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Photo-acoustic Method

Y oshida Atsumasa

(Received October 25, 2001; Accepted December 25, 2001)

The characteristics, basic principle, experimental system and measured examples of a
non-contact photo-acoustic method are introduced in order to measure the thermophysical properties
of thin solid materials on the basis of my recent studies. The relation among light, heat and
sound in relation to the photo-acoustic method is described briefly. The phase lag of the photo-
acoustic signal for the incident modulated light expressed as a function of some properties such
as the thermophysical properties of sample is derived from the RG (Rosencwaig and Gersho)
theory. The thermal diffusivity of sample is obtained from the measured phase lag versus the
modulated frequency of incident light, even if the thermophysical properties of backing material
are unknown. The relation between the modulated frequency of incident light and the obtained
vertical information of sample, and the analytical point in accordance with the transparency of
sample for the incident light are also explained to some extent.

1. 0000

goboobooboooooooobooooooobooooog
goooooooooooooooooooooboooo
gooooDoOOooooooobObOoOoooooooDoo
goooooooooooboooooooooobooo
goboobobooooooooboboooooooobogn
gooooboooooooboboOooooooooboooo
goooobooooooooobooooooooboooo
ooooooOoooooooooboooooooooooo
gobooooooooooooooobooooooobooog
gooobOobooooooooo

gobooooooooooboooooooooooa
O0® 00000000000000000000000
ooo®»OooOooooooooo0ooOooooooooDo

oboobooboooooooboboooooooboooogn
obooooooao

2. 0000000000

Oo0oooooooOoOo2000000000000O0
goooooooooooooboboooooobobooo
oooooooooooooboboooooooobonogn
oboooOooboooooooooboboOooooooboooooo
obooboooooooooboboooooooboboooo
ooooOooOooooooOoboooooooobooooo
oooboooOoooooooooobooooobooboboooo
ooooooooooooooboboooooooobooogoo
oooooboooooooobooooooobooooga
ooooooooooooboOobOooooooooboboooo
oooobooooooooobooooooooooboboooo

© 2002 The Japan Society of Calorimetry and Thermal Analysis.

Netsu Sokutei 290 10 2002



oo o boooo

yBoundary
ilayer of

Backing Sample ;gas (__I I..l |_
: . IModulated
éGas(azr) light

Fig.1 One-dimensional model of a photo-acoustic cell.
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Fig.2 Calculated results of phase lag vs. modulation
frequency based on the RG theory (Effect of
thickness of sample) [aD 9.25x 1006 m%/s, b0
8.4x 1072].
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Fig.3 Calculated results of phase lag vs. modulation
frequency based on the RG theory (Effect of
thermal diffusivity of sample) [I0 50 um, b0
10.0x 1072].

000ooo00oo000000000 Fig20Fig4OO
goooooooOooibobooboooeOOonboOooo
gooooobpbOOO0OOODOODODOOOOOOCDOOO
goooooooboooooooboooooooooooo
goooooooooooooboooooooooooo
gooooooooooobooboooooooooobooo
gooooooooooobooboooogoooobooooo
gooooooboooooooboOooooooooooo
gooooooboooooooooboOooooooooo
goooooboooooooooboooooooooooo

Netsu Sokutei 290 102002

13

70

60

Phase lag / degree

10.0x10%
— — 150x10”

50

40—t L
10° 10! 10? 108 10*

Modulation frequency / Hz

Fig.4 Calculated results of phase lag vs. modulation
frequency based on the RG theory (Effect of
ratio of thermal effusivity of backing to sample)
[0 50 um,a 0 10.0x 1096 m?/s].
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Fig.5 Schematic diagram of experimental apparatus.
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Fig.6 Measured data and fitted curves of phase lag
vs. modulation frequency for titanium foils.
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Fig.7 Measured data and fitted curves of phase lag vs.

modulation frequency for transparent cellophane
films.
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Fig.8 Measured data and fitted curves of phase lag vs.
modulation frequency for color cellophane films.
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