
IJSTE - International Journal of Science Technology & Engineering | Volume 4 | Issue 4 | October 2017 
ISSN (online): 2349-784X 

 All rights reserved by www.ijste.org 
 

1 

An Experiment to Differentiate Real Diamonds 

from Diamond Substitutes Based On Their 

Response to Acoustic Waves 

  

Aanal J. Shah 

UG Student 

Department of Electronics & Communications Engineering 

Lalbhai Dalpatbhai College of Engineering, Ahmedabad, Gujarat, India 

 

Abstract 

With the advent of science and technology life has become much easier for us. Since there are much better tools available now 

than before, making replicas is very easy. It is becoming harder to distinguish between real and duplicates manually. The existing 

devices and scientific procedures do not provide a generalized approach to this problem which does not require manual work. So, 

either they are specific solutions for only some materials or they are done manually. This experiment tries to create a solution for 

this problem by material differentiation based on their response to acoustic waves. Travel time taken by sound waves when passed 

through different media will be the factor for differentiation. Hence, we can use this method for any material. The setup consists 

of a microcontroller, a sound generator and receiver with object kept in between them and can be used as an electronic sensor. The 

current experiment is done on real diamond.   
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

The below table is the comparison of different properties of diamond and its substitutes. This can help us figure out a way to make 

different devices or experiment to distinguish them. I have discussed all the ways currently used till now to distinguish them, in 

the literature survey section. 
Table – 1 

Comparison of properties of Diamond and its substitutes 

DIAMONDS: Chemical Composition Crystalline Structure Refractive Index Dispersion Hardness Density 

Synthetic C Cubic 2.42 0.044 10 3.52 

Natural C Cubic 2.42 0.044 10 3.52 

SIMULANTS:       

Cubic Zirconia ZrO2 Cubic 2.20 0.066 8.25 5.70 

Moissanite SiC Hexagonal 2.65 0.104 9.25 3.21 

White Sapphire Al2O3 Hexagonal 1.77 0.018 9 3.97 

YAG Y3AL5O12 Cubic 1.83 0.028 8.25 4.60 

The experiment takes into account the phenomenon that sounds takes less time to travel through a medium with large bulk 

modulus. So when sound is travelling through diamond, it travels fastest but as the modulus decreases, it slows down. Basically, 

it is an experiment based on response of different materials to acoustic waves or sound energy when passed through them. The 

setup would look like this:- 

 
Fig. 1: Graphical representation of the experimental setup 
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II. LITERATURE SURVEY 

One of the current methods that exist is to weigh the gemstone using a digital weighing machine and finding its volume by 

immersing the gemstone in water and with the help of Archimedes principle. But it is a lengthy procedure. 

Another and comparatively newer method is by using an electronic pen tester whose older models were based on differences in 

the heat conductivities. But it turned out they weren’t much accurate. So the current models are based on difference in electric 

conductivities. But they can differentiate real diamond only from moissanite. One other such method is carried out by viewing the 

gemstone under a magnifying glass with strong light shining from back to identify dual faucets formed in moissanite but are absent 

in the real diamonds. But it is done manually and can damage the human eye.  

There also exists a method of differentiating the diamonds on the basis of the particular wavelength they absorb from the visible 

spectrum. As we know, each element has its particular absorption spectrum. Real diamonds has an absorption spectrum of 416nm 

wavelength. But moissanite has an absorption spectrum close to it. And also due to the different cuts on diamond, this method has 

its limitations. It becomes extremely complex to check for such a minor difference.  

Thus there is no existing method which can identify each and every gemstone. My method does that and it is not expensive. And 

human touch is not required. It is time efficient and the set up is easy. 

III. PROPOSED METHODOLOGY & DISCUSSION 

The device uses a sound generator which shoots a sound pulse on the diamond and is mounted on a stand. The diamond would be 

mounted on a stand in between the generator and microphone. And on the receiving side a microphone (noise sensor) would be 

kept on a stand. All the stands would be of the same length.  

At normal atmospheric pressure, the temperature dependence of the speed of a sound wave through dry air is approximated by 

the following equation: 

v = 331 m/s + (0.6 m/s/C) • T 

where T is the temperature of the air in degrees Celsius. Using this equation to determine the speed of a sound wave in air at a 

temperature of 20 degrees Celsius(room temperature) yields the following solution. 

V = 331 + (0.6*20) m/s 

= 343 m/s 

In general, the speed of sound c is given by the Newton–Laplace equation: 

c = √
𝐾𝑠

𝜌
 

Here Ks is a coefficient of stiffness, the isentropic bulk modulus (or the modulus of bulk elasticity for gases) and ρ is the density. 

Based on this, the speed of sound in diamond, is, 

𝑣𝐷=  12000  m/s 

Distance between the source and receiver is kept to be 3cm. If there is no gemstone kept in between, the sound would only have 

to travel through air. In that case, the time taken would be, 

t = (D/V) s 

= 
3

100∗343
 𝑠 

= 0.0874 milliseconds 

If a gemstone such as diamond is present in between its path, the sound would be travelling through it for a certain amount of 

time. Diamonds are very small ranging from 2-5 mm in width. Assuming it to be 4mm in this case, the time taken to reach the 

receiver would be, 

t = distance in air/speed in air + distance in diamond/speed in diamond 

= 
2.6

100∗343
 s + 

0.4

100∗12000
 s 

= 0.07580 + 0.00033 ms 

= 0.0761 ms 

Difference in both timings is 11.3 microseconds, which can be checked using digital storage oscilloscope. The speed of sound 

in air changes but that change is accounted for as this difference will remain constant for any speed changes of sound in air. 

For different gemstones, there would be unique delay of signal and based on that we can identify the stone from one another 

based on the speed of sound in them. This is a small difference can be easily found out with the help of a good quality oscilloscope. 

IV. EXPERIMENTAL RESULTS 

The experiment was performed both on Arduino and ATmega32. The distance between sound source and receiver was kept to be 

3cm. The outcome is somewhat unstable as of now due to the use of average quality microphone and piezobuzzer. The results on 

Arduino were better than ATmega32 because the counter values were stored in hex form in the later and result was displayed on 

LCD screen as compared to serial monitor of Arduino which processed faster outputs. 
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The below table is the list of counts as a result of many trials, they are currently unstable, but in the predicted range. I am certain 

they will be accurate with the help of more stable components. The diamond ring was placed near to the buzzer so the maximum 

amount of sound waves would pass through it instead of dissipating in surroundings.   

Since 16 MHz frequency device was used the difference in counts was lower, so for higher resolution a 32 MHz frequency 

device or more can be used. The difference in values was in accordance with the theoretical values calculated.  

This are the connections made, the buzzer and receiver are face-to-face with a gap of 3cm soldered on a general purpose board. 

The switch, buzzer and microphone module are all powered by the Arduino. The Arduino is connected to a laptop and the results 

are displayed on Serial Monitor on the laptop. The sensitivity of microphone module is adjusted with the help of the potentiometer.  

 
Fig. 2:  

Table – 2 

Count of pulses in different trials 

No. of counts Real diamond Air 

Trial1 148 145 

Trial2 145 141 

Trial3 148 146 

The device is made using Arduino Mega2560 microcontroller and a piezobuzzer and microphone module are connected to it. 

Separately a switch mounted on a breadboard is also connected to Arduino board. The program is coded such that as soon as the 

buzzer is turned on by pressing a switch, the pulse train is turned on and the values are stored in a variable. And as soon as the 

microphone module receives sound, the pulses are turned off. And the pulse count stored in the variable is displayed on serial 

monitor of Arduino. Since there would be some time difference based on the material, the count would be different. The pre-scaler 

is set such that the frequency of board is 16MHz, which is the maximum possible frequency for Arduino Mega2560 model.  

V. CONCLUSION 

In conclusion, even though there are some solutions to this problem, they are really specific or tedious and they lack the generalized 

approach to the problem. 

If my approach works really accurately, it would be able to distinguish all the gemstones by this technique without any human 

intervention. The only part I am continuously trying to better is the receiver. It should produce very accurate output since we are 

dealing with a significantly small difference. 

I am currently working to improve the accuracy of my experiment, trying as many different alternatives so as to produce the 

best possible outcome. Because gemstones are extremely expensive and the device for identifying them should not produce 

erroneous results, as it could not be helpful.  

The main issue is the small time difference in each case and if there are any external factors that causes error, it can disturb the 

values. So usage of high end devices and integrated circuit chips can enhance the outcome significantly. The experimental results 

were at par with those predicted theoretically and can also be used to find acoustic properties of given material alongside material 

identification. 
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