Unit 9: Light-Reflection
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LIGHT

» Transverse EM wave REPRESENTATIVE ELECTROMAGNETIC SPECTRUM
» Speed =3 x 102 m/s in vacuum

Radiation Sources - Type of Radiation } Detectable Objects
» Can only be seen when ore | CETT
(1 MHz) 100 m
scattered or reflected — / Hobooel o
adio Antenna 10° Hz | 3
* See BLUE sky because A N el Jim
scatters more eaSily @ﬁ 10 Hz | } Microwaves :wm Ba;bali
» Wave (Huygens) vs. particle § (maspeon ] oo o
(Newton-Einstein) g w/ | (S |
* Newton: particle = corpuscles K - VAR B el
N . =) w5
* Einstein: particle = photon D\ g | ) e s
» Travels straight path i \ -~ |, 7 e
. ° ° ° Radiation Sources g 1o zt | nmm olecule
* Electric field & Magnetic field E T jom 'S
travel - to each other thru KrayTubes g | (RGO peices | Ao
. 110-2m
vacuum & reinforce each o / - o
2 Radioactive Sources / 102 Hz o _ N(@?
(wavelengtp) elfeice};ic === | A L . ur;eus
I c Particle Accelerators\ 10* Hz | \ 1 Proton

”‘”/L C )\-F ;x /0 w/s WG

v & BLY

/< C



V=fA= 3x10°m/s
** £ determines color of light-how fast vibrating

is determined by source & doesn’t change
between different mediums

Demo Laser through air & water

Light slows down(| V) as travels thru more dense
medium because |\ so if A caused color then the
laser would change color but IT DOESN’T!!
If yellow light has a wavelength of 586 nm
what is its frequency?

F£=3x108m/s = 5.1 x 10" Hz
5.86x 107" m
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Plane Mirrors
Activity: Use plane mirror & look at words

| How do they appear?
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LAW OF REFLECTION

Angle
of

Incidence Angle of incidence

Angle Angle of reflection
of

Reflectio

**Angles measured
with respect to 1 of

, reflecting surface & in

i T A front of mirror!!!
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PLANE MIRROR-- IMAGE CHARACTERISTICS

» Image SAME size
» Same distance behind mirror q h
» Upright S

» Reversed—Flips Left to Right NOT up & down
» Virtual—not really there

NOTE: only extrapolate reflected ray Note: Mirror must be at least %
to find image location & light RAY size of object to see entire image
travels from OBJ to EYE

abcdef ;;" tebods

(virtual)




Lab: Draw Your Face & Images, Images, Images

Turn in Lab sheet with responses & drawings NO REPORT
 Draw Your Face:
— Using Visa-Vis marker draw your face on % of mirror &
partner’s face on other %. Be accurate not artistic!!
— Take measurements of face, compare to drawing & find
ratio
e Keep eyes open to keep to scale as much as possible
* Indicate Pupils, center of ears, length of face (hairline
to chin)
— Determine what happens to the image & it’s relative size
as you & mirror move apart




Lab: Draw Your Face & Images, Images, Images
Images, Images, Images

Part 1
e Place plane mirror on supports in middle of paper & place upright pencil =
“object” in front of mirror & determine image location behind mirror with
2" pencil
— Look at from all different angles until both agree
 Draw location of obj, image, & eye at angle to image
 Draw optical diagram: Draw in solid lines = true light path from object to
eye in front of mirror & dashed lines = path light appears to take from
image to eye behind mirror (light can’t travel through opaque mirror)
 Draw dashed - line to mirror between lines going from eye to object and
measure 0’s and distances from image & object to mirror
Part 2
e Set 2 mirrors - to each other with pencil midway between. Outline location
of mirrors, pencil, eye & images
e Decrease angle until see another full image, record angle & repeat until for
at least 5 angles
e Draw geometrical diagram as in part 1 for one of the images. Record
measurements of distances & angles
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Post Lab: Draw Your Face
Object Drawing/Mirror Image

Ratiois 2:1 for object & drawing because Mirror is 72 way between

Size of the image inside mirror Decreased as you moved apart
: : -
\%2{;\; ?g ,%%?.’r‘ﬁg gteofwsedsrg\?vrc\’ ﬁ‘érpeaﬁgggéatwm%%)aticﬁg [)ac;'{’ f\ngr'awn face

image get smaller by same amount so glways 2:1 rati .
I8r‘\ _orggr t% see your e tlsreTbog,y, ¥ou wquawv ngbeo% what 3ze of a mirror?
Mirror must be 2 height of object—can’t just back up

Images, Images, Images

Part 1: Incident O = reflected 0, distance in front = distance behind
Part 2° Kaleidoscobne eauation: (360°/60) — 1 = # imaces seen




PARALLAX

Definition: Apparent change in position of an object when viewed

from different points of view.
Example:

Earth-

~ < -

Uses: Astronomy Surveying .
diectiot to dimction ba
Eyes NaVigation sliskact ety distant moustain
Binoculars Sports = e
3DDD glasses & movies Light lab
& £
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Determine distance by Parallax:
Use geometry of right Triangles

s

Parallax

>

Photo taken now

Baseline:
Asene Photo taken
the diameter of & months
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Closer objects have bigger parallax angle &
shift more compared to more distant objects

mMoon's orbital path -
*
*
*
*
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atmosphere distance




_ _ , Parallax Demos _ ,
Hold index finger horizontally out at arms Tength & look at distant object

— Should see two fingers
Now bring other index finger at arms length SLOWLY horizontally towards
other one.

— Should see Vienna finger sausage between index fingers
Make triangle with both hands & center distant object between them.
Then close one eye then other.

— One that keeps object centered within t-*-—-'- *- #==-f===* =---
Start with parallax tubes apart then bring togethefs
N B ."::.".'::.-:.-.-:-I:ET:I:'.'.::'.‘.'.ZZ'.','.:-.:'|

e See one image
Then focus sight up the inside of parallax tube

e 2images -
Then with 1 tube on dominant eye, put hand L
nearest other eye next to tube & slide handup @

& down tube : sxcraroun
e See hole in hand s e
Using film canister with opening up to eye look through hole at finger at
arms length

* Finger & distant object in focus because black reduces reflection so
light comes in parallel, eliminates parallax & increases field of depth



USE THIS STEREOGRAM to determine which eye is dominant. Looking at this diagram,

cross your eyes slightly until three circles appear. The word you read in the center circle
i indicates your dominant eye. astRonomy: ROEN KeLLY

e Use peripheral vision like
looking past circles then fix
sight on one circle

e circles appear to rotate using
peripheral but really not
moving when fix sight on one
circle




ATMOSPHERIC PHENOMENA MWMWNNWMMM
P Scattering explains such phenomena as:
Blue skies Blue moon

Red sunset Blue Ridge mountains
Blue-green ocean  White clouds

» Scattering = 1/\* W

¢ Since blue =475 nm so 1/475% = 2 x10® More scattered
red =650 nm so 1/650% = 5.6 x1012 Less scattered
¢ In fact, blue is scattered 10x more than red!
¢ 98% air = 0, & N, molecules scatter blue more since they are of
comparable size to blue wavelength & that’s what reaches our eye
the most. (Sky is actually violet by cones in eye are red, green &
blue so not sensitive enough




¢ How do you explain red sunsets? White clouds? Blue moon?

sun at noon green image horizon

green

At a glven
observer location, the
green which reaches t he eye
will have started out slightly above the red and
will reach the eye at a steeper angle.

short path

long path __ red image

red
sun at sunset

gree
Although dispersion is
quite small on the air path, blue
light will be bent more than red. Light

of two different colors emerging from a point in the
same direction will not both hit the observer.

Blue light is bent more than
green and tends to be
scattered out of the
beam.

atmosphere

Red Sunset: At sunset light has longer distance thru atmosphere to travel so
all other A scatter too much & only red A left to reach eye.

“Green Flash”: occurs just before the last part of the sun disappears from
view at sunset is caused by the same atmospheric refraction and scattering
effects which produce the red sunset.



http://hyperphysics.phy-astr.gsu.edu/hbase/geoopt/refr.html�
http://hyperphysics.phy-astr.gsu.edu/hbase/atmos/blusky.html�
http://www.youtube.com/watch?v=YjFB6je1T9g&feature=player_embedded�

¢ How do you explain red sunsets? White clouds? Blue moon?

White clouds: equally scatter all A so see white

Blue moon = 3" full moon in a season that has four full moons or the second full
moon in one calendar month. Extra full moon every 2-3 yrs.

A bluish colored moon is caused by the Tyndall effect: the scattering of light
by Large particles from volcanic ash or forest fires (colloidal particles in
suspension ) that are wider than red A with no other size particles present so
red A scattered most & blue transmitted to shine on moon so appear blue =
RARE

Red Moon: When dusty or Fire = Mixture of different particles causes blue &
other A to scatter more & transmits red because not fit in molecule size so
see red moon

Copper moon: blue is scattered by N,/0, molecules &remaining light is bent
(refracted) into umbral shadow making lunar eclipse & coppery glow

The geometry of a lunar eclipse /

oon

wmbral shadow
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ATMOSPHERIC PHENOMENA

Scattering = 1/A* explains blue sky, red sunset, blue moon,
white clouds, etc.

Why isn't the moon totally dark when Earth gets between it and the sun? It's because of Earth's
atmosphere. (continued below)

blue light is scattered
N\ F —
= N
7 B
(' \ a ray of
X Earth | "white" sunlight un
@ red light strikes '\ / S
- the Moon S Earth's
atmosphere

White light from the Sun is a mixture of all the colors of the rainbow. When a ray of "white" sunlight
passes at grazing incidence through Earth’'s atmosphere, molecules and aerosols in the air scatter
blue light in all directions (this is why the sky is blue). The remaining reddish light is bent (refracted)
into Earth's umbral shadow zone, giving the eclipsed Moon a coppery glow. Copyright-free image
credit: Tony Phillips.




RED and BLUE 3DDD

» Enhances parallax of
eyes

p Eyes (cones)
sensitive to red &
blue

p A\’s far apart in
spectrum

p Must be looking at
red & blue object

Demo: Red/Blue 3DDD
glasses w/comics &

**Hollywood EX: Spy Kids 3D L
Game Over




LIGHT TERMINOLOGY
Opaque: Light not pass thru

Translucent: allows light pass thru but diffuse so not see thru
Transparent: allows light to pass thru specular & see thru clearly
Specular: \ all reflect same direction Ex. mirror

Diffuse : \)& \I \/ reflect in different directions Ex. wood
Radiant Flux (®_)-Watt (W): Total Light Energy emitted per time (P = E/t)
Intensity (1) — candela (cd): amount of light emitted from a point source
Luminous flux (P) — lumens (Im): apparent light (radiant flux adjusted for
eye perception & efficiency) emitted in all direction measured atd = 1m
Illuminance (E) — lux (Ix) = Im/m?2: amount of light that hits a surface area

at a distance = d
E=1/d?=P/4nd?

P E
N\ / — | @ Inverse square law
— [ [ [
_ — . | ® 2ways to increase illuminance:

, — 1. Brighter bulb (uses more energy)

' — .
W~ 2. Move closer (less energy, inverse square)

=



Example Problems

E=1/d?=P/4nd?
E

X D /
~ (/ — —_—
W/ -_—
#1: 150 W light bulb
P=2275Im

CalculateEatd =3 m
E=1/d?=P/4nd? = 2275 Im = 20.11 lux
4rt(3m)?

#2: 1=64 cd

CalculateEatd =3 m

E=1/d?=64Im =7.1 lux
(3m)?

[ ]
[J
Edison (below, in photoillustration)
might have expected a quicker

This 99¢ ligh

can save you at le

bulb

$30.




CONVEX OR DIVERGING
Can ONLY make VIRTUAL images

http://www.you Incident light rajrs____ﬁ

tube.com/watc
h?v=tlLeW1B9v
4E&feature=rel
mfu

Focal Poin

Figure la: A convex mirror diverges the reflected light ravys
s0 the image appearshehind the mirror.

PARALLEL INCIDENT RAYS REFLECT THROUGH FOCAL PT ON CURVED MIRROF
[ncident lisht ravs “'-—-____:Q

CONCAVE OR CONVERGING Y. \
Can make REAL and VIRTUAL images ” S

http://www.youtube. *
com/watch?v=YjFB6j LT .
elT9g&feature=playe -t,
r_embedded#! _ ﬁ
Feflected i ght
TAys
Focal Point

Figure lh: A concave mirror converges the reflected light
rays =0 an image may app ear in frontof the mirror.


http://www.youtube.com/watch?v=YjFB6je1T9g&feature=player_embedded�
http://www.youtube.com/watch?v=YjFB6je1T9g&feature=player_embedded�
http://www.youtube.com/watch?v=YjFB6je1T9g&feature=player_embedded�
http://www.youtube.com/watch?v=YjFB6je1T9g&feature=player_embedded�
http://www.youtube.com/watch?v=tlLeW1B9v4E&feature=relmfu�
http://www.youtube.com/watch?v=tlLeW1B9v4E&feature=relmfu�
http://www.youtube.com/watch?v=tlLeW1B9v4E&feature=relmfu�
http://www.youtube.com/watch?v=tlLeW1B9v4E&feature=relmfu�
http://www.youtube.com/watch?v=tlLeW1B9v4E&feature=relmfu�

Concaye wp/ object beyond C
A ray travelling parallel to the principdl axis passes
through the focal point after reflection by the

mirror

A ray that passes through the centre of curvature
of the mirror is reflected back along its own path

A ray that passes through the focal point as it —
goes towards the mirror will be reflected along —

a path parallel to the principal axis

" — -
e
. _—
et T
diminished, :
inverted
image

Between C & F




Concave w/object at C

A ray travelling parallel to the principal axis passes

through the focal point after reflection by the
mirror

A ray that passes through the focal point as it -
goes towards the mirror will be reflected along —
a path parallel to the principal axis
.-"""J

real, inverted
image - the
same size as the
object
Located At C




Concave w/object between C & f

A ray travelling parallel o the principal axis passes
through the focal point after reflection by the
mirror

A ray that passes through the centre of curvature
of the mirror is reflected back along its own path

A ray that passes through the focal point as it
goes towards the mirror will be reflected along
a path parallel to the principal axis

- '\-\_\_\_\-\-\- -
real, enlarged, Basically opposite of Diagram #1
inverted image
Beyond C




Concave w/Obj at F

A ray travelling parallel to the principal axis passes
through the focal point after reflection by the

mirror

A ray that passes through the centre of curvature
of the mirror is reflected back along its own path —

¥ ameseinor
ROY7 e formed because
ﬁ"’ rays are parallel

don't intersect




Concave w/Obj closer than F

A ray travelling parallel to the principal axis passes
through the focal point after reflection by the
mirror

A rnzl that passes through the centre of curvature

of the mirror is reflected back along its own path
A ray that passes through the focal peint as it
goes Tuwarcrsa?rha mirror will be reflected along d -

apath parallel fo the principal axis . ~ LT

virtual,
enlarged,
upright image




Convex w/obj Beyond Far Away

A ray travelling parailel to

the principal axis virtually

emanates from the virtual

focal point after reflection
by the mirror

Convex Mirror

A ray that aims at the
virtual centre of
curvature of the mirror
is reflected back along

‘_H_} its own path
< "f-'::_‘?F::; Cor2F
UYL e
49 —9
' : . irtual
A ray that aims at the virtual focal point VirTa,
as it goes towards the mirror will be f”’}"'ﬂf!"ﬂﬁd:
reflected back along a path parallel to Prig age
the principal axis Inside F

/



Convex w/Obj Closer

A ray travelling parallel o .
the principal axis virtually Convex Mirror
emanates from the virtual
focal point after reflection
by the mirror

A ray that aims at the
virtual centre of
curvature of the mirror
is reflected back along

its own path
==ITIT_ Cor2F
- ‘2"'-' T — .
| - | virtual, F
A ray that aims at the virtual focal point diminished,
as it %ue;ﬂ towards the mirror will be upright image
reflected back along a path parallel to

the principal axis



Convex w/Obij still closer

A ray travelling parallel to
the principal axis virtually
emanates from the virtual
focal point after reflection

by the mirror

Convex Mirror

A ray that aims at the
virtual centre of
curvature of the mirror
is reflected back along

— e R e R

—~——— Cor2F

Bha,

i

bt
._.._. —

. : - irtual
A ray that aims at the virtual focal point irTual,
as it goes towards the mirror will be ug::rg:ﬂ!frnﬂge

reflected back along a path parallel to
the principal axis



You Guessed Convex w/Obj closer again

A ray travelling parallel to _
the principal axis virtually Convex Mirror
emanates from the virtual
focal pm nt affer reflection
by the mirror

A ray that aims at the

virtual centre of
curvature of the mirror
is reflected back along
its own path

~— Cor2F

—3

e
F

ay that aims at the virtual focal point du:m;ﬁi:d

ﬂS l'|' es towards the mirror will be
reflected back along a path parallel to /upr‘lgh’r image
the prmclpui axis




Convex w/obj Very Close

A ray travelling parallel to

the principal axis virtually

emanates from the virtual

focal point after reflection
by the mirror

Convex Mirror

A ray that aims at the

5\ virtual centre of
curvature of the mirror

s N -
_< ..:t_...._ is reflected back along
- o, o~ itsown path

L ':-'.- S, e
I}%H S Cor2F
» “h ‘-“-'-‘-.-‘
N I ® ®
virtual F
A ray that aims at the virtual focal point diminished
as it goes towards the mirror will be upright image

reflected back along a path parallel to
the principal axis

/




Mirror Equation:

1= 1 + 1
f i o)
Note:

+i =real image in front of mirror (concave only)
- i = virtual image = appears behind mirror
Convex f = - # because behind mirror

Magnification: perct
m =_-i

0
Note:
+ m = upright
- m = inverted
m < 1 = smaller image
m = 1 = same size image
m > 1 = larger image
***USE EQUATIONS WITH DIAGRAMS TO CONFIRM IMAGE LOCATION & TYPE
SHOW HOW TO DO #R8 & #12 ON REFLECTION STUDY SHFET




CURVED MIRROR REVIEW

Concave Mirrors (Bulge inwards)-
Image characteristics ‘ *

eReversed
eSize varies
eDistance varies

@@Dm?@m Bomeaw®
JOrror IVE=gngenlny

epends on Object location

*Upright or inverted” yxxi¢ o1 cases shown for image type & location!!!

*Real or virtual NEED TO DRAW 3 DIAGRAMS_ON TEST
Real image = formed by the intersection of converging rays; image can

be projected on screen

Convex Mirrors (Bulge out)-
Image characteristics

eSmaller Image gets bigger closer Obj is to mirror but still smaller than obj
eVirtual
eReversed

eDistance varies but always closer than F & closer obj is = closer image is to mirror



What type of mirror are producing the images & where is the object
located with respect to C & F?

& e
. = B 1 T4 =

- e —__

o, | : i : : _
o ThOnGOnvE o G B B Gk

Concave AtC Concave Before F Convex ??? Before C




lllusions

http://www.michaelbach.de/ot/
Rotating princess

square
Devil’s fork square

Geometric & Angle
Illusions

**Moon lllusion

Space, 3-D, Size
consistency

& Klein bottle

Good Website for More Info

) http://www.cyberphysics.co.uk/topics/light/ref
lection.htm



http://www.michaelbach.de/ot/�
http://www.cyberphysics.co.uk/topics/light/reflection.htm�
http://www.cyberphysics.co.uk/topics/light/reflection.htm�
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