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1. Find the general solution and solve the Cauchy problem, where it is relevant

a.

b.

B

(1+ y? sin2x)dx —2ycos® xdy = 0
y'+2x:cos(y—x+x2)
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{y{=4y1—5y2
Vy=y =2y, +2x
Yy =5y =3x" +sinx, y(0)=0,y'(0)=0
y(4)+j}:et+t

X=y

y=z , also calculate the exponent et of the system matrix A4.
Z=—y+2z+1+é

2. Find a solution bounded as 1t -2 , 0 <z < /2, of the DE xsin2¢ = 2(x +cos?)

3. In what form (only provide the formula corresponding to the method of undetermined coefficients)
one searches for a particular solution of the following DE?

a.

b.

4. Linearize the system of nonlinear DEs {

Y4590 16y =1+t +te™ -1 +te sint—e ™

p()y = f (1), where

p) = (A2 +40+5)(A* +4N=5)(h—1)*, f(t)=t+te ¥ cost—tcost—e " +e' +12¢” +1
P(L)x =1+ 2t —e' —cost +1sin2t, where P(L) =LA =1)°(A* +1)*Q(1) . The roots of the
polynomial Q have real parts larger than 5. Does the DE have stable solutions?

X =—cos(x+sin y)

at its equilibrium (4,0) and solve
y=tan(3x)+2cosx

the obtained linear system.



t t—1 t t+1
5. Which pair of vector functions (z 1],( . j or (z 1],( , j can constitute a pair of solutions
+

for the DE y = A(¢)y, y € R? with the matrix A(¢) continuously depending on¢ €[0,1]? Explain.
a. Find the corresponding matrix A(z) using the DE for the fundamental matrix.

b. Solve the Cauchy problem y = A(¢)y, 1,(0)=1,»,(0)=2.

6. Which pair (f(?),f,(¢#)) of two functions (l,tanf) or (¢,tant)can satisfy the DE
y+a,(t)y+a,(t)y=0 with continuous real-valued coefficients in the interval ¢ e (-n/2,w/2).
Calculate the Wronskian W[y, f,, f,1(t) for some other solution y(#) of this DE.

7. Solve the DE (#* —1)j— 6y =1 if it is known that the corresponding homogeneous problem has a
polynomial particular solution.

2 +r+l

8. Solve the DE (£* —1)i + 4ty +2y = 6¢ if its two particular solutions are y, =¢ and y, = "
t+

9. Solve the DE and the Couchy problem j + ytant =sin(2f),|¢t <17, y(0)=1,y(0) =1, if y =sint
is a particular solution of the corresponding homogeneous DE.

10. Find the linear approximation with respect to e € R, € = 0, of the Cauchy-problem solution over
the time interval ¢t €[-T,T] for some 7 >0.

b. y=-esintcosy—y, y(0)=2¢& —&*, j(0)=¢"

Cc. y+2ycose+y—(e'y+te +y)sine=0, y(O)=t211’18,)'/(0):(1+8)2

1 0 0 O
i At , 0 2 0
11. Calculate the matrix exponent e for the matrix 4= 00 o 10 and solve the Cauchy
0 0 -2 3

1
: 2 : : .
problem y = Ay, y(0) = 5| It is acceptable to not calculate matrix products in the final answer.
1

12. What are the possible DE orders » such that for some smooth real-valued function

F(t, v, 3, ") functions y =¢> +¢ and y =¢> both satisfy y" = f(t,y, y,..., y" ™) for any
t € R ? Give an example for the found minimal order. Explain.



13.

14.

15.

16.

17.

What is the minimal order n of the linear time-invariant DE y(”) +a y(” Dy a, y = 0 which

has both solutions y =¢*, y =¢* cost+¢* ? Explain and find the DE in the form p(<£)y = 0. There
is no need to multiply polynomials in the final form of p(L).

Which of the functions #* or #* +1 can satisfy the DE j+a(t)y +b(t)y =0 for any t € R and
continuous a,b: R — R ? Explain and provide an example.

What is the minimal order n of the DE ™ 44,y + . +a,y=0with constant real

coefficients, if it has the solution y =fcost + £? Explain and find the DE. Does it have stable
solutions?

It is known that the DE y(5 ) 4 a y(4) +a,y + a3y +a,y =0 with constant real coefficients has the
solution y =cos? +sin(2¢) . Find the coefficients and the general solutions.

Check the stability of the following equilibriums of scalar differential equations:
y==y p(0)=0;  y=-1"+y",p(0)=0; y=-|y[+sin’y,y(0)=0;

. 1/3 1/3 .
y=cos(y’),p(0)=(4n) "and y(0)=(3n) "; F=-y’cosy,y(0)=Lmand y(0)=0;



