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CHARACTERISTICS OF DEBYE-SEARS EFFECT AND APPLICATION TO THE
EDUCATION AND STUDY OF SCIENCE

Soo—-Rim Moon

Graduate School of Education
Pukyong National University

Abstract

In 1932 Debye.and Sears showed for the first time that light crossing a
liquid medium /that is disturbed” by a high. frequency ultrasound undergoes a
diffraction. The density maxima and minima of the medium in a standing or
continuously progressing wave act like lattice elements of an optical diffraction
lattice. The lattice constant corresponds to the wavelength of the ultrasound
and therefore ' depends on their frequency and sound velocity of the medium.

The diffraction phenomenon is called as Debye -and Sears effect and it
includes the Raman-Nath -diffraction and .the #Bragg diffraction. The
Raman—Nath diffraction is oeccurred when the light-beam with the wider width
than the wave length of the light incidents the medium. From the diffraction
images of the light beam by the Raman-Nath diffraction, the wavelength of
the sound wave can be determined, and that the sound velocity in the medium
can be calculated.

In this study sound speed was measured in change of the temperature of the
water between 10~50 C, and in several liquids such as ethanol, methanol, and
distilled water were measured at 15 C temperature by using the Raman-Nath

diffraction patterns of the Debye-Sears effect. The obtained sound speeds were



compared with the values from literatures. It is noted that the values are in
good agreement.

In addition, the contents related to acoustics or wave physics in the
curriculum for middle school students were searched in this study. As the
results, it is noted that the experimental method and the obtained results in
this study are valuable for the Wave Physics Instruction and Learning for

middle or high school students.
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m-2. 4 449

b Ed2FAY AR R =4

oA AR EdawAs AR AR Adow T4 FagTt
9.5 MHz®| ¥ P(VDF-TrFE) ¢ Ef=fFA ot Edllxs
T Oy mM-29F #o] nEA FHEte] dFA P(VDF-TrFE)E A
(piezoelectric material) & AF-8-3}$ar, wH A (backing layer)+= 2] o]t}
HZE A8l ol FA (epoxy)) EPO-TEK 3018 AM&3tdch Ad E
WaAM e A AS T9 M-49 2o A P(VDE-TrFE) 448
o] Ale]ZE 100 mm’elal WM A E S (SSP-10A; Shimadzu)S ©]&
el A &st ittt
Hxa oz =Ao o g 2FEdHS XTR-2020 Ultrasonic
Square/Spike, pulser/receiver (mkcndt, MKCKorea)Z o] &3] 3%,
2% M-37% 2ok 2 dA7olA fag 34 FH7t YdeldE 6 MHzH-H
12 MHz®] 9] el 2 sttt
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— P(VDF-TrFE)
— EPO-TEK 301 Bonding

— Cu Backing

Power Spectra [dB]
5 \

25+

. | | i i i i i i i
%% 2 4 6 8 10 12 14 16 18 20
Frequency [MHz]
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o AE"Y 74 R A 8

AFoA ALEE ERAAETAE AF AFRE Aew zAg HES F&
stAdt %9 A71E 7ZFE 200 mmex A2 100 mm x %°] 200 mmE,
Hel FAZE 5 mm QN FSHA L= AR, FstAle Fdd
He-Ne #lojA¢k =ad g1 CED 7tk el 7A€ oA Fdol
Aol BaG Yol AW dA e 2 ke ERLF A ZE et Wk

del FAoR GAE W, EdsFAAE AEsel WA gl 2enE
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E Ill-1. Debye-Sears& 1} HstAH EEo 7 2 EH
EEEE 57
-He-Le Laser (JDS Uniphase)
Laser
-Wavelength = 632.8 nm, Power=05 mW
-width 200 mm x length 100 mm X height
Water Tank 200 mm
—thicknessv: 5 mm
-P(VDF-TrFE)
Transducer
—center frequency : 9.5 MHz
CCD Camera ~-VM-B190(Sam sung Ltd.)
Screen -~White or Black Board
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m-3. AdZAa34

CH N7 50 TA SAse

EdsfAsl sadAbole] Ael sk HAG R A7) xk AF o] &

E -2, 2z H3lo] E S5 5™ Ag =
= S u-o] HIAEEESE gedel g 2
uj SHT
s 10, 20, 30, 40, 50 C
Az
7 <k 300 mV
ey 3 (N 632.8 nm
EdWAFAY 2THALe] AP (s) 164 cm
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HF IN-3. (@) 10 T SollAMe Ad Z1t

I

f [MHz] m x [cm] x/2m A [nm] c [m/s]
6.0 1 0.90 0.45 235.54 1413
7.0 2 2.00 0.50 211.99 1483
8.0 2 230 0.58 184.34 1474
9.0 2 2,60 0.65 163.07 1467
10.0 2 2.90 0.73 146.20 1461
11.0 2 3.10 0.78 136.77 1504
12.0 2 3.40 0.85 124.70 1496

Speed of sound (Experimental) 1467
Speed of sound-(literature[14]. value) 1447
Difference (%) 141

(b) 20 T SollAel Ay Zt

f [MHz] m x [cm] x/2m A [nm] c [m/s]
6.0 2 1.70 043 249.40 1496
7.0 2 2.00 0.50 211.99 1483
8.0 2 2.30 0.58 184.34 1474
9.0 2 2.60 0.65 163.07 1467
10.0 2 2.80 0.70 151.42 1514
11.0 2 3.10 0.78 136.77 1504
12.0 2 3.35 0.84 126.56 1518

Speed of sound (Experimental) 1493
Speed of sound (literature[14] value) 1482
Difference (%) 1.08
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(c) 30 C =ollAMe A Z1t

f [MHz] m X [cm] x/2m A [nm] c [m/s]
6.0 1 0.90 0.45 235.54 1413
7.0 2 1.90 0.48 223.15 1562
8.0 2 2.30 0.58 184.34 1474
9.0 2 2.50 0.63 169.59 1526
10.0 2 2.80 0.70 151.42 1514
11.0 2 3.10 0.78 136.77 1504
12.0 1 1.70 0.85 124.70 1496

Speed of sound (Experimental) 1487
Speed of sound.({iterature[14] value) 1482
Difference (%) 0.30

(d) 40 C =olMe A Z1}

f [MHz] m x [cm] x/2m A [nm] c [m/s]
6 2 1.65 041 256.96 1541
7 2 2.00 0.50 211.99 1483
] 2 2.30 0.58 184.34 1474
9 2 2.50 0.63 169.59 1526
10 2 2.75 0.69 154.17 1541
11 2 3.00 0.75 141.33 1554
12 2 3.30 0.83 128.48 1541

Speed of sound (Experimental) 1523
Speed of sound (literature[14] value) 1529
Difference (%) 0.35

_23_




(e) 50 T =ollMe M8 Z1t
f [MHz] m x [cml] x/2m A [nm] ¢ [m/s]
6 1 0.80 0.40 264.99 1589
7 1 0.90 045 235.54 1648
8 1 1.10 0.55 192.72 1541
9 1 1.35 0.68 157.03 1413
10 1 1.40 0.70 151.42 1514
11 1 1.50 0.75 141.33 1554
12 1 1.65 0.83 128.48 1541
Speed of sound (Experimental) 1540
Speed of sound.(literaturefi4]. value) 1542
Difference (%) 0.13

- 24 -




¥ — L.8L20X + 19T/

1330.00

=[]

o

s}

4r
1]

i

LH
ol

-7.

L

=)

RS
e

o

"
o

p—

0

,_lr.yl

Tor

o]
_ZTI

ol
-
olp

)

1o
o}

o)
ol

P71 m ol Ao

file)
4

A

H
T

2ol wjHe| &x7 Sekzte] w

A& erE )R
(m-1)¥

oo

T
14

() =521 E B A

1491 m/s¢F 1489 m/s&E -2F 0.25 %9

X

3k

o)
=

ZF el A

o
a

A3 27

e

B
o
o
o
oj
o

(m-1)

V=1.8259T+1447.8

(M-2)

V= 1402.736 4 5.03359 T'— 0.0579506 T*

+3.31636 X 10 *T°—1.45262 < 10" T~ *43.0449 < 10" °T°

_25_



distance (xf2m)[cm]

120

1.00

080

060

040

0.20

16

5

distance{(xf2m)[[cm]

040

0.20

0.00

10 12 14 16

frequency[MHz]

(b) 2=7F20 CY mf, Fopsol WE Y o 24

- 26 -




distance (xf2m)[cm]

120

1.00

080

060

040

0.20

CYRE- NN

frequency[MHz]

16
i
A
E
™
= 080 o
-
g
£ 040
o
=
0.20
0.00
10 12 14 16

(d) 2=7F 40 CY of, Fop5ol WE Y £ 24

_27_




distance (x/2m)[cm]

1.20

1.00

080

060

040

0.20

_28_




=2

9. CCD 7t 2t

g

a

_29_



g, oA Wde] FFH G &5
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5

lI-5. (a) ol EtS0lAM2 Y Zf

f [MHz] m x [cm] x/2m A [nm] c [m/s]
6.0 2 2.90 0.55 192.72 1156
7.0 2 2 60 0.65 163.07 1141
8.0 2 2.90 0.73 146.20 1169
9.0 2 3.30 0.83 128.48 1156
10.0 2 3.60 0.90 11777 1177
11.0 2 4.00 1.00 105.99 1165
12.0 2 4.30 1.08 98.60 1183

Speed of sound (Experimental) 1171
Speed -of sound-~(literature[14] value) 1179
Ditference (%) 0.65

(b) oiet=2ol Aol Al Z

f [MHz] m X [cm] X/2m A [nm] ¢ [m/s]
6.0 1 1.10 0.55 192.72 1156
7.0 1 1:30 0.65 163.07 1141
8.0 1 1.50 0.75 141.33 1130
9.0 1 1.70 0.85 124.70 1122
10.0 1 1.90 0.95 111.57 1115
11.0 1 2.00 1.00 105.99 1165
12.0 1 2 40 1.20 88.33 1059

Speed of sound (Experimental) 1127
Speed of sound (literature[14] value) 1130
0.25

Difference (%)
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f [MHz] m x [cm] x/2m A [nm] c [m/s]
6.0 1 0.90 0.6 235.54 1413
7.0 2 2.00 0.7 211.99 1483
8.0 2 2.30 0.8 184.34 1474
9.0 2 2.60 09 163.07 1467
10.0 2 2.90 1.0 146.20 1461
11.0 2 3.10 1.0 136.77 1504
12.0 2 3.40 19 124.70 1496

Speed of sound (Experimental) 1467
Speed-of sound (literature[14] value) 1466
Difference (%) 0.12
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