
Modeling the AFM Cantilever Resonance 

 

As discussed previously during the non-contact AFM lab, the van der Walls force between the tip 

and the sample is indirectly measured from the changes associated with the resonance frequency of the 

cantilever. We noted that as the cantilever is approached close to the sample, because of the force it 

experiences, its effective spring constant decreases. This in effect reduces the resonance frequency, and 

the laser-detector system of the AFM is able to monitor these changes. In fact, this is done by driving the 

cantilever at a slightly higher frequency than its resonance frequency, and monitoring the changes of the 

amplitude of vibration at that particular driving frequency. 

 

In this lab, we will determine 

the resonance frequency of a cantilever, 

which is modeled by a strip of spring 

steel, as shown in the image on right. 

By clamping this strip at different 

positions, using C-clamps, we can 

change its resonance frequency. In 

addition, we can also attached a small 

mass to its edge, as if to model the 

AFM tip picking up some junk while 

imaging, and determine the new 

frequency of the system. 

 

 

In order to determine the frequency of the 

cantilever, we will attach a small mirror near its clamping 

point, and then observe how the reflection-spot of a laser 

goes back and forth. Essentially, this is similar to how the 

AFM’s detector system works. By filming the oscillation of 

laser spot and analyzing the movie, we can determine the 

resonance frequency. 

 

 

 



 

Experiment 

 

 Clamp the steel strip so that the length of the cantilever is around 40 cm. Note down the 

length of the cantilever with an estimate of its uncertainty (Kenyon form). 

 Fix the mirror and observe the reflected laser spot on a sheet of paper attached to the 

board. 

 Before attaching the paper on the board, draw a 20cm line on it, so that you can use this 

line to scale your movie. 

 Line up the camera and obtain a 3-4 second movie of the oscillation of the spot. Use the 

VP Capture program to record the movie. 

 Using VideoPoint software, mark the location of the laser spot for several oscillations. 

Remember to scale the movie first and orient the x-axis parallel to the movement of the 

laser. Since the higher-modes are also introduced initially, indicated by the complicated 

movement of the laser spot, start recording after the laser spot moves in a straight line.  

 Export the data to Origin, and plot the position of the laser point vs. time. You should 

obtain a graph similar to the one displayed in the following. 

 Go to non-linear curve fitting, and fit a sine-curve to obtain the resonance frequency. 

Before fitting, use the data selector to restrict the fit to the first few oscillations. Your fit 

should be similar to the one displayed in the following. 

 Repeat the same steps with a 20g mass attached to the edge of the cantilever. 

 Repeat the same steps for a different length of the cantilever (~25 cm). 
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Model Sine

Equation
y=y0+A*sin(pi
*(x-xc)/w)

Reduced 
Chi-Sqr

20.39531

Adj. R-Square 0.996

Value Standard Erro

x-position

y0 624.43492 0.39436

xc -0.10887 0.00148

w 0.38209 3.48577E-4

A 101.65539 0.56146

 

 


