Problems 17 - 20 show the slope field for a first order differential equations. In addition to determ-
ining and classifying all equilibrium solutions (if any), also draw the trajectories satisfying the initial

values y(0) = 1, y(1) = 0, y(1)

2, y(0) = -3.
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Problems 21-23 show the stream plot in the z1 — zo-plane for a system of two first order differential
equations In addition to determining and classifying all equilibrium solutions, also draw the trajector-
ies satisfying the initial values (1(0),z2(0)) = (0,1), {(z1(0),22(0)) = (1,0), (z1(0), x2(0)) = (1,2),
(z1(0), z2(0)} = (—1,0). Also describe the basins of attraction.
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Case 2: (a +d)? — 4(ad — bc) =0

Case 2i: Two independent eigenvectors:

The general solution is (:1:1 ) = (Ul ) e + ¢y (wl ) et
| o (%) w2

Case 2ii: One independent eigenvectors:

The general solution is (ml ) = C1 (Ul ) et +co {(vl ) t+ (wl )] et
T Vo V2 W2

Case 2a: r >0 Case 2b: 7 < 0

Case 3: (a+d)? —4(ad —be) < 0. Le., r = A+ iy

Suppose eigenvector corresponding to eigenvalue is

vi Tiwy \ [ V1 L[ W
\wvotiwy /) \wg W2

Then general solution is

[2] — cret ([z;] cos(ut) — [zﬂ sz’n(ut))

Fepet ([;‘2] sin(ut) + [wl] cos(ut))

w2

Ca,se 3a: A >0
Case 3a: A <0

Case 3a: A =0



7.6: Complex eigenvalue example: Solve x’ = [3 _13] X

5 1
Step 1 Find eigenvalues: det(A—rI) =0

_13-r -13

det(A—fr'I)_| 5 1_p

=B3-r)(1—-7r)+65=r%—4r+68 =0

Thus r — 44 422—4(68) _ 4+ 42(4—68) _ 4¢2\2/:5—4 — 948

Step 2 Find eigenvectors: Solve (A —r)x =0

A—(H&')I:[?’—(?i&) ~13 ]

5 1— (2+8i)
o 15 ] 2] [
[1?% —1_:1|:38i] [1:1|:38i] B {583?;-%%1—31;1;()1(1;.—321)} B [65+(—(1)+64i2)] B m

] is an eigenvector of A with eigen value 2 £ 8i.

1F 8 -13
5] —1F 8

13
18

C[1+8i] . : 13 . l1x8 -13 1+8] [0
Note.[ 5 llsa,multlpleof llZFSJ smce_ 5 —IZFS'J[ 5 }_[0].

. 1+8i 1], . [8] 13 .
Thus we can use either [ 5 ] = { 5] + i [ 0 or [1 - 8@'] or any nonzero multiple.

Thus any non-zero multiple of [

General solution:

[zﬂ ~ e ([;] cos(8t) — m sz’n(St)) + cpe?t (H sin(8t) + m cos(St))

!
. dry _ g _ %y _ 3z1-13z
Slope field for xo vs xq: dor = F=L = 70 = burtes

Note slope 0’s occur when 3z, — 13z, = 0, ie, T2 = 1—3:”:1:1.

Note slope oo’s occur when 5z + 9 = 0, ie, z2 = —5z;.
Determine where slopes are positive vs negative for regions between these lines.

T2

For example, along the zo axis slope is negative: ;1 = 0 and %’; = =182z — _13 &*5?

(S 1]4]

. . sl — dry _ 331 __
For example, along the x; axis slope is positive: zo =0 and 322 = 57 =

i/
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