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* How to create electromagnetic (EM)

waves
* Move a charge (current) E
* This creates an electric field
* Also creates a magnetic field )

* These are 90° to each other

B
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* EM Waves
* Wavelength - distance of one
cycle
* Frequency - number of cycles per
second

Wavelength =4
* Amplitude - height of a crest f
above the undisturbed position /\ //\ /‘I\\
\/ \/ w Distance
g .

Undisturbed
position

cv=fA

(a) At a particular time
e In vacuum, v = ¢ = 3.00 X 108 m/s
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* Types of EM radiation
* Based on the frequency

(3 cm) (3 pm) (3 A) (30 fermis)
3X10°m 300 m 3%X1072m 3X10%m 3x1070m 3x107¥m
= | | 1 | | 1 1 | | 1 1 -
Infrared Ultraviolet Wavelength
Radio waves X-rays
AM radio Microwaves ) ¥ rays -
"T'y"l [~~Visible ligt
FM' radio sible ight

| | | 1 | | | | | 1 | |
109 10?2 10% 10° 108 10! 10'2 104 10'¢ 10!'% 1020 1022 0%
Frequency (Hz)

X-rays come from outside the nucleus
Gamma rays come from inside the nucleus



Radio / TV

Microwaves

Infrared

Visible Light

Ultraviolet

X-rays

Gamma Rays

Accelerating charges

Accelerating charges &

thermal agitation

Thermal agitation &
electronic transitions

Thermal agitation &
electronic transitions

Thermal agitation &
electronic transitions

Inner electronic
transitions & fast
collisions

Nuclear decay

Communications, remote
control

Communications, cooking,
radar
Thermal imaging, heating

All pervasive

Sterilization, slowing
abnormal growth of cells

Medial, security

Nuclear medicine, security

MRI

Deep heating

Absorption by
atmosphere

Photosynthesis,
vision

Vitamin D
production

Medical
diagnosis, cancer
therapy

Medical
diagnosis, cancer
therapy

Requires controls
for band use

Cell phone use

Greenhouse effect

Ozone depletion,
causes cell damage

Causes cell damage

Causes cell damage,
radiation damage




b= @

* Electron transitions

Bohr model of the atom
Electrons orbit the nucleus

When an electron gains energy it gets
excited, it jump out to a higher orbital
* Electrons gain energy when they are
struck by a photon
* Photons are particles of light
* Too much energy and electron
completely removed from atom,
ionizes, allows chemical reactions
When the excited electron falls back down
to its orbital, it releases energy as a photon
The energy released is based on the
distance between the orbitals
The freﬂuency (and wavelength) of the
released photon is based on the energy
released

So only a few certain frequencies are
emitted
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AE = E~ Ep = bf
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* Emission spectrum
* Shows the wavelengths (or

* Absorption spectrum
* Shows the wavelengths (or

* They are negatives of each other

* The frequencies emitted = the
frequencies absorbed
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frequencies) of the emitted light

frequencies) of the absorbed light

SPECTRUM

Continuous spectrum
o o o = o = = =
g 2 2 2 2 2 B 2

Hydrogen Emission spectrum

= =3 = = =) = =) =)
=1 B =1 5 S 5 sl &
- = B

Hydrogen Absorption spectrum

) @ o @ ~
=) o =) o
= B B B
=} B} o =

= = = =
g 2 2 8

Off ]
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* The Bohr model only works for Allowed orbit,
hydrogen constructive
. interf
* De Broglie model merierenee
27r = nA

* Electrons behave like waves with n = integer
a set wavelength

* Each electron orbits the nucleus
in standing waves

* This allows for orbitals in more
complicated atoms

Wave representing
electron

Forbidden orbir,|

destrucrive

interference
2 #F nd’,

n = integer

representing
electron

10
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* Each element has its own spectrum

* Astronomers can look at the
spectrum from a star (emission
spectrum) and determine the atoms
that the star is made of

* Or they can look at light coming
through the atmosphere of a
planet and look at the absorption

spectrum to see what it is made
of

Hydrogen

o -.I
o -.I

11
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* Visible Light
* Between 4.0 X 10'* Hzand 7.9 x 10'* Hz
* Usually by wavelength
* 750 nm (end of red)
* 380 nm (end of violet)

Visible light
A
[ |

Orange Green Violet
Infrared Red Yellow Blue Ultraviolet
_, I @ 2T L
800 700 600 500 400 300 A(nm)

12
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* Speed of light in a vacuum (space)
«3.00 x 108 m/s

cc=fA

* When light travels through a material it slows down due to the absorption
and reemission of the photons

13
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* Measurements of light
* Luminous flux

* Rate at which light is radiated
from a source

* Unit: lumens (Im)

* [lluminance
* Light is radiated in all directions
* Amount of light falling on an

Source of
Electromagnetic

Radiation

object Part of the
* Lumens per area surface of a 3r
* illuminance = —; sphf:rc with
nr radius, »

¢ Unit: lux (1x)
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* Let your light shine before others, that they may see your good deeds and
glorify your Father in heaven.
- Matthew 5:16

* Read
* OpenStax College Physics 2e 25.1-25.2, 25.7
* OR
* OpenStax High School Physics 16.1

19
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OpenStax High School Physics 16.1
OpenStax College Physics 2e 25.1-25.2, 25.7

20



Reflected ray

Normal
|

L7 Betlle —How N

* Law of Reflection: 6, = 6,

* Specular Reflection Mirror
* Parallel light rays are reflected parallelly

* Diffuse Reflection
* Parallel light rays are scattered by irregularities in the surface.

'l \ f"‘l‘l /

el LA

(a) Specular reflection (h) Diffuse reflection

21
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Plane Mirror
 Image is upright
* Image is same size

* Image is located as far behind the
mirror as you are in front of it

22



Eye Plane Eye
mirror
e, Apparent path U —
of light ray g

Object Object Virtual

image
(a) b

* Since light rays appear to come from behind mirror, the image is called a
virtual image.
« If light rays appear to come from a real location, the image is called a real

image.
* Real images can be projected on a screen, virtual images cannot.

* Plane mirrors only produce virtual images.

23
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* How long must a plane mirror be to
see your whole reflection?

* From halfway between your eyes
and floor to halfway between your
eyes and the top of your head.

24
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* Spherical Mirrors
* Concave: bends in
* Convex: bends out

Light ray

\

Concave mirror

Principal axis

~

: / Convex mirror

Principal axis

C

Remember concave because it makes a small cave

25
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* Normals are always perpendicular to the surface and pass through the center of
curvature, C.

* Law of Reflection says that the angle to the normal is the same for the incident
and reflected rays

* Principal axis: imaginary line through C and the center of the mirror.
* Focal point (F): parallel rays strike the mirror and converge at the focal point.

* Focal length (f): distance between F and mirror \
: 1
» Concave mirrors: f = ER "
) 1 e M Principal
* Convex mirrors: f = _ER S — |
7]

R =radius of curvature
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* Spherical aberration
* Rays far from the principal axis actually cross between F and the mirror.
* Fix this by using a parabolic mirror.

27
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 Ray tracing diagram: Diagram used to find the location and type of image
produced.

* Notice the rays start at the top of the object.

28



* Concave Mirror
* Ray 1 - Parallel to principal axis, strikes mirror and reflects through F
* Ray 2 - Through F, strikes mirror and reflects parallel to principal axis
* Ray 3 - Through C, strikes mirror and reflects back through C

A

Object

* Object beyond C - image is real, inverted and smaller between C and F

Like a telescope

29
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* Object between C and F

Image

A

* Image inverted, real, and larger beyond C

Like a projector

30
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* Object between F and mirror

‘(/C/7 Object Image

* Image upright, virtual, larger behind mirror

Like a makeup mirror
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* Convex Mirrors

Ob]eCt Image F\\\\ C

* Image upright, virtual, smaller behind mirror between F and mirror

Like passenger side view mirror

32
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e Mirror Equation:
it 1
f do di
* Where
* f = focal length (negative if convex)
* d, = object distance

* d, = image distance (negative if virtual)

f= distance between F and mirror
d, = distance between object and mirror
d, = distance between image and mirror

These were discovered through the use of geometry and similar triangles.

33
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* Magnification Equation:

* Where
* m = magnification
* h, = object height
* h; = image height (negative if inverted)
* d, = object distance
* d, = image distance (negative if virtual)

34
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* A 0.5-m high toddler is playing 10 m
in front of a concave mirror with
radius of curvature of 7 m.

* What is the location of his image?

*d;=538m

* What is the height of his image?
* h;=-0.269 m

—1R—17 =35

L T L A A gy
—_—t = — S — = — 5 — = - =
FTd,"d, 3510 d, 35 10 d; 4 m
b _h 538 o
™= T4 Th 10 05 ebIm

35



* A 0.5-m high toddler is playing 10 m in front of a convex mirror with radius of
curvature of 7 m.
* What is the location of his image?
*d;=-2.59m

* What is the height of his image?

* h;=0.130m
1 1
fz—ER:—E(7m)=—3.5m
1 1+1 1 1+1 1 1 1 1 0.3857  d
_—= — —_— —_— —_—D——— = — 5 — = —{(). - d;
f d, d, -35 10 d; —-35 10 d; d ‘
=—-259m

di _hi 259 b oo
=" = . = .
Mm="4, " h, 10 05 M m

36
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* Let your life reflect the love of God to others.

* Read
* OpenStax College Physics 2e 25.3-25.5
* OR
* OpenStax High School Physics 16.2

37



OpenStax High School Physics 16.2
OpenStax College Physics 2e 25.3-25.5

38



* Speed of light in a vacuum:

e c=3.00x108m/s

* Light travels slower through materials due to light hitting, absorbed by,
emitted by, and scattered by atoms.

* Index of Refraction
* Number to indicate relative speed of light in a material
c

n=-—
v

n = index of refraction
c = speed of light in vacuum
v = speed of light in material

39



* When light hits the surface of a material part
of it is reflected

* The other part goes into the material
* The transmitted part is bent (refracted)

X Normal
<« Incident !

Reflected
. g
Ty ra)f//
N i
~Npile

(@)
Normal
Refracted
—_ray

I
I
I
I
[ P
Air (n) = 1.00) Nl
I
1
I
I
I

Water (n, =1.33) I\ y
L)
! Refracted

ray

|

|

|

I

|

l
Air (np = 1.00) P2
|

|

!

|

|

ray

(b)

Water (n) = 1.33) Incident
6116,
ray
Reflected \

40
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« Snell’s Law (The Law of Refraction) W et T B
nq sin 91 =N, sin 62 rai\ i ;f,’f/'
e Where Air (a7 = 1.00) 91:91/
Water (1, =1.33) |
* n, = index of refraction of -
. . . : Refracted
incident medium ray
* n, = index of refraction of second @
medium el
* 0, = angle of incidence (measured Jreteted |
to normal) Air (np = 1.563”"""‘-—--92,_:
* 0, = angle of refraction PN
| ra
(measured to normal) Retlectes l AN

ray

(h)

To go from less optically dense to more optically dense, the ray is bent towards
normal.

To go from more optically dense to less optically dense, the ray is bent away from
the normal.

When the light goes from one material to another, it bends towards the slower

material.

41
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* You shine a laser into a piece of clear material. The angle of incidence is 35°. You
measure the angle of refraction as 26°. What is the material?

* [ce

* What is the speed of light in the material?
v =229x108m/s

n;sinf; = n,sin6,
1.00sin 35° = nsin26° - n = 1.308
Table says this should be ice.

c 3.00 x 108 %
n=_- 1.308=f5—>v=2.29x108m/s

42
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* Total Internal Reflection

* When light hits an interface
between two types of media with
different indices of refractions

* Some is reflected
* Some is refracted
* Critical angle

* Angle of incidence where
refracted angle is 90°

* Angles of incidence larger than
this cause the refracted angle
to be inside the material. This
can’t happen, so no refraction
occurs.

Refractc:e; ray —

43
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* Critical angle
* 0, =90°
*nysinf; =n,sinb,
* nysinf, = n, sin 90°

. (2
*f.=sin"1=2
ny

* Wheren; > n,

ny

ny

i internal

° 1 reflection

44



* What is the critical angle from cubic zirconia (n=2.16) to air? Will an angle of
25° produce total internal reflection?

° 27.7°
* No

.12
0. = sin"1—=
n

1
, 1.000293

2.15
6, = 27.7°

0. = sin™

45
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* Uses of total internal reflection
* Fiber optics for
* Endoscopes
* Telecommunications
* Decorations
* Binoculars/telescopes
* Makes them shorter
* Reflectors
* Gemstones

* Cut so that light only exits at
certain places

46
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* Dispersion
* Each wavelength of light has a
different index of refraction
* Red — lowest
* Violet — highest
* When light is refracted, the violet

bends more than red, which splits
the colors

47
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e Rainbows

* Dispersion by refraction with
internal reflection

Water
droplet
Sunlight ==&
e ——
7>
A
/
4
/
Viole_:i
Red

48
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* “I have set my rainbow in the clouds,
and it will be the sign of the
covenant between me and the earth.”
Genesis 9:13

* Read

* OpenStax College Physics 2e 25.6 |

* OR
* OpenStax High School Physics
16.3

50



OpenStax High School Physics 16.3
OpenStax College Physics 2e 25.6, 26.1-26.3

51



* Lens - Made from transparent material, usually with a curved edge.
* Converging Lens - thick middle, thin edge (convex)

Converging
lens

Principal
e —— =4 axis
|-<_7—f= focal length ‘—‘

* Diverging Lens - thin middle, thick edge (concave)
* Power of lens

1 Diverging
[ ] P —_ - Iemir_,_,_,-r-"""'_v-J-V

f . . :F ::'-:";‘:::::-'7-”7--7—7I;incipal axis

* Unit: diopters (D) el
] e

f = focal length

52
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* Ray Diagrams - Converging Lenses
* Ray 1 - Parallel to principal axis, bends through F
* Ray 2 - Through F, bends parallel to principal axis
* Ray 3 - Goes through center of lens, does not bend

Object 2F F NF
Image
* Object beyond 2F,

* Image inverted, real, smaller between F and 2F

Like camera

53
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* Object between 2F and F

Y

Image

Object

* Image real, inverted, larger beyond 2F

\ 4

projector

54
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* Object between F and lens

2F F F \ZK)
Object

Image

 Image virtual, upright, between 2F and F on side with object

Like magnifying glass

55
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Ray 1 now
Ray 2 starts by aiming at far F
Ray 3 same as before

N\

3

* Diverging Lens

bends away from axis so that it looks like it came from F

Py ps f—\ ——————— —. Py

2F Object F  Image 2F

* Image virtual, upright, smaller between F and lens

Ray 1 now bends away from axis so that it looks like it came from F
Ray 2 starts by aiming at far F
Ray 3 same as before

Like some glasses

56



* Thin-lens equation * Magnification equation
T g o T T4
* Converging Lens * Diverging Lens
. f+ of_
* d, + ifreal (left side) * d, + if real (left side)
* d; + if real (right side) * d; - if virtual (left side)

Lenses can be putin combination where a real image from the first lens is the
object of the second lens. This is done in a microscope and telescope.

Lab idea: make a telescope or microscope on optics bench.

57
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* 4 cm behind the lens

« If his eye is really 3 cm across, how big does it appear?
*h;=2.4cm

* A child is playing with a pair of glasses with diverging lenses. The focal length
is 20 cm from the lens and his eye is 5 cm from the lens. A parent looks at the
child’s eye in the lens. If the eye is the object, where is the image located?

1 1 1 1 1 1 1 1 1 1

f do di —20cm 5cm di —20 5 i di
hl di hi —4cm n 24
—_——=——— = — - n; = .
h, d, 3cm 5cm ' cm

This is like “Coke bottle” lenses.

=—0.25->—-4cm

59
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* Form an image in your mind of doing
well.

* Read

* OpenStax College Physics 2e 26.1-
26.3

60



OpenStax High School Physics N/A
OpenStax College Physics 2e 26.1-26.3
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* Cornea/Lens act as single thin lens

* To see something in focus the image
must be on the retina at back of eye

* Lens can change shape to focus
objects from different object lengths

(a)

f-————— d,(very large)

62
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* Near-sightedness
* Myopia
* Image in front of retina
* Correct with diverging lens

* Far-sightedness
* Hyperopia
* Image behind retina
* Correct with converging lens

Lens too strong

(a) Myopia

Lens too weak

(b) Hyperopia

Eye too long

“ML)/ ~

Eye too short

.

63
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Myopia - Near-sighted

P

-

Distant Image J “\J !

object

Distant
object

close | |
object | |

Image

64
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* What power of spectacle lens is needed to correct the vision of a nearsighted
person whose far point is 20.0 cm? Assume the spectacle (corrective) lens is
held 1.50 cm away from the eye by eyeglass frames.

*-541D

i

S04 lenses '

You want this nearsighted person to be able to see very distant objects clearly.
That means the spectacle lens must produce an image 20.0 cm

from the eye for an object very far away. An image 20.0 cm from the eye will be
18.5 cm to the left of the spectacle lens (see Figure 26.6).

Therefore, we must get d; = —18.5 cm when d, = oo. The image distance is
negative, because it is on the same side of the spectacle as the object.
Solution

Since d; and d, are known, the power of the spectacle lens can be found using
11 1

P = - = —+ —as written earlier:
f do d; 1

—0.185

1
P=—+
(o]
Sinceé = 0, we obtain:
P=0-5405/m=-541D

65
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* Color Vision * Cones
* Photoreceptors in Eye * Centered in center of retina
* Rods * Work in only in bright light
* Very sensitive (see in dark) * Give color info
* No color info * Essentially three types each
* Peripheral vision picking up one primary
color

Color vision is actually much more complicated

And they say this just “happened”
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* Color

* Non-light producing

The color we see is the color
that reflects off the object

The object absorbs all the
other colors

* Light-producing
* The color we see is the color
produced

vV
YG B " Appears
HO v blue

Blue object

67
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* I[f you have normal color vision,
you'll see a 42.

* Red colorblind people will see a 2. ) -“%. -af"“
« Green colorblind people will only O s
see a 4.
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* If you have normal color vision, you
see a 73 above.

* If you are colorblind you will not see
a number above.

69
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* I[f you have normal color vision you'll
see a 74 above.

* [f you are red green colorblind, you'll
seea 21.

* If you are totally colorblind you will
not see a number above.

70
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* I[f you have normal color vision you'll
see a 26.

* I[f you are red colorblind you will see
a 6, if you're mildly red colorblind
you'll see a faint 2 as well.

* [f you are green colorblind you'll see
the a 2, and if you're mildly green
colorblind a faint 6 as well.

71



* I[f you have normal color vision you'll

seea12.
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* [sn’t it amazing how the eye works?

73
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