CLASS 12 PHYSICS « CHAPTER 8.4.2 A

Why Microwaves Are Perfect for Radar and Ovens

Exploring the dual power of short-wavelength radio waves—from navigating aircraft in the skies
to heating food in the modern kitchen.




ELECTROMAGNETIC SPECTRUM 55

The “Short” Radio Waves TopAl
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Microwaves are technically a class of radio waves, but their distinctly shorter wavelengths and
higher frequencies give them unique physical properties that standard radio waves lack.
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Wavelength: Short (0.1 m to 1 mm) Frequency: Gigahertz (GHz) region
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How Are Microwaves Produced? e

Because they operate in the high-frequency GHz range, microwaves cannot be produced by
traditional wire antennas. They require specialized, highly engineered devices.
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SPECIAL VACUUM TUBE SPECIAL VACUUM TUBE SEMICONDUCTOR DEVICE

Klystrons Magnetrons Gunn Diodes
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APPLICATION O1 » AVIATION & DEFENSE A

H2 Title: Precision Radar Systems TopAl

Because microwaves have short wavelengths, they do not diffract (spread
out) as much as standard radio waves. This physical trait allows them to be
focused into highly directional, precision beams.
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Perfect for aircraft navigation. The focused
wave bounces off a target, allowing

systems to calculate exact distance and
position based on the return time.




H2 Title: Timing the Fast Ball: Speed Guns TopAl

The exact same radar principle used to track airplanes is
miniaturized into handheld speed guns to measure ground
velocity.
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Cricket & Baseball: Timing the
exact velocity of fast balls.
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Tennis: Measuring the speed of
high-velocity serves.
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Automobiles: Enforcing speed
limits on highways.




APPLICATION 02 - DOMESTIC HEATING A
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H2 Title: The Resonance Effect in Food

Microwave ovens don't use external heat:

they use targeted kinetic energy. /
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1. Frequency Match: The oven's GHz 2. Wave Absorption: Water molecules 3. Kinetic Heat: The absorbed energy
frequency is perfectly tuned to the inside the food absorb this specific transfers into intense kinetic energy,
natural resonant frequency of water wave energy. causing rapid vibration and raising
molecules. temperature.
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Chapter 8.4.2 Exam Summary A
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Q Nature: Microwaves are short-wavelength radio waves operating in the
Gigahertz (GHz) frequency range.

& Production: They require special devices: vacuum tubes (klystrons,
magnetrons) or semiconductors (Gunn diodes).

Q Radar & Speed Guns: Their short wavelengths allow them to be focused
into tight, directional beams—ideal for aircraft navigation and timing
sports/vehicles.

Q Microwave Ovens: They heat food via resonance. The wave frequency
matches the vibration of water molecules, efficiently transferring wave
energy into thermal kinetic energy.
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