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Introduction

The LEOK-3 Optics Experiment Kit is developed f@ngral physics education in universities and
colleges. This kit provides complete set of optiaal mechanical components as well as light
sources, which can be conveniently assembled tarceh®xperimental setups. Almost all optics
experiments required in general physics education (e.g. geometrical, physical, and modern optics)
can be constructed in sequence using these comgoriéirough selecting and assembling the
corresponding components into the setups by stadéeimselves, their experimental skills and
problem solving ability can be greatly enhanced.

LEOK-3 can be used to construct a total of 26 d#ifeé experiments which can be grouped in five
categories:
X Lens Measurements: Understanding and verifying lgnaten and optical rays transform.

x Optical Instruments: Understanding the working gipfe and operation method of common
lab optical instruments.

x Interference Phenomena: Understanding interferdmaary, observing various interference
patterns generated by different sources, and grasmiegprecise measurement method
based on optical interference.

x Diffraction Phenomena: Understanding diffractiorieefs, observing various diffraction
patterns generated by different apertures.

X Analysis of Polarization:

x Fourier Optics and Holography: Understanding principles of advanced optics and their
applications.

Experiment examples list

Measuring the focal length of a positive thin lens usintp-collimation
Measuring the focal length of a positive thin lens using degyhent method
Measuring the focal length of an eyepiece

Assembling a microscope

Assembling a telescope

Assembling a slide projector

Measuring the nodal locations and focal length lefns-group
Assembling an erect imaging telescope

Young's double-slit interference

Interference of Fresnel’s biprism

Interference of double mirrors

Interference of Lloyd’s mirror

Interference of Newton Ring

Franhoffer diffraction of a single slit

Franhoffer diffraction of a single circular aperture

Fresnel diffraction of single slit




Fresnel diffraction of single circular aperture

Fresnel diffraction of a sharp edge

Analysing polarization status of light beams

Diffraction of a grating

Assembling a Littrow-type grating spectrometer

Recording and reconstructing holograms.

Making holographic gratings.

Abbe imaging principle and optical spatial filtering.

Pseudo-colour encoding, theta modulation and calomposition.
Assembling a Michelson interferometer and measuringeiactive index

Setup of Hologram Recording Setup of a Grating Spectesme



Parts Included in the Kit
1. Light Sources

Low Pressure
Sodium Lamp
(LLE-2)

20W with power
supply (100 to 120,
220 to 240VAC,
50/60Hz)

1 piece

Low Pressure
Mercury Lamp
(LLE-1)

20W with power
supply (100 to 120,
220 to 240VAC,
50/60Hz)

1 piece

Bromine Tungsten
Lamp (LLC-4)
6V/15 W with power
supply (100 to 120,
220 to 240VAC,
50/60Hz)

1 piece

He-Ne Laser (LLL-
2)

1.5mW with power
supply (100 to 120,
220 to 240VAC,
50/60Hz)

1 piece

Small llluminating
Lamp (LLC-6)

3VDC (100 to 120,
220 to 240VAC,
50/60Hz

1 piece

2. Mechanical Hardware

Two-Axis Stage
(LEPO-2)

X translation stage
(20mm travel and
0.01mm resolution) Z-

Z-Adjustable Post
Holder (LEPO-3)
Travel 30mm with a
magnetic base

adjustable (30mm) with a 1 piece

magnetic base

1 piece

Magnetic Base (LEPO-4) Aperture Adjustable

With post holder Holder (LEPO-6)

Variable ) 10-50 mm with
two directions tiltable

3 pieces .
1 piece




Two-Axis Tiltable
Holder (LEPO-8)

) 40 mm for mounting
optical components such
as lenses, mirrors,
gratings, reticle, et al
2 pieces

Adapter Piece (LEPO-10)
Two lenses can't be
placed too close to each
other, owing to the size
limit of the magnetic
stands. Using this piece
the two lenses can stang
closer
1 piece

Lens Holder (LEPO-9)
Optical diameter:) 40mm

2 pieces

Grating/Prism Table
(LEPO-11)

30° Z-axis rotation, two
directions tiltable

1 piece

Prism Table (LEPO-12)
with two directions
tiltable

1 piece

Plate Holder A (LEPO-13)
One direction tiltable

2 pieces

White Screen (LEPO-14)
Uniform diffusing
painting

1 piece

Object Screen (LEPO-15)
Symmetrical triangle
holes

uniform diffusing painting

1 piece

Iris Diaphragm (LEPO-
16)
0-14 mm adjustable

3-D Adjustable Holder
(LEPO-17)

One axis translation
(10mm) and two-axis

1 piece tiltable.
1 piece
Plate Holder B (LEPO-19) Aperture Adjustable

with two directions
tiltable

1 piece

Bar Clamp (LEPO-20)
30-50mm, with two
tiltable directions, for
mounting tube-type
components

1 piece

Loading Table (LEPO-21)

1 piece

Multi-pinhole Disc
Assembly (LEPO-24)
)0.10, 0.15, 0.20, 0.30,
0.50, 0.60, 1.00, 2.00 mm

1 piece




Single-Side Adjustable

Lens Group Holder

Slit (LEPO-28) (LEPO-29)
Slit width 0—-2 mm, slit Movable on rail for nodal
direction tiltable within measurement
rs°
1 piece 1 piece
Erecting prism (LEPO- Ruler (LEPO-34)
31) Used for experiment of

Used for inverting image
in two directions
1 piece

measuring telescope’s
magnification
1 piece

DMM Holder (LEPO-37)
* DMM is abbreviation

Newton Ring Assembly
(LEPO-38)

of Direct Measuring 1 piece

Microscope
1 piece
Newton Ring Holder Spring Clip (LEPO-40)
(LEPO-39) Used for fastening small
1 piece white screen and plane

samples
1 piece

Spectral Filter (LEPO-41)
Used for Abbe’s image
formation and
experiment in space
filtering.

1 piece

Biprism Holder
(LEPO-43)

It allows to attach a
biprism or other optical
component to it, and
rotate withinr5q

1 piece

Single-sided Rotary Slit
(LEPO-42)

The slit is variable from
0-5mm on one side and
rotatable withinr5 q

1 piece

Laser Holder (LEPO-44)
Allows to attach a He-Ne
laser and other tubular
part to it.

1 piece

Ground Glass Screen
(LEPO-45)

It has an effective
aperture of) 117mm,
used for Abbe’s theory of
image formation and
experiment of space
filtering.

1 piece

459Glass Holder
(LEPO-47)

Used for microscope
magnification experiment

1 piece




Optical Goniometer
(LEPO-49)

Used for polarization
caused by reflection and
refraction, measuring
Brewster angle at
accuracy of 0.5

Iceland Crystal Rotary
Holder (LEPO-50)

Used for crystal
birefringence experiment

1 piece
1 piece
Paper Clip (LEPO-51) Polaroid Holder (LEPO-
Used for Abbe’s theory 52)

of image formation and
experiment of space

Used for polarized light
experiment.

filtering.

1 piece 2 pieces

1-D Carrier with 2-D Carrier with Holder
Holder (LEPO-54-2) (LEPO-55-3)

Used with optical rail

3 piece

Used with optical rail
2 piece

3-D Carrier with
Holder (LEPO-54-2)
Used with optical rail

2 piece

Optical Rail with Carriers (LEPO-54)
1.0 meter long dovetail rail (LEPO-54-1) used

with carriers




3. Optical Components

Mounted Lensed: = 4.5, 6.2, 15, 45, 50, 70, 150, 190, 2P ] o
300, -100mmJ] piece each I & -

Mounted Cemented Lensds: 29, 105mm] piece each () (8 ) (=] (] ) ‘ O .

Mounted Flat Mirrors:) 36mm,2 pieces

Mounted Beam Splitter) 30mm, 5:5 and 7:3,piece each o °O O O o . .

Mounted Flaring Grating (at 500nm): 12B6m, 30 x
30mm,1 piece o

Mounted Transmission Grating: #onm, 1 piece ° ° G e 0 V'O

Mounted 2-Dimensional Grating: 20nm, 1 piece = O © - il

Mounted Waveplates: ¥ 20 @632.8nm, ) 10mm, 1 1 |
piece each o

Equilateral Prism: 60 piece

Mounted Reticles: 1/5, 1/10mrh,piece each

Mounted Millimetre Ruler: 30mm lond, piece

Mounted Double-Wedge Prism (biprismi)piece

Mounted Polarizer) 20 mm,2 pieces

Spherical Mirrorf = 300mm,1 piece

Multiple Slits Plate: groups in 2, 3, 4, 5 slilspiece

Transmission Charactet,piece

Zero Order Filter] piece

Fresnel Bimirror (LEPO-32)t piece

Modulation Platel piece

Small object for holographyl, piece

Lioyd Mirror (LEPO-33),1 piece

Double-slit,1 piece

White screen: 70 x 50mri, piece

Projector Slidel piece

Ground Glass4 pieces

4. Other Parts
Description Part No. Qty Note

Holographic Plate GS-I 1 Box 12 pcs, 9x24cm each, glass
530 a700nm, peak @630nm

Air Chamber and Pump with LEPO-55 1 3 a40Kpa/20a300mmHg
Gauge used for air index measuremen

5. Optional Parts
Description Part No. Qty Note

Parts Holder Stand LEPO-57 1 each stand can hopch26

* Note: Above parts are subject to change without notice.



Experiment Examples
1. Measuring the Focal Length of a Positive Thin LesUsing Auto-collimation

Objective

Comprehend and grasp the principle and method ofuneg the focal length of a lens using auto-
collimation.

Experimental Setup (Figure 1-2)

1: Bromine Tungsten Lamp(LLC-4) 5: Flat MirrorM
2. Object ScreeR (LEPO-15) 6: 3-D Adjustable Post Holder (LEPO-17)
3: Convex Leng (=190 mm) 7: Optical Rail (LEPO-54)

4: Two-axis Tilt Holder (LEPO-8)

Figure 1-1

Principle

Under the condition of paraxial rays, the Gaussa@qgn of thin lens imaging is:
f—. ’ 1 (1-1)
s S
Wheres is the distance of an object from the thin lesiss the distance of a conjugate image of the

object from the thin lens, aridis focal length. Then, we get:
fofc =2 (1-2)

\
\
|
s | s'
Figure 1-3
Here, we use another approach to calcdlate., auto-collimation method.
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Figure 1-4

As shown in Figure 1-4, place an obj@abn one side of the convex lens. When it is just in the
focal plane, any ray from the object is refractgdhe lens would change into parallel ray. After
reflected by the plane mirror and again refractedheyléns, it still converged in focal plane of the
lens. The distance between lens and object isoited fength of the lenst = s

Experimental Procedures:

1)
2)

3)

4)
5)
6)
7)

Refer to Figure 1-2, align all components in same heilginty a line;

Move lensL back and forth, till a clear image of the objentRis observed on the back
surface ofP;

Adjust axis of mirrotM, and finely move., till the image is clearest and same size as the
object (so that the object and its image fills ughenle circular region);

Write down the locations &f andL ass; ands,;

Respectively reverde andL to exchange their front and back surfaces, repeat steps 1-4;
Write down new locations ¢ and L asss ands;

Calculate focal length:

fi s s, fa s s,

gt
2

Note: The point source on the front focal point Wwal collimated from the lens, and one collimated
beam will be focused on back focal point.

11



2. Measuring the Focal Length of a Positive Lensdihg Displacement Method

Objective

Comprehend and grasp the principle and method o$wunieag lens focal length with displacement
approach, verify “lens equation”.

Experimental Setup (Figure 2-2)

1: Bromine Tungsten Lamp(LLC-4) 4: Two-axis Tilt Holder (LEPO-8)
2: Object ScreeR (LEPO-15) 5: White Screeid (LEPO-14)
3: Convex Leng (=190 mm) 6: Optical Rail (LEPO-54)

Figure 2-1

Principle

Figure 2-3

In the first experiment we measure the focal length by usit@y@llimation. Because the lens
centre is not easy to be determined, the error is big. So e taéw method, i.e., displacement
method.

When the distance between the object and the scremmgerithan four times the focal length, we
move the lens, and get a clear image twice at different points. We have the two equations:

12



ESE o
fs s
111 22
fs s
Using the conditions: D s s s s,5 s d,s s d,
We can get the formula:
D? d?
f 2-3
4D (2-3)

This method is more accurate than the previous adeth

Experimental Procedures:
1) Referto Figure 2-2, align all components in sdmight along the optical rail;

2) Move lensL back and forth, till a clear magnified image ofemb onP observed on screen
H. Write down the positions of objelf lensL, and image screett asD1, d; andDz;

3) Fix P andH, move L far away fronP till a clear magnified image observed Hn write
down position of lens L a;

4) ReverseP, L, andH, repeat steps 1-3, obtain another two locatiorersl asd; anddy;

5) Calculate focal length:
(D, D)* (d, dy*

f
4D, D)
. (0, D) (d, dy’
2 4D, D)
1
o f)

Note: Use “lens equation” to derive the above fdemu

13



3. Measuring Focal Length of an Eyepiece

Objective

Comprehend and grasp the principle and methodalbg¥ptaining eyepiece lens focal length by
means of measuring magnification between imageoayett, further verify “lens equation”.

Note: DMM is the abbreviation of Direct MeasurembBhtroscope
ME is the abbreviation of Microscope Eyepiece

Experimental Setup (Figure 3-2)

1: Bromine Tungsten Lamp(LLC-4)
2: ReticleM (1/10 mm)

3: Biprism Holder (LEPO-43)

4: To Be Measured Eyepiece Ldns
( f;=29mm)

Figure 3-1

Principle

5: Two-axis Tilt Holder (LEPO-8)

6: Eyepiece of DMMME

7: DMM Holder (LEPO-37)

8: Optical Rail (LEPO-54)

* Adaptor Piece (LEPO-10) might be used

2 3 4 5 6

[
gr
[eQe]

Figure 3-2

Abbe’s method: An image of an object is formed @ti@en by a lens. Leaving the lens fixed, the
object is moved to a new position and the image screen nuoxigit again receives a focused
image. If the separation between the two object positiors jsand if the transverse magnifications
of the image arey andm, respectively. Then, according to the Gauss equatierhave:

.
f

1 (3-1)

1 (3-2)

St
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Figure 3-3

Where,s; ands; are the distances of an object from a thin lefignds,’ are the distances of its
conjugate images from the thin lens, as showngurei 3-3.

BN Y2 5
y S y 3
'S s s, frof

Using the conditions: m,

f f
By (3-1) and (3-2 —a —a
y (3-1) and (3-2) ml( m) s m2( m) s

So the focal length of the lens is given by
g MM,

Experimental Procedures:
1) Referto Figure 3-2, align all components in same height along a line;

2) Fix reticle platd= and microscope eyepiedd), slowly move lend.e away fromF, till a
clear magnified image d&f observed irME and no viewing difference with standard reticle
scale ofME;

3) Measure image width (1/10 mm scale) of the Ietfic with the standard reticle iNE,
calculate magnificationm,, write down the locations oME and Le as a; and b;
respectively;

4) Move ME away 30 to 40 mm, then slowly moue forward toF, till a clear magnified
image ofF is observed again in ME and no viewing differeméth standard reticle scale
of ME;

5) Measure this new image width, calculate magnificam,, and write down the locations of
ME andLe as a and Brespectively;

6) CalculateME focal length:
Magnification:m = (image size)/(actual size) =1,2
Distance change of two imagess (a, a,) (b, b)
rr]lrnz 1
m

ME focal length: f,, S

15



4. Assembling a Microscope

Objective
Comprehend the working principle and the construction of a microsgass method of
microscope adjustment, and measure the system fizagjon.

Experimental Setup (Figure 4-2)

1: Small llluminating Lamfs (LLC-6) 9: Eyepiece Lenke ( f_=45 mm)
2: Platle Holder A (LEPO-13) 10:Beam Splitter (BS) and 45Glass Holder
3: ReticleM; (1/10 mm) (LEPO-47)
4: Two-axis Tilt Holder (LEPO-8) 11: Optical Rail (LEPO-54)
5: Objective Lens Lo {,=29 mm) 12: Two-axis Stages (LEPO-2)
6: 3-D Adjustable Holder (LEPO-17) 13: Biprism Holder (LEPO-43)
7: Adapter Piece (LEPO-10) 14: Millimetre RulerM; (I = 30 mm)
8: Two-axis Tilt Holder (LEPO-8) * Bromine Tungsten Lam@ (LLC-4) can be
used to illuminate Millimetre Ruler
Figure 4-1 Figure 4-2
Principle
Eyepiece
Objective © fe Eye
Lo Le
T — Fe m J/
| el || =7
y3 fof _=2=7 -
.= =L
V//% B _ _ = =
r D
Figure 4-3
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As shown in Figure 4-3he optical system of the microscope employs an objective with a short
focal length and a magnifying eyepiece. The magaiiiin is achieved in two stages as shown. The
microscope objective forms an enlarged image obftiject in a position suitable for viewing
through the eyepiece; the magnification throughatbjective is given by

Y2/y1 " 1Eol (4'1)
Generally, the focal length of eyepidgas much less thab, so
ysly2 8D/ f¢ (4-2)
Then we get the total magnification:
m Y Ya¥e DO (4-3)

i 2% fofe
Where ¢ is the distance between the focus of objectivetaadocus of eyepiecé, is the focal
length of objective an@l’ is that of eyepiece.

Experimental Procedures:
1) Refer to Figures 4-2, align all components in sdmaight;
2) Fix interval betweeho andLe asD = 180 mm;
3) Move reticle platéM; back and forth, till clea; virtual image observed behihe;
4) Put the beam splitteBE behindLe and set 45angle with respect to the optical axis;

5) Put the millimetre ruleM, beside théBS (vertical to main optical axis along the rail) and
approximate 250 mm distance frd@n(in diagram)

6) Viewing behindB by one eye, finely rotate tt&Sangle to overlap the microscope virtual
image fromM; and theM; image from the BS reflection;

7) Finely adjusiM; to eliminate viewing difference between the two images;
8) Count the scale amouain M; image included in the range of 30 mm of image

9) Calculate the measured magnification of the abfminmicroscope and its theoretical
magnification:
3010

a

Measured MagnificationM

Theoretical MagnificationM* %,Where,' D (f, fg)

o 'e

17



5. Assembling a Telescope

Objective

Comprehend the working principle and constructiba telescope, grasp methods of adjustment
and use, measure system magnification.

Experimental Setup (Figure 5-2)

1: Ruler (LEPO-34) 4: Eyepiece Lenke ( f,=29 mm)
2: Objective Lengo( f,=225 mm) 5: Two-axis Tilt Holder (LEPO-8)
3: Two-axis Tilt Holder (LEPO-8) 6: Optical Rail (LEPO-54)
Figure 5-1 Figure 5-2

Principle

Lo Le

ﬁ\ FoFe |,
2
fo' -fe
Figure 5-3

The magnifying power of an instrument used for obeton of objects at infinity is defined as the
angular magnification at the pupils because theesngle very small:

iy
tan Z _Z To (5-1)
tanz Z f

e

18



Figure 5-4

As shown in Figure 5-4yhen observing an object at quasi-infinity, the powf magnification is:

tan Z Y, /S? (5-2)
tanZ y/(s s s)
And yzlylzsl’lsl
Therefore, M s(s s S)/ss, (5-3)

Experimental Procedures

1)
2)

3)

4)

5)

Refer to Figure 5-2, align all components in samiglit, set the distance between object (a
ruler) and eyepiece leh® on the experimental table as long as possible;

Move objective lento back and forth, behinde, use one eye to observe the image of the
ruler till it clear;

Use another eye to directly observe the scaésslon the ruler, count how many scale lines
(amounta) in the telescope image are covered by 30 lines on the ruler image direbdy to
eye;

Use a white screed (LEPO-14) to find the image of the ruler throulgh, respectively
write down the locations of the rulém, H, andLe asa, b, ¢, andd,;

Calculate measured magnification of the assentbledcope and its theoretical value:

Measured Magnificatiorm %

Theoretical MagnificationM s(s, s, S,)/ssS,
Wheres, b a,s; ¢ b,s, d c
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6. Assembling a Slide Projector

Objective

Comprehend the working principle of a slide prape@nd the function of its condenser, grasp
adjustment methods for the projection optical systend understand illuminating condition for
achieving a uniform light field on the screen (Kahillumination).

Experimental Setup (Figure 6-2)
1: Bromine Tungsten Lamp $L(C-4)
2: Condenser Lerls; ( f, =50 mm)

3: Two-axis Tilt Holder K(EPO-§
4: Projector Slidé¢
5: Plate Holder AL(EPO-13

Figure 6-1

Principle

6: Projection Lens, ( f,=150 mm)
7: 3-D Adjustable Holder EPO-17)
8: White ScreenLEPO-19

9: OpticalRail (LEPO-54)

* Ground glass on LLC-4 is not used and
Adaptor Piece (LEPO-10) might be used

1 2 34 56 7 8
S Li

Figure 6-3
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As shown in Figure 6-8hows L1 is a condenseL is a projection lens. A slide is just behind
(we can assume = uy). If the magnification of slide projector M, the length of slide projector is
D, and the focal length afi andL> aref; andf, respectively.

ByM v,/u,,1/f, 1/u, 1/v,,we can get

1
f, IV (6-1)
ByD u v,v, u,1/f 1/u, 1/v,, we can get
v, 1,v,,,
2 — (2= 6-2
Dl 56D (6-2)

Experimental Procedures:

1) Refer to Figure 6-2, align all components in sdraght, set the distance betwdenand
screerH about 0.8 m;

2) Move slideP back and forth, till a clear image (imagedLbyis observed oRli;

3) Fix condenser close 8 removeP, move light sourc&back and forth, till the image &
by L, is clear orlL,aperture plane;

4) Put back slideP at its pervious location, observe the brightnasd aniformity of the
projected image on the screen;

5) Removel;, observe the brightness and uniformity of the gotgd image again, and
recognize the function df;.

21



7. Measuring the Nodal Locations and Focal Lengthsf a Lens-Group

Objective: Comprehend characteristics of nodes of a lens-grangh grasp the method for
measuring nodal locations.

Experimental Setup (Figure 7-2)

1: Bromine Tungsten Lamp 8L(C-4) 6: Lens Groupt; andL; ( f, =300 mm,
2: Millimetre Ruler f,=190mm)
3: Biprism Holder (EPO-43) 7: Lens Group Holder (LEPO-29)

8: DMM Holder (LEPO-37)
9: Eyepiece of DMM

10: Optical Rail (LEPO-54)
* Others include flat mirror

4: Collimating Lend, ( f,=150 mm)
5: Two-axis Tilt Holder (EPO-§

Figure 7-1 Figure 7-2

Principle

Figure 7-3

There are six cardinal points on the axis of a BrgemF andF’ are the focal lengthi{ andH’

are the principal points and dot lines are theamarfof the lens system (Figure 78)andN’ are
the nodal points (Figure 7-4) of the lens systene ¥dn get the cardinal points by measuring
f, f',l,1'"and thicknesd of the lens system.
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The nodal points are identical to the principalnt®when the front and rear media share the same
refractive index. When a light ray enters the frohthe lens system and toward the front nodal
point, it will exit directly from the rear nodal pt at the same angle to the axis as the entrayce r

For lens systems in air, the nodal points coineitth the principal points and so we can use them
to locate the principal planes and find the eftecfocal length.
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Figure 7-4

Let a parallel beam shoot into the lens systemillitboe converged at the effective focal pokitof
the lens system. When the lens system rotate smglé just through the nodal poidt, the beam
will still converge on the ray axis and does notéhany transverse displacement.

Experimental Procedures:

1) Adjust the distance between millimetre ruler antimating lensLo to obtain a collimated
beam fromLo with the assistance of a flat mirror (self-alignmhmethod);

2) Putin alens group and eyepiece of DMM, aligenthto the same height as other optical
parts, move microscope eyepiece back and fortimtboaf clear image of millimetre ruler;

3) Move the lens group back and forth along the cmilde on the nodal holder, and
simultaneously move the microscope eyepiece towolthe clear image. After each
movement of the lens group, rotate it around itdica axis, till the ruler image in the
microscope doesn’t have transversal displacememnvihe lens group rotates. At this
moment, the image space node of the lens growgraédd on the rotation axis of the lens
group holder.

4) Replace microscope eyepiece with a white screesergb the ruler image, respectively
write down the locations of the screen and lens group holder on the opticalaaihdb.
Also write down the deviation amoudtof the central location of the lens group (marked
under the lens group tube) from the rotation axis of the holder;

5) Reverse lens-group holder 1§@epeat step 3 and 4, obtain another set das, df and
d’;
6) Data processing: The distance of image space node and object space node fems the |

group centre ard andd’, the focal lengths of the lens group in image spaue object
space aré=a - bandf=a’ - b’ respectively;

7) Make a 1:1 drawing to show the measured lens group and relative pasittbescardinal
points of the lens group.
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8. Assembling an Erect Imaging Telescope

Objective

Comprehend the principle and function of using double right angle prisms to erect thenraage i
telescope system, further grasp skills for adjgséirielescope.

Experimental Setup (Figure 8-2)

1: Ruler (LEPO-34) 5: Eyepiece Lenke ( f,=45 mm)

2: Objective Leng, ( f,=225 mm) 6: Two-axis Tilt Holder (EPO-§

3: 3-D Adjustable Holdengpro-17) 7: OpticalRail (LEPO-54)

4: Erecting Prism (LEPO-31) * Adaptor Piece (LEPO-10) might be used

Figure 8-1 Figure 8-2

Principle

In the previous experiment example of assemblitejescope, everything is inverted. However, we
need a right-side-up picture. In the mid 19th cgntan Italian named Porro designed a telescope
with two prisms set at right angle each other betwthe objective lens and the eyepiece. This
arrangement not only erects and reverses the iniagealso folds the light path, resulting in a
shorter and more manageable instrument.

Figure 8-3
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The structure of double right angle prism (Porrsm) is shown in Figure 8-3, which can turn the
image formed by objective lens right side up.

Experimental Procedures:

1) Refer to Figure 8-2, align all components in sdmaight, set the distance between the ruler
andLe on the optical table as far as possible;

2) Assemble a reverse image telescope system usirapdLe, finely focusing the object,
remember the image direction status;

3) Insert a double right angle prism at the frontha intermediate image of lehs, and let
their primary cross-sections in horizontal axis a&adical axis respectively;

4) Adjust the height and location d&f, till a clear image of the object can be observed,
compare this image with the image without prisms (this one should be erect).

25



9. Young’s Double-Slit Interference

Objective
To observe double-slit interference phenomena and measure the waveldigth of

Experimental Setup (Figure 9-1)
1: Sodium Lamp (LLE-2, including Aperture 6: LensL; (=50 mm)

Diaphragm) 7: Biprism Holder (LEPO-43)
2: LensL, (f'= 50 mm) 8: Double-slit Plate
3: Two-axis Tilt Holder (LEPO-8) 9: Adapter Piece (LEPO-10)

4: Single-sided Adjustable Slit (LEPO-28) 10: DMM Holder (LEPO-37)
5: Lens Holder (LEPO-9, including Diaphragm)1 1: Eyepiece of DMM

12: Optical Rail (LEPO-54)

Figure 9-1 Figure 9-2

Principle

In order to get an interference pattern, the twanteleaving from the slits must have same
frequency and a definite phase relation. Genemalbst light sources except lasers cannot satisfy
this condition. In 1801, Thomas Young allowed a single, narrow beam of light to falbon tw
narrow, closely spaced slits. He placed a viewing screen opposite to th&/lséte the light from
the two slits struck the screen, a regular darktdack pattern appeared. When first performed,
Young’s experiment offered an important evidenaelie wave nature of light. The method of

Young’s double-slit interference is showed in Fay0r3.
p Screen
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In this way, the light emits froi§ andSs has a definite phase relation because the segondae
sources from the same wave surf8care always coherent.
The light path differenced(is the distance between the two slits of the dexsht plate):

Gr, r, |dsinT|dtanT d% (9-1)

If the path distance from a particular point on $kesen to the two slits is equivalent to halfhef t
wavelength (or multiples thereof) of the light, theomplete destructive interference will occur at
that point, and a dark spot will be observed inititerference pattern.

G d% r(2k 1)5‘ (Dark interference fringes) (9-2)

Conversely, if the path difference to a particydaint is equivalent to an integer multiple of the
wavelength of the light, then complete construcinterference will occur, and a bright spot will
appear on the screen.

G d% rk O  (Bright interference fringes) (9-3)
So the distance between two nearest dark fringbr{ght fringe) is:
D
‘X — 0 9-4
r (9-4)

In this formula 'x and D can be measured, so when we know oné afd (we can calculate
another one. In this experiment if a laser is wsethe source instead of Sodium lamp, the
experiment will be easier and the interference fringes will be observed more obviously.

Experimental Procedures:

1) Refer to Figure 9-2, align all components in same height;

2) Focus the aperture of the light source onto ithgles slit by a lens, the key to the success of
this experiment is to align the slit directions of both single slit and deliblearallel;

3) Use a direct measurement microscope to observe double-slit interfe@te®s, equal-
interval bright/dark fringe pairs will be observed;

4) Measure fringe intervak between two adjacent fringes using direct measeném
microscope, also measure the distadnbetween double-slit plate and the microscope;

Use the known value of double-slit intert@nd expression o % so that the

wavelength @f the illumination light can be obtained.
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10. Interference of Fresnel’s Biprism

Objective

To observe Fresnel’'s biprism interference phenona@aameasure the wavelength of light.
Experimental Setup (Figure 10-2)

1: Sodium Lampl(LE-2, including Aperture 5: Double-wedge Prism (Biprism)

Diaphragm) 6: Biprism Holder (EPO-43
2: LensL, (=50 mm) 7: DMM Holder (EPO- 37
3: Two-axis Tilt Holder KEPO-8) 8: Eyepiece of DMM
4: Single-side Adjustable SliLtEPO-29 9: OpticalRail (LEPO-54)

Figure 10-1 Figure 10-2

Principle

S
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Figure 10-3

Fresnel’s biprism consists of two equal prismsmék refracting angle placed together as shown in
Figure 10-3. A pencil of light from a point sour8es divided by refraction into two overlapping
pencils. The prisms form two virtual imag&s,andS; of light sourceS They take the same effect
as the two slits in previous Young’s experiment.

So we have the formulae as follows:

d% r(2k 1)5< (Dark interference fringes) (10-1)
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X

dB rk O  (Bright interference fringes) (10-2)
X %O (10-3)

Where 'xis the distance between two adjacent dark fringesb(ight fringes)d is the distance
between the two virtual image&s andS;. It cannot be measured directly. But we can pléns

behind the biprism and measure the distance bettheeimages o andS; by eyepiece of DMM,
and then calculaté by the Gauss equation.

Experimental Procedures:

1) Refer to Figure 10-2, align all components in same height, set the distances between
components approximately around the distances shotie Figure;

2) Focus the aperture of the light source onto ihgle slit by a lens. The key to the success
of this experiment is to align the directions afigge slit and the double-edge of biprism
parallel,

3) Use a direct measurement microscope to observe biprism interference pedtera,
equal-interval bright/dark fringe pairs will be @bpged;

4) Measure the fringe intervalx between two adjacent fringes using a direct measent
microscope, and measure the distantetween the single slit plate and the microscope;

5) To obtain the intervatl between the two virtual line light sources genetaby the
Fresnel’'s biprism, put a leiis (=190 mm) behind the biprism to image the two virtua
line sources into real images. Move the direct mesamsent microscope to the real images
plane and measure the distance between the twomagks asl’, by the use of object-
image relationship of lens imaging (lens equattor)btaind;

6) Used, 'x, D and expression of % so that the wavelengti@dbf the illumination light

can be obtained.
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11. Interference of Double Mirrors

Objective
To observe of double mirrors interference phenomena and measure thengidwetdight.

Experimental Setup (Figure 11-2)
1: Sodium Lamp (LLE-2, including Aperture 6: Plate Holder A (LEPO-13)

Diaphragm) 7: DMM Holder (LEPO-37)
2: LensL, (f'= 50 mm) 8: Eyepiece of DMM
3: Two-axis Tilt Holder (LEPO-8) 9: Two-Axis Stages (LEPO-2)
4: Single-side Adjustable Slit (LEPO-28) 10: Optical Rail (LEPO-54)

5: Double Mirrors Assembly (LEPO-32)

Figure 11-1 Figure 11-2

Principle

\
\
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Figure 11-3

Fresnel’s Mirrors have the structure as shown i 1-3. Two plane mirroid; andM, with a
very small variable angle. Light from point sou&#s incident on the two mirrors, and the
reflection form two virtual imageS;, $; of light sourceS which act as coherent sourcesS®= a,
then

SO0=S0=a
The distance betweefhandS; is
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d 2asin; (11-1)

where | is the angle between the mirrors.
As in Young's experiment, we get the formulae:

d% r(2k 1)% (Dark interference fringes) (11-2)

d% rk O  (Bright interference fringes) (11-3)

o g'x 2asin i X | 2a i ‘Y (11-4)
D acos7 OO a 00

Experimental Procedures:

1)

2)

3)
4)

5)

6)

7)

8)

The key to the success of this experiment isligm dhe directions of the two mirrors by
adjusting the three screws on the back of one mirror, so as to guarantee the nonmal of
mirrors in one plane, and there is an appropriatgeabetween them;

To fulfil the above condition, use a small labeam to illuminate the adjacent area of the
two mirrors (half beam on each mirror), and twdeeted beam spots can be observed on
the far field screen. By fine adjustment of theethscrews on the back of one mirror, the
input beam and the two reflected beams is in a one plane. The intersewle 7of the
two mirrors can be obtained by calculating theorati the two beam spots separation on
the screen and the distance between screen andrtioes (here we align them at about 0.5
degree);

Refer to Figure 11-2, align all components in same height.

Focus the light source onto the single slit byres)aotate single slit direction and align it
parallel to the mirrors’ intersection;

Use direct measurement microscope to observentbderence pattern which have equal-
interval bright/dark fringe pairs;

Measure the fringe intervalx between two adjacent fringes using the direct oreasent
microscope and the path lendgdhfrom single slit to the microscope via the intetgen of
the two mirrors;

To obtain the interval between the two virtual imag&g S of the slit light sourc& using
the double mirrors, multiply the double angle obtmirrors2 7 (measured in above step 2)
by the distanca between the single slit and the mirrors;

Used, X, D and expression ofO % 'X, so that the wavelengtiQof the illumination

light can be obtained.
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12. Interference of Lloyd’'s Mirror

Objective
To observe Lloyd’s mirror interference phenomenad measure the wavelength of light

Experimental Setup (Figure 12-2)
1: Sodium Lamp (LLE-2, including Aperture 6: Plate Holder A (LEPO-13)

Diaphragm) 7: DMM Holder (LEPO-37)
2: LensL, (f'= 50 mm) 8: Eyepiece of DMM
3: Two-axis Tilt Holder (LEPO-8) 9: Two-Axis Stages (LEPO-2)
4: Single-side Adjustable Slit (LEPO-28) 10: Optical Rail (LEPO-54)

5: Lloyd’s Mirror (LEPO-33)

Figure 12-1 Figure 12-2

Principle

Figure 12-3

Lloyd’s mirror is a simpler experiment to constribn Fresnel’s mirrors. A point sour&g is
placed some distance away from a plane miand close to the plane of the mirror surface, so
that light is reflected at nearly grazing incidentbe coherent sources are the primary so6ice
and its virtual imagé&; by the mirror. The bisector & and$; then lies in the plane of the mirror
surface.

Similar to Fresnel’s mirrors experiment, we have ¢épression:
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d
O —'x 12-1
5 (12-1)

Experimental Procedures:

1) Refer to Figure 12-2, align all components in same height, set the distances between
components around these values shown in the Figure;

2) Focus the aperture of the light source onto ithgles slit by a lens, mount Lloyd’s mirror in
approximately vertical;

3) Slowly move the Lloyd’s mirror close to the opti@xis from one side, let the input light
sweep across the mirror. Behind the mirror, using eye to observe the direct and the
reflected beams, the s#tand its virtual imag&’ (by Lloyd’s mirror) will be observed.

4) Rotate the single slit to alighandS’ parallel, fix Lloyd’s mirror when the interval &and
S’is about 2 mm.

5) Use direct measurement microscope to observedidoyirror interference pattern, and
equal-interval bright/dark fringe pairs will be @bpged;

6) Measure the fringe intervafx between two adjacent fringes using direct measeiném
microscope and the distanbebetween single slit and microscope;

7) To obtain the interval between the two light sourc€andS’, put a lend, (f =190 mm)
behind Lloyd’s mirrors to image the two light soescinto real images, move the direct
measurement microscope to the real images planenaadure the distance between the
two real images ad'. Obtaind by using Gauss formula.

8) Used, 'x, D and expression oiO % 'X, wavelength Qof the illumination light can be

obtained.
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13. Interference of Newton’s Ring

Objective

To observe equal thickness interference phenomahaalculation of surface curvature by
measuring interference fringe separations of NelstRimg.

Experimental Setup (Figure 13-2)

1: Newton Ring HolderEpP0-39 5: DMM Holder LEPO-37)
2: Newton Ring Assembly EPO-39 6: Sodium Lampl(LE-2)

3: Beam Splitter (5:5) 7: Plate Holder A(EPO-13
4: DMM with Objective 8: OpticalRail (LEPO-54)

E:
-

Figure 13-1 Figure 13-2

Principle

The convex surface of a long focal length lengy@aadius of curvature) is placed in contact with a
plane glass and clamped together. A thin film ofimformed between the spherical surface of the
lens and the surface of the plane glass (Figur8)1&ad fringes called Newton’s rings can be
observed. IR is the radius of curvature of the convex surface, then, the thickness of thairthin

film" his given by
2
h R VR r2 |% (13-1)

o

r

Figure 13-3
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The radius of then, dark ring is given by
r, vmRO m 0rlr2 (13-2)
It gives a way to measure the radius of curvattdirdn@ convex surface. However, very small dust
particles may lift the contact point slightly above the surfacthefoptical flat and,, can not be
measured exactly. We can measure the radii of itvgs and use below expression to calcuiite
r?or?

R m " o (13-3)

m n
Experimental Procedures:

1) Adjust screws of the Newton’s Ring assembly, geper pressure between the flat glass
and the plano-convex lens and let the contact @oound the centre;

2) Refer to Figure 13-2, align all components in sdraight;

3) Adjust beam splitter, find interference fringes the viewing field of the direct
measurement microscope;

4) Measure the rings diameters using the microscapsh as from 0to 15" rings;

5) Calculate surface curvature radius of the lensidgigig radii of any two interference rings
2 2

re r .
(M andny, e.g.m-n=5), based on the formul® —™—"—  average all results to obtain

(m n) O

curvature radius.
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14. Fraunhofer Diffraction of Single Silt

Objective
Observation of Fraunhofer diffraction phenomena @addulation of the width of single slit.

Experimental Setup (Figure 14-2)

1: Sodium Lampl(LE-2) 6: LensL, (=300 mm)

2: A Single-Side Rotary Sl ALEPO-42A 7: Two-axis Tilt Holder (LEPO-8)
3: LensL; (f= 150 mm) 8: DMM Holder (LEPO-37)

4: Two-axis Tilt Holder (LEPO-8) 9: Eyepiece of DMM

5: Single-Side Adjustable Sk& (LEPO-28) 10: Optical Rail (LEPO -54)

1 2513014 5% 1.6 7 8 9

Figure 14-1 Figure 14-2
Principle
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Figure 14-3

Fraunhofer diffraction is the diffraction of paelllight. The simplest explanation of Fraunhofer
diffraction appeals to be based on Huygens’ Prlacif plane wave is incident upon a long,
narrow slit and there are an infinite number ofoselary sources which emit spherical waves,
across the aperture. For a particular observation point, each source has a differentatiptical p
which introduces a phase relationship between thess/ithat are emitted across the aperture. The
resultant sum becomes an integral over the apeahde simple relationship between the “angle of
diffraction” and the light intensity in the obsetiga plane can be derived. In the observation plane
we may write:
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I, SW% (14-1)

4

Where, E %%sin 7, ais the slit width.

When £ n ¢ wherenis an integer, minima occur. Thesin 7 4 is the condition for the first

a

minima. This relationship can be used to calcufageslit width.

Experimental Procedures:

1)
2)

3)
4)

5)
6)

7)

Refer to Figure 14-2, align all components in sdrmight;

Put lensL; behind the single sli§, at a distance of 150 mm (focal length la)), the
collimated beam illuminates on another singleilt

Put lend_, behind single sli& to focus the diffracted light;

Aim the direct measurement microscope to the Hackl plane of the lenk,, where,
bright/dark diffraction fringes will be observed;

Measure the width of the central fringex,using the microscope;

Calculate the slit width by at & 589.3 nm.

0

Directly measure the slit width using the microscope, and compare this resuth&vith
calculated result in step 6.
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15. Fraunhofer Diffraction of Single Circular Aperture

Objective
To observe Fraunhofer diffraction phenomena arahloulate the aperture size.

Experimental Setup (Figure 15-2)

1: Sodium Lamp (LLE-2) 5: Two-axis Tilt Holder (LEPO-8)
2: )1 mm Aperture 6: DMM Holder (LEPO-37)
3: Multi-Pinhole Disc (LEPO-24, use 0.2-0.5 7: Eyepiece of DMM

mm hole) 8: OpticalRail (LEPO-54)

4: LensL, (=70 mm)

Figure 15-1 Figure 15-2

Principle

A slit will produce a diffraction pattern consigginf bright and dark fringes parallel to the slit.
Different aperture shapes will produce differerffreiction patterns. For example, a circular
aperture produces a very bright central spot, saded by alternating bright and dark rings. A
theoretical deduction shows that the directiorheffirst dark ring with respect to optical axis is

given by: 7 1.22; (15-1) wherea is the aperture diameter.

Experimental Procedures:
1) Referto Figure 15-2, align all components in sdraight;

2) Select a proper small hole on the disc and putdike far away from the light source
aperture (approx. 600 mm), it is approximately s$egtd with the Fraunhofer diffraction
condition;

3) Put alens behind the disc to focus the diffratitgu;

4) Aim the direct measurement microscope to the bfadal plane of the lens, where
bright/dark diffraction rings will be observed;

5) Measure Airy disk diametet using the microscope;

1.22 '

6) Calculate hole diameter gy at & 589.3 nm;
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7) Directly measure the hole diameter using the osmope, compare this result with the
calculated result in step 6.
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16. Fresnel Diffraction of Single Silt

Objective
Observation of Fresnel diffraction phenomena oflgirslit.

Experimental Setup (Figure 16-2)

1: Laser Holder (LEPO-44) 5: Single-side Adjustable Slit (LEPO-28)
2: He-Ne Laser (LLL-2) 6: White Screen (LEPO-14)
3: Beam Expander Leng £4.5 mm) 7: Optical Rail (LEPO-54)

4: Two-axis Tilt Holder (LEPO-8)

Figure 16-1 Figure 16-2

Principle

Diffraction is the bending of light waves aroundabject in its path. Diffraction is a kind of
interference caused by the partial obstructiorataral restriction of a transmitting wave. Because
diffraction is an interference effect, diffractianll not occur if the wave is not coherent, and
diffraction effects become weaker (and ultimatetgetectable) as the size of obstruction is made
larger and larger compared to the wavelength.

_ _ Screen

- ‘ Single Slit
+
—]

Laser Beam

Figure 16-3

If a narrow slit with a width o& s illuminated by a plane wave (here laser beam), then, the

intensity distribution observed on a screen atragieawith respect to the incident direction is
si® D 8 .
I lo—=—, D —sinT 16-1
(7 1o 3 5 (16-1)

wherelg is the maximum intensity of central fringe of tiéfraction pattern.
The intensity minima of single slit is
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sin T m’ m rLr2,... (16-2)
a

Experimental Procedures:

1)
2)

3)
4)
5)

Refer to Figure 16-2, align all components in sdreight;

The distance between beam expander and singleadjdstable slit is about 200mm and
white screen is about 500mm from the slit;

Expand laser beam by a beam expander to obtaie thvergence of the beam;
Diffraction pattern can be observed on the screen;
Change the slit width from small to large andestse the changes of the diffraction pattern.
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17. Fresnel Diffraction of Single Circular Aperture

Objective
To observe Fresnel diffraction phenomena of single circular aperture.

Experimental Setup (Figure 17-2)

1: Laser Holder (LEPO-44) 5: Multi-Pinhole Disk (LEPO-24, use 1.5 mm
2: He-Ne Laser (LLL-2) hole, Including holder)
3: Beam Expander Len§ £4.5 mm) 6: White Screen (LEPO-14)

4: Two-axis Tilt Holder (LEPO-8) 7: Optical Rail (LEPO-54)

Figure 17-1 Figure 17-2

Principle

Diffraction is the bending of light waves aroundabject in its path. Diffraction is a kind of
interference caused by the partial obstructiorataral restriction of a transmitting wave. Because
diffraction is an interference effect, diffractiall not occur if the wave is not coherent, and
diffraction effects become weaker (and ultimatetgletectable) as the size of obstruction is made
larger and larger compared to the wavelength.

) ) Screen
- ‘ Single Slit
+
o
Laser Beam
Figure 17-3

For a circular hole of diametdr the diffraction pattern consists of concentric anghe pattern for
this intensity distribution can be calculated in the same way as for a single slit.
The condition for observing first-order minimumiofensity is:

sin T 1.225‘ (17-1)

Where Tis the angle of observing direction with respedie incident direction.
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Experimental Procedures:
1) Referto Figure 17-2, align all components in sdraight;
2) Expand laser beam by beam expander to obtain ¢ivgegence of the beam;
3) Diffraction pattern can be observed on the screen;

4) When moving the screen slowly far away from the hole, the central portion of the
diffraction pattern will change from bright to daakernatively.
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18. Fresnel Diffraction of a Sharp Edge

Objective: Observation of Fresnel diffraction phemma of a sharp edge.

Experimental Setup (Figure 18-2)

1: Laser Holder (LEPO-44) 5: Razor Blade (not provided)
2: He-Ne Laser (LLL-2) 6: Plate Holder B (LEPO-19)
3: Beam Expander Leng £4.5 mm) 7: White Screen (LEPO-14)
4: Two-axis Tilt Holder (LEPO-8) 8: Optical Rail (LEPO-54)

Figure 18-1 Figure 18-2

Principle

The theory of Fresnel diffraction at a straightedgcomplicated than the diffraction mentioned
above. It will not be addressed here. If you atergsted in it, you can refer to the corresponding
textbooks.

Experimental Procedures:
1) Referto Figure 18-2, align all components in sdreight;
2) Expand laser beam by a beam expander to obtgi@ thvergence of the beam;
3) Diffraction pattern can be observed on the screen,;
4) Observe and analyse the diffraction pattern vafpect to the theoretical prediction.
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19. Analysing Polarization Status of Light Beams

Objective
Observe polarization phenomena, analyse polarizatatus of the input beam, generate the desired
polarization status and determine the axis diraabioa polarizer.

Experimental Setup (Figure 19-2)

1: Bromine Tungsten Lamp (LLC-4) 6: Lloyd Mirror

2: Lens { =150 mm) 7: Polarizer

3: Two-axis Tilt Holder (LEPO-8) 8: Polarizer Holder (LEPO-52)
4: Single-side Adjustable Slit (LEPO-28) 9: Optical Rail (LEPO-54)

5: Optical Goniometer (LEPO-49)

* Others needed: low pressure sodium lamp (LLB-®:Ne laser (LLL-2), quarter-wave plate,
iceland crystal rotary holder (LEPO-50), beam exlearf = 4.5 mm) and Two-axis Tilt Holder
(LEPO-8)

Figure 19-1 Figure 19-2
Principle
a) Brewster's Angle
Normal ‘
: Reflected ray
Medium n\:’<>g/'
Medium n | /
7
C: Refrected ray
Figure 19-3

Since the reflection coefficient for light whichshalectric field parallel to the plane of incidence
goes to zero at some angle between 0° to 90° eftected light at that angle is linearly polarized
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with its electric field vector perpendicular to tp&ane of incidence. That particular angle at is
called Brewster’s angle. The refracted light atdahgle is partially polarized.
From Fresnel's equations it can be determinedthi@aparallel reflection coefficient is zero when
the sum of incident and refracted angles is 90% d$e of Snell's law gives an expression for the
Brewster’s angle.
When T T 90°
By Snell’'s law

nsin7 nsinT nsin@0® 7) ncosT (19-1)
Then the Brewster’s angle is:

n

L arctan— (19-2)
b) Birefringence
Put an iceland spar on a piece of printed papervwanwill see two distinct images of words. One
image will remain fixed as the crystal is rotatadd that ray through the crystal is called "ordmar
ray" since it behaves just as a ray through glessvever, the other image will rotate with the
crystal, tracing out a small circle around the wady image. This ray is called "extraordinary ray".
This is the phenomena of birefringence.

e ray

| | | »
I T T g

.
.
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v

o ray

Figure 19-4
c) Malus’ Law

When a light passes through a polarizer, then,gsagsough another polaroid, called analyser, the
transmitted light intensiti( ) leaving out of second polarizer, is given by MalLeswv

() l,co8 T (19-3)
Wherely is light intensity before first pass polarizeiis the angle of two polarizer axis.

Experimental Procedures:

1) Determine the polarization direction of a polarizthe Tungsten lamp beam incidents on
the surface of a glass plate at an angle closéadBrewster's angle of 87rotate the
polarizer, directly observe the reflected beam, whéecomes the darkest, the polarizer
axis lays in the plane of incident and reflecti@aims;

2) Determine the axis of Y©wave plate: use a He-Ne laser as light sourcertias’z Onvave
plate between two orthogonal polarizers with knaxrs directions, rotate the analyser to
find darkest direction by observing a white viewayd/screen, the axis of 2wvave plate
will be either the equal-division line of the twolarizers or its perpendicular direction;
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3) Determine the axis of “Owave plate: use a He-Ne laser as light sourceytirike 2O
wave plate between two orthogonal polarizers witbvin axis directions, when the angle
between polarizer and ‘@wave plate is 450r 139, rotate the analyser and output light

intensity doesn’t change, therefore the axis oD¥ave plate will be either these directions
or their perpendicular directions;

4) Rotate the analyser to verify Malus law;

5) Generate and analyse circular polarization bezaredliptical polarization beam.
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20. Diffraction of a Grating

Objective
Observation of grating dispersion phenomena, gaappoach of wavelength measurement.

Experimental Setup (Figure 20-2)

1: Mercury Lamp with Aperture Hole (LLE-1) 8: Plate Holder B (LEPO-19)

2: LensL; (f =50 mm) 9: LensLs (f =225 mm)

3: Two-axis Tilt Holder (LEPO-8) 10: Lens Holder (LEPO-9)

4: Single-side Adjustable Slit (LEPO-28) 11: Eyepiece of DMM with DMM Holder
5: LensL, (f = 190 mm) (LEPO-37)

6: Two-axis Tilt Holder (LEPO-8) 12: Optical Rail (LEPO-54)

7: Grating @ = 1/20 mm)

*Others needed: Equilateral Prism and Grating/Prisiiole (LEPO-11)

Figure 20-1 Figure 20-2

Principle

Figure 20-3

Diffraction grating is a useful optical componentspectral analysis. The working principle of a
diffraction grating is much more like the principté the single slit Fraunhofer diffraction. The
grating usually consists of thousands of narrovaltelrslits. So the interference fringes are very
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sharp and narrow, and light beams with differentelength will propagate in different directions.
According to the grating equation, the conditionrffaximum intensity of each order is given by

dsini k¢ (k=0,£1,£2...) (20-1)
Because is very small, so (see Figure 20-3)
d% k O(k=0,+1,42...) (20-2)

whered is the grating period is the distance of betweéth order to zero order of the spectral
line, f is the focal length of lens,, is the wavelength of the light.

Experimental Procedures:
1) Refer to Figure 20-2, align all components in sdmaight;
2) Set adjustable slit in vertical direction, leatyng lines parallel to the slit;

3) Reduce slit width, move microscope eyepiece laackforth to get clear Mercury spectrum
lines, eliminate viewing difference between thecspen lines and reticle scale line in the
eyepiece;

4) Use microscope eyepiece to measure the firstr éodationsx; of Mercury spectrum lines
at these colours: two yellow lines, one green éind one blue line, record themxag xiv,
X1Gs X1B;

5) Calculate the wavelengths of four spectrum lungag equation (20-2).
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21. Grating Monochromator

Objective

Comprehend and grasp the working principle of ggathonochromator, assemble a Littrow-type
grating spectrometer.

Experimental Setup (Figure 21-2)

1: Mercury Lamp with Aperture Hole (LLE-1) 8a: Prism Table (LEPO-12)

2: LensL; (f =50 mm) 9: Optical Rail (LEPO-54)

3: Two-axis Tilt Holder (LEPO-8) 10: Two-Axis Stages (LEPO-2)

4: Single-side Adjustable Slit (LEPO-28) 11: Grating Table (LEPO-11)

5: Flat MirrorM 12: Flare gratings (1200 lines/mm)

6: Two-axis Tilt Holder (LEPO-8) 14: Single-side Rotary Adjustable Slit (LEPO-
7: Adapter Piece (LEPO-10) 42)

8: Spherical MirroM; (f = 302mm) 15: Two-Axis Stages (LEPO-2)

*Others needed: Plate Holder A (LEPO-13) and W8itteeen (LEPO-14)

Figure 21-1 Figure 21-2

Principle

Using the characteristics of a blazed grating, @ get the spectral lines of the light source. The
principle of blazed grating is almost the samehaslast experiment. The blazed wavelengthkypf
order:

2dsin i, k¢, k=1,2,3... (21-

Cb
/‘"Ksa

d

Grating
,,,,, Cb N

Figure 21-3
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The structure of a grating monochromator is shown below.

Plat MirM\

Spherical Mirror

Grating

Figure 21-4

Experimental Procedures:

Note: Experiment is recommended to be carriedroatless bright environment.

1)
2)
3)
4)
5)

6)

Refer to Figure 21-2, align all component in sam@ght and let the primary plane of the
system parallel to the table;

Focus the light source on the adjustable slit\stith > 0.5 mm) using a lens;

Set each component according to Figure 21-2 kctieclight field onM,, My andG, make
sure no part of the light path is blocked and thet@al portions of these components are
illuminated,;

Let the light beams incident dv; and output fronM; have minimum intersection angle
(approximately Littrow-style);

Use a white screen to find the optimal focusiragifoon of the output spectrum, then
replace the white screen with an adjustable shbaut 0.05 mm width;

Rotate the grating, spectral lines of the Merdamp will exit from the slit sequentially.
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22. Recording and Reconstructing Holograms

Objective
Comprehend the principle of holography, learn arasjg to record the reconstruct holograms.

Experimental Setup (Figure 22-2)

1: He-Ne Laser (LLL-2) 12: Holographic Plate
2: Laser Holder (LEPO-44) 13: Magnetic Base (LEPO-4)
3: Beam Splitter (7:3) 14: Object
4: Plate Holder A (LEPO-13) 15: Loading Table (LEPO-21)
5: Two-axis Tilt Holder (LEPO-8) 16: Z-adjustable Post Holder (LEPO-3)
6: Flat MirrorM; 17: Magnetic Base (LEPO-4)
7: Optical Rail (LEPO-54) 18: Beam Expander Lehs (f = 6.2 mm)
8: Two-axis Stages (LEPO-2) 19: Lens Holder (LEPO-9)
9: Beam Expander Lens (f = 4.5 mm) 20: Magnetic Base (LEPO-4)
10: Two-axis Tilt Holder (LEPO-8) 21: Flat MirrorM;
11: Plate Holder B (LEPO-19) 22: Lens Holder (LEPO-9)
Figure 22-1 Figure 22-2
Principle

Light is a transverse electromagnetic wave, so aatiromatic light can be write as

X Acos(X MZC‘)r) (22-1)

WhereA is amplitude,&is circular frequency, is wavelength andis initial phase.

Generally, camera can only record amplitude ofitite reflected from the object. So the photo is a
planar picture. But holography can record bothpghase and amplitude of the light, thus the image
is three-dimensional. And if a hologram is broken aut up, each small portion contains
information of the whole object
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There are two steps in holography. The first stepoi record all the information of the light
reflected from the object on a holographic platee Tecond step is to illuminate the hologram and
reconstruct the electromagnetic wave of the object.

Beam splitter

]

Laser

Plat Mirror
M1

Reference )
beam L Object

beam

. Holographic plate
Plat Mirror graphic p

8

Object
Figure 22-3

Interference pattern contains all the informatidntlee object. When we record it, we get the
holograms of the object. A laser beam is separmi@dtwo beams: one beam, called reference
beam, is directed toward a holographic plate; ardbeam, called object beam, is reflected off the
object. The object beam contains such informat®loeation, size, shape and texture of the object.
Then the two beams produce an interference pattethe holographic plate, which is recorded in
the light sensitive emulsion.

In order to reconstruct a hologram, use a lasembeailluminate on the holographic plate at the
same direction as the reference beam. Then the-thimeensional object can be observed.
Experimental Procedures:

Note: The recording of hologram in this experimsnmecommended to be carried out in a vibration
isolated optical table.

1) Refer to Figure 1-2, align all components in sdmight, let the primary plane of the system
parallel to the table, put asitle andL, from optical path first;

2) Set approximately equal optical path length foeabpeam and reference beam, and let their
intersection angle about 3t 4"

3) AdjustMy, let object beam illuminate on the central portidrthe object;

4) AdjustM,, let reference beam illuminate on the centraliporof the holographic plate (use
a paper plate of similar size for setup);

5) InsertL; andL; back, adjust them so that the object beam anderafe beam are still at
their original centres.

6) Movel, back and forth to change the illuminating intensitthe reference beam; let the
intensity ratio between reference beam and obga&trbabout 5:1 to 10:1;

7) Fix all components, turn off indoors light, replabe paper plate with a holographic plate
and expose the holographic plate with He-Ne laset® to 15 seconds;

8) Develop and fix the hologram;

9) Put back the hologram at its original location, osmobject and block object beam, observe
the reconstructed object.
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23. Making Holographic Gratings

Objective

Comprehend principle of holographic grating, leana grasp the fabrication method of

holographic gratings.
Experimental Setup (Figure 23-2)
: He-Ne Laser (LLL-2)
: Laser Holder (LEPO-44)
: Two-axis Tilt Holder (LEPO-8)

: Two-axis Tilt Holder (LEPO-8)
: Collimating Lend., (' = 225 mm)

8: Lens Holder (LEPO-9))

9: Holographic Plate

10: Plate Holder A (LEPO-13)
11: Optical Rail (LEPO-54)
12: Lens Holder (LEPO-9)
13: Flat MirrorM

1
2
3
4: Beam Expander Lens (f = 4.5 mm)
5
6
7

: Beam Splitter (5:5) 14: Two-Axis Stages (LEPO-2)

! |3;M;F\ .
i

amli()
})

Figure 23-1 Figure 23-2

Principle

A holographic grating can be made by exposing e-irained light sensitive emulsion plate to the
interference pattern produced by two beams of lifhere are several methods which can be used
to make the holographic grating: Method of Younguble-Slit interference, Method of Fresnel's
mirrors interference, Method of Lloyd’s mirror imterence, Method of Mach-Zehnder interference.
The last three methods have a similar principlesAswn in the following Figure 23-3, the two
beams strike on the holographic plate symmetrically

Holographic
Plate

¢

Normal

Figure 23-3
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So the grating period is given by
2d sinE‘ o (23-1)

Where is the angle of two incident beamgs their wavelength.

Experimental Procedures:
1) Referto Figure 23-2, align all components in sdmaight;

2) Usel; andL; to construct a beam expanding system, to obtainllanated beam with
larger aperture;

3) Use expression (23-1) to calculate intersectiogleaof the two beams according to the
desired grating period;

4) Adjust the optical path to fulfil the requiredgge;
5) Expose the holographic plate for 2 to 3 seconds;
6) Develop and fix the holographic grating;

7) Observe interference fringes under a microscapegsure fringes spacing, compare the
recorded and the designed results.
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24. Abbe Imaging Principle and Optical Spatial Fitering

Objective

Comprehend the basic principle of Fourier opticasg the concepts of optical frequency spectrum
and spatial filtering.

Experimental Setup (Figure 24-2)

1: He-Ne Laser (LLL-2) 7. Grating (20 lines/mm)

2: Laser Holder (LEPO-44) 8: Plate Holder A (LEPO-13)

3: Beam Expander Lens (f =6.2 mm or 15 9: Fourier Transform Lens; (f'=225 mm)
mm) 10: Lens Holder (LEPO-9)

4: Two-axis Tilt Holder (LEPO-8) 11: White Screen (LEPO-14)

5: Collimating Lend., (=190 mm) 12: Optical Rail (LEPO-54)

6: Two-axis Tilt Holder (LEPO-8)

Figure 24-1 Figure 24-2

Principle

. Lens |
Object ‘ A

Spectral Plane Imaging Plane

Figure 24-3
Abbe's theory assumes that the object to be imegede decomposed into a number of elemental

gratings -- each grating diffracts light at an @&nghat is a function of the grating period and
orientation. The diffracted beams are plane wakasdre focused by a lens to diffraction patterns
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of in the back focal plane of the lens. These diffiion patterns in turn act as sources of waves tha
propagate from the focal plane to the image plahere/ithe image is produced. To say in a simple
way, it can be considered as two steps: first ste resolve the information, second is to
synthesize the information.

Experimental Procedures:

1)
2)
3)
4)
5)

6)

7)
8)

9)

Refer to Figure 24-2, align all components in sdmaight;

Usel; andL; to construct a beam expanding system, to obtainllanated beam with
larger aperture and illuminate on the transmisgi@ting (1-D grating) whose grating lines
are in vertical direction;

Put a screeR away from the grating about 2 meters, move thesfocam lend_; back and
forth to form a clear grating image on the screen;

Insert an adjustable slit at the back focal plahles, block all high order spectrum except
zero order, check whether there are still gratingd in the image,;

Adjust the slit width so that zero order and fin& order pass through, observe the grating
image, then remove slit, observe grating imageragampare the two cases;

Replace the transmission grating (1-D gratinghwai 2-D grating, put a adjustable slit on
the Fourier plane and set slit direction in vettaigection to pass the spectrum on Y axis,
observe the direction of the grating lines on thage screen,;

Rotate slit direction 90to let the X axis spectrum passed, observe thectitin of the
grating lines on the image screen,;

Further rotate slit direction 45observe the direction of grating lines directionthe image
screen;

Put a iris diaphragm on the Fourier plane, rediscaperture slowly, till only the zero order
passes through, observe the image on screen;
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25. Pseudo-Colour Encoding, Theta Modulation and @our Composition

Objective

Comprehend concept of optical spatial filteringaggr methods for pseudo-colour encoding and

colour composition.

Experimental Setup (Figure 25-2)

1: Bromine Tungsten LamP(LLC-4)
2: Collimating Lend.; (=190 mn)

3: Two-axis Tilt Holder K(EPO-§

4: Theta () Modulation Plate

5: Plate Holder A(EPO-13

6: Fourier Transform Lens, (f =150 mn)

Figure 25-1

Principal

7: Two-axis Tilt Holder (EPO-§
8: Cardboard

9: Paper Clip (LEPO-51)

10: White Screen_gEPO-19

11: OpticalRail (LEPO-54)

Figure 25-2

Theta modulation is the application of Abbe imagiag the theory of theta modulation is almost
the same as the Abbe imaging (refer to the priadiplprevious experiment). The object is a special
grating which is composed of three groups grateigles. The angle among them is T@ad they

represent sky, house and ground respectively. &oapgectrum of such a grating is shown in the

middle of Figure 25-3.

Ground
\ ’
\ House Red
o e @ o o
’r ()
’ \ Green
Sky
Figure 25-3
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We can use the filter to select the spectra we Waletcan get ‘the blue sky’, ‘the red house’ and
‘the green ground'. It is the so called pseudo-gpokncoding.

Experimental Procedures:
Note: Experiment example is recommended to beezhmi a less bright environment.

1) Refer to Figure 25-2, align all components in sdmaight;

2) Put a light source at the front focal point ofide; to generate a collimated beam and
illuminate onto aTmodulation plate;

3) Put screer? away from theTmodulation plate about 0.8 meter, move the transtensL,
back and forth to form a clearmodulation plate image on the screen;

4) Insert a filter (can be made by a cardboardhetiack focal plane af, (Fourier plane), let
the diffraction spectrum corresponding to the gmissind on theTmodulation plate to

pass through a green filter, let the diffractioecpum corresponding to the house on the
modulation plate to pass through a red filter, Edhe diffraction spectrum corresponding

to the sky on theTmodulation plate to pass through a blue filteseslie the images which
would be blue sky, red house and green grass;

59



26. Assembling a Michelson Interferometer and Measing Air Refractive
Index

Objective
Learn how to assemble a Michelson interferometasga method for air refractive index
measurement.

Experimental Setup (Figure 26-2)

8:

1: He-Ne Laser LL(LL-2)

2: Laser Holderl(EPO-44

3: Two-axis Tilt Holder K(EPO-§
4:
5
6
7

Beam Expander Lers (f=4.5 mn)

: Beam SplitteBS(5:5)
: Magnetic BaseLEPO-4)
: White Screetd (LEPO-14) or Ground Glass

Screen (LEPO-45)
Plate Holder AL(EPO-13

Figure 26-1

Principal
Figure 26-3 shows a schematic of a Michelson iaterheter. A beam of light from the light source
Sstrikes the beam-splitt&S which reflects 50% of the incident light and samts the other 50%.
The incident beam is therefore split into two beaome beam is transmitted toward the miiviy

the other is reflected toward the mirMg. The light reflected fronvl; transmits through the beam-
splitter to the observer’s e¥g and the other light reflected from M2 is reflettey the beam-
splitter BS to the observer’s eie

9: Air Chamber with PumpR

10:
11:
12:
13:
14:
15:
16:

Aperture Adjustable Bar ClampEPO-20
Two-axis Tilt Holder (EPO-§

Flat MirrorM;

Two-Axis StagesLEPO-2

Flat MirrorM,

Lens Holder(EPO-8

OpticalRail (LEPO-54)

Figure 26-2
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Figure 26-3

Since the beams are from the same light sourcie phases are highly correlated. When a
lens is placed between light source and beam-aplitie light ray spreads out, and an
interference pattern of dark and bright rings,rorges, can be seen by observer.

If we place an air chamber in the light path betwieeam splitter and mirrdil,, and then
change the density of the air (by deflating theoaipumping the air), the distance of light
path will change by . It will generate a certain number of interferefrogges.

¢ 2'nl N¢ so'n N2
Wherel is length of the air chamberis the wavelength of the light sourééjs the number
of counted fringes.
The refractive index of ainis dependent upon both temperature and pressure.
For an ideal gas:

( n1l
Y on 1
T is the absolute temperatuReis the ambient pressure. Therefore,
L PT,
Y RT
So we get
PT, n 1
PT n, 1
When temperature is constant, then
o M DT
PT
Becauseén N (/2, we have
M o p g2
PT
So
n 1 Mui
2 'P
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Experimental Procedures:

1)
2)

3)
4)
5)
6)
7

8)
9)

Refer to Figure 26-2, align all components in edmaight;

Adjust the output of the He-Ne laser parallel almh@ the optical rail (beam expander lens
is not inserted at this moment);

Put in a beam splittdSat an angle of 4Bvith respect to beam axis, and adjust its tilt to
make the two beams (transmission and reflectiorglieato table;

Adjust the tilt of mirrordv; andM; to let the beams reflected from them returningkbac
along their incident paths, and the two beam spothe screehl overlap together;

Insert a beam expandey, finely adjust beam splittel]; andMy, till concentric
interference rings can be observed on the sdreen

Insert an air chamber between beam splitteNnadjust it parallel to optical path, pump
air into the air chamber till maximum permit prags(#0KPa) and write asP;

Slowly turn on the air valve, count the numbeclofnging interference ring in the centre till
air pressure falls to zero;
Repeat step 6, 7 several times to obtain averdaizd
Calculate the air refractive index:

1 % u.—F;,Where is laser wavelength,is the length of air chambe®,is the air
pressure in the laboratomy,is the number of ring change.
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Laser safety and lab requirements:

Follow the corresponding laser safety guidelinesedaon AS/NZS 2211.1:1997 and other lab
instructions about optical components etc.
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