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pm-m: Are these images realz
What causes them?
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2. Describe wave-particle duality andiclassify,
associated properties of light (photoelectric effect,
reflection, refraction, diffraction; andipolarization):).
3. Recoghize types «f refleaiion of light, the law of
reflectiom.

4, Recognize refraction of light, opticall demsiity;, Indéx
of reftactiom, identifyinggsatllcomppnentsohfighthass
it refracts wihile-travelingdhroughldiffefentrmedidia.

5. ldentify behaviors of light in materials.
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PresentationEXPRESS

18.1 Electromagnetic Waves Physical Science

The waves that
carry this
phone conversation
are not visible.

PEARSON



Electromagnetic Waves

Electromagnetic waves are transverse waves
changing electric fields and changing magnetic
fields. Mechanical waves originate by vibration.

= leeronrizonietie weiyes do not need a medium to trav2|
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ITOUCH ST TRECHanIGal WatVES?



Visiblelight sistone type of EM radiationjthe vast
majenty of &N FadiationiSHnvISIvle
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THE ELECTROMAGNETIC SPECTRUM

Wavelength
(in meters)

Sire of a
wavelength

Commamian
nama of wave

Sources

Frequency
(wiaves per
second)

Emergy of
one photon
{electron volts)
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Speed @f light = fiequency x wavelengtin

fandaare inversely proportional
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Calculate the wavelength of lightwhenits
freguency s 6.02x 16 Hertza| o= 3.00 X 16 misS |

A
5
=
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QUICK CHECK

Calculate the wavelength of lightwhenits

freguencyis 6.02 X 1IGHertza| = 3.00 X 16 miS |

AL wavelength ©)

(& =602 X 10 HZ e =300 % 16 M/ C
£ c=fN\ rearrargz@ hxclfn g e
.= 3.00 x 46 m/s / 6:02:x118* Hz / \
h= 4.98 x1E" m

Cp)
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QUICK CHECK

Do radio waves have lower or higher frequency tham
visible: light?”Whattabout:X(-rays compared to visible
light?

Order ttheccblers Ofitherligdnhoo fromehighestdo dewest
frequengy.

Famma
Hay

Radio | Microwave | Infrared | | Visible Ultraviolet | | X-Ray

S I A



42 c=fM\

Radio waves have lowei frequency than visible:
light:. X-rays have higher frequency than visible:
light:.

Order tthecotlers Oihtheifighnbolo fromehighest to

lowest fireguency: Vi BG YOR

RO YBIV (longestitosshattestwavelength)

Gamma
Radio Microwave Infrared Visible Ultraviolet X-Hay Ray
Lowest f * ‘ * ‘ ‘ { Highest f
] H

Longest & Shortest'a



WAVE - PARTICLE DUALITY

Wave or Particle?
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Card with
two slits

Card with

omest s Dark bands
Light source Bright bands show |
show destructive
constructive interference.
/ nght from single Interference.
slit produces

Q coherent light at
second card.




PresentationEXPRESS

18.1 Electromagnetic Waves Physical Science

Wave or Particle?

The fact that light casts a
shadow has been used as
evidence for both the
wave model of light and
the particle model of light.

PEARSON



WAVE - “:\i0) - DUALITY

HGEH o E=Vradiations

particle

Lightthas no mass.

Liphgaatt as @“undle oA S
enareyl” @hoon).( p h ot
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Light forms a wave]pattern
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The transier of energy fromthe light - to an

In'the metal.

i nci dent
li b If the frequency islow, nothing happens.

Ifthe frequency is high enaugh, electrons are emitted from the surface of the substance

I ncident o-




Infrared

Sending
unit

- Examples

Photocell

Battery System

: : Controller



How are electromagnetic waves different from
all mechanical waves?

.El ectromagneti c waves
. Electromagnetic waves are invisible.

Q0T W

. Electromagnetic waves can travel through a
vacuum.

The photoelectric effect is evidence that light
behaves like

. a wave.
. a particle.
both a wave and a particle.

O of o

. heither a wave nor a particle.

Electromagnetic waves are longitudinal waves.

QUICK CHECK

donot



How are electromagnetic waves different from
all mechanical waves?

Ad. El ectromagneti c waves
D. Electromagnetic waves are invisible.

C. Electromagnetic waves are longitudinal waves.

d. Electramagnetitovaves caartraveldhtoughgh a
vacuum.. Mechamoad Wwexwessneedd anedidimm.

The photoelectric effect is evidence that light
behaves like

d. a wave.

D. a partittés.

C. both a wave and a particle.
d. neither a wave nor a particle.

QUICK CHECK

donot



What type of electromagnetic radiation is used
to keep prepared foods warm in a serving area? "«

d. ultraviolet rays
D. infrared rays
C. Xrays

d. gamma rays

What type of electromagnetic radiation helps
the body produce vitamin D, kills
microorganisms, helps plants grow, but also can
cause damage to skin (cancer) and eyes?

d. ultraviolet rays
D. infrared rays
C. X-rays

d. gamma rays



What type of electromagnetic radiation is used
to keep prepared foods warmm Iin a serving area? =

d. ultraviolet rays
D. inffexesdayss
C. X-rays

d. gamma rays

What type of electromagnetic radiation helps
the body produce vitamin D, kills
microorganisms, helps plants grow, but also can
cause damage to skin (cancer) and eyes?

d. ulirawoléttays/s
D. infrared rays

C. X-rays

d. gamma rays



WAVE

LIGH 1o E-Miradiation behaves as a

[Electric field! in transverse northsouth:direction
Magnetic field! in transverse eastwest direction]



Properties of Light Waves

Reflection
Refraction
Polarization



ISight dravelsim Waves cartying-energy fraimiane-point
[0} aRGLIER

The direction of wavRAYEGd aofell |

WAVEFRONT: a set of points with constant phase when all
are at opeakd or ocresto.



[ihe wave ironts:;spread out as they travel ok

orppegate’ .o, cven:uallss they ars co aree:they ok |+ o
IKelstraighthinesy(Rlanewaves erparallel Waves:):

Parallel waves

Parallel Ravs

Using ays and wave fiomis; we can calculate
measurements sudh astthewavesspeddiltbeangleof

incomiing; nays;, the angle of outgolng; rays fora
system.



normal to surface
1

incident ray reflected ray

0

refracted ray

INCIDENTIRAXY: incoming rays to any surface or medium

REFLECTED RAY: the outgoing rays from a reflective surface

REFRACTED RAY: the outgoing rays from a differentimediumi than thec
incident ray;

MEDIUMSS: air, water, glass, metals, cearth((e.g-Seismic.waves) -



rregularities are-smallcompared 1o ine:wavelengunC
radiation.

A poligied metall suface reflects lighit because the
ineguihritiessare: iy © visiblk ligittwavelbngithss
400-700 1.

TV satellite dish witthmesih 6 mictowawves are larger
than the holes in the antennae of the satellite dish.

hittyss7/5cieencast-o-matic.com/maitt G YIGBIDU ]
Simulation (0:22)



https://screencast-o-matic.com/watch/cqVDYO3DUJ

1 Reflection

STRATEGY

SUurface noarmal

Incident ray
Eeflected ravw

1]
q

Reflective surface

| = the angle of incidence (made In relation to the surface normal
r = the angle of reflection (made in relation to the surface normal

surface normal = the line perpendicular to the surface

Law of Reflection | =r



Ditfuse - Reflection

|ncident ravs

Rough, irregula surface




Specular versus Diffuse Reflection

X q
X
Mo -.;*s.&;
(smooth arfaces) (rough aurfaces)

hitp://semup.com/cFfeREVplh (2:45)


http://somup.com/cFfeFEVp1h

Refraction

[ihe speed of the wave changes:as it
oa: 88 srensone “inadium“etcasiother i
@ e idyinetme 0

£ £

ol O] Tamnsverse favesS [IKkG? Y
radialiion, the more dense tthe imedium
(“00))the mbrdtee wave wik slotvh e
dowm as it enters the denser mediuim.
SOUNG AWAVES SaCtticlll)/SIEESUREINT
friofe clepsemenivaes: VWi

(They ard dongitudinaliwaves & iravel/by
compressions &unarefactions.



Lerraction
Some practical examples of refraction:

AThe sunods shape I s distol

. Vliraies T Refraction of sky light through warmer and
less dense air near the surface of the earth or road
(light travels faster than in cooler, more dense air).

Li gtht
from sky

hlotori st
arviewer ‘\\ /

Hotroad




STRATEGY

Incident ray

Al

STractic
surface narmal DS r['!‘ ‘l)rl

suUface interface

Diamond

Eefracted ray

the angle of incidence (made in relation to the surface normal

the angle of refraction (made in relation to the surface normal

= the line perpendicular to the surface



Refraction

-1

Thas lightwasewill not refract. Thas lightvwasewall refract.

Media that light can pass through are categorized
by density and given an index of refraction (n).

As theindex of refraction (nyalue increases, the
opticaldensityincreases, and tremeed of light in
that material decreases

Light
9 33



SUBSTANCE

Vacuum

Air

Ice

Water

Ethyl alcohol

Glass (fused quartz)
Glass (crown)
Sodium chloride (salt)
Zircon

Diamond

Refraction

LESS DENSE

INDEX of
Refraction (n)

1.0000
1.0003
1.309
1.33
1.36
1.46
1.52
1.54
1.92
2.42

Alr

water

Glass

Alr

Light 34



Watch video:

HORTSDEN0INGLANGEX Of REIFACHON: ¥

Light 35


http://somup.com/cqfXD9nU6Z

Describe the Refraction

QUICK CHECK

A AIr Into water

A Water into glass
A Glass into diamond

n, IS (more/less) dense than n,

Light 36



Describe the Refraction

QUICK CHECK

A AIr Into water

A Water into glass
A Glass into diamond

n; = Ng

Bendstoward
narmmal

Light 37



Describe the Refraction .0 \




Describe the Refraction

QUICK CHECK

n; = N Bends away

fram narmal

Light 39



Properties of Refraction

W

Figure S
rRefraction of fight by @ prism

DISPERSION

The index of#efraction:(n)/of a prismdscgreates thany that
air, thus slowinglight/down.

The jprismeeventually showsth@-efiett-piaairaciion by
separating the;light by wavedengitolor). e




Properties of Refraction

X

Red
Orange
Yellow
Green
Blue
Indigo
Violet

Y

Glass prism
Violet is slightly slower and therefore, bends more.

Red is slightly faster and therefore, bends less.

Rainbows are produced as light is refracted
by water drops acting gs prisms.

41



Watch video:

Light 42


http://somup.com/cFfeq2Vp1T

Total Internal Reflectior

IS a subset of refraction.
ADiamonds sparkle
ALight pipes
AFiber Optics

Light
9 43



