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Ansrver the follorving questions

1)Define each of the follo"ving expressions:

Autonomous dynamical system - Difference equation- Lipschitz concept.

2) Derive the equation that minimizes the sum of the squared deviations between a set of

data points as in the following table and the quadratic model.

x 0.1 0.2 0.3 0.4 0.5

v 0.06 0. t2 0.36 0.65 0.9s

3) Solve the difference equatiorr , xn42 - Zxn+r * Zxn - g , with initial conditions

Xt  =  O qnd  Xz :  L .

4) Classify the f-rxed point for the following systems and then draw the phase-portrait for

each system.

(i) {ol!=uXl !i1, (tr) {X; 
:=;i,:::

5) Find the equilibrium point for the following systems then determine the stability each

system.

r Q .
, . .  l i= ; (x) (b-x)( i )J ' -  b '  '  w i tha)0qndb>0( logis t icmodel)

(  x(0) -  ao

lx  :  Qx  . . ,
f i i )  txCO)--_ x, with o) 0 (Exponenttal grawthmodel)



6,) Shorvthatthe funct ion f(x) -2x*3,Y x e R isLipschitzcontinuous inR andthe

function f (i - # ,Y x € (0,1m) is not Lipschitz continuous on (0, +m).

7) Write the fbllowing equation , y + (1 + *)j, + Zty - O,as autonomous system and then

find the Jacobian matrix for the following autonomous systems:

/ ; \  l * ,  -  (xr) ' (* r -  xr) t  r , , . , , f * ,  -  cosxls inx2
( r /  

\ r ,  -  (x r ) t ( * ,  -  * r ) '  t t t l  
{ *2  =  cosx2 s inx l

8) A sewage treatment plant processes raw sewage to produce usable fertilizer and clean

water by removing all other contaminants. The process is such that each hour 12o/o of

remaining contaminants in a processing tank are removed. What percentage of the sewage

would remain after 1 day? How long would it take to lower the amount of sewage by

half? How long until the level of sewage is down to l0o/o of the original level?


