthouses.

Some are insanely fast:

e PSR J1748-2446ad: 716 times per second!
e Surface speed: 24% speed of light
e If any faster: Would tear apart!

Uses today: Space GPS, gravitational wave detection, testing Einstein's relativity.

? Fact #6: Fast Radio Bursts - The Most
Energetic Mystery

More energy than the sun emits in 80 years - in milliseconds!

Duration: Few milliseconds

Energy: 1038 joules (insane!)

Source: Billions of light-years away
Occurrence: ~1000 per day across entire sky

The mystery: Nobody knows what causes most of them!



Breakthrough (2020): First FRB detected in our own galaxy from magnetar SGR 193542154,
confirming at least some FRBs are from super-magnetic neutron stars.

?? BONUS Cosmic Fact: Solar Corona - The RF
Chaos Maker

The Sun's outermost atmosphere wreaks havoc on Earth's RF:

The Paradox: Corona is 1-3 million °C (200x hotter than Sun's surface!). Physics still can't fully
explain why.

RF Effects:
1. Coronal Mass Ejections (CME):

e Billion tons of plasma ejected at 500-3000 km/s
Hits Earth in 1-3 days

Result: ALL HF radio DEAD for hours/days

GPS errors: 10-30 meters

Power grids: Transformers can explode

2. Solar Flares:

Energy: 102> joules (6 million nukes!)

X-rays reach Earth in 8 minutes

D-layer super-ionized - "Short Wave Fadeout"

Duration: 10 minutes to 2 hours

Real disaster: Hurricane Irma (2017) - Flare knocked out emergency HF radio!

3. The Carrington Event (1859) - The Big One:

e Largest solar storm in history

e Aurora visible at EQUATOR

e Telegraph systems caught FIRE

e If today: $2 trillion damage, GPS down globally, years to recover
e Probability: 12% chance per decade!

4. Solar Cycle:

11-year cycle: minimum - maximum - minimum

Current: Solar Cycle 25, peak 2024-2026 (NOW!)

Maximum = exciting HF propagation but unpredictable
Tanzania can sometimes see red aurora during extreme storms!



5. Solar Radio Bursts:

e Type Il: 300-10 MHz drift (predicts CME arrival)
e Type lll: 1000—»1 MHz in seconds (electron beams)
e You can hear these on shortwave radio!

6. Parker Solar Probe:

Flying THROUGH the corona (6.2 million km from Sun)
Speed: 700,000 km/hour (fastest human-made object!)
Sending data via RF from inside corona!

Solving corona heating mystery

Monitor in real-time:

e spaceweather.com (daily updates)
e solarham.com (alerts)
e sdo.gsfc.nasa.gov (live Sun images!)

The Warning: We're more vulnerable now than ever. 100,000+ satellites planned by 2030, all at
risk from solar storms.

Lightning, Earth & Natural RF

? Fact #7: Lightning Creates Radio Waves You
Can Hear

Every lightning bolt:

Peak power: 1-5 billion watts (1-5 GW)

Duration: 0.0002 seconds

Temperature: 30,000 Kelvin (5% hotter than sun's surface!)
Emits RF from 3 Hz to 300 GHz - entire spectrum!

What you hear:

e AM radio: "CRACK! POP!" - lightning static (sferics)
e FM radio: Almost silent (frequency modulation immune)
e VLF (3-30 kHz): "Whistlers" - descending tone

Lightning can circle Earth! VLF waves bounce between ground and ionosphere, traveling 1000s
of km.



? Fact #8: The Schumann Resonance - Earth's
Heartbeat

Earth and ionosphere form a giant resonant cavity:

e Fundamental frequency: 7.83 Hz (extremely low!)
e Caused by: ~2000 thunderstorms worldwide at any moment
e Creates standing waves around entire planet

Nicknamed: "Earth's heartbeat" or "Earth's frequency"

Fun fact: Lightning strikes generate ~50 flashes per second globally, continuously exciting this
resonance!

? Fact #9: Whistlers - Spooky Sounds From
Space
Lightning RF travels along Earth's magnetic field lines:

Lightning strike creates VLF waves

Waves travel up magnetic field line to space

Come back down on opposite hemisphere

Creates descending whistle sound (high to low pitch)

P wWwhH

How to hear them: VLF receiver (3-30 kHz) during thunderstorms. Sounds like sci-fi alien
communication!

Why the whistle? Higher frequencies travel faster through ionosphere plasma, arrive first. Lower
frequencies lag behind - creates descending tone.

? Fact #10: Oceans Generate Their Own RF

Breaking waves create static electricity:

e Spray droplets get charged
e Creates electromagnetic field
e Detectable on VLF frequencies

Ships can detect nearby storms by listening to ocean-generated RF before visual sighting!



Animals & Biological RF Sensors

? Fact #11: Pigeons Have Built-in Compasses

Pigeons can see magnetic fields:

e Have magnetite crystals in beaks
e Detect Earth's magnetic field variations
e Essentially biological RF detectors!

Navigation ability: Can find home from 1000+ km away using magnetic field "map" combined
with sun position and landmarks.

The science: Magnetoreception - also found in sea turtles, salmon, honeybees, and bacteria!

? Fact #12: Sharks Are RF Predators

Ampullae of Lorenzini - electrical/RF sensing organs:

e Sensitivity: 5 nanovolts per cm (incredibly sensitive!)
e Can detect heartbeat of fish buried in sand

e Range: Up to 1 meter

e Frequency: DC to ~10 Hz

How they hunt: Detect electrical signals from prey's muscle contractions. When you swim, your
heart generates ~5 millivolts - sharks can detect this from several meters away!

? Fact #13: Bees Navigate Using RF
Polarization

Bees see polarized light (RF in UV spectrum):

e Ultraviolet vision: 300-650 nm
e Detect polarization patterns in sky
e Use as compass even on cloudy days

Why it works: Sunlight gets polarized by atmosphere. Creates invisible (to us) pattern across sky.
Bees read this pattern like a GPS map!



? Fact #14: Bats Use Ultrasonic RF

Echolocation:

Frequency: 20-100 kHz (ultrasonic)
Power: ~140 dB SPL (loud as jet engine!)
Range: 20-30 meters

Resolution: Can detect wire 1mm thick

Processing speed: Brain processes echoes in ~2 milliseconds. Can track flying insects at 40 km/h
in total darkness!

? Fact #15: Whales Talk Across Ocean Basins

Blue whale calls:

e Frequency: 10-40 Hz (extremely low)
e Loudness: 188 dB (loudest animal on Earth!)
e Range: Up to 1000 km underwater

In perfect conditions (SOFAR channel): Possibly 1600+ km communication range!

Modern problem: Ship engine noise interferes with whale communication.

Modern Technology RF Facts

? Fact #16: Your Phone Talks to 3+ Cell Towers
Simultaneously

Modern 4G/5G uses "soft handoff":

e Connected to multiple towers at once
e Seamlessly switches as you move
e Combines signals for better quality

You're never connected to just ONE tower! Phone constantly measures 6-10 nearby towers.



? Fact #17: WiFi Was Discovered by Accident

1990s: Australian astronomers studying exploding black holes

e Dr. John O'Sullivan created signal processing technique
e Removed radio interference for astronomy

Side effect: The same math made WiFi possible!

Australian CSIRO earned $430 million in licensing fees. Thanks, astronomy! [T1T]

?7? Fact #18: GPS Satellites Are Time Machines

GPS uses Einstein's relativity - literally!
Two time dilation effects:

1. Special relativity: Fast movement - clocks run 7 ps/day SLOWER
2. General relativity: Weaker gravity = clocks run 45 us/day FASTER
3. Net effect: +38 us/day faster

Without relativity correction: GPS errors would accumulate to 10 km per day!

Your phone does relativity calculations every second! [TT]

? Fact #19: Bluetooth is Named After a Viking
King
King Harald "Bluetooth” Gormsson (10th century Denmark):

e United Denmark and Norway
e Like Bluetooth unites devices!

The logo: Combines his initials in Viking runes [[] =&

? Fact #20: WIFI Channels Are Like FM Radio
Stations

WiFi 2.4 GHz band:



e Channels 1-14 available
e Each 20 MHz wide
e But only 3 don't overlap! (1, 6, 11)

Best practice: Use channels 1, 6, or 11 only.

? Fact #21: Satellite Internet Has 0.5 Second
Lag
Geostationary satellites at 36,000 km:

e Round trip: 72,000 km
e Time: 0.24 seconds + processing = ~0.5 seconds total

Starlink solution: Low orbit (550 km) —» Only ~25-30 ms latency!

Military & Espionage RF Stories
?? Fact #22: The Soviet "Woodpecker" Signal

1976-1989: Mysterious tapping disrupted shortwave worldwide

e Sound: "Tap-tap-tap" at 10 Hz

Power: 10 megawatts!

What it was: Soviet over-the-horizon radar (Duga-3)
Location: Chernobyl area

Purpose: Detect US ICBM launches 3000+ km away

Today: Abandoned, visible from Chernobyl tours.

?7? Fact #23: Carrier Pigeons Beat Radio in WWI

WWI: Radio unreliable, pigeons 95% success!
Most famous: Cher Ami

e October 1918: US Lost Battalion surrounded
e Shot through breast, blinded, leg hanging by tendon
o Still flew 25 miles in 25 minutes!



e Saved 194 soldiers
e Awarded French Croix de Guerre []]

Sometimes old tech beats high tech!

? Fact #24: Tokyo Rose Couldn't Be Jammed

WWII: Japanese propaganda + American music

e Power: 100+ kW transmitters
e US tried to jam - failed (too strong)

The irony: US troops loved the music, ignored propaganda! [T11]

?7? Fact #25: Cuban Spy Numbers Stations

Still operating TODAY on shortwave!
Example: "UVB-76" / "The Buzzer" (Russia)

e Frequency: 4625 kHz
e Sound: "Bzzzz" since 1982
e Occasionally: Voice reads numbers

Purpose: Encrypted spy communications (one-time pad - unbreakable!)

You can listen with RTL-SDR!

?7? Fact #26: Gulf War - GPS Changed
Everything
1991: First war with GPS

e Problem: Only 16 satellites (gaps in coverage)

e Solution: Military bought 10,000 commercial Garmin GPS!

e Result: Tanks never got lost in featureless desert

Changed warfare forever.



?? Fact #27: The Thing - Passive RF Spy
Device

e Wooden Great Seal plaque

e Hidden listening device with:
o NO battery!
o NO wires!
o NO electronics!

Powered by microwave beam from across street!

Discovered: 1952 (7 years later!) Inventor: Léon Theremin Today: NSA Museum

Ocean & Submarine Communications

? Fact #28: Submarines Use 76 Hz

ELF submarine communication:

e Frequency: 76 Hz

e Wavelength: 3,950 km! (as wide as Australia!)

e Antenna: 84 miles of buried cable in Michigan/Wisconsin
e Power: 2.5 megawatts

e Data rate: Few characters per MINUTE

Most expensive text message ever! Cost: $500 million to build!

? Fact #29: Underwater WiFi Using Light

RF doesn't penetrate seawater at high frequencies
Solution: Blue-green laser light (500 nm)

e Data rate: 100 Mbps underwater!
e Range: ~100 meters clear water



? Fact #30: Navy Sonar Disrupts Whales

Active sonar: 235 dB (louder than rocket launch!)

Famous incident: 2000 Bahamas mass stranding - 17 whales beached during US Navy sonar
exercise.

Extreme Environments & RF

?? Fact #31: Mount Everest Has 4G Coverage

China Mobile (2020):

o Altitude: 6,500 m base station
e Coverage: To summit (8,849 m)!

Can livestream from Earth's roof! [T]]]

? Fact #32: Antarctica - RF Paradise

HF radio range: 2x better than elsewhere!

e Dry air (no water vapor)
e Extreme temperature inversions
e VHF/UHF reaches 500+ km

? Fact #33. Atacama Desert is RF Sanctuary

Driest place on Earth:

e Almost zero water vapor
e Perfect for radio telescopes

ALMA: 66 antennas studying 30-950 GHz

? Fact #34. Death Valley RF Range Records



1987: 10 GHz microwave contact

e Distance: 270 km (normally 30-50 km!)
e Mirage conditions enabled it

? Fact #35: RF Propagates Better Over Oceans
at Night

Why:
e No D-layer absorption
e Low electrical noise

e Stable temperature

Tanzania: Better international shortwave reception at night!

Strange & Mysterious RF Phenomena

? Fact #36: The WOW! Signal - Unsolved
Mystery

e 72-second signal at 1420 MHz
e 30% background noise
e Never detected again

Aliens? Comet? Satellite? Still debated after 47 years!

? Fact #37: The Hum - Mysterious Low
Frequency

~2% of population hears persistent 40-80 Hz hum

e Maddening, can't escape
e Geographic clusters



Possible causes: Power lines, industrial machinery, ocean waves, submarines?

? Fact #38: Peryton - "Aliens" Were Microwave
Oven

1998-2015: Mystery signals at Parkes Observatory
2015: Solved! Staff kitchen microwave oven! [T]

Lesson: Check mundane explanations first!

? Fact #39: Havana Syndrome - RF Weapon or
Not?
2016-present: US diplomats reported symptoms
e Headaches, dizziness, strange sounds
Theories: Microwave weapon? Ultrasound? Crickets? Psychological?

Status: Still controversial, debated.

? Fact #40: The Bloop - Not RF, But Cool!

1997: Extremely loud underwater sound

e Heard 5,000 km away!
e Initially: Unknown sea creature?
e Actually: Iceberg calving

Historic Successes & Breakthroughs

? Fact #41. Marconi's First Transatlantic (1901)

December 12, 1901: Cornwall to Newfoundland



e Distance: 3,500 km
e Message: Letter "S" in Morse
e Proved: Worldwide wireless possible!

?? Fact #42: Sputnik - First RF From Space
(1957)

October 4, 1957: USSR

e Frequency: 20 & 40 MHz
e Message: "beep... beep..."
e Anyone with shortwave could hear it!

Started Space Race.

? Fact #43: First Mobile Phone Call (1973)

April 3, 1973: Martin Cooper (Motorola)

e Called rival at Bell Labs
e Phone: 1.1 kg, 20 min battery, $4,000!
e Inspired by: Star Trek communicator

? Fact #44. WIiFiI Standard Battle (1990s)

Multiple standards competed:

e 802.114a, b, g, n, ac, ax...
e Eventually: Both 2.4 & 5 GHz won!

?? Fact #45: RADAR Wins Battle of Britain
(1940)

British Chain Home radar:

e Range: 150+ km
e Early warning: 15-20 minutes
e RAF intercepted efficiently



e Won despite being outhumbered

RF technology beat numbers!

Epic Failures & Disasters

? Fact #46: Samsung Note 7 - RF Amplified
Disaster (2016)

Wireless charging + defective batteries = fires!

e 112 explosions
e Banned from aircraft!
e Cost: $5.3 billion

? Fact #47: Titanic - RF Could Have Saved
More (1912)

SS Californian (19 km away!) had wireless turned off

e Operator asleep
e Could have rescued everyone
e Changed law: 24/7 monitoring required

? Fact #48: Mars Climate Orbiter - Unit Error
(1999)

$327 million spacecraft crashed due to:

e Lockheed: Imperial units
e NASA: Metric units
e Most expensive unit conversion error!



? Fact #49: Indonesia Tsunami - Warning Failed
(2004)

e Had technology (satellites, phones)
e Lacked coordination & procedures
e Led to Indian Ocean Warning System (2006)

? Fact #50: Radio Rwanda - RF Used for
Genocide (1994)

Dark side: RTLM broadcast hate propaganda

e Coordinated killing
e Estimated role in 500,000+ deaths
e Media trial: First conviction of media for genocide

?? Fact #51: Iridium Bankruptcy - $5B Failure
(1999)

66 satellites for global phone coverage

e Launched 1998, bankrupt 1999!

e Too expensive: $3,000 phone, $7/min
e Cell phones won

e Assets sold for $25M (from $5B!)

? Fact #52: iPhone 4 "Antennagate" (2010)

"You're holding it wrong!"

e External antenna design
e Touching corner: Dropped calls
e Steve Jobs' infamous response

Fixed with free bumper cases.



Music, Entertainment & Cultural RF

? Fact #53: Theremin - Play Without Touching
(1920)

First electronic instrument:

e Two RF antennas
e Hand changes capacitance
e Creates sound

Used in: Beach Boys, Star Trek, sci-fi movies

? Fact #54: WLW Cincinnati - 500,000 Watts!
(1930s)

Insanely powerful radio station:
e Bed springs acted as speakers!
e Metal fillings picked up signal

e Heard across North America

Now illegal: 50 kW max

? Fact #55: BBC Time Pips - Atomic Precision

Six beeps before news:

e Synchronized to atomic clock
e Accuracy: £0.001 seconds
e Most precise sound you'll hear! ]

? Fact #56: Pirate Radio Shaped Music (1960s)

UK: BBC monopoly until 1967

e Pirate ships in international waters
e Played pop/rock 24/7



e Forced BBC to create Radio 1

? Fact #57: Game Controllers Use 2.4 GHz

Share spectrum with WiFi!

e Potential interference
e Microwave running: Controllers disconnect!

Tip: Use 5 GHz WiFi for gaming

Tanzania & African RF Facts

?7? Fact #58: Tanzania Has Perfect Equatorial
Propagation
Location: 7°S (near equator)

e Stable ionosphere
e Excellent HF to Europe, Asia, Americas
e |deal for international broadcasting!

?7? Fact #59: Kilimanjaro Affects VHF

5,895 m tall - acts as RF reflector

e Dar (700 km away) sometimes hears Arusha FM!
e Temperature inversions over mountain

? Fact #60: Lake Victoria Creates Ducting
Africa's largest lake: 68,800 km?2

e Cool lake + warm land = inversions
e VHF/UHF travel 300+ km over water
e Cross-country reception!



? Fact #61: African HF Bands Crowded at Night

Why Africa uses HF:

e Infrastructure limited
e HF works anywhere
e No infrastructure needed

Tanzania: 5H prefix call signs

?7? Fact #62: Satellite TV Rain Fade in Tanzania

DStv, Azam TV use Ku-band (12 GHz)

e Rain season (March-May): Heavy rain
e "No signhal" message common!

Everyone knows: Satellite TV fails in rain! <[]

? Fact #63: Tanzania's Mobile Money Uses
USSD

M-Pesa, Airtel Money, Tigo Pesa:

e USSD over GSM (900/1800 MHz)
e Works on all phones

e No internet needed

e 40+ million users!

All powered by RF!

Physics & Quantum RF

?7? Fact #64:. Quantum Entanglement via RF
(2017)

Chinese satellite: Entangled photons 1,200 km apart



e "Spooky action" confirmed
e Future: Unhackable communication

? Fact #65: Casimir Effect - Vacuum Makes RF

Two metal plates close together:

e Virtual photons in vacuum
e Net force pushes plates together!
e Proves: Vacuum has energy

? Fact #66: Speed of Light Measured with RF
(1946)

Microwave cavity resonator method:

e Result: 299,792,458 m/s
e So precise, meter is now DEFINED by speed of light!

? Fact #67. Magnetic Monopole Mystery

Never found isolated N or S pole!

e Maxwell's equations predict they might exist
e Would revolutionize RF theory
e Still searching!

? Fact #68: Lightning Creates Antimatter (2008)

Terrestrial Gamma-ray Flashes:
e Lightning produces gamma rays

e Creates electron-positron pairs!
e Nature's particle accelerator! s

Future RF Technologies



? Fact #69: 6G Will Use Terahertz (2030)

100-1000 GHz frequencies!

e Data rate: 1 Tbps
e Challenge: Water vapor absorption (range only 10-100m)
e Solution: Ultra-dense networks

? Fact #70: Quantum Radar Can't Be Jammed

Uses entangled photons:

e Stealth aircraft can't hide
e Can't be jammed
e China claims operational (2020)

? Fact #71: Brain Interfaces Use RF

Neuralink: 2.4 GHz wireless
e Neural signals - computer
e Wireless charging

e Human trials: 2024

Future: Think to control devices! [T]]]

? Fact #72: Satellite Constellation Race

Starlink: 5,000+ satellites, planning 42,000!

e LEO: 550-1200 km
e Latency: 20-40 ms
e Tanzania: Rural internet potential!

? Fact #73: Wireless Power at Distance

Future: Kilometers of wireless power!

e Microwave beaming: 10-100m



e Laser power: Kilometers!
e Space solar power stations

? Fact #74: Swarm Robotics via RF Mesh

Thousands of tiny robots coordinating:

e Mesh networks
e Applications: Search & rescue, agriculture
e Harvard RoboBees: Smaller than bees!

? BONUS: The Electromagnetic
Spectrum - Complete Guide

Understanding the Full RF Spectrum

The electromagnetic spectrum is ALL radio, light, X-rays - everything!
COMPLETE SPECTRUM (frequency increasing -)

Radio | Micro | IR | Visible | UV | X-ray | Gamma

Waves | waves | | Light | | | Rays
3 Hz —o—o— o — s 1024 Hz

- «— Need other detectors —

Can use antennas

P

Fact #81: Radio Waves - The Long Distance
Carriers

Frequency: 3 Hz - 300 GHz Wavelength: 100,000 km - 1 mm

The Bands:



ELF (Extremely Low): 3-30 Hz | 100,000-10,000 km
SLF (Super Low): 30-300 Hz | 10,000-1,000 km
ULF (Ultra Low): 300-3000 Hz | 1,000-100 km
VLF (Very Low): 3-30 kHz | 100-10 km

LF (Low): 30-300 kHz | 10-1 km

MF (Medium): 300-3000 kHz | 1 km-100 m

HF (High): 3-30 MHz | 100-10 m

VHF (Very High): 30-300 MHz | 10-1 m

UHF (Ultra High): 300-3000 MHz | 1 m-10 cm

SHF (Super High): 3-30 GHz | 10-1 cm

EHF (Extremely High): 30-300 GHz | 16-1 mm

THF (Terahertz): 300-3000 GHz | 1-0.1 mm

Real uses:

ELF (76 Hz): Submarine communication (penetrates ocean!)
VLF (20 kHz): Navigation beacons, time signals

MF (1 MHz): AM radio (you hear voices!)

HF (10 MHz): Shortwave, bounce off ionosphere — worldwide
VHF (100 MHz): FM radio, TV, aircraft

UHF (500 MHz): Mobile phones, GPS

SHF (2.4 GHz): WiFi, Bluetooth, microwave ovens

EHF (60 GHz): 5G, oxygen absorption (natural attenuator)
THF (300 GHz): Future 6G, airport body scanners

The magic: Lower frequency = longer range, but less data. Higher = more data, but shorter
range!

Fact #82: Microwaves - The Cooking &
Communication Band

Frequency: 300 MHz - 300 GHz Wavelength: 1 m -1 mm

Why called "micro" waves? Shorter than radio, longer than infrared. "Micro" is relative!
The 2.45 GHz Story:

Your microwave oven and WiFi router both use 2.45 GHz. Why?

1. Water absorption peak: Water molecules resonate near 2.45 GHz
2. ISM band: Industrial, Scientific, Medical - unlicensed!
3. Perfect for heating: Penetrates food, absorbed by water



4. WiFi chose it: Free spectrum, global availability

Problem: Microwave oven leaks ~5 watts at 2.45 GHz. Can interfere with WiFi on channel 7 (2.442
GHz)!

Other microwave uses:

e Radar: 3-30 GHz (aircraft, weather, police speed guns)

e Satellite TV: 12-18 GHz (Ku-band - DStv, AzamTV use this!)
e Satellite internet: 10-30 GHz (Starlink)

e 5G mmWave: 24-47 GHz (very fast, very short range)

Rain fade: Above 10 GHz, rain absorbs microwaves. Heavy rain = no satellite TV!

Fact #83: Infrared - The Heat Spectrum

Frequency: 300 GHz - 430 THz Wavelength: 1 mm - 700 nm (nanometers)
Three types:

e Far-IR: 300 GHz - 30 THz (thermal imaging)
e Mid-IR: 30-120 THz (heat sensing)
e Near-IR: 120-430 THz (almost visible, TV remotes)

You emit infrared! Your body at 37°C emits peak at 10 micrometers (30 THz).
Uses:

e Night vision: Sees your heat glow

e TV remotes: 940 nm (319 THz) - try it with phone camera, you'll see it!
e Fiber optics: 1550 nm (194 THz) - internet through glass

e Thermal cameras: Airport fever detection (COVID screening)

e Infrared heaters: Restaurant patio heaters

The crossover: Infrared is where we transition from "antennas" to "optics". Below ~1 THz =
antennas work. Above = need lenses, mirrors, detectors.

Fact #84: Visible Light - The Tiny Window We
See
Frequency: 430-770 THz (terahertz!) Wavelength: 700-400 nm

The colors:



Wavelength | Frequency | Energy

|

| | I
Red | 700 nm | 430 THz | 1.77 eV
Orange | 620 nm | 484 THz | 2.00 eV
Yellow | 580 nm | 517 THz | 2.14 eV
Green | 550 nm | 545 THz | 2.25 eV
Blue | 470 nm | 638 THz | 2.64 eV
Violet | 400 nm | 750 THz | 3.10 eV

Mind-blowing fact: Visible light is less than 0.0001% of the electromagnetic spectrum! We see
NOTHING of the full spectrum!

Why this range?

e Sun emits most energy here

e Atmosphere transparent to these frequencies

e Water transparent (important for aquatic life evolution)
e Evolution optimized eyes for this "atmospheric window"

Light IS radio waves! Just 1 million times higher frequency. Same physics (Maxwell's equations),
different detectors (eyes vs antennas).

LEDs and lasers:

e Red LED: 660 nm (454 THz) - electrons jump, emit photon
e Green laser: 532 nm (564 THz) - stimulated emission
e Blue LED: 470 nm (638 THz) - InGaN semiconductor (Nobel Prize 2014!)

Fact #85: Ultraviolet - The Skin Burner

Frequency: 750 THz - 30 PHz (petahertz!) Wavelength: 400 nm - 10 nm
Three types:

e UV-A (315-400 nm): "Blacklight", tanning, most reaches Earth
e UV-B (280-315 nm): Causes sunburn, vitamin D production
e UV-C (100-280 nm): Germicidal, blocked by ozone layer (good!)

Energy high enough to damage DNA! This is where "ionizing radiation" starts to become
dangerous.

Uses:

e Sterilization: UV-C kills bacteria, viruses (hospitals, water treatment)



e Blacklights: Make fluorescent materials glow (parties, security)
e Forensics: Detect bodily fluids at crime scenes
e Lithography: Make computer chips (EUV at 13.5 nm!)

Ozone layer: Blocks 97-99% of UV-B/C. Without it, life on land impossible!

Tanzania: Near equator = stronger UV. UV index often 11+ (extreme). Sunscreen essential!

Fact #86: X-Rays - See Through You

Frequency: 30 PHz - 30 EHz (exahertz!) Wavelength: 10 nm - 0.01 nm

Discovery: Wilhelm Rdéntgen, 1895. Took first X-ray of his wife's hand (saw bones!). She said "I
have seen my death!"

How X-rays work:

e High energy photons pass through soft tissue
e Absorbed by dense materials (bones, metal)
e Create shadow image on detector

Uses:
e Medical imaging: Broken bones, dental, chest X-rays
e Airport security: See inside luggage
e Astronomy: X-ray telescopes (Chandra) see hot gas around black holes
o Material analysis: Check welds, find cracks

Danger: lonizing radiation! Breaks chemical bonds, damages DNA. Limit exposure.

Dose levels:

Dental X-ray: 0.005 mSv (safe)

Chest X-ray: 0.1 mSv (safe)

CT scan: 10 mSv (small risk)

Annual natural background: 3 mSv (from cosmic rays, radon)
Fatal dose: 5,000 mSv (5 Sv)

Fact #87. Gamma Rays - The Universe's Most
Powerful

Frequency: 30 EHz and above Wavelength: <0.01 nm (smaller than atoms!)



Sources:

Nuclear reactions: Atomic bombs, nuclear reactors
Radioactive decay: Cobalt-60, Cesium-137

Cosmic: Supernovae, neutron star collisions, black holes
Gamma-ray bursts: Most energetic events in universe!

Energy: Single gamma-ray photon can have energy of visible light photon x 1 billion!

Uses:

Cancer treatment: Gamma knife (kills tumors)
Sterilization: Food irradiation, medical equipment
Astronomy: Fermi telescope sees gamma-ray universe
Industrial: Check pipe welds, find defects

Danger: EXTREME! Penetrates everything. Lead shielding required. Can cause immediate radiation
sickness.

Gamma-ray bursts (GRBs): Most energetic events known! Release in 10 seconds more energy
than Sun will emit in 10 billion years!

If GRB happened within 6,000 light-years pointed at Earth: Mass extinction! (Luckily, extremely rare
and distant)

Fact #88: The Spectrum is Continuous - No
Gaps!
Common misconception: "Radio waves" and "light" are different things.

Reality: It's ALL electromagnetic radiation! Same phenomenon, just different frequencies.

ALL FOLLOW SAME LAWS:

- Maxwell's equations

- Speed = ¢ (light speed)

- E = hf (energy = Planck constant x frequency)

- Inverse square law (intensity « 1/r?)

Why we use different names?

e Historical (discovered at different times)
o Different technologies to generate/detect
e Different uses



e Different biological effects

But fundamentally: A 1 MHz radio wave and a green photon are THE SAME TYPE OF WAVE, just
different frequencies!

The only real divisions:

1. Below ~300 GHz: Can build antennas (radio waves)
2. Above ~300 GHz: Need optical techniques (lenses, mirrors)
3. Above ~1 PHz: lonizing (can damage DNA)

Fact #89: Atmospheric Windows - Where RF
Can Pass

Earth's atmosphere blocks most of the spectrum! Only certain "windows" transparent:

Frequency/Wavelength | Atmospheric Transparency

ELF-VHF (Hz-MHz) | Blocked by ionosphere (except at night)
HF (3-30 MHz) | Partial (ionosphere reflects/absorbs)
VHF-SHF (30 MHz-30 GHz) | TRANSPARENT v (radio window)

30-300 GHz Absorbed by water vapor, oxygen

Infrared Mostly absorbed (water vapor, C02)

uv-C

I
I
Visible (400-700nm) | TRANSPARENT v (optical window)
| Blocked by ozone v (protects life!)
I

X-rays/Gamma Blocked by atmosphere v

The two windows:

1. Radio window: ~10 MHz - 30 GHz (radio astronomy, communications)
2. Optical window: 400-700 nm (visible light - why we evolved eyes here!)

This is why:

Ground-based radio telescopes work (radio window)

Ground-based optical telescopes work (optical window)
X-ray/Gamma telescopes must be in space (blocked by atmosphere)
UV astronomy needs space telescopes (blocked by ozone)

Tanzania advantage: Near equator, less atmosphere to pierce at zenith. Great for radio
astronomy!



Fact #90: Spectrum Allocation - The Most
Valuable Resource
RF spectrum is LIMITED and VALUABLE!

Every country has spectrum allocation table. Radio regulators (FCC in USA, TCRA in Tanzania, ITU
globally) divide spectrum like real estate.

Who owns what (Tanzania example):

Frequency Range | Allocated To
___________________ |___________________________
0.5-1.6 MHz | AM Radio Broadcasting
88-108 MHz | FM Radio Broadcasting
174-230 MHz | TV Broadcasting (VHF)
450-470 MHz | Government, Military
800-960 MHz | Mobile (Vodacom, Airtel, Tigo)
1710-1880 MHz | Mobile 4G/5G

2.4 GHz | ISM (WiFi - unlicensed!)
3.4-3.8 GHz | 5G

10-12 GHz | Satellite downlinks

Spectrum auctions: Governments sell spectrum licenses. 5G spectrum sold for BILLIONS!
Example:

e USA 2021: $81 billion for 5G spectrum (3.7-3.98 GHz)
e Single most expensive sale of "nothing" (it's just permission to use frequencies!)

Interference: If two transmitters use same frequency = chaos! This is why allocation is critical.

Illegal transmitters: Pirate radio stations = jail time in most countries. Interfering with
aviation/emergency = serious crime!

Fact #91: Your Body Interacts With All These
Frequencies!

How different spectrum affects you:



Frequency Your Body Response

ELF (50-60 Hz) Nerves detect, can cause tingling

|

I

I
VLF-HF | Passes through (barely interact)
VHF -UHF | Slight heating (if high power)
Microwaves | HEATING (water molecules absorb)
Infrared | HEAT (skin sensors detect warmth)
Visible | VISION (retina converts to signals)
uv | Skin damage, vitamin D, sunburn
X-rays | Ionizes atoms (medical imaging)

|

Gamma rays DANGER - destroys DNA

Safe exposure limits (ICNIRP guidelines):

e 10 MHz - 2 GHz: 0.08 W/kg (whole body)
e 2-300 GHz: 4 W/kg (localized)
e lonizing (X-ray+): Measured in Sieverts (dose limits)

Your phone: ~0.5-1.5 W/kg (well below limits)

Bonus: The Welirdest RF Facts

? Fact #75. Some People Can "Hear" WiFi

Frey Effect is REAL!
e Pulsed RF creates sound sensation

e High power required
o Most "WiFi sensitivity" is psychological

? Fact #76: Dogs CAN'T Hear WiFi

Common myth debunked:

e WiFi: 2.4 GHz (electromagnetic)
e Dog hearing: 40-60,000 Hz (sound)
e Different types of waves!



? Fact #77: Ghost Hunters Use RF Detectors

EMF meters detect:

e Power lines
e Electrical wiring
e NOT ghosts!

Lesson: Mundane explanations first!

? Fact #78: Earth's Magnetic Field Weakening

Weakening 5% per century

e Less shielding from solar wind
e More HF disruptions
e Possible pole reversal (overdue?)

? Fact #79: Universe Has Background RF Hum

e Galactic background
o Extragalactic background
e Solar RF noise

We're swimming in cosmic RF! [II]]

? Fact #80: Roast Marshmallows with 2.45 GHz

Microwave frequency can cook food remotely!
DON'T TRY THIS!

e RF burns (internal heating)
e Fire hazard
e lllegal transmitter

But theoretically possible! [TTT1T]



Conclusion: The RF Universe Is
Endless!

From cosmic whispers to lightning bolts, from submarine ELF to terahertz 6G - RF is
EVERYWHERE!

Key themes:

RF enables civilization

Nature uses RF extensively
Biology evolved RF sensors
History shaped by RF

Failures teach lessons

Physics is wonderfully weird
Future is increasingly wireless

NouhkwhNH

The most amazing fact: Right now, billions of RF signals pass through your body - carrying
conversations, videos, data, navigation. You're swimming in an invisible electromagnetic ocean!

And with your RTL-SDR in 30 days, you'll SEE this invisible world! [TT]
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Keep exploring the invisible world!
73 (Ham radio for "best regards"”) [1T]

Compiled 2025 - RF constantly evolving!
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