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012-09200A Polarization Analyzer

Introductior

The PASCO 0S-8533A Polarization Analyzer is desigt® be mounted on the Optics Bench of the 0S-8515
Basic Optics System and to be used with the Bagtc®Light Source (part of the 0S-8515 Basic GpSgs

tem) and a Light Sensor such as the PASCO CI-6504RS-2106 to explore polarization. When used iégh
PASCO CI-6538 or PS-2120 Rotary Motion Sensor, gaumeasure the relationship between the lighhsitye
transmitted through a set of polarizers and théeaoiithe polarizers.

Recommended Equipment

Basic Optics System (OS-8515) Light Sensor (CI-6504A or PS-2106)
Rotary Motion Sensor (CI-6538, or PS-2120)

Description )
Polarizer Holder

The Polarization Analyzer consists of a Po
larizer Holder, an Accessory Holder with Polarizer with
Mounting Bracket, two Polarizers, a Retarder Groove
and an Aperature Bracket. The mounting Accessory Holder with
bracket is pennanently attached to the Acces- ~ Mounting Bracket
sory Holder. The mounting bracket holds a
Rotary Motion Sensor in position to measure
the angle of one Polarizer as it turns relative to
the other Polarizer. The mounting bracket
includes two thumbscrews and a plastic belt.
The thumbscrews attach the Rotary Motion
Sensor to the bracket. The plastic belt is used
with a Rotary Motion Sensor.

plastic belt

" thumbscrews

The Polarizers and Retarder snap into the
opening at the top of the Accessory Holder or

. . thumbscrew
the Polarizer Holder. The Retarder is a one- storage holes
quarter wavelength (140 nanometer) retarder.
Each Polarizer has an angular scale near its
outside edge marked in ten degree increments Figure 1: Polarization Analyzer Components
with additional marks at 45, 135, 225, and 315
degrees.

 Retarder

One of the Polaers has a groove on its front edge. Use
Polarizer with theAccessoryHolder. When the Rotary
Motion Sensor is mounted on the Accessory Holdacket,
you can put the plastic belt over the groove orfithiet of
the Polarizer and a groove on the three-step paltethe
Rotary Motion Sensor. This allows you to measuee th
angular position of the Polarizer as it turns.

Remove two
. . screws from the
Mounting a Rotary Motion Sensor » rod clamp.

Prepare theRotaryMotion Sensor
You will need a Phillips head screwdriver with aadintip
(e.g., #1).

Phillips head screw river

. . Figure 2: Remove Rod Clamp
The Rotary Motion Sensor comes with a rod clamp
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Polarization Analyzer 012-09200A

attached to one end. Use a Phillips head screwdoveosen the two screws
that hold the rod clamp. Remove the rod clamp anevgs. (Please put the
rod clamp and screws in a safe place for future) use

The Rotary Motion Sensor also comes with a rub@éring in the largest 1
groove of the three-step pulley that is attachetthécsensor's shaft. Remove |
the"0" ring from the three-step pulley and put the ring isafe place for ! .

i

| three-step pulley\" W

future use. The sensor is now ready to mount oteessory Holder .
bracket.
Prepare the Mounting Bracket ; Rotary Motion Sensoré
The bracket comes with two thur Figure3: Remove "0" Ring

screws stored in threaded holes on
the side of the bracket. Remove the

Accessory Holder two thumbscrews and set them aside for now.

The bracket also holds the plastic belt. The Iselkriapped twice around two
semi-circular notches on the top and bottom ed§é&sedoracket. Unwrap the

Mounting Bracket ) .
belt from the notches and set it aside for now.

plastic belt / Attach the Rotary

thumbscrews / 1 Motion Sensor

Turn the Rotary Motion .
Sensor so the three-step Accessory Holder
pulley faces the Accessory :
Holder and the threaded

. holes in the end of the
sensor line up with the holes of the Mounting BetckJse the tw |

thumbscrews to attach the Rotary Motion Sensdn¢dMounting |
Bracket.

Put on the Plastic Belt

three-step pulley

Figure4: Prepare Bracket

Mounting Bracket

thumbscrews

Loop the bottom of the plastic belt around theekstep |
puIIey of the Rota‘ry Rotary Motion Sensor
Motion Sensor solthe~igure 5: ~~~ch _S_ensor to Bracket .J
bottom of the belt is in

[ ity the large-diameter
y 4 groove of the step-
2 | puIIey. Polarizer with Groove
plastic belt Attach the Polarizer

three-step pulley

Get the Polarizer th plastic belt

has the groove on
front edge. Slip the
top of the plastic belt
into the groove on the
front edge of the
Polarizer. Snap the
Polarizer into place on
the Accessory Holder.

_ Figure7, AHach po~riz.r
Rotary Motion Sensor .

. . ;5. "
Figure 6: Put on Plastic Be~ J te
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0I12-09200A Polarization Analyzer

Using the Rotary Motion Sensor

Mount the Accessory Holder on the Optics Bench
The Accessory Holder snaps into the Optics Benohm®ve the
Accessory Holder along the bench, grasp the bateedfolder and

squeeze the locking clip inward. Continue to sqeéeward on the AC:;ZZ‘:’V
locking clipas you move the holder to a new position. Whenrgteas¢
the locking clip, the Accessory Holder is held
firmly in place.
locking clip

Rotate the Polarizer

Rotate the Polarizer
by grasping the edge
of the Polarizer. As
you turn the Pol:
izer, the plastic belt
will turn the three
step pulley on the
Rotary Motion
Sensor by the same amount. When the Rotary Mo&ms@ is
connected t&cience Workshopr PASPORT interface, you can
measure the angular position of the Polarizer thimione-quarter
degree.

Polarizer

Sensor

Figure 9: Rotate the Polarizer

Aperature Bracket ------ Aperture Bracket
-~ Holder
The Aperture Bracket has two main components: thght

locki li \
Sensor Mount and the Aperture Bracket Holder. ocnacip

Light Sensor Mount

The Light Sensor Mount has an Aperture Bracket&gtran
Aperture Disk, a large thumbscrew, and a threadsstl fyou can
use either tb large thumbscrew or the threaded post to attadhHd
Sensor to the Light Sensor Mount in one of two fimss. Use the
threaded post if you want to hold the Light Seridount in a rod
clamp. The large thumbscrew or the post is staretlé threaded
storage hole on the Light Sensor Mount when naotsia

Optics Bench

position
indicator

Aperture Bracket Holder Figure 10: Holder on Bench

Two metal thumbscrews attach the Aperture Braclkstiét to

the back of the Light Sensor Mount. The Aperturadet Holder snaps into place anywhere along theeceection
of the Optics Bench that is part of the OS-8515@&xptics System. To move the holder along the begrasp the
base of the holder and squeeze the locking climidwContinue to squeeze inward on the lockingadiyou move

the holder to the new position. When you releasddbking clip, the holder is held firmly in place.
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Polarization Analyzer 012-092004

Aperture Bracket Screen

The Aperture Bracket Screen is designed to helpajign the Aperture Disk with a light source. Two
small thumbscrews attach the Aperture Bracket Sci@¢he front of the Light Sensor Mount.

Aperture Disk

The Aperture Disk has three circular aperturessixdglit apertures (numbered one through six). Jllte
widths are as follows:

1=0.1 mm . 2=0.2mm.
=0.3 mm =0.5mm
5=1.0mn 6=1.5mn

One circular aperture is 8 mm in diameter, the
same dimension as the opening of the PASCO
Model CI-6504A, CI-6604, or PS-2106 Light
Sensor. A second circular aperture has the sameetka
circular but has a grid pattern of small holes (0.25 mm dtam)
aperture that allows 10% transmission of light through the
aperture. The third circular aperture is 2 mm emnadiéter,
or onefourth the diameter of the larger circular aperst
and translucent.

Aperture Bracket -

r Screen ® L
The Aperture Disk can be rotated to any of the nine
positions to put one of the slits or circular apegs in

Figure 11 : Aperture Disk line with a Light Sensor mounted behind the Apextur
Disk.

) e Light Se~~r Mourrt
Using the Aperature Bracket Aperture | ApertureBracket /
I Holder
! | Light Sensor

Mounting a Light Sensor

You can use the Aperture Bracket to mount a
Light Sensor on the Optics Bench. You can
use the Light Sensor to measure the intensity
of light through the Polarizers as you rotate |
one Polarizer relative to the other. ‘

Ve

Light Sensor
w )

Aperture Diski l

X
large thumbscrew
into front hole

Light Sensor

Use either the large thumbscrew or the

post to mount a Light Sensor to the Light
Sensor Mount. Position the Light Sensor
on top of the Light Sensor Mount so the R J

hole in the bottom of the sensor is in line _ _ _
with thefront hole in the mount and the Figure 12: Mountthe Figure 13: Light Sensor
opening of the Light Sensor touches the Light Sensor onto Mount

vertical part of the Light Sensor Mount.
Put the threaded end of the thumbscrew or postigiirthe hole and turn the thumbscrew or post cliskio
tighten. See Figure 12 & 13.

Snap the Aperture Bracket Holder into the OpticadbeRotate the Aperture Disk so the open circybartare is
in line with the opening to the Light Sensor.

L} ~|| {
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0I2-09200A Polarization Analyzer

Setup for Measuring Light Intensity

You can use the Basic Optics Bench, Basic OptigghtLiSource
Polarization Analyzer, Rotary Motion Sensor, ApegtBracket, and !
Light Sensor to measure the light intensity throtigh

Polarizers as one Polarizer is rotated relativibéoother.

Prepare the Polarizer

Put the second Polarizer in the empty Polarizer Mithat comes Polari:

with the Polarization Analyzer.
Mount the Light Source

Put the Basic Optics Light Source at one end oBthsic Optics |
Bench. Refer to the OS-8515 instructions. TurnLight Source so it
produces a "point source" of light that is aimedacd the other end of

the bench.

Mount the Polarization Analyzer Figure 14: Prepare Polarizer

Snap the Polarizer Mount onto the Optics Bench. Snap the Polar

ization Analyzer with Rotary Motion
Sensor onto the Optics Bench.
Basic Optics Light Source

Mount the Light Sensor

Polarizer Holder
Snap the Aperture Bracket Holder
with the Light Sensor onto the Opi
Bench with the Light Sensor open
toward the Light Source

Light Sensor

Aperture Bracket
Holder

Polarization Analyzer with
Rotary Motion Sensor

Optics Bench

Figure 15: Setup for Measuring Light Intensity

/-3, 5
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Notes:
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0 12-09200A Polarization Analyzer

Verify Malus' Law of Polarization

EQUIPMENT NEEDED

- Basic Optics Bench (part 0fOS-8515) -Light Sensor (CI-6504A or PS-2106)
- Basic Optics Light Source (part ofOS-8515) - Rotary Motion Sensor (CI-6538 or PS-2120)
- Polarization Analyzer with Aperture Bracket (OS-853

Introduction
The purpose of this laboratory activity is to detare the relationship between the intensity oftthasmitte
light through two polarizers and the angle, 0,hef aixes of the two polarizers.

Theory

A polarizer only allows light which is vibrating polarizer 1 Polarizer 2
in a particular plane to pass through it. This p
forms the "axis" of polarization. Unpolarized

light vibrates in all planes perpendicular to the

direction of propagation. Ifunpolarized light is

incident upon an "ideal" polarizer, only half will

be transmitted through the polarizer. Since in \

reality no polarizer is "ideal", less than half the
light will be transmitted.

The transmitted light is polarized in one plane. If
this polarized light is incident upon a second
polarizer, the axis of which is oriented such that
it is perpendicular to the plane of polarization of
the incident light, no light will be transmitted
through the second polarizer.

polarized light, 10

= ized light
1= 10 cos2rp unpolarized lig

| = locos2

However, if the second polarizer is oriented at an component of polarized light parallel to
angle so that it is not perpendicular to the first s of Polarizer 2
polarizer, there will be some component of the
electric field of the polarized light that liestime
same direction as the axis of the second polarizer,
thus some light will be transmitted through theasetpolarizer (see the bottom figure).

Figure 1.1: Polarization

The componentg, ofthe polarized electric field&o'is found by:
E =EocosrjJ

Since the intensity of the light varies as the seud the electric field, the light intensity tramisted through the seco
filter is given by:

wherel is theintsm.s.itY.Qf th.~.1i.ghtp.a.s.sj.!1g...tbmughihs.tfiJterand 0 is the angle between the polariz:
axes of the two filter

- @ f
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Polarization Analyzer 012-092004

Consider the two extreme cases illustrated byatisation:

« If0 is zero, the second polarizer is aligned wiité first polarizer, and the value of cos20 is drreis the
intensity transmitted by the second flliter is edoahe light intensity that passes through th&t fiiiter. This case will
allow maximum intensity to pass through.

« If0 is 90°, the second polarizer is oriented pediarar to the plane of polarization of the flrbtdr, and the cos2(900)
gives zero. Thus no light is transmitted througdh sbcond fllter. This case will allow minimum inséty to pass through.

« These results assume that the only absorptioglaf i due to polarizer effects. In fact most palag flims
are not clear and thus there is also some absarptiight due to the coloring of the Polaroid éiis.

Procedure
In this activity, the Light Sensor measures thatie intensity oflight that passes through twoapiakrs. You will chang
the angle of the second polarizer relative to tiet.fThe Rotary Motion Sensor measures the angle.

The DataStudio records and displays the light itgrand the angle between the axes of the polatiz®u can use the
program's built-in calculator to compare the rgitintensity to thangle,thecosine of the angl@nd theeosin£! of the
angle.

Equipment Setup
Light Sensor

1. Mount the Basic Optics
Light Source, Polarizer Holde
Polarizer Analyzer with Rotai
Motion Sensor, and Aperture
Bracket Holder with Light
Sensor as shown. (Refer to the
Introduction for more informa-
tion.)

Aperture Disk
Polarizer

Rotary Motion
Sensor

Light Source

2. Connect the Light Sensor and
Rotary Motion Sensor to the
computer through &cience
Workshopor
P ASport interface (or inter-
faces), and start DataStudio.

Optics Bench

Figure 2: Equipment Setup

[} O P ||
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012-09200A Polarization Analyzer

Experiment Setup
Select the Sensors and Set the Sample Rate
1+ Referto Da;~~ilio ~n-line hel~ forde~iledinfonnation on selecting sensors ~d-changing theptarate.

L

1. Set up the Rotary Motion Sensor for high resofu¢for example, 1440 Divisions per Rotation).ed¢Large
Pulley (Groovejor the linear calibration (if you are using a Pp&® Sensor, this step is unecessary).

2. Set the sample rate of both sensors to 20 H20) sneasurements per second.
Select the Diml__. Refer to DataStudio on-line help for detailed i+fation selecting and
changingdisplays.

1. Select a Graph display.
2. Set the axes of the Graph displayight intensityis on thevertical axis andangular positioris on thehorizon

tal axis.
Prepare to Record Data

. Refer to DataStudio on-line help for detailed infation onmonitoringandrecordingdata.

1. Turn both Polarizers so they are at the sammbieg angle (e.g., zero degrees). 2.

Startmonitoringdata.
3. Rotate one Polarizer back and forth until ta@gémitted light intensity isiaximum.
4. Stop monitoring data.

Record Data

1. Start recording data.

2. Slowly rotate the Polarizer on the Polarizatharalyzer in the clockwise direction. Continue ttate the Po
larizer until you have made one complete rotatRf0(degrees).

3. After one complete rotation, stop recording data

Analyze the Data

Refer to the on-line help for DataStudio detailefbnation on creating and displaying calculatiand using

DataStudio for da~ ~~lysis. e e

Use the Experiment Calculator in DataStudiovgaife to create a calculation of tbesineof the angle between

the Polarizers.
Repeat the procedure to create a calculatidghexfosiniof the angle of the Polarize

[

N

Use the Graph display to examine the plot ofligtensity versus angle.

Change the Graph display to show the plot ofligkgnsity versus the cosine of the angle, and thange the
Graph display to show the plot of light intensigrsus the cosine2 of the angle.

Use Data Studio software to detennine theioglship between the light intensity and the cosiokthe angle.

& w
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0 12-09200A

Questions

1. What is the shape of the plot oflight intensiysus angle?
2. What is the shape of the plot oflight intensigysus cosine of the angle?
3. What is the shape of the plot oflight intensigysus cosine2 of the angle?

4. Theoretally, what percentage of incident plane polariigbt would be transmitted through three Polas:
which have their axes rotated 17 degrees (0.2@majlfrom each other?Assume ideal polarizers aswhze

that the second polarizer's axis is rotated 17ebegyf0.29 radians) from the first and that thedtholarizer's
axis is rotated 17 degrees (0.29 radians) frons¢oend.

5. From your data, determine the answer to Quegioior the real polarizers.

10 i, @
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