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(a) A = 0.5, U = 0 (b) A = 1, U = 0

(c) A = 0, U = 0.1 (d) A = 0, U = 0.5

(e) A = 0, U = �0.1 (f) A = 0, U = �0.5

Fig. 4.3. (Color online). Streamlines (thin black lines) of the closed cellular flow with stream-
function (1.5) with A 6= 0 and U = 0 (top row) and with A = 0 and U 6= 0 (middle and bottom
rows), and corresponding periodic trajectories for (FK) (minimising (3.9), thick blue lines) and (G)
(minimising (3.12), thick red lines). For the top and middle rows, the minimising trajectories are
plotted for c0 = 0.1, 1 and 10 (cf. Figure 4.1 for A = U = 0). For panel (e), with U = �0.1, there is
no right-propagating (G) front for c0 = 0.1 and the three values c0 = 0.11, 1 and 10 have been used.
For panel (f), with U = �0.5, there are no right-propagating (FK) and (G) fronts for c = 0.01 and
the values c0 = 0.19, 1 and 10 have been used; there is no right-propagating (G) front for c0 = 0.19.
Note that the (FK) and (G) trajectories are often indistinguishable for the larger values of c0.

the minimising trajectories obtained for di↵erent values of U > 0 (middle row) and376

U < 0 (bottom row). These trajectories are clearly invariant under the transformation377

(x, y) 7! (�x,⇡ � y).378

For small values of c0 and U = O(1) > 0, the minimising trajectories closely379

follow the open streamline with the maximum average horizontal speed c+(U), say,380

situated in the middle of the channel, which suggests that cFK ⇠ c+. It can be shown381


