International Journal of Science and Research (1JSR)
ISSN (Online): 2319-7064
Index Copernicus Value (2016): 79.57 | Impact Factor (2015): 6.391

Measurement of Sound Speed utilizing
Photoacoustic Impact

Mustafa M. A. Hussein

Department of Physics, College of Science, University of Baghdad

Abstract: A basic trial is exhibited to demonstrate the photoacoustic impact, a settled however not broadly known impact which has
numerous applications. The photoacoustic impact comprises of the era of acoustic waves by beat radiation episode on a specimen. In the
present case, the Nd:YAG laser is utilized as a wellspring of beat light for various tests keeping in mind the end goal to gauge the speed
of sound. The Nd:YAG laser is emanating nanosecond beats in the infrared district of the range (. = 1064 nm). The acoustic waves
produced on the surface of the examples go through the material and are recognized with a piezoelectric sensor. The electric signs are
enrolled by a 100 MHz oscilloscope activated by the light delivered at the laser release. Knowing the thickness of the example and the
landing time of the acoustic wave we can definitely measure the speed of sound.

1. Introduction

The speed of sound c is a trademark property of a material,
subject to the thermodynamic factors of temperature (T),
weight (p) and thickness (p). The hypothetical esteem for the
speed of sound in air at 00C is: ¢=331.6 m/s.

The hypothetical expectation of the speed of sound for fluids
what's more, strong materials is extensively more
troublesome than the gasses. In any case, it is conceivable to
demonstrate hypothetically that for longitudinal waves on
bars the speed of sound is communicated by
[1]: e=\(Y/p)

where Y is Young's modulus or modulus of flexibility,
normal for the material.

The photoacoustic impact was found by A. Ringer [2] in
1880 and comprises in the era of sound waves in a material
brought on by the excitation with beat or adjusted light.

On account of utilizing beat lasers, ultrasonic waves are
created, and can be distinguished with piezoelectric
transducers. In the present test this strategy is utilized to
portray properties of various materials. A quick application
is to gauge the speed of the sound in various materials, for
example, metals, polymers, inorganic materials, and material
mixes applying a photoacoustic strategy [3-5].

As of now, there are numerous various systems taking into
account the photoacoustic impact and it is one of the more
dynamic inquiries about and innovative advancement
ranges.

The primary thought of this work is to display a
straightforward investigation, utilizing the photoacoustic
impact to gauge the speed of sound in strong materials. This
analysis can be proficient at the undergrad level and with a
low spending plan.

2. Photoacoustic Method

The photoacoustic procedure utilizing beat lasers has ended
up another test instrument for material portrayal. This
procedure utilizes a mechanical wave produced on the
surface of the material that goes at the speed of sound and is

recognized by utilizing a piezoelectric transducer. The vital
points of interest of this technique are that uncommon
example readiness is not required and no flag intensification
is required because of the high flag to clamor proportion
acquired with piezoelectric transducers.

In photoacoustic tests the communication between the laser
pillar and the grid delivers an acoustic flag PA (t) which
contains phenomenological data of the material. Dad alludes
to the photoacoustic way of the flag, furthermore, the list t
shows that PA is capacity of time. Once the signs are shown
on an oscilloscope, it is conceivable to quantify the entry
time, or, they can be scientifically treated to extricate the
vital physical data to get for instance, stage moves if the
examination is performed with a temperature variety [6-9].
As the photoacoustic flag is created on the surface of the
specimen, and goes at the trademark speed of sound of the
material, we just need to know the thickness of the test and
the time required to go in it.

3. Experimental Setup

Figure 1 introduces a trial conspire for the photoacoustic
technique where the Nd:YAG laser is utilized to energize an
example coupled to a piezoelectric sensor. Figure 2
demonstrates a photo of the setup of the investigation. The
transducer is likewise simple to assemble and a schematic
chart is displayed in figure 3. Figure 4 demonstrates a
regular flag gotten. The oscilloscope was activated by the
photograph indicator with a degree of about ps. Figure 5
demonstrates the tests for which the speed of sound was
measured.

It is important to guarantee that the acoustic flag measured is
synchronized with every heartbeat of the laser. In this
manner, a photograph indicator is utilized that detected part
of the laser light through a shaft splitter, and was associated
with one of the channels of a 100 MHz oscilloscope as a
trigger source. This reference flag will be the zero in time
regarding the entry of the acoustics flag.
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Figure 1: Test setup utilized for the photoacoustic system.
BS= beam splitter, PZT = piezoelectric transducer

To decouple the clamor from the acoustic flag, thick tests
can be utilized. But relying upon the sort of material, the
lessening might be solid.

Ny
Figure 3: Scheme of microphone: 1) piezoelectric(PZT), 2)
polished surfaces, 3) silicon grease, 4)hoop of TeflonTM, 5)
lead 6) copper, 7) spring, 8)stainless steel, 9) BNC
connector, 10) to oscilloscope

Figure 4: Demonstrates a common flag acquired. The
oscilloscope was activated by the photograph locator as
clarified some time recently
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Figure 5: Samples for which the speed of sound was
measured. 1) Fe, 2) Al, 3) Cu, 4, 5) hard bone

The acoustic coupling is imperative for an effective
transmission of the acoustic vitality. So it is recommendable
to append the specimen and the transducer together. The
abundancy of the acoustic flag is specifically needy of the
vitality and relies on upon the assimilation coefficient as (1-
10™), where A is the optical absorbance of the example.
Thus, high assimilation guarantees high sufficiency. On the
off chance that the front side of the example mirrors the
laser wavelength, painting in dark permits flag abundancy
improvement.

Table 1 demonstrates the entry times measured, acquired by
averaging a few heartbeats together with the thickness of the
specimens and the ascertained speed of sound and the
reported qualities found in the writing. It could be watched
that the understanding for inhomogeneous natural materials
is entirely great. The hard bone has a little mistake (around 3
%), because of the way that it has great ingestion properties
in the IR, giving a high acoustic flag plentifulness. The
greatest deviation is displayed for iron where we have a
blunder of 3.77% since its assimilation properties in the IR
is not great. The Copper exhibits a littler blunder (not
exactly 0.76%) and that for Aluminum is around 1.3%.

Table 1: Results of Photoacoustic measurements
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Material [Thickness|Arrival time| Calculated Literature
[mm] | [*1075] speed speed of
of sound [m/s]| Sound [m/s]
Copper 42.5 10.6 3728 3700
Aluminum 50.0 10.3 5165 5100
Hard bone 155 6.3 2552 2724
Harder bone| 38.5 10.5 3944 4080
Iron 35.0 8.4 4937 5130
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For these tests it is just critical to quantify the thickness of
the specimen from the laser spot to the transducer, in this
manner thickness and size of the specimen are not vital. In
these tests three homogeneous materials were utilized
(Copper, Aluminum and Iron fit as a fiddle) what's more,
two inhomogeneous natural materials (two sorts of hard
bone, one of them is milder, in an unpredictable shape). For
the situation of the inhomogeneous materials, it is important
to take into account the laser spot width. The spot must light
up a wide territory of the specimen so as to acquire a
worldwide normal of the sound speed in this material.

4. Conclusions

The present strategy is a photoacoustic flexible device to
gauge the speed of sound in various materials to create the
acoustic flag. Great results were gotten in the assurance of
the entry times of the photoacoustic signals for both
homogeneous inorganic and inhomogeneous natural
materials.
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