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If the system is dissipatiy an attractor is negative. This can be satisfied by
the following sets of Ai signs: (-,-,-); on in all 3 directions, thus yielding a stable equilibrium
point attractor. The second set yields a stable d one corresponds to a torus (quasiperiodic motion with 2
incommensurate basic frequencies). Eventually the fourth one (with the obvious constraint that the positive exponent be smaller than the
absolute value of the negative one, in order to satisfy the dissipativity condition) is a "strange" attractor. A positive Liapunov exponent
means that an arbitrarily small initial difference between two points on the attractor grows exponentially to a sizable value. This sensitive
dependence on the initial conditions has been called "deterministic chaos".
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COMPONENT DESCRIPTION

E Electric field envelope (Complex amplitude)
N Carrier density
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with perturbations variables ¢ and h on lo and No, respectively. Under these g

® In order to test the stability of this fixed point a linearization is performed

\l stipulations we have that:

N =2 N+ 3yv.n=l, yel, neR

| W X
xn)=0 ()

Wherew = 2 (—a; + &N, — 1)),
x=2LK y=1-N,, and z=-y-1I;




than zero.

® The results of the analys
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% 10 Amplitude of Input vs. Output x 0™ Pulse Response: l=1mA from bias point of | = 10méA
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s). T and T are the
S T, (T=1000, T, =1000).

M, is the dimension sack strength (0<k<<1), P is the
pump current above tt

CC

swidth enhancement factor.

The LK equations are delay differential equations(DDEs), because the right-hand side of Equation on

/gex’r slide does not only depend on E(t) and N(f) at the present time, but also on E(t- T ).
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dr

=(l+ia)NE+kexpl—ilwyT)E(I— 7).

dN )
T—=P—N—(1+2N)|E|".
dt




A detailed numerical bifu , eqa’rions, using DDE-BIFTOOL. This
MATLAB software package calculates steady state and periodic solutions for equations

with a finite number of fixed discrete delays. Stability analysis of steady state solutions

/s achieved through approximating and correcting the rightmost characteristic roots.



dA
F:[ 1+ia)NA—ibA+ kexp| —ilwor+b)]A(1—17).

'I:'?IJ.?""F -
T—=P—-N—(1+2N)|A4]|". (3)
dt

‘We nc e complex variable
A(t) and the real v¢ <nown real parameter b. This

form has the advantage that the ECMs, which are periodic solutions of Eq.



manifold showing bistability between a fixed point and a chaotic attractor in

the COF laser.

\\5 ®* Now using the DDE BIFTOOL we plotted two branches of the 1D unstable
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® Chapter 5 Bifurcation anc s with delay Bernd Krauskopf University
of Bristol Chapter for a book edited by Deb Kane and Alan Shore
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