Course Updates

Reminders:
1) Assignment #12 - due today
2)Polarization, dispersion

3)Last HW (#13 posted) > due Monday, May 3rd



Total Internal Reflection

— Consider light moving from glass (n;=1.5) to air

(n,=1.0) sing, n

1
- =—=>1=> 0, >0
n . :
1 ; sing, n, c-
n, % AR .e., light is bent away from the normal.
refracted as 6, gets bigger, &, gets bigger, but 6,
ray can never get bigger than 90° !!

s

In general, if sin 6 > (n,/n,), we have NO refracted ray;
we have

For example, light in water which is incident on an air surface
with angle 6, > 6. =sin"}(1.0/1.33) = 48.8° will be totally reflected.
This property is the basis for the optical fiber communication.



“Mini-Antarctica” at Stanford Linear Accelerator







a) n,>n,
b) n,=n,

c) n,<n,
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b) n;=n,

c) n,<n,

Snell's Law: n;sind, = n,sind,
Here, 6, >6, implies n, < n,
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a) n,only
b) n,only

c) n,andn,




nl nl

a) n,only

b) n,only Critical angle occurs when 8, = 90°
Therefore, siné. .., = N,/N,

c) n;andn,




Question 3: Critical Angle...

An optical fiber is

surrounded by another

dielectric. In case |l thisis /'
) . 7

water, with an index of Cy

refraction of 1.33, while in water n =1.33

case Il this is air with an

index of refraction of 1.00.

Case | water n =1.33

» Case I air n =1.00
Compare the critical angles

for total internal reflection A’I
In these two cases c

9C|>9C||
6.=0,,
90I<gcll

air n =1.00




Question 3: Critical Angle...

An optical fiber is

surrounded by another Case| , water n =1.33
dielectric_:. In case | this is /0':
water, with an index of Cy
refraction of 1.33, while in water n =1.33
case Il this is air with an
index of refraction of 1.00.

Case ll air n =1.00

Compare the critical angles
for total internal reflection /9'-
In these two cases c

airn =1.00
9C|>9C|| n !
. N
,9C|: QC” n, Since n,>n, TIR will occur for &> critical angle.
: Snell's law says sin@.=n,/n;.
9c|<9c|| Lialr If n,=1.0, then 4, is as small as it can be.

So 6,,>6,, .



Total Internal Reflection

Total internal reflection occurs when 6>6, and provides 100%
reflection. This has better efficiency than silvered mirror.

Examples of devices using Critical Angle

e Prism Binoculars S T
I ve

» Fiber Optics /6/'\/'\/@'

Fiber optics is extremely important for high speed
Internet and digital data transfer at long distances.
Many companies (Lucent) have laid fiber over long
Distances to provide internet service.




I2 (academic) network of fiber connections
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World’s hlghest Lum|n03|ty collider
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Belle Detector
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Quark Flavor Physics
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SUSY, ED, LHT, ...




Belle Upgrade (Run stops June 2010)
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Imaging TOP (iT)

Total internally reflected
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TOP counter principle

Linear array PMT (—=5mm)
Time resolution c~40ps
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lJense flint glass
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Chromatic dlspersmn
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'| Light propagation
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Polarization

Consider our EM plane wave.
The E field is polarized in the
Y-direction. We say this is
“linearly Polarized light".

E, = E;sin(kx — ot) =

B
— 0 1 —_ —*
B, = sin(kx — ot) E: y-component only

C
B: z-component only

ishing as Addisor

Most light sources are not polarized
in a particular direction. This is called
unpolarized light or radiation.

polaroid (sunglasses)

>

Long molecules absorb E- <

field parallel to molecule. i

(transmission axis)




LP Intensity Reduction

)A/ N
—~
o] TA
=1,
0
/f 1,=7?
LP :
S
LP 1,=2?

 This set of two linear polarizers produces LP light. What

IS the final intensity?
1, =1/2

E, = E, cosd C-> ),=)c050  Lawof Malus



E
a) perpendicular to the transmission axis

b) parallel to the transmission axis

c) both components are absorbed

TA




E
E

a) perpendicular to the transmission axis >

b) parallel to the transmission axis

c) both components are absorbed

TA



TA

TA

a) 50%
b) 25%
c) 0%




a) 50%
b) 25%

TA

TA




TA

TA

X

Is it possible to increase this percentage by inserting another polarizer
between the original two? (Explain.)

a) Yes
b) No




TA
TA

X

Is it possible to increase this percentage by inserting another polarizer
between the original two? (Explain.)

b) No



« ZERO: the component that
is passed by the first is
blocked by the second.

* BUT, adding an
intermediate polarizer will
restore some light Il

TA

TA




Question 7

 Light of intensity I,, polarized along
the x direction is incident on a set of
2 linear polarizers as shown.

0= 45° s

j S TA
e

s =7




Question 7
Light of intensity |,, polarized

along the x direction Is incident on

a set of 2 linear polarizers as A,

shown. 1=l ///,TA

0 = 45°
1 1 A e
!Q’ézalo I45=Z|o |45:O

 We proceed through each polarizer in turn., I

|, =1,cos*(45-0) :?O

|
2 6, = 45

|45=|1cos2(90—45):'?1 [.4523.0]
4




Question 8

 Light of intensity I,, polarized along
the x direction is incident on a set of
2 linear polarizers as shown.

_ l,c > |

“as) TA

TA
1=l 1=, > TA
| l30="?

45="



Question 8

 Light of intensity |,, polarized along
the x direction is incident on a set of
2 linear polarizers as shown.

1=I,

AN

s 5 .

6= 45° and 30°,

|- <1y ;=1 L5 > s

 In general, the first polarizer reduces the intensity by cos?6, while the
second polarizer reduces it by an additional factor of cos?(90 — 0).
* Thus, the final output intensity is given by:

|, =1,005° (6)cos®(90—0) =1, cos*(8)sin” (6) ocsin®(26)

This has a maximum when 0 = 45°,



Polarization by reflection [EEREFNE

unpolarized , >

Can always describe
E in terms of
components in two
arbitrary directions.
The components are
equal for unpolarized

Medium b 4 light.

The reflected rays are partially
polarized in the horizontal plane.
The transmitted rays are also
partially polarized.



For a certain angle,
the Brewster angle,
the reflected light is
completely polarized
in the horizontal
plane. This occurs
when the angle
between the refl. and
refr. rays is 90°.

Medium b 0,

From Maxwell's egn. it can be shown that
Brewster's angle is given by

_ Ny
tan Hp =

Na




Light reflected on dashboard to the windshield will be
polarized in the horizontal plane. Using polaroid dark
glasses with a vertical axis will remove most of reflected
light




Electric field lines from oscillating dipole

computer simulation - a snapshot in time
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Dipole radiation pattern

 Oscillating electric dipole generates e-m radiation that is
linearly polarized in the direction of the dipole

 Radiation pattern is doughnut shaped & outward
traveling

ho signal here

CQ lots of signal TZ/\//)/ l\
e

e Aerial




For next time

 Homework #12 posted = due today
* The home stretch: optics/optical phenomenon

e Quiz #6 on Friday (E&M waves, refraction [Snell’s
Law])
A




