7.

(a) No. If the equilibriumsolutions y(z) = 1, y(z) = 2, and y(z) = 3 were all stable,
then y(z) would have to be an increasing function for y < 2 and a decreasing
function for y > 1. Because solutions of autonomous differential equations have
slopes which do not change:sign between equilibrium solutions, this is impossible.

5. }:_’.e‘(;;;l-;e ay(b— y) satisfies the conditions of the Ex

values of z and y, all so _
the equilibrium solution. Other solutions may appr

£ — o0, but not touch it.

istence-Uniqueness theorem for all |

lutions are unique. Therefore no other solution may intersect .
oach the equilibrium solution as:
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(b) If y = bY/2, and z = 2X/(ab),

dy/dz = d(bY/2)/dz= (b/2)dY/dz = (b/2) (d?/d)c) (dk/dm) = (b/2)(dY/dX)(ab)/2.

This means dy/dz = ay(b — y) — ¢ becomes
(ab?/4)(dY/dX) = (abY/2)[b— bY/2] — ¢, or
dY/dX =Y(2-Y) - C, where C = 4c/(ab?).
(¢) dY/dX = Y(2-—Y)— C has equilibrium solutions wh?re Y2-2Y+C=0,o0r

Y=02+v4-4C)/2=1£1-C. o

i. If C > 1 there are no equilibrium solutions. ii: If C = 1 there is one (repeated)
equilibrium solution; iii. If C' < 1 there are two equilibrium solutions: one larger
than 1, one smaller than 1.

(d) If C = 1, the differential equation is dY/dX = —(1—Y)?, so solutions are always
decreasing and the equilibrium solution is semistable. If C' < 1, we may write the
differential equation as dY/dX = —(Y —r)(Y —rz), wherer; = 1—+/1-C and
rg=14/1=C. IfY > ry,dY/dX < 0, whileifr; <Y < rz we havedY/dX > 0.

_ Thus Y = r; is a stable equilibrium solution. If Y < ry, dY/dX < 0,50 Y =n,
is an unstable equilibrium solution. ‘

(e) If C'> 1, we may Write the differential equation as dY/dX = —(1-Y)? -~ C +1,
giving Y as a decréasing function of X. As there are no equilibrium solutions, ¥’
will always decrease, eventually reaching a value of 0.

(f) If C =.1, the pog_gl#&ign will die out if the initial condition gives Y(0) < 1. If
C < 1, the population will die out if the initial condition gives Y (0) < . (Notice
it does not’ r,haké_{séiiéé’to have Y(0) < 0.) The population will not die out, but
have a limitiﬁg‘vﬂlii&":t?ﬂl' +V/1=-CifY(0)>r=1-/1-C>0.

(a) If ¢ is very large, many animals are being poached and the population may die outi

(b) No. The same reasoning for part (a) applies here.

(c) Yes. One example is y = C(1 — y)(2 — ¥)*(3 — y)*, where C > 0. Many other

examples are possible.

lef=7 4

3
B2

U -




