OPTICAL MICROMETER

OBJECTIVES:
1) Describe quditatively the operation of an optical micrometer.

2)  Make measurements to verify the relationship between angle of rotation of a piece of
pardld-surfaced refracting materid and the displacement of a light beam passng
through it.

3) Make measurementsto verify that the light beam is displaced in a pardld manner.
4) Obsarvetotd internd reflection and calculate the critica angle.
5)  Know the basis of how optical fibers work.

CAUTION!

The laser isadevicethat can produce an intense, narrow beam of light at
one wavelength. NEVER look directly into the laser beam or its
reflection from a mirror, etc.

INTRODUCTION

A beam of light traveling in a medium of index of refraction which is incident a an angle g; on the
surface of another medium with index of refraction n, will be bent to a new angle g according to
Sndl’sLaw,

Sian — y (1)

sng; n

A beam of light passing through an object with pardld surfaces
Figure1
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By application of Sndl’s Law, one can show that a beam of light will be displaced in a pardld

manner when it passes through a piece of transparent materid with parale surfaces as shown in
figure 1, that is g1 = g3. Thisisthe basis of adevice caled the “Opticd Micrometer”. This device
can be put on the end of a trangt or telescope and dlows the beam to be shifted by a smal

controlled distance without changing its angle. By geometric construction, one can show that the
displacement, d, isgiven by

q :tsin (ar- ap)
cosQ,

e

Heret isthe thickness of the transparent materia, and g, isgiven by Snel’s Law.

For our situaion, theinitid index of refraction, nq, is 1.00, the value for air.

Totd internd reflection is another goplication of Snell's law. It's cdled "totd" interna reflection
because normdly, part of the light is reflected and part transmitted through refraction. In totdl
internd reflection, no light istranamitted and al is reflected and remainsinternd to the materid.

Condder Sndl's law for light ingde the lucite block, which strikes an outer surface, surrounded by
air. Then np = 1.45 and np = 1.00, and g1 isangle from the normd at which the light strikes the
asurface. Sndll's law indicates that o >qq1. But as q; becomes larger, there will come atime when
g2 has dready reached 90 degrees, and can't become any larger and sin(qgp) = 1. Solving for g,
which matches this condition, and using p = 1.0, we find q, the criticd angle, the largest vadue of
for which there is refraction, or the smdlest vaue of g1 for which there is tota interna reflection.
Optica fibers use this phenomenon to efficiently transmit light directed aong the axis of the fiber.
Such light has go near 90 degrees, which is above the criticd angle, and it will be totdly interndly
reflected, provided that the outer surface of the fiber is very smooth. The smoothness guarantees
that there are no jagged corners where light can make a larger angle with the surface and escape
through refraction.

Preparation for the |ab: read from the introductory materid of the lab book:

1. Uncertainty cdculations for the genera case of afunction of ameasured variable.
2. TheVernier Cdiper (which you will use to messure the thickness of the lucite block).
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Partner Name

Section

APPARATUS
The apparatus consists of alaser, a piece of Lucite (= 1.45) mounted on a protractor, and a
screen. The schematics of the set up are shown below.

Lucite Block
/qﬁ
Laser Protractor P

Graph Paper

Optical micrometer setup
Fgure 2

PROCEDURE:

1. Alignthe Lucite block for norma incidence (Start with the screen fairly close to the block, about
0.5 meters)
Turn on the laser. Rotate the protractor holding the Lucite block, and observe the movement of
the beam reflected off the first surface of the Lucite block. When close to normal incidence,
you can see the reflected beam hitting the surrounding area of the gperture at the face of the
laser. Rotate the protractor to an angle so that the reflected beam hits the center of the
goerture.  (You can't redly see the reflected beam when it hits exactly the center of the
aperture. Jud try to dign it as best as you can.) You have now digned the Lucite block for
norma incidence,

Write down the reading on the protractor: o = degree

Record the uncertainty of setting qo. Thisincludes the accuracy of adjusting the autocollimation,
and the accuracy of reading the protractor angle. Measure the thickness of the Lucite block
with the Vernier cdiper. Take care not to scratch the Lucite with the calipers.

dgo= degree t= + mm

2. Teding Equation (2) by measuring displacement as a function of incidence angle

a) Tape a piece of paper across the screen at an appropriate height where the tranamitted beam
hits the screen. Mark the position of the beam a normd incidence on the paper.



b)

d)
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Set the protractor to u+20°, Qo+40°, ot60° respectively.) Mark the postion of the
transmitted beam for each angle on the paper. Write the settings you used in the table labeled
DATA. Mark the transmitted beam for each angle on the paper.

Remove the paper from the screen and attach it to your lab report. Measure the beam

displacement from normd incidence, d meas, for each angle, and record them in the DATA

table, with postive or negative d for displacements corresponding to postive or negetive ;.

The directions in the following sections will help you fill out the rest of the tables. Each column

ismarked with the section of the directions describing how to do the calculations.
DATA

b) 0)
a1 Jo+01 Omeas (MM)

20.0°
-20.0°
40.0°
-40.0°
60.0°
-60.0°

For these steps keep “too many” significant figures—these are theoretica numbers with
high precison, and to cdculae differences accurately you must avoid rounding until the very
end. Inthetable labded “CALCULATION of dge and its Uncertainty”, calculate the values

of 0, using equation (1) and dyc Using equation (2) with N@n = 1.0 and b (Lucitg) = 1.45.

Below, write the equations you used for 02 and O.ac. Transfer dese to the “DATA” table and
use Dd = Omees - Jeac to fill out the next column there.

Cdculate the measurement uncertainties. Remember that ¢, includes both the uncertainty of
setting go and rotating the protractor by ¢, degrees and making the reading. The Oy VAUES

are obtained by trandferring the light spots to pencil marks @mark), then lining up the pencil
marks with the ruler and finding the difference of position between 2 such marks. Therefor the
vaue for dmes Should included the error in measuring, the error in marking, and the error in
setting you angle. It isthe totd error for measuring a given point.

do, = degree  d mark = MM ddyes = mm

Find the uncertainty of dey USiNg the maximum uncertainty method:
d(deaic) = [dGac - deacl
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To do this, recdculate q¢ and d¢,4c usng ¢ = g, + dqg,, an angle tha differs from the angle
you measured (0,), by the amount of its uncertainty (dq,). This shows how much uncertainty in

Jeac Isinduced by your uncertainty in g;. Enter thisin the “CALCULATION” table.

Q: We neglected the uncertainty of the thickness in this calculation. Compare dt / t with dd /d.
Isit reasonable to have neglected dt / t? Why or why not?

Q: We only caculated dy and d(degc) for the pogdtive g;. Explain how to find dyc and the
uncertainty of d(dyc) for negative g, and justify your procedure.

g Usethe uncertainties for degc and dnegs t0 calculate the uncertainty of d(Dd). Show the formula

you used.
CALCULATION of ey and its Uncertainty
d |d f) f) f) f) f) 9
G | % | dacMm | di | g2 | deac(MM) | d(deac) (mm) | d(d,o) | d(Dd) (mm)
dcalc
20.0°
40.0°
60.0°
DATA and Comparison
d) d) 9 9
01 | deac(mm) | Dd(mm) | d(Dd) (mm) | compatible?
20.0°
-20.0°
40.0°
-40.0°
60.0°
-60.0°

Q: Arethe cdculated vaues of d compatible with the measurements?
3. Mesasure the angle of deviation to check for paralelism

a) Repeat steps 2 (a) through () with the screen asfar away as possible. Measure L,

distance you moved the screen.

the
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L= mm

b) Measure and record ¢4 in the table below. Again, attach a piece of paper to your lab
report, this time labded “Deviation Measurement”. Copy the vaues of Oy from your
previous table as dneqr-

Q: What is the uncertainty in the quantity iy - dnear|? mm

Deviation M easur ement

g1 | (mm) | (mm) (mm) with 0? (milliredians)

(Use above error)

20
-20
40
-40
60
-60

c) Theangle of deviaion can be cdculated by:

Qgev (Milliradians) = g—”ear

Q: Explain the factor of 1000 in the equation above.

[SERReE

Q: If the digplaced beam is perfectly pardld with respect to the incident beam, the
displacements do not change, and the deviation is zero. Are your measurements
consgent with the beam being perfectly pardld?
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4. Obsarvetotd reflection.

When abeam of light traveling in a medium with index of refraction ny incidents on the surface of
another medium with index of refraction np, if n>ny, totd reflection (i.e., no light is transmitted)
will occur when the incident angle (@.) is greater than a critica angle (Qc). The vadue of the
critica angle (gc) can be caculated by solving the equation given by Snell’slaw for q;, assuming
02 = 90°. The phenomenon of totd reflection is the basis of how optica fibers work. When
light enters one end of the optical fiber, the beam is repeatedly reflected interndly dong the
opticd fiber and findly comes out from the other end.

a) Cdculate qc for abeam of light incident from Lucite (m=1.45) to air (n,=1.0).

b) Replace the rectangular Lucite block with a semi-circular block. Rotate the protractor and
observe the reflection ingde the Lucite block (look from top down &t the light trace inSde
the block. You may need to turn off the room lights to see it clearly.) At a certain angle,
you will see the reflected beam suddenly brightens. At this angle, the beam is totaly
reflected and this angle is the criticdl angle.

Edtimated criticad angle: gc =

Q: Doesthe criticd angle roughly agree with your cdculation?

c) Shinethelaser beam at one end of abare optica fiber.

Q: Does the light only come out at the end of the cable? Why?

Q: Give an example of an application of tota interna reflection from medica or some
other technology.
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