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Suspend a water drop at the lower end of a vertical pipe. llluminate the drop using a laser

pointer and observe the pattern created on a screen.
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Problem Statement

Suspend a water drop at the lower end of a vertical pipe.
llluminate the drop using a laser pointer and observe the

pattern created on a screen.

Main focus :

1. lower end of a vertical pipe

2. illuminate the drop by laser pointer

3. observe the pattern created on a screen
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Phenomenon Observation




Observation
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Observation

Observation-Front Screen
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Analysis




L~

© Refraction

n, sin@; = n, sin 0,

6 : angle
n : refraction Index

f=a lcos(Z&r —6;) +

sin(26, — 6;) ](_I
tan(26; — 26,)

Refraction Index of Water : 1.33

Analysis

Relationship between
position of laser and focal position

0 0.5a a 1.5a 2a

Relationship between
position of laser and divergence angle

)
100
80
60
40

20

0

0 0.5a 1a 1.5a 2a (d)

Front

Laser penetrates directly

dT = 7l

sin ; = d/2a

Drop radius : a

Laser beam diameter : d

Angle of incidence of light from air into drop : 6;

Angle of refraction of light from air into drop : 6,
Angle of refraction of light from drop into air : 6,
Divergence half-angle : 6,

0, = 2(6; — 6;)

‘dT: QOT‘
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& Analysis Front
\ £ H H
" Huygens—Fresnel principle
Each point of the wavefront emits secondary waves, which interfere |
with each other and superimpose to form a new wavefront — S—
AN L LYY YN
SRS LLS L
Fresnel Number : \K& N //'/)
€ I(owt—kr ‘r’
a? a:Size of the aperture radius dE =2e (@xk )dS
F &€ — L . Distance between aperture and screen r
A A : Wavelength of the incident wave P gAei(wt—kR) ik(Yy+Zz)/RdS Smaller droplets
— L= R ” ¢ —>Sparser Diffraction fringes
F<<1 —Far-field diffraction o e
—Fraunhofer diffraction a : Diameter of droplet
o Ok ra a’'~a : Area of diffraction
Y E =4 27 (a'-a)J,( q) E : Electronic field
R R I : Brightness

Px,Y,2) /| dE
€4 . Brightness of unit area

_2&im(a'-a) w : angular frequency —27f

R2

I [J,(kag/R)]

A
k : number of waves—>§

=

1
R:[X*+Y*+Z%]2




{7’ Analysis Front
 Fraunhofer diffraction el distance
Ap. o 6 : Angle of incidence
¢ § - . — n: nth stripe
. lWA/\//\{\ \{ ' | d SN H - nﬂ' A : Incident light wavelength

)

T
r’MV\//,( .
g . * a ||ls tan9=5

tanf ~ sinf = 0 =

o<

Assumption of infinite source distance
gives plane wave at slit so that all
amplitude elements are in phase. X 7

" -:;’”’/--‘ y
\ Condition for minimum

-

Fo.rD > a | | asinf = mA
This approaches a right angle <
and 6’ ~ 6 y = mAD

a




,“:,ﬂf Analysis Front
_‘\rl// .
- Refraction & Interference y : Distance from center
n : Ripples
| Reflection | L : Distance between drop and screen
A : Wavelength
d : The slit is wide
- nlLA
; Y=
@ ool b __
o =
s ~_ .
Distance |

— density of fringes 1
\ N Interference

The distance between the aperture and the projection is different
—> Diffraction patterns are reduced or enlarged




£ Analysis Front
_‘\rl// .
- Refraction & Interference y : Distance from center
nLA n : Ripples
| Reflection | y =— L : Distance between drop and screen
d A : Wavelength
d : The slit is wide -
6,
________________ ”T_\_’ :’;@_ -
= =
s ~_ .
Distance |

— density of fringes 1
\ Interference

The distance between the aperture and the projection is different
—> Diffraction patterns are reduced or enlarged




¥y | Analysis Back
9. . . . Reflect once
Multiple Reflections & Refractions .
Distance to the center of droplet {,
—>Reflection Angle ¢

)

4 180 Reflect twice &

: 160 Refract twice
140
120 180° ~ 51°
100
80
51° 60 Alexander’s
4720 201 dark band

20

0 Reflect once &

0 0.5a la 1.5a 2a Refra ct tWiCE
0° ~ 42°
k
o 6, = 26,
.
0, = 46, — 26,
6, = 180° + 26; — 66, 1k
Angle of incidence of light from air into drop : 6; Alexander’s

Angle of refraction of light from air into drop : 6, dark band
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Analysis

Interference fringes - volatility of light First Reflect

Two light amplitudes are
linearly superimposed.

Y2

incident light Reflect Once

o,
N

Screen

Simulation diagram
of one reflection and two refractions

Refract Twice

Back

* Pre-incident path difference :
Xy —x; = 1r(cosf, —cos )
* Emission path difference :
2r(cos 6, — cos ;) + 1.33 X 4r (cos@; — cos @)

e Optical path difference
1. Integer multiple of the wavelength
—Complete constructive interference—Glossy lines
2. Odd multiples of half a wavelength

—Totally destructive interference—Dark lines

]l

w

i
N3I3¥DS

Reflect Twice
Refract Twice




Experiments & Discussion




Experiments and discussions
Experimental Parameter

1. Diameter of droplets
0.898 mm /1.658 mm /2.036 mm /2.675 mm /2.990 mm/ 3.211 mm
2. Offset orientation of the laser beam

direct / up / down / left / right
3. Distance between droplet and Screen

16.5cm /12.5cm /8.5 cm /4.5 cm




EXperiments and discussions Color of laser light : red

Distance between drop and screen : 16.5 cm

Pa ra meter 1 _Diameter of droplets Laser light shoots directly into the center of
the drop.
3.211 mm 2.990 mm 2.675 mm 2.036 mm 1.658 mm 0.898 mm

20
O o 18—:
=g ] .« e The larger the diameter of the drop
3 1 , M
s g The larger the difference between laser beam
“— O 144 . ’
o o and the diameter of drop (a’' — a)
é £ 12 . NE
3 *g i . The higher the density of the imaging ripples
05 1 15 2 25 3 35

Diameter of droplets (mm)

18




EXperiments and discussions Color of laser light : red

Distance between drop and screen : 16.5 cm

Parameter 2 -bpistance of offset Diameter of drop : 2.511 mm

The relationship between the center of Interference fringes and bright light.

Laser beam  shoot directly deflect upwards deflect downwards

Center overlap below the light above the light



EXperiments and discussions Color of laser light : red

Distance between drop and screen : 16.5 cm

Parameter 2 -bpistance of offset Diameter of drop : 2.511 mm

The relationship between the center of Interference fringes and bright light.

Laser beam left right

Center on the right of the light on the left of the light



EXperiments and discussions Color of laser light : red

Distance between drop and screen : 16.5 cm

Parameter 2 -bpistance of offset Diameter of drop : 2.511 mm

Laser beam

.p -down

right

Laser beam offset direction and
diffraction offset direction : reverse

"." Refraction = Inverted real image




Color of laser light : red
Diameter of drop : 2.675 mm

- Parameter 3 -pistance between drop and screen thZe(;rlcl,gpht shoots directly into the center of

Experiments and discussions

16.5cm 12.5cm 8.5cm 4.5cm

191 Distance between drop and screen (x) «
Distance between specific light line and diffraction center (y)

Ranging " Distance T
- The more sparse the image ripple density

Distance between drop

and screen (cm)
oo
|

2 : I=—al——lr—e—m—lv=—al—g——rle—r—le— g —al—al——rle Nl —g——sl—rl——h—fjg—l~—nl—xl—]
4 6 8 10 12 14 16 18
Distance between the 17™ bright pattern and diffraction center (cm)




Experiments and discussions
Error analysis of experiments and theories

Spherical-based theoretical model - add correction factor correction

Deformation of drop caused by the environment - experiments in confined spaces

Overexposure - appropriate laser light intensity

Deviation of Laser injection point - The result of parameter 2 can be used as the

basis for the confirmation of the incident point

5. Bright streak calculation error - Measure luminosity changes with Imagel to
confirm position

6. Bright streak spacing boundary definition - Measure luminosity changes with

Imagel) to confirm position

B w N e



Imaging principles :

1.
2.

Reflection ~ Refraction ~ Interference ~ Diffraction

Alexander dark band will appear at an angle of about 42 to 51 degrees from the center

of the water droplet.

Interference Theory(Multiple Reflection& Refraction )

Experiment (Back Screen)

)
©)

180
160 6,
140
120
100
80
60 9 Alexander’s

42°

/ \ o, dark band

Optical path difference (x; — x5)

d.

Integer multiple of the wavelength
—Complete constructive interference
—Glossy lines
Odd multiples of half a wavelength
—Totally destructive interference
—Dark lines

Y1g,
1 8,
2 incident light
0, y2
\22 X Xz
1 2

K
Screen

Theory: Simulation Diagram of one
reflection and two fraction

Experimental Result




4, Experiment 1 : The diameter of the water droplets is positively

related to the number of bright streaks within a certain distance.
* The larger the diameter of the drop,

the smaller the distance between the ripples.
* The number of bright lines per unit distance increases,

and the diffraction fringes are denser. B Diameter of droplets (mm)
5. Experiment 2 : Laser beam offset direction is opposite to diffraction offset direction.
* Because of refraction, an inverted real image is formed.

Laser beam shoot directly up down left right

(3%
l

within 15 em (stripes)
;’r-\:'l b, bk * & %

Number of bright lines

—
o
|

Center overlap down up right left

6. Experiment 3 : Distance between drop and screen (x) <
Distance between specific light line and diffraction center (y)
* Ranging T\Distance T o

—> The more sparse the image ripple density et e 17 g pt s ifcsincarter )

25

—
(=%
1

Distance between drop
w 5 o =
AR

and screen (cm)

S = IR
1 1




Thank you for your attention
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Laser beam

Center

shoot directly

overlap

up

down

down

up

left

right

right

left




