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Introduction: Adulteration of petrol and  other  automobile  

fuels is a rampant malpractice  in India. With the rising 

prices of fuel and subsidy on kerosene, getting away with 

even 10-15% adulteration is immensely profitable. To 

check adulteration effectively, it is necessary to monitor  

the fuel quality at the distribution point itself. The 

equipment for this purpose must be handy and the 

measurement method quick. It should also preferably be 

economic  and easy to use. 

Computational Methods: A combined density and 

viscosity measurement is the best way to determine the % 

adulteration in a sample. As the aim is to keep the device 

as handy as possible, the use of a miniaturized sensor 

becomes imperative. MEMS-based AT-cut Quartz BAW 

(Bulk Acoustic Wave) Resonator proves to be the ideal 

choice for this purpose.  

Physics involved – Structural Mechanics  piezoelectric 

        device (pzd) 

Crystal cut angles  for AT and SC set using Rotated 

System  Euler angles in Geometry. 

Piezoelectric coupling relations for the resonator are as 

follows: 

Results: Upon doing eigenfrequency study for AT 

and SC cut crystals, following results were obtained: 

Conclusions: Sensitivity to fuel density changes of 

an AT-cut crystal is better than that of a SC-cut one 

and hence AT-cut TSM (Thickness Shear Mode) 

Quartz Resonator is better suited for such liquid 

sensing applications.  
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Figure 2. Basic geometry of quartz crystal 

Table 1. Data for  

Gasoline-Diesel mixture 

Table 2. Data for  

Diesel-Kerosene mixture 

Figure 3. Loaded AT crystal Figure 4. Loaded SC crystal 

Figure 1. Sample holder with attachment 

Figure 5. Density (g/ml) vs. % adulteration values 


