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Problem 1: 

The cross section of a composite beam consisting of two layers is shown in the figure below. The top 

layer of the composite beam is SiO2 and the substrate is silicon. Find the position of the neutral plane for 

free bending. (𝐸𝑜𝑥 = 7 × 1010𝑃𝑎, 𝐸𝑠𝑖 = 1.7 × 1011𝑃𝑎, 𝑡𝑜𝑥 = 0.5𝜇𝑚 𝑎𝑛𝑑 𝑡𝑠𝑖 = 2𝜇𝑚) 

 

Problem 2: 

Consider a beam with a T-shaped cross-section as shown in the figure below. The cross section can be 

divided into two rectangles. The top one has a width of 𝑏1 and a thickness of  ℎ1, while the lower one 

has a width of 𝑏2 and a thickness of ℎ2. (The centers of the two rectangles are 𝑂1 and 𝑂2 in the figure.). 

Find the position of the neutral plane 𝑧𝑜 for pure bending and the moment of inertia against the neutral 

plane. 

 

Problem 3: 

A polysilicon cantilever beam overhangs over a silicon substrate as shown in the figure below. The 

thickness of the beam is 2𝜇𝑚 and the original distance between the beam and the substrate is 2𝜇𝑚. 

Find the maximum length the cantilever beam may have without contacting the substrate due to the 
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displacement caused by its own weight. (Note: the Young's modulus of polysilicon is 𝐸 = 1.7 × 1011𝑃𝑎,

𝜌 = 2330𝑘𝑔/𝑚3 .) 

 

Problem 4: 

A double-supported beam-mass silicon structure is shown in the figure below, where 𝑎1 = 500𝜇𝑚, 𝑏 =

50𝜇𝑚, ℎ = 10𝜇𝑚, 𝐴 = 𝐵 = 4𝑚𝑚  and  𝐻 = 300𝜇𝑚. Find (1) the displacement of the mass under its 

own weight, (2) the maximum stress on the beam surface.

 

Problem 5: 

For the same double-supported beam-mass silicon structure as shown in problem 4 above, find the 

maximum acceleration in the normal direction the structure can tolerate without rupture (assuming the 

rupture stress for silicon is  𝑇𝑅 = 3 × 109 𝑃𝑎 ). 

Problem 6: 

A silicon structure as shown in problem 4, where 𝑎1 = 500𝜇𝑚, 𝑏 = 50𝜇𝑚, ℎ = 20𝜇𝑚, 𝐴 = 𝐵 = 4𝑚𝑚  

and   𝐻 = 300𝜇𝑚. If the mass of the beam and the bending of the mass are negligible, find the vibration 

frequencies of the following vibration mode: (1) the vibration normal to the mass plane; (2) the lateral 

vibration in the mass plane. 

 


