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Question 1 (Advanced Robotics) – ENGG 5402 
 
 

1. Kinematics and dynamics: Consider a SCARA robot shown in Fig. 1.  
a. (2%) Find out its classic Denavit-Hartenberg parameters table. 
b. (2%) Compute its direct kinematics. 
c. (2%) Solve its inverse kinematics. 
d. (2%) Compute its Jacobian. 
e. (2%) Find out its dynamic modal 

 
For simplicity: link 3 and 4 can be considered as a unique rigid body (link) which translates along axis 

 of the prismatic joint 3 and rotates about axis  of the revolute joint 4. Let   denote the mass 
of this complete rigid body (link). It is also assumed that the centre of mass of this link is located on 
axis . Use  for inertia tensor of this link relative to the centre of mass. Also assume that the 
motors of joint 3 and 4 have negligible mass and inertia. Students are also free to choose the 
symbols they prefer to help with the presentation. 

 
Fig. 1. SCARA manipulator 

 
Note: for students who prefer to use modified Denavit-Hartenberg, they can redraw the figure with 
proper symbols but with clear explanation, and work out the same five sub-questions.  

 
End of Question 1 (Advanced Robotics) – ENGG 5402 
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Question 2 (Linear System Theory and Design) – ENGG 5403 
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End of Question 2 (Linear System Theory and Design) – ENGG 5403 
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Question 3  (Micromachining and Microelectromechanical Systems)  
– ENGG 5404 
 
 
 
1. You are tasked to develop a new a silicon-based atomic force microscope (AFM) tip via 
the “bulk silicon micromachining” process. Fig. 1 presents the conceptual design.  
 
(a) List your proposed fabrication process as well as the involved processing materials, 

chemicals,  
 
(b) Generate mask drawings for each step in (a).   
 
(c) Based on your process, estimate the sharpness of the fabricated tip, i.e., tip radius. Explain 

how the tip radius and aspect ratio can determine the resolution of an AFM.  
 
(d) Will the AFM tip suffer from fatigue? If so, how to address it?  
 
(e) Explain the operation principle of an AFM.  
 
 
 

 
Fig. 1. Tip of an AFM 

  
 
 
 

End or Question 3  (Micromachining and Microelectromechanical Systems) 
– ENGG 5404 

 
 
 
 
 
 
 
 
 
 
 

- Page 4 of 12  -  
 
 
 



Question 4 (Nonlinear Control Systems) – MAEG 5070 
 
 
 

 
 
 

 
 
 

End of Question 4 (Nonlinear Control Systems) – MAEG 5070 
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Question 5 (Smart Materials and Structures) – MAEG 5080 
 
 

 
 
 

End of Question 5 (Smart Materials and Structures) – MAEG 5080 
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Question 6 (Topics in Robotics) – MAEG 5090 
 

 
 
 

End of Question 6 (Topics in Robotics) – MAEG 5090 
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Question 7 (Nanomaterials and Nanotechnology: Fundamentals and 
Applications) – MAEG 5120 
 
 

 
Design a nanoscale linear servomotor based on telescoping and inter-layer effect of a 
multiwalled carbon nanotube (CNT). Explain the assembly process of the device and its 
working principle. (5%) Design a CNT-based scissors which can be applied for controlled 
“cutting” of a freestanding nanotube/nanowire. Explain the assembly process of the device 
and its working principle. (5%) Note: Add sketch if necessary.  
 
 
 
 
 
 
 
 

End of Question 7 (Nanomaterials and Nanotechnology: Fundamentals and 
Applications) – MAEG 5120 
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Question 8 (Computational Mechanics) – MAEG 5130 
 
 
1. For the 1D elastic problem with the strong form of: 

 

 

 
a. Derive the weak form. 

b. If the domain is discretized by two 2-node linear elements with the same length, 

approximate the displacement and strain fields. 

c. If the domain is discretized by one 3-node quadratic element with equally spaced 

nodes, approximate the displacement and strain fields. 

d. Compare the results in b and c with analytical solution. What is your conclusion? 

 
 
 
 
 

End of Question 8 (Computational Mechanics) – MAEG 5130 
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Question 9 (Materials Characterization Techniques) – MAEG 5140 
 
 
 
Construct 1H and D (or 2H) NMR spectra for CH3CD3 (D = 2H). Hint: consider spin-spin 
coupling; spins for  1H and D are 1/2 and 1, respectively . 
 
 
 
 
 

End of Question 9 (Materials Characterization Techniques) – MAEG 5140 
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Question 10 (Advanced Heat Transfer and Fluid Mechanics) – MAEG 5150 
 
 
 
Answer each question concisely.  (10 marks) 
 
 
1. On the E-S graph, draw the schematic to show the spontaneous change of state.  
 
2. Recent research has indicated that freestanding graphene has a higher thermal conductivity 
than the graphene supported by a substrate. Explain the reason concisely.  
 
3. Given the follow chemical reactions (ignore the backward reactions): 

CH4 + OH  CH3 + H2O    (Rxn. 1) 

CH3 + OH  CH2O + H2    (Rxn. 2) 

CH2O  CO + H2    (Rxn. 3) 
(1) Write out rate expressions for d[CH3]/dt, d[CH2O]/dtand d[H2]/dt. 
(2) Assuming Rxn. 3 is much faster than Rxn. 3. Which species is at the quasi-steady 

state?  
(3) Simply your expression for d[H2]/dt, in terms of [CH3] and [OH]. 

 
4. To assess the velocity scale of the smallest eddy, the Kolmogorov velocity, , can be used. 
It is related to the kinematic viscosity, , and the turbulence dissipation rate, ε. Derive the 
relationship between Kolmogorov velocity and viscosity and dissipation rate using 
dimensional analysis. 
 

5. To derive the transport equations for Reynolds stresses, the following term needs to be 
derived: 

 
Use the following two terms to express this term. 

 
 
 
 

End of Question 10 (Advanced Heat Transfer and Fluid Mechanics)  
– MAEG 5150 
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Question 11 (Design for Additive Manufacturing) – MAEG 5160 
 
 
Category: This question relates to the topological optimization of the truss structures.  

Main question: Consider the truss structures in the figure below. The bars have lengths according to 
the figure, and consist of a material with Young’s modulus E and density ρ. The force F >0 and the 

angle α = 30◦. We want to find the cross-sectional areas A1 and A2 such that the total weight of the 
whole structure is minimized subject to stress constraints and a constraint on the tip displacement δ. 

 

 

Constraints to be noted:  

1.The stress σ in the truss constraints are for a given stress bound σ0 > 0.  

2.The displacement constraint is  in the negative Y direction, where is a given bound 
on the tip displacement (please use hook’s law to think how to get this equation).  

 

Sub-questions (the order of the sub-questions also serves as the hint/approach to solving the 
problem) and marking scheme (total 10 marks):  

 

(1) Free-body diagram and the balance of force equation in X and Y directions (2 marks) 
(2) The elongation of two trusses and its relationship to the tip displacement δ (2 marks) 
(3) Re-formulate the displacement constraint in terms A1 and A2, the force F and the stress σ 

in the truss (2 marks) 
(4) Re-formulate the stress constraint in terms A1 and A2, the force F and the stress σ in the 

truss (1 mark) 
(5) Express the total weight as the objective function of the optimization problem (1 mark)  
(6) Write down the full expression of the optimization problem (1 mark) and get the 

result/answer for A1 and A2 in terms of the force F and the stress σ (1 mark) 
 
 

End of Question 11 (Design for Additive Manufacturing)  
– MAEG 5160 
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