1. Jacobian to find velocity: Fig. [I]shows a two-link manipulator. Both link lengths are £
and the angles are #1 and f as shown. Let the velocity of point Q be vg and angular velocity
of the two links is w = [, #g] = [w1, wo.

(a) Find the Jacobian of point &), Jg. Write an analytical formula.
(b) The velocity of point & is given as vg = Jgw. Thus, the angular velocity is given by
w=J51vq.Asmmaf=ludvq=f2; 1.
L Given §) = £, th = %, find the mumeric value of w.
i Given f; = %, #h = 0, find the numeric value of w. Comment on the answer. Feel

free to search the internet if you have to.
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2. Jacobian for static forces: Fig. [[| shows a two-link manipulator. Both link lengths are £
and the angles are # and s as shown. There i= a foroe F' that acts at right angles to the
second link as shown. That is, the force acts along ¥ 2.

—» (&) Write an analytical expression for the foree m fixed frame O — Xp — ¥7 ie., write the x-

and y-component in the fixed frame. ——
(b) Write an analytical expression for the torque at the two joints, T = [1'1 m].
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