Optics






Which 1s darker?
A or B?



What color 1s the dress?
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Look at the chart and say the COLOR not the word

YELLOW BLUE ORANGE
RED GREEN

PURPLE YELLOW RED
ORANGE GREEN

BLUE RED PURPLE
GREEN BLUE ORANGE

Left - Right Conflict

Your right brain tries to say the color but
your left brain insists on reading the word



!
This image is hosted on
L ebaumsworld.com



Ray Diagrams

* Everybody loves
Ray diagrams!




Law of Reflection
 Incident angle = Reflected angle

il

e e e, P i i i i i e iy i i s i

* We can use this to draw ray diagrams and
locate the 1image of an object — x —f——x —




* The image can be located by tracing
reflected rays back to where they seem to

come from
wallgeels
A E
i - i
object  hy b Image
L ) H Y
B ':jIII '1:1| D

— viiuludl



* Ex 1: use aray diagram to locate the 1image

— which ?glge winking with?




Exercises

« P.214#25,6
« Labp. 215: only water!




single shit slide

angle of incidence

boundary lina

angle of
refraction



Retroretflector on the !

* Three right angles should cause the “laser” to
bounce back directly



../../../Videos/HD The Big Bang Theory  - The Lunar Excitation Episode.mp4

Dispersion

» Different wavelengths refract more

Red
Orange
Yellow
Green
Blue
Indigo

Violet

White Light




Scattering

. Why is the ayleigh scattering
sky blue?

Sky ap ers siue

e






The amazing “reappearing penny”

e

o




T TRYNOT T2 MAKE FUN OF PEDPLE FOR

| ADHITTING THEY DON'T KNOW THINGS, [

IF T MAKE. FUN OF PEDPLE,

BECAUSE FOR EACH TING “EVERYONE
KNOWS' BY THE TME TEYRE. ADULTS, |
EVERY DAY HERE ARE, ON AVERAGE,
10,000 PEDPLE IN THE (JS HERRING
PBOUT IT FORTHE FRST TME. |

HRACTIoN |"FI'-|E--__- b,
HekD OF ATORT — O%

oM
D OF 1o 25 = 1007

Us BRH RAE = U,000,000/year

ARCUT T Foe. THE pet|
FIRST TIME Y

T TRAIN THEM NOT B TELL ME
WHEN THEY HAVE THOSE. MOMENTS. |

AND T M6 00T ON THE FUN._

"DIET COKE AND MENTOS

THING'? WHATS THAT?
OHMAN! (OME ON, WERE
GOING TOTHE GROCERY SIORE.

|
WHY? YOURE ONE OF
ToDAY'S LUCKY

— 10000,




Chocolate Lab

* According to the microwave, the
frequency 1s 2450 MHz

* The distance between melt spots will be
half the wavelength

e Ex: 7 cm between antinodes

c=fA
c =2450x10°(0.14m)
_ s m
c=34x10°"/
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. Retraction of light

When light enters a slower medium,
rays are bent towards the normal

The greater the difference in speed, the
more rays are bent:

The speed ratio in the medium 1s written

¢6_.9%

aS 1

This 1s also called the index of

refraction, and can be calculated as: - Co

C



Snell’s Law: Lab p. 215 G1

Trace out dish, measure center, draw
normal, premeasure incident angles

Then fill dish half full and measure
refracted angles

single slit sli

angle of

1 ",
"h..:‘_ --..__,.-\.H

Graph sin; vs sinB. : find the slope N\ S

. normal —

No Questions

Conclusion: include slope, improvements



single shit slide

angle of incidence

boundary lina

angle of
refraction
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* When light enters a slower medium,
rays are bent towards the normal

Snell’s Law

» The greater the difference in speed, the
more rays are bent:

n, sin, = n, sind,

 Recall n can be calculated as:

n—=—
C



Come listen and learn, I’ve a story I tell

I sing of the genius of Willebrord Snell

A mathematician who lived long ago

In the Netherlands where the Rhine river does flow
He set for his mind occupations of worth

Improved navigation and measured the Earth!

He gave us the sine law, that wonderful guy

And he made more precise calculation of pi!

Singin’ n;sin0, (hey hey hey) = n,sin0, , hip hooray!


snell.mp3
snell.mp3

|
Hl |
His greatest feat came in Sixteen Twenty-one \Q "

When optics as science was really begun! :92

While flashes of lightning illumined his page

He wrote down Snell’s law, his great gift to the age!
So if you wear glasses or like to fry ants

Be grateful your lenses were not made by chance!
Astronomers hail him with each new-found star!
Microscopists toast him from each sleazy bar!

Singin’ n,sinQ, (hey hey hey) = n,sin6, , hip hooray!



Now some credit Harriot, others Descartes

Both studied refraction, and both were real smart.
But we prefer Willebrord van Roijen Snell

He laid down the law, and he did it darn well!

Singin’ n,sinQ, (hey hey hey) = n,sin6, , hip hooray!




Where do you aim the spear?

* (G1ven that the hunter observes the light
exiting the water at an angle of 35°, can we

calculate to find the actual position of the
fish?

n _sinb,
n, sing,
. n,sind
sinf, = —= = e -
n, Sl




Where do you aim the spear?

n, sind, 0 - sin1(15in35j
"

sing, =

1.33

. 4| n,sin@
0, =sin 1( 22




Finish labs, hand them in
Exercises p. 218 #1-4



Ex: find n

 Light encountering a block of glass
at 18.5 degrees goes 1n at 12
degrees find the index of refraction
for this glass

n,sin6, = n, sind,

n S1n (91 . 1.00029s1n18.5°
 sin o, ’ sin12°

n,



Total Internal Reflection

* What happens as we increase the angle of
incidence for light going into a less
optically dense medium?

» The refracted ray gets bent further and

further from the normal.
As the angle of incidence increases from 0 to preater angles ...




== L -
ritical A “3‘ o .'

Tausiuuu pOlIlt betwet
reflection 1s for a refraction angle of 90°

* Solving Snell’s law for critical angle gives:
n sin@ =n, sino,
n sinf =n,



Microwave speed of light

 Measure the distance between two antinodes of this

* Double this to get wavelength

 Use the wave equation to find Hodes

|

Antinodes


../../../Videos/Clips/Acoustic Levitation in ULTRA SLOW MOTION - Smarter Every Day 134.mp4

Speed of light?

* v1=3.43E8 m/s

e v2=1.35E8 m/s

* v3=3.06E8 m/s

e v4=2.57E8 m/s

* v5=3.68E8 m/s

* v(ave)=2.82E8 m/s



Which color refracts more?




Exercises p. 221 #1-7
Optics quiz tOmorrow:
3 MC: do you know the difference
between diffraction, refraction,
reflection? 1 WR: Snell’s Law

question



Dispersion

« Different wavelengths are refracted different
amounts so we get:




Primary colors

Y ellow Red

Magenta

Cyan Magenta Green Blue

Additive (light) Subtractive (paint)

Additive and subtractive color combinations



Scattering

* Blue light 1s
scattered by the
atmosphere so
the sky looks

blue, sunsets
look red




Exercises p. 221 #1-4
Start p. 237 Test Yourself!

Quiz tomorrow
Waves/optics Test 15th

Yes Shelby: Everything.



Spectroscopy Activity

* Do diagrams for the spectra of:
Incandescent light
Fluorescent light
Nitrogen gas
Argon gas
"LASER" light

e Then continue review questlons!



Test Yourself p. 237
Choose 5 Chapter Review Page 274

Open book Quizzam tomorrow
Start Modern Physics next week

Final Exam Jan 23



Path difference

INTERFERENGE
AR v =Ty constuctve
NAwgw = —  destuctive

M+ =y constuctve

SGraen



Path difference

 If waves travel a path difference of one
wavelength (or any multiple n) we get
constructive interference

» Ex: find the path difference for these speakers to
get maximum sound intensity of A

v 330
v=fA N=—="""
)2 7 440 0.75m



Single slit diffraction

* We find the waves with wavelength A don't just
spread out, they reach a minimum at angle O after
passing through a thin slit of width b
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"""""""""""""""""""""""" " e Ex 1:find the
e angle for the first
M ——— diffraction
bR ot R minimum for a
s red laser passing
g2 through a 0.3 mm
’ slit

The small angle approximation allows sinf =ftan& =&

A note for calculations:

The small angle approximation allows sin & =tan & = &, and thus we can rewrite
the first equation as 8=y/D. Thiz allows & to be determined from simple linear
measurements from experimental apparatus.

g_7 700x107°
b 0.0003m

=0.0023rad



"=~ Ex2: find the width of the
" central maximum of violet light
| e = ... passing through a 0.1 mm slit
ee— R P shining on a screen 1.25 m away
-9
g A 400x10 0 004rad
= = =0.004ra
b 0.0001m

s =r0 =1.25m(0.004rad ) = 0.005m
w=2(0.005m) = lcm



Double slit or Diffraction Grating

« For constructive interference we want a path
difference of one wavelength, or any multiple

ﬁ/ nA=dsmnd

7

L0, L2220 4
=
/i

« Ex: find the angle from the central maximum to the
next, for 600 rulings per mm, and 680 nm light



/

(n=0) to the next (n=1)

R Nt
po
k]
o

g

3]

@

2

Lox0 222220 2

0 =sin"

* Ex: find the angle from the central maximum

0 = sin(ﬂj
d

( )
(1)680x10

0.001
%600

0 =0.42"" =24°



Intensity

34 sing




« Ex: find the spacing of the lines in your

diffraction grating
nA=dsmé

nA
sin @

d =

~ (1)680x 10~
sin 21

d

=1.9um



Single or double or both?

e [f each slit has a

significant vy Double Sit Diffraction
waue '

width, we get .

both

Double-slit pattern



Thin film interference

e For film thickness d, index of refraction n. Assuming one

phase change for reflection off the surface we get constructive
interference for:

incident Iir:;t1 g 2dn — (m -+ %jﬂ
- phase wh /1
n—100  change~\ d=—= 650nm =114nm
iﬁn}.'ﬂp:f";n35 t 4n 4(1 43)

* EX: find the thickness of a film with n=1.43 when 650nm
light gives constructive interference



« For thin film interference, we get destructive interference

for :
incident Iirgl;tl - 2 dn —m ﬂ,
?::, =1.00 ﬂ
Sn?apzmTSE f d = — = 440nm = 142nm
: | 2n 2(1.55)

 EX: find the thickness of an n=1.55 film with “no
reflection” for 440nm light



Resolution

1/(0 1 /1(8) 1/1(8)

Resolution allows us to see

objects as separate

.. from one another




Rayleigh criterion

* The three possibilities are well resolved, not
resolved or just resolved

* The Rayleigh criterion applies to just resolved:

Unresolved
Resolved Rayleigh
Criterion







Rayleigh criterion

A is the wavelength of incident light, b is the aperture diameter and 8 is the critical angle.
Below is a diagram of what the critical angle is:
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The critical angle is thus the angle at which the two sources can just be resolved.




EX ﬁnd a for d—17m

GHT AND OTTI

a

.|

RAYLEIGH CRITERION
FOR RESOLUTION

The distance hetween two LEDs, & 13 varied until a student,
. . at distance d away, can harely resolve the two LEDs.

The ratio a'd is compared to 1.22 Afx where A s
average wawvelencht of wisthle hight (550 -1IZI'4mm}, and = 1z
the pupt diameter (4 mm).

the

A 550x10~°

=122— =122
b

0.004

—1.68x10™



Ex: find a for d=17m oo

—

FOR RESOLUTION

The distance between two LEDs, a, is variec
at distance d away, can barely resolve the tw
The ratio a'd is compared to 1.22 AJfz, whe
average wavelenght of wistble light (5,50 -10°
the pupi diameter (4 mm).

s=1r0 =17x1.68x10"* =2 9mm



Ex: find b for

="

r

detail from 24 km

0.1
24000

A

=122— b
0 b

=1.22

550x10~°

42x10°

to resolve 10cm

42%x107°

20 THE TWO TOWERS

There was a silence in the empty fields, and Gimli could hear th
moving in the grass.

‘Riders!" cried Aragorn, springing to his feer. ‘Many riders on
steeds are coming towards us!’

‘Yes,’ said Legolas, ‘there are one hundred and five, Yellow is their
and bright are their spears. Their leader is very tall.’

Aragorn smiled. ‘Keen are the eyes of the Elves,’ he said.

‘Nay! The riders are little more than five leagues distant,’ said Leg

‘Five leagues or one,’ said Gimli, ‘we cannot escape them in this
land. Shall we wait for them here or go on our way?’

‘We will wait,” said Aragorn. ‘I am Wweary, and our hunt has fajled
at least others were before us; for these horsemen are riding back d
the orc-trail, We mav et newe fram shae »



../../../Videos/Clips/How Far Can Legolas See_.mp4

Ex: find the critical angle
Enm for Keck at 500nm

6':1.22%
=122 500)(10_9 — 7.2X10_97’Cld

35




.-Ilm- Resolvance R

A diffraction grating with N slits can resolve
spectral lines that are apart AN where m is the
order of diffraction

R:isz
AA

Example: a) what is the resolvance necessary

to resolve two lines in the sodium spectrum
with wavelengths 589.00 and 589.59nm?



Example: b) how many diffraction lines are
necessary to resolve these for second order
spectrum?

R
N = % 99 = 500/ines



Intensity
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Intensity

* This 1s related to brightness of light, or
loudness of sound

* Measured as Watts per square meter

* Intensity 1s proportional to:

ITaA~ ]ODC_z

» Ex: The total power output of the Sun 1s 386
YottaWatts. What 1s the intensity here?



» Ex: The total power output of the Sun 1s 386
septillion Watts. What 1s the intensity here?

[=W-m™
/o 385-10%W
472(1.5><1O“m)2

I =1360W -m™



e Ex: Mars 1s 1.524 AU from the Sun. What 1s
the Intensity there?

Toax >

[, =1.(1.524)"

[ =1361W -m=>/2.32
I =590W -m™



* Ex: Sheldon turns up his amplifier to get thrice
the sound amplitude from his speaker. By what
factor has the sound intensity changed??

TaxA~”
I, =173"
I, =91,



Standing waves

* What is the fundamental (15t harmonic)
frequency for a 52 cm long open tube?

y
= — = 320 = 308 H=z
A 1.04
e 21d harmonic?
=Y 2320 _616Hz

1 052



Closed at one end?

« What is the frequency for the 3¢ harmonic
for this pipe with a length of 1.5m?




Ex: Guitar string

« What is the wavelength for the 3¢ harmonic
for this guitar string with a length of 0.75 m?

Third Harmenic: Standing Wave on String

M '“ '
2

A= %L = §0.75m = (0.50m



Polarization



Direction of oscillation

« Since E and M fields are vectors, E-M
waves have a direction of oscillation as well
as a direction of motion



Polarizating Filters

* We can allow only |
light polarized 1n a M/
particular direction

* When unpolarized
R TP %

light passes through
a filter, 1ts intensity
1s reduced by 50%



Polarizating Filters

Electric field

 We define (in x-y plane)
polarization as
the direction
of the electric ., | B
field ] 1 v / 4 direction of propagation
oscillation Magnetic field

(in x-z plane)




Malus’ Law

The intensity of light passing through a filter with its axis
at an angle 0 from the polarization direction is:

[ = Iocos29



* Unpolarized light passes through

Ex: find the intensity

two polarizing filters oriented 60
degrees relative to each other:

I — Iocos~O

1=0.5x1,(cos60)

]:%x[o(%)z ]=%10



p. 146 #30
p. 148 #31
Start Review p. 149

IA Research Question done this
week!?



final waves review

e Test Yourself p. 178 g's1-7, m.c. 1-5



