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King nahd Universit;r of Petrolerm and Mirrcrals
Depsrtmeut of Mathemati,cs & Statistics

ODE Comprehensirre Exam
Th€ Slecond Semegter of ?02f}m2l (mZ)

Time Allowed: l20mn

Na.nre: ID number:

This is a closed book exa.m

Problem S Marks Maximum Marks
1 25
, 25

3 25
4 25

5 25
'Ibtal 25 x 4:100

Solve only 4 problems of your choice.

Remark In case a studeDt solves all 5 problems, only the first 4 on the exasr
sheets will be graded.



hobl€m 1:(25pts)
l.)(le) Fmd the opliit mlution of the rvP. Give the largest interval of definition of the
mlution-

dt
E= V - l)2, c,yeR,

v(o) : vo.

2.X13pts) Shoy thst the fVP has a udque eolution in mme intsval arourd z: 0.

dvl
ds (s - a),'
t'(0) : l'
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Problem Z:(Zspts) Comidm the rysteo

ff:v@+v\,
fl: _<s +f),

#:'-"'-t'
l.X4pts) V€rify that &(t) : (sint,6r, r) ad Xr(t) : (0,0,d) are solutions of the system.
2.X10pts) White the linearized systcm 8t tbe periodic miution X, (t).
3.X6pts) Find rll ctaracteristics multipliers of the linearized q'strem at Xrp;.
a.)(spts) Deduce the sta,bility of tbe perirdic solution X1(t).
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PloUeo 3:(25pt8)
Gouider the rmlilear sy*em

#:-'-s+2c(t+v2),
*:,- c+c(t+l)..E

l)(8pts) Shor thrt the syst(m has no perbdic solution irgide the region
n: {@,i eR2, r* +5f < L}.

2.Xl2pts) Give all pmibb vahs of c > 0 ard D > 0 such that tbe bounded set

o:l@,li4cf,.2, o2 =i+f <d\
is a trapping regio of the system (that b, wteo a trajettory edcrs D it reorim in D
forever, or whea a traixtory lear=s D it will nerr€r retura to D forerrcr).
3.X5pts) Deduce thrt the qrst4m has at lead one c.h*d orbit.
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Problcm a:(25pts) Ir,t y, I ad f'be three slar @ntiDuffi frrrtiom on B-
Condder the 6r* order diftereotid eqoatim

*.*r:.F(y), r>0. (r)

Arsume tbat lF(v)l < rlyl .ud P&r) - P(ra)l S rly, - 36l, for som'y > o.

l.X5pts) Multip$ug Equatim (f) bV ," integr8titrg 6ctor, show that

o : ffi + l"' l*it(r(')),. o'' o'

2'xlws) shor that 
b(t)r < rt (,)ret, v, > 0.

3.) Comiderr trm sotutions y1 and 3r2 of Equation (f) such that fr(O) : yr(O).

a.)(3pts) Wtit€ the differential equation satisfied ly tt : lr - !z-
b.)(?pts) Given an arbitrsry ? > 0, show that

o(i) :0, Vt € lo,"l.

Sd,,ti""

,)

,,=fA=J*lJ" tfu,o
' ," ,^.q', {h- n,-h}'" b7 E+t, b" f-t'^J .1-

SCt+r,fi = c*i rt:l) a [Gr') =' 9' +tb+'Fruuil '
=s) hc+l = *i * f"-t* 

eq.) )4 ,+wo
Ur- hr,x Ugcrr,) -- rb, + JrOilHWnb

9 t3oK5o,) < it"L+ {6ri LFtwl b
€ L*-l + Tl\etLtblb

\tt- ^f,1 W c."",*^tl" ,;*l^*tr,b f. J
'Uglc+{,) < Ltl {- rl+ t ,",t t"*t .=fr -7. tu4 {, W"o

,t
d)

v'Xt# ) El *,,= Fcs,)- Fk4)
W*"1r"4 lrl,q J"e, ^* h4

1*-tc'o1 € L\rb)l +f^'g,1t+tal l7
h&^ q,.i,t +o Grom,&t r'irq."A;- b f^I-
) Gdli*,r s l*l :;" ,.v nLottJ' 5' wy)*;n* 

=W.Ll,,zl

)



Prohlem 5:(6btE) Coddcr tbe mlincar qdcm

dz
E: -r(r - z)'

fl=e *,r -lo.
t.)(Sfts) FiDd dl criticat points of the system.

l.)(l2ry) Use Lyapuov dirct m*Ua L *ow rhst the origitr ir asymptotically stable.
2.)(8pto) Study the stabiliry of the poim {r,0).
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