
ME 449 Quiz 1 Name:
October 28, 2026

Always show your work or reasoning so your thought process is clear. If you need
more space for your work, you can use the back side of the previous page. No elec-
tronics allowed (e.g., phone, watch, tablet, computer, calculator, etc.). If you find
yourself trying to perform complex calculations, you are not thinking about the prob-
lem correctly; no complex calculations are needed.



1. (4 pts) Two anthropomorphic SRS robot arms firmly grasp and manipulate a UP mechanism,
as shown in the image below. The firm grasps mean that the hands of the robot arms are
fixed relative to the links they grasp. How many degrees of freedom does the combined
arms-plus-mechanism system have?
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2. (2 pts) Three spheres are free to move in space, subject only to the constraints that each
sphere must always touch the other two. How many degrees of freedom does the three-sphere
system have?

3. (4 pts) The configuration of a frame {d} relative to a frame {c} is written Tcd. A frame
initially coincident with {d} follows a screw axis Sd (expressed in the {d} frame) a distance
θ, then follows a twist Vc (expressed in the {c} frame) for time t, ending at the frame {e}.
What is Tce?



4. A frame {d} starts out aligned with a frame {c}, Tcd = I. It then follows a screw axis —
represented in {c} by q = (1, 2, 0)⊺, ŝ = (0, 0, 1)⊺, and h = −2 — at a constant speed for
time t = 10, rotating a total distance π and ending up at {d′}. You should not do any
significant calculations for this problem. A drawing may be helpful but is not
required.

(a) (2 pts) Write the screw axis in {c}, i.e., Sc. (Numbers only.)

(b) (2 pts) Write the twist Vc while the frame is moving. (Numbers only.)

(c) (2 pts) Give the exponential coordinate representation of Tcd′ . (Numbers only.)

(d) (4 pts) Give Tcd′ ∈ SE(3). (Numbers only.)

5. (3 pts) You are given the transformation matrices T1 = Tec, T2 = Tde, and T3 = Tdf describing
the relative configurations of the frames {c}, {d}, {e}, and {f}. A wrench Fc is expressed
in {c}. What is this wrench expressed in {f}? Write it in terms of Fc, T1, T2, T3, and any
operations needed on them.

6. (3 pts) There are three frames, {c}, {d}, and {e}, with configurations Tcd and Tce. A frame
initially at {e} follows the screw axis that takes {c} to {d}, but follows it three times the
distance needed to take {c} to {d}. The frame ends up at {e′}. Give Tce′ in terms of Tcd, Tce,
and any operations needed on them.



7. Consider the 7R Franka Research 3 (FR3) robot arm shown at the configuration below.
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(a) (2 pts) Give Tsb for this configuration.

(b) (7 pts) Give the space Jacobian at this configuration. The axes of rotation of joints 1
and 3 are coincident and point up on the page, joint axis 5 points right on the page,
joint axis 7 points down on the page, and joint axes 2, 4, and 6 point out of the page
at the locations indicated by the out-of-page arrowheads ⊙. Dimensions are given by
L1, . . . , L7.


