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Fig. 1. Forces exerted by moving animals vary
in space and time. (A) Ground reaction force
vectors (shown in red) for a running human and
trotting dog are plotted at equal time intervals
throughout the stance phase. At each instant,
the resultant vector points through the hip or
shoulder of each leg, minimizing the torque at
each joint. An initial braking phase is followed
byGa propulsive phase. (B) Two basic models for
legged locomotion. In a walking animal, the
center of mass vaults over a rigid leg, analogous
to an inverted pendulum. At mid stance, the
downstroke
center of mass reaches its highest point. Like a
pendulum, the kinetic and gravitational poten-
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