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2.  

a.) Using the Jacobian found in Q1a, calculate the tool point linear velocity if joint 1 
is rotating at 1 rad/s and joint 2 is rotating at 3 rad/s (a1 = 2, a2 = 3 θ1= 167.028o, θ2 

=-156.44O). 
 

 
sin sin	 sin	
cos cos	 cos	
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b.) Calculate the resulting joint torques τ, given a force F = (30, -20) is applied to the              
end effector tool point.  
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Step 4: Calculate the derivatives of the Lagrangian to determine the torque equations 
for the two-link robot arm: Recall Chain rule expansion: 
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