
 
 
 
 
 
 
254               5. VIBRATING TRANSDUCERS 

Notes to Table 5-3: ** This formula is based on the frequency equation                                   
cos αL cosh αL =-1 with the first root αL=1.875.  ***The formula is based on the 
frequency equation cosαLcoshαL=1 with the first root αL=4.730  (see Y.G.Panovko, 
1968); if the beam has one fixed and one simply supported end as in the contact          
mode of AFM (see Chap. 8), its frequency equation is tanαL= tanhαL with the first            
root αLn =3.927, and the natural frequency of the simply supported beam increases with 
addition of axial tensile force Qax and decreases with the axial compression              
force  - Qax in accordance with (S.P. Timoshenko et al., 1964) the following           

expression : f0= 22
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, where we accept J= bh3/12 and nf is 

the mode number . ****Influence   of surrounding air or liquid (Weaver et al., 1990) 

with density ργ1 reflects in the factor  γf = 1/ ,1 fβ+  where hRf /6689.0 1
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Stress σmax is the largest acceptable stress for the material under working conditions: σe, 
σf, or σen (see Table 1-14).   

 The last column in Table 5-3 shows the relationship between natural frequency f0 , 
minimal sag δsmin, and maximum stress σmax without any elastic element’s geometrical 
dimensions figuring in these formulae.  It is important to note that in the above 
reasoning a complete utilization of the elastic element’s strength characteristics was 
assumed.  The similar procedure was used for the round plane diaphragms subjected to a 
distributed load (pressure) whose formulae are also shown in Table 5-3’s row 4.  
Analysis of the formulae in Table 5-3 shows that the product of the natural frequency f0 

of the elastic element on its minimal sag δmin does not depend on the element’s size, but 
is completely determined by the selected material features.  Moreover, this product is 
structurally the same for all studied elastic systems. The computation’s results of f0 for 
elastic elements made of the different materials (steel, beryllium bronze, titanium, and 
aluminum alloys), in the case when minimal sag δsmin =10 μm, show that the natural 
frequencies are in the range from 50 to 113 kHz.   However, we should recall that the 
value of the minimal sag was selected in this case as a typical for the pressure 
electromechanical transducers of different types known in 1970s.  It should be noted that 
this value is a conditional one and is changed in new structures, which have much higher 
fundamental frequencies.  The largest natural frequency for the flat strings can be 
defined from the expression fn = 0.5nfL-1

γρσ /}{ e ,                                                  (5-86)                                                 

where nf is the harmonic’s number and {σe} is the permissible yield stress for the 
string’s material. Then at the minimum value of the string’s length L=1 mm(this 
number is conditional with respect to the mesoscopic structure’s options), the largest 
yield stress value {σe} ≈ 1800  MPa of the elastic materials in the bulk state, and the 
density of the material ργ≈ 8.10-6 kg/mm3,  we obtain fn=1 ≤ 230 kHz.                                                                                 
Revisited  estimations. Today these options have large progress in the micro and 
nanotechnology field.  The nanowire-based very-high-frequency electromechanical 
resonator is already fabricated with natural (fundamental) frequency of 105.3  MHz 
(A. Hussain et. al., 2003). The resonator is built of suspended platinum nanowire and 
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