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Cantilever eigenmodes, equivalent 

point mass oscillator
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 Depending on operating conditions, its is possible to app
roach in attractive regime and transition to repulsive at  
some Z

Attractive vs. repulsive mode imaging
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Implications
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Factors controlling this phenomenon
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 Rtip=10nm,k=40 N/m, Ao=10nm, Q=500, f=f0=300
kHz, H=2*E-19, Fad=1.4nN, E*=1 GPa
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 Increase amplitude to tap (repulsive regime)
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Factors controlling this phenomenon
 Rtip=10nm,k=40 N/m, Ao=20nm, Q=500, f=f0=300

kHz, H=2*E-19, Fad=1.4nN, E*=1 GPa
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 Increase Q to stay in attractive regime
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Factors controlling this phenomenon
 Rtip=10nm,k=40 N/m, Ao=20nm, Q=700, f=299kH

z, H=2*E-19, Fad=1.4nN, E*=1 GPa
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Cantilever eigenmodes
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 The point mass model was derived with the             
assumption that cantilever mass was << tip mass
 The shape of the oscillating beam in the point mass 

model is assumed to be that of a statically bent     
beam under a tip force
 The point mass model does not predict any              

oscillation modes beyond the fundamental
 How to include spatially continuous nature of the   

AFM cantilever and yet enjoy the simplicity of a     
point mass model?
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Point mass vs. continuous oscillator?
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Transverse vibrations of classical beam
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p(x,t): external force per unit 
length

A: Area of cross section

ρ: mass density of cantilever



 To calculate eigenmodes and natural frequencies,  
one can set p(x,t)=0 and any damping=0
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Transverse vibrations of classical beam
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Transverse vibrations of classical beam
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 Assuming negligible tip mass



Eigenmodes
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 Energy based equivalence principle

13

Equivalent point mass oscillator

ith eigenmode

ρ, A, L, E, I

Melcher et al, App. Phys. Lett. 91(5), 2007
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