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Problem 2 – Lagrangian equations of motion: Seesaw with a cart. 
 
In Fig. 4, assume the only mass is a point mass at the center of the cart.  

 
Fig. 4 – Massless seesaw with a (point-mass) cart driven on top. 

 
a) Write expressions for the location (x,y) of the cart, in terms of the geometry shown. 
 
 
 
 
b) Write expressions for the x and y components of velocity of the cart. 
 
 
 
c) Derive the equation(s) of motion for the cart.  (Assume the only non-conservative force is the 
input force, F.) 
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Problem 4 – For each system and corresponding definition of generalized coordinates (GC’s), 
identify the non-conservative forces (“big Xi”, Ξ ) associated with each GC, necessary in using 
the Lagrangian approach to develop equations of motion. 
 
   
 
 

 
  

In a: non‐conservative forces and torques include:   
tau_m, F2, and Fb (due to dashpot, applied as equal and opposite forces on each mass). 

In b: non‐conservative forces and torques include:  
tau1, tau2, tau3, and F. 

In c: non‐conservative forces and torques include:  
F1, F4, and any damping forces (similar to part a) due to both b2 and b3. 

In d: non‐conservative forces and torques include:  
tau1, tau2, and tau3. n1 and n2 are the numbers of teeth on the gears, as shown. 
Note, when theta_m velocity is positive, theta_L velocity is negative! 

x
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Problem 5 – For the two-link system shown,  
a) Write the Jacobian, J, and Jacobian transpose, JT. 
 
Assume we will use relative generalized coordinates, as shown, where theta1 is absolute but 
theta2 is relative to theta1. 
 
b) Write the non-conservative forces, Ξ  and Ξ .  Each should involve a mathematical 

expression that includes some subset of actuator torques, tau1 and tau2, and the externally-
applied “disturbance” forces, Fx and Fy, at the end effector. 
 

c) Comment on how the Jacobian (or its transpose) describes the effect the disturbance forces 
will have on each  Ξ , the total non-conservative torque affecting each equation of motion. 

 


