\WAVE REFLECTION PHYSICS

UNDERSTANDING W/ AVE REFLECTION PHYSICS

WAVE REFLECTION PHYSICS DESCRIBES A FUNDAMENTAL PHENOMENON OBSERVED ACROSS VARIOUS DISCIPLINES, FROM LIGHT AND
SOUND TO SEISMIC ACTIVITY AND WATER WAVES. WHEN A WAVE ENCOUNTERS A BOUNDARY OR AN INTERFACE BETWEEN TWO
DIFFERENT MEDIA, A PORTION OF ITS ENERGY BOUNCES BACK INTO THE ORIGINAL MEDIUM. THIS REDIRECTION OF WAVE ENERGY IS
THE ESSENCE OF REFLECTION, A PROCESS GOVERNED BY PRECISE PHYSICAL LAWS. THIS ARTICLE WILL DELVE INTO THE INTRICATE
DETAILS OF WAVE REFLECTION, EXPLORING ITS UNDERLYING PRINCIPLES, THE FACTORS INFLUENCING IT, AND ITS DIVERSE
APPLICATIONS IN SCIENCE AND TECHNOLOGY. WE WILL EXAMINE HOW THE ANGLE OF INCIDENCE RELATES TO THE ANGLE OF
REFLECTION, DISCUSS THE CONCEPTS OF CONSTRUCTIVE AND DESTRUCTIVE INTERFERENCE AS THEY PERTAIN TO REFLECTED
WAVES, AND EXPLORE HOW DIFFERENT TYPES OF BOUNDARIES AFFECT THE NATURE OF THE REFLECTION. FURTHERMORE, WE WILL
TOUCH UPON THE MATHEMATICAL FRAMEWORKS USED TO DESCRIBE THIS PHENOMENON AND HIGHLIGHT ITS SIGNIFICANCE IN OUR
UNDERSTANDING OF THE WORLD AROUND US.
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THE FUNDAMENTAL PRINCIPLES OF W AVE REFLECTION

ATITS CORE, WAVE REFLECTION OCCURS WHEN A PROPAGATING WAVE, BE IT MECHANICAL OR ELECTROMAGNETIC, INTERACTS
WITH A DISCONTINUITY IN ITS MEDIUM OF TRAVEL. THIS DISCONTINUITY COULD BE A CHANGE IN DENSITY, IMPEDANCE,
TEMPERATURE, OR ANY OTHER PROPERTY THAT AFFECTS HOW THE WAVE PROPAGATES. THINK OF IT LIKE THROWING A BALL AT
A SOLID WALL, MOST OF THE BALL’S ENERGY IS RETURNED TO YOU. W AVES BEHAVE SIMILARLY, THOUGH WITH MORE NUANCED
INTERACTIONS. THE KEY PRINCIPLE IS THE CONSERVATION OF ENERGY, THE INCIDENT WAVE’S ENERGY DOESN'T SIMPLY VANISH AT
THE BOUNDARY. |NSTEAD/ IT IS PARTIALLY TRANSMITTED INTO THE SECOND MEDIUM AND PARTIALLY REFLECTED BACK. THE
AMOUNT OF ENERGY REFLECTED DEPENDS HEAVILY ON THE PROPERTIES OF THE TWO MEDIA INVOLVED AND THE ANGLE AT WHICH
THE WAVE STRIKES THE BOUNDARY.

THIS INTERACTION ISN'T A ONE-SIZE-FITS-ALL EVENT. THE NATURE OF THE WAVE ITSELF = WHETHER IT'S A TRANSVERSE WAVE
LIKE LIGHT OR A LONGITUDINAL WAVE LIKE SOUND — CAN INFLUENCE HOW IT REFLECTS. FURTHERMORE, THE CHARACTERISTICS OF
THE BOUNDARY PLAY A CRUCIAL ROLE. A SMOOTH, RIGID SURFACE WILL REFLECT A WAVE DIFFERENTLY THAN A SOFT, YIELDING

ONE, OR A BOUNDARY THAT ALLOWS FOR SIGNIFICANT ENERGY TRANSFER. (UNDERSTANDING THESE FUNDAMENTAL INTERACTIONS

IS THE FIRST STEP IN APPRECIATING THE BROADER IMPLICATIONS OF WAVE REFLECTION PHYSICS.

THe LAW OF REFLECTION

PERHAPS THE MOST ICONIC ASPECT OF WAVE REFLECTION PHYSICS IS THE LAW OF REFLECTION. THIS LAW, ELEGANTLY SIMPLE
YET PROFOUNDLY IMPORTANT, DICTATES THE DIRECTION IN \WWHICH A REFLECTED WAVE TRAVELS. IT STATES THAT THE ANGLE OF



INCIDENCE IS EQUAL TO THE ANGLE OF REFLECTION. BUT WHAT EXACTLY ARE THESE ANGLES? IMAGINE A LINE PERPENDICULAR TO
THE REFLECTING SURFACE AT THE POINT WHERE THE WAVE STRIKES, THIS IMAGINARY LINE IS CALLED THE NORMAL. THE ANGLE OF
INCIDENCE IS THE ANGLE BETWEEN THE INCOMING (INCIDENT) WAVE AND THIS NORMAL. SIMILARLY, THE ANGLE OF REFLECTION IS
THE ANGLE BETWEEN THE OUTGOING <REFLECTED) WAVE AND THE SAME NORMAL. SO, IF A LIGHT RAY HITS A MIRROR AT A 30-
DEGREE ANGLE TO THE NORMAL, IT WILL BOUNCE OFF AT A 30-DEGREE ANGLE TO THE NORMAL.

THIS LAW HOLDS TRUE FOR ALL TYPES OF WAVES, WHETHER THEY ARE LIGHT RAYS, SOUND WAVES, OR EVEN WATER RIPPLES.
[T>S A FUNDAMENTAL GEOMETRIC PRINCIPLE THAT GOVERNS HOW W AVES REDIRECT THEMSELVES. THE INCIDENT RAY, THE
REFLECTED RAY, AND THE NORMAL ALL LIE IN THE SAME PLANE. THIS PREDICTABLE BEHAVIOR IS WHAT ALLOWS US TO DESIGN
OPTICAL INSTRUMENTS, UNDERSTAND ECHOES, AND EVEN CREATE ILLUSIONS. WITHOUT THE LAW OF REFLECTION/ MANY OF THE
TECHNOLOGIES WE RELY ON, FROM TELESCOPES TO SONAR SYSTEMS, WOULD SIMPLY NOT BE POSSIBLE.

TyPes oF W AVE REFLECTION

\X/ AVE REFLECTION CAN MANIFEST IN SEVERAL DISTINCT WAYS, DEPENDING ON THE NATURE OF THE REFLECTING SURFACE AND THE
PROPERTIES OF THE INCIDENT WAVE. WE OFTEN CATEGORIZE REFLECTION INTO TWO PRIMARY TYPES: SPECULAR REFLECTION AND
DIFFUSE REFLECTION. UNDERSTANDING THE DIFFERENCE BETWEEN THESE IS KEY TO COMPREHENDING HOW WE PERCEIVE OUR
SURROUNDINGS.

SPECULAR REFLECTION

SPECULAR REFLECTION OCCURS WHEN A WAVE STRIKES A SMOOTH SURFACE, SUCH AS A MIRROR OR A POLISHED METAL. IN THIS
SCENARIO, THE INCIDENT WAVES ARE REFLECTED IN A SINGLE, CONCENTRATED DIRECTION, MAINTAINING THEIR COHERENCE. IF
YOU’VE EVER SEEN YOUR REFLECTION IN A PERFECTLY STILL LAKE OR A SHINY SPOON, YOU'VE WITNESSED SPECULAR
REFLECTION. THE PARALLEL INCIDENT RAYS REMAIN PARALLEL AFTER REFLECTION, PRESERVING THE IMAGE OF THE SOURCE. THis
TYPE OF REFLECTION IS GOVERNED DIRECTLY BY THE LAW OF REFLECTION/ \WHERE EACH INDIVIDUAL RAY FOLLOWS THE ANGLE
OF INCIDENCE EQUALS ANGLE OF REFLECTION RULE, RESULTING IN A CLEAR AND SHARP REFLECTED IMAGE.

DiFFUsE REFLECTION

DIFFUSE REFLECTION, ON THE OTHER HAND, HAPPENS WHEN A W AVE ENCOUNTERS A ROUGH OR UNEVEN SURFACE. THINK ABOUT A
WHITE WALL, A PIECE OF PAPER, OR A MATTE PAINTED SURFACE. \W/HEN WAVES HIT THESE SURFACES, THEY ARE REFLECTED IN
MANY DIFFERENT DIRECTIONS. THIS SCATTERING IS BECAUSE THE SURFACE IRREGULARITIES ARE COMPARABLE IN SIZE TO THE

W AVELENGTH OF THE INCOMING WAVE. EACH TINY PART OF THE SURFACE ACTS LIKE A MINIATURE MIRROR, BUT ORIENTED AT A
DIFFERENT ANGLE. THEREFORE, THE REFLECTED RAYS SCATTER RANDOMLY, AND WE DON'T SEE A COHERENT IMAGE. MosT OBJECTS
\WE SEE IN EVERYDAY LIFE ARE VISIBLE TO US BECAUSE THEY DIFFUSELY REFLECT LIGHT, SCATTERING IT TOWARDS OUR EYES
FROM ALL ANGLES.

ToTAL INTERNAL REFLECTION

A PARTICULARLY FASCINATING PHENOMENON IS TOTAL INTERNAL REFLECTION <T|R) THIS OCCURS WHEN A WAVE TRAVELING
FROM A DENSER MEDIUM TO A LESS DENSE MEDIUM STRIKES THE BOUNDARY AT AN ANGLE GREATER THAN A CRITICAL ANGLE.
INSTEAD OF BEING PARTIALLY REFRACTED INTO THE SECOND MEDIUM, THE ENTIRE WAVE IS REFLECTED BACK INTO THE ORIGINAL
MEDIUM. THIS PRINCIPLE IS FUNDAMENTAL TO THE OPERATION OF FIBER OPTICS, WHERE LIGHT SIGNALS ARE GUIDED OVER LONG
DISTANCES WITH MINIMAL LOSS. IMAGINE TRYING TO SHINE A FLASHLIGHT FROM UNDER WATER UPWARDS TOW ARDS THE
SURFACE; AT CERTAIN ANGLES, ALL THE LIGHT WILL STAY WITHIN THE WATER, CREATING A MIRROR-LIKE EFFECT AT THE
SURFACE BOUNDARY.



FACTORS INFLUENCING W AVE REFLECTION

SEVERAL FACTORS DICTATE THE OUTCOME OF A WAVE ENCOUNTERING A BOUNDARY, MOVING BEYOND JUST THE ANGLES
INVOLVED. THE INTERPLAY OF THESE ELEMENTS DETERMINES HOW MUCH ENERGY IS REFLECTED AND HOW THE WAVE'S
CHARACTERISTICS ARE ALTERED.

IMPEDANCE MISMATCH

ONE OF THE MOST CRUCIAL FACTORS INFLUENCING WAVE REFLECTION IS THE IMPEDANCE MISMATCH BETWEEN THE TWO MEDIA.
AcCouUsTIC IMPEDANCE, FOR EXAMPLE, IS THE RESISTANCE A MEDIUM OFFERS TO THE PROPAGATION OF SOUND WAVES. \WHEN A
SOUND WAVE TRAVELS FROM AIR INTO WATER, THERE IS A SIGNIFICANT DIFFERENCE IN THEIR ACOUSTIC IMPEDANCES. THIS LARGE
MISMATCH CAUSES A SUBSTANTIAL PORTION OF THE SOUND ENERGY TO BE REFLECTED BACK AT THE INTERFACE. CONVERSELY, IF
THE IMPEDANCES ARE VERY SIMILAR, MOST OF THE WAVE ENERGY WILL BE TRANSMITTED, AND VERY LITTLE WILL BE REFLECTED.

¥/ AVELENGTH AND SURFACE ROUGHNESS

AS MENTIONED IN THE DISCUSSION OF DIFFUSE REFLECTION, THE RELATIONSHIP BETWEEN THE WAVELENGTH OF THE WAVE AND
THE ROUGHNESS OF THE SURFACE IS PARAMOUNT. |F THE SURFACE IRREGULARITIES ARE MUCH SMALLER THAN THE WAVELENGTH,
THE REFLECTION WILL BE PREDOMINANTLY SPECULAR, BEHAVING AS IF THE SURFACE WERE SMOOTH. HO\X/EVER, IF THE SURFACE
IRREGULARITIES ARE COMPARABLE TO OR LARGER THAN THE WAVELENGTH, DIFFUSE REFLECTION WILL DOMINATE, SCATTERING
THE WAVE IN MULTIPLE DIRECTIONS.

ANGLE OF INCIDENCE

W/HILE THE LAW OF REFLECTION DICTATES THAT THE ANGLE OF INCIDENCE EQUALS THE ANGLE OF REFLECTION, THE ANGLE ITSELF
INFLUENCES THE AMOUNT OF ENERGY REFLECTED. FOR MOST INTERFACES, AS THE ANGLE OF INCIDENCE APPROACHES GRAZING
ANGLES (VERY SHALLOW ANGLES RELATIVE TO THE SURFACE), THE REFLECTIVITY INCREASES. THIS MEANS MORE OF THE WAVE
ENERGY IS BOUNCED BACK, AND LESS IS TRANSMITTED. THIS IS WHY YOU MIGHT SEE MORE REFLECTION OFF A WET ROAD WHEN
LOOKING AT IT AT A SHALLOW ANGLE.

MATHEMATICAL DESCRIPTION OF W AVE REFLECTION

TO QUANTITATIVELY UNDERSTAND WAVE REFLECTION PHYSICS, WE EMPLOY MATHEMATICAL MODELS. THESE EQUATIONS
ALLOW US TO PREDICT THE AMPLITUDE, PHASE, AND DIRECTION OF REFLECTED WAVES. For sIMPLE CASES, LIKE PLANE WAVES
REFLECTING OFF A PLANAR BOUNDARY, THE ANALYSIS IS RELATIVELY STRAIGHTFORW ARD.

ReFLECTION COEFFICIENT

THE REFLECTION COEFFICIENT (R) IS A DIMENSIONLESS QUANTITY THAT DESCRIBES THE RATIO OF THE AMPLITUDE OF THE
REFLECTED WAVE TO THE AMPLITUDE OF THE INCIDENT WAVE. FOR WAVES, AMPLITUDE OFTEN RELATES TO INTENSITY, SO THE
REFLECTION COEFFICIENT SQUARED (|R|"2) REPRESENTS THE FRACTION OF ENERGY REFLECTED. THIS COEFFICIENT IS DIRECTLY
RELATED TO THE IMPEDANCE OF THE TWO MEDIA. FOR EXAMPLE, FOR A PLANE WAVE INCIDENT NORMALLY ON A BOUNDARY
BETWEEN MEDIUM 1 (IMPEDANCE Z 1) AND MEDIUM 2 (IMPEDANCE Z2), THE REFLECTION COEFFICIENT IS GIVEN BY:

R=(22-71)/(Z2+71)



A POSITIVE R INDICATES THAT THE REFLECTED WAVE HAS THE SAME PHASE AS THE INCIDENT WAVE, WHILE A NEGATIVE R MEANS
THE PHASE IS INVERTED (SHIFTED BY 180 DEGREES). IFZ1 = Z2, THEN R = O, MEANING NO REFLECTION OCCURS.

TrRANSMISSION COEFFICIENT

COMPLEMENTARY TO THE REFLECTION COEFFICIENT IS THE TRANSMISSION COEFFICIENT (T), WHICH DESCRIBES THE RATIO OF THE
AMPLITUDE OF THE TRANSMITTED WAVE TO THE AMPLITUDE OF THE INCIDENT WAVE. THE CONSERVATION OF ENERGY DICTATES
THAT THE SUM OF THE REFLECTED AND TRANSMITTED ENERGY FRACTIONS MUST EQUAL 1 (ASSUMING NO ABSORPTION).
THereroRE, [R|*2 + |T|"2 = 1 FOR INTENSITY, ORR + T = 1 FOR AMPLITUDES IN CERTAIN IDEALIZED SCENARIOS.

APPLICATIONS OF W AVE REFLECTION

THE PRINCIPLES OF WAVE REFLECTION ARE NOT JUST THEORETICAL CURIOSITIES; THEY ARE THE BEDROCK OF NUMEROUS
TECHNOLOGIES AND NATURAL PHENOMENA \WE ENCOUNTER DAILY.

OPTICS AND IMAGING

THE MOST VISIBLE APPLICATION OF WAVE REFLECTION IS IN OPTICS. MIRRORS, ESSENTIAL COMPONENTS IN TELESCOPES,
MICROSCOPES, AND EVEN EVERYDAY VANITY MIRRORS, RELY ON SPECULAR REFLECTION OF LIGHT. THE DESIGN OF CAMERA LENSES
AND EYEGLASSES ALSO INCORPORATES UNDERSTANDING HOW LIGHT REFLECTS AND REFRACTS AT DIFFERENT SURFACES TO FOCUS
IMAGES CORRECTLY. THE ABILITY TO CREATE CLEAR, ACCURATE IMAGES IS ENTIRELY DEPENDENT ON PREDICTABLE WAVE
REFLECTION.

ACOUSTICS AND SOUND ENGINEERING

IN ACOUSTICS, REFLECTION IS RESPONSIBLE FOR ECHOES. W/HEN SOUND WAVES BOUNCE OFF SURFACES, THEY RETURN TO THE
LISTENER AS DELAYED VERSIONS OF THE ORIGINAL SOUND. THIS PRINCIPLE IS UTILIZED IN ARCHITECTURAL ACOUSTICS TO DESIGN
CONCERT HALLS AND LECTURE ROOMS WITH OPTIMAL SOUND QUALITY, CONTROLLING REVERBERATION. SONAR SYSTEMS, USED
IN SUBMARINES AND FOR UNDERWATER MAPPING, EMIT SOUND PULSES AND ANALYZE THE REFLECTED ECHOES TO DETECT OBJECTS
AND DETERMINE DISTANCES. MEDICAL ULTRASOUND IMAGING ALSO RELIES ON THE REFLECTION OF SOUND WAVES FROM INTERNAL
TISSUES TO CREATE IMAGES OF ORGANS AND MONITOR FETAL DEVELOPMENT.

GEOLOGY AND SEISMOLOGY

SEISMIC WAVES, GENERATED BY EARTHQUAKES, REFLECT OFF DIFFERENT GEOLOGICAL LAYERS BENEATH THE EARTH'S SURFACE.
SEISMOLOGISTS STUDY THESE REFLECTED WAVES TO UNDERSTAND THE EARTH'S INTERNAL STRUCTURE, LOCATE UNDERGROUND
RESOURCES LIKE OIL AND GAS, AND MAP FAULT LINES. ANALYZING THE TIME IT TAKES FOR THESE WAVES TO RETURN AND THEIR
CHARACTERISTICS PROVIDES INVALUABLE INFORMATION ABOUT WHAT LIES BENEATH OUR FEET.

W IrReLess COMMUNICATION

RADIO WAVES AND MICROWAVES USED IN WIRELESS COMMUNICATION ALSO EXHIBIT REFLECTION. SIGNALS BOUNCING OFF
BUILDINGS, THE IONOSPHERE, AND OTHER OBJECTS CAN BE BOTH A BENEFIT AND A CHALLENGE. For INSTANCE, REFLECTION OFF THE
IONOSPHERE ALLOWS FOR LONG-DISTANCE RADIO COMMUNICATION (SKY\X/AVE PROPAGATION). HO\X/EVER/ REFLECTIONS FROM



URBAN STRUCTURES CAN LEAD TO MULTIPATH INTERFERENCE, DEGRADING SIGNAL QUALITY IN MOBILE PHONE COMMUNICATIONS.
(UNDERSTANDING THESE REFLECTION PATTERNS HELPS OPTIMIZE ANTENNA DESIGN AND SIGNAL PROCESSING TECHNIQUES.

CoNcLUSION

W/ AVE REFLECTION PHYSICS IS A CAPTIVATING FIELD THAT REVEALS THE PREDICTABLE AND EXPLOITABLE NATURE OF WAVE
BEHAVIOR. FROM THE SIMPLE ELEGANCE OF THE LAW OF REFLECTION TO THE COMPLEX INTERPLAY OF IMPEDANCE AND
WAVELENGTH, THE PRINCIPLES GOVERNING HOW WAVES BOUNCE BACK ARE FUNDAMENTAL TO OUR UNDERSTANDING OF THE
UNIVERSE. THE ABILITY TO MANIPULATE AND PREDICT THESE REFLECTIONS UNDERPINS A VAST ARRAY OF SCIENTIFIC AND
TECHNOLOGICAL ADVANCEMENTS, SHAPING HOW WE SEE, HEAR, AND INTERACT WITH OUR WORLD. \WHETHER OBSERVING A
DAZZLING RAINBOW , USING SONAR TO EXPLORE THE OCEAN DEPTHS, OR COMMUNICATING WIRELESSLY ACROSS CONTINENTS, THE
PERVASIVE INFLUENCE OF WAVE REFLECTION PHYSICS IS UNDENIABLE.

FREQUENTLY Askep QUESTIONS

QI \WHAT IS THE PRIMARY DIFFERENCE BETWEEN SPECULAR AND DIFFUSE REFLECTION IN
WAVE REFLECTION PHYSICS?

A: SPECULAR REFLECTION OCCURS OFF SMOOTH SURFACES, REFLECTING WAVES IN A SINGLE DIRECTION AND PRESERVING IMAGE
CLARITY, LIKE A MIRROR. DIFFUSE REFLECTION HAPPENS OFF ROUGH SURFACES, SCATTERING WAVES IN MULTIPLE DIRECTIONS,
MAKING OBJECTS VISIBLE BY SPREADING LIGHT.

QI How DOES THE CONCEPT OF IMPEDANCE MISMATCH AFFECT WAVE REFLECTION?

A: A LARGE IMPEDANCE MISMATCH BETWEEN TWO MEDIA CAUSES A SIGNIFICANT AMOUNT OF WAVE ENERGY TO BE REFLECTED AT
THE BOUNDARY. CONVERSELY/ A SMALL IMPEDANCE MISMATCH LEADS TO MORE ENERGY BEING TRANSMITTED AND LESS REFLECTED.

QZ CAN YOU EXPLAIN TOTAL INTERNAL REFLECTION AND ITS IMPORTANCE?

A: TOTAL INTERNAL REFLECTION OCCURS WHEN A WAVE TRAVELING FROM A DENSER TO A LESS DENSE MEDIUM STRIKES THE
BOUNDARY AT AN ANGLE GREATER THAN THE CRITICAL ANGLE, CAUSING THE ENTIRE WAVE TO REFLECT BACK INTO THE ORIGINAL
MEDIUM. IT'S CRUCIAL FOR TECHNOLOGIES LIKE FIBER OPTICS.

QZ WHAT IS THE ROLE OF THE ANGLE OF INCIDENCE IN WAVE REFLECTION PHYSICS?

A: THE ANGLE OF INCIDENCE, ALONG WITH THE ANGLE OF REFLECTION, ARE KEY COMPONENTS OF THE LAW OF REFLECTION
(ANGLE OF INCIDENCE EQUALS ANGLE OF REFLECTION). ADDITIONALLYI THE ANGLE OF INCIDENCE INFLUENCES THE AMOUNT OF
ENERGY REFLECTED, WITH REFLECTIVITY GENERALLY INCREASING AT GRAZING ANGLES.

QZ How 1S WAVE REFLECTION APPLIED IN MEDICAL IMAGING?

A: MEDICAL ULTRASOUND IMAGING UTILIZES THE REFLECTION OF SOUND WAVES FROM DIFFERENT INTERNAL TISSUES AND ORGANS.
BY ANALYZING THE TIMING AND INTENSITY OF THESE REFLECTED ECHOES, A DETAILED IMAGE OF THE BODY'S INTERNAL
STRUCTURES CAN BE CREATED.



Q: IS WAVE REFLECTION ALWAYS A COMPLETE BOUNCE-BACK, OR IS SOME ENERGY
ALWAYS TRANSMITTED?

A: IN MOST REAL-WORLD SCENARIOS, WAVE REFLECTION INVOLVES BOTH REFLECTION AND TRANSMISSION. A PORTION OF THE
INCIDENT WAVE'S ENERGY BOUNCES BACK, WHILE ANOTHER PORTION PASSES INTO THE SECOND MEDIUM. TOTAL INTERNAL
REFLECTION IS A SPECIAL CASE WHERE TRANSMISSION IS ENTIRELY PREVENTED.

Q: How DOES THE WAVELENGTH OF A WAVE INFLUENCE ITS REFLECTION FROM A
SURFACE?

A: THE WAVELENGTH IS CRITICAL IN DETERMINING WHETHER REFLECTION WILL BE SPECULAR OR DIFFUSE. IF THE SURFACE'S
IRREGULARITIES ARE MUCH SMALLER THAN THE WAVELENGTH, THE REFLECTION IS PREDOMINANTLY SPECULAR. IF THE
IRREGULARITIES ARE COMPARABLE TO OR LARGER THAN THE WAVELENGTH, DIFFUSE REFLECTION OCCURS.
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