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2 0 show all your
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(Q1) Find the general solution of the system: X'= [




(Q2) Find the general solution of the system: work
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(Q3) Use Variation of Parameters to solve the system:
Hint: {1“} is an eigenvector

1 -2 0 1 _ _
X'= X + for the matrix A associated
1 -1 1

with the eigenvalue A=

(show all your work)




Show all your work

(Q4) x=0 isaregularsingular point of the DE

xy"—2y =0

Use the method of Frobenius to obtain two linearly independent series solutions
aboutx =0, [Note: Find the first five coefficients of each series]



(Q5) Consider the following DE: y"+(sinx)y =0

a) Find two power series solutions of the given DE about the ordinary point X =0

b) Find interval of convergence of power series solutions. | HINE inx—x- 22— .

(show all your work) [Note: Find the first four coefficients of each series]




(Q6) x, =0 is aregular singular point of the DE
A2y "+4xy'+(4x* -1y =0

Find the indicial roots of the singularity.

@ n=1,r=-1

1 -1
r==,r =—
0 =3 n="
1 -1
n==,r=—
© n=5 h=7
-1

@ £=0,15=">



(Q7)The form of two linearly independent solutions of the DE
xy"+@1-x)y'-y=0
(r,, r, are the indicial roots)
@)y, =D, C, X", ¢, #0,y, = Db, X" b, %0
n=0 n=0
(b) y, = icnx”+r1 ¢, 20,¥, =Cy,(X)In X+ibnxn+rl,b0 #0
n=0 n=0

(C) Y. = chxn+rl’co =0, Y, = yl(x)ln X+anxn+r1
n=0 n=1

(d) none of the above



(Q8) Without solving classify each of the following equations as to:

(circle the appropriate word)

(a) separable (b) Exact (c) Bernolli
B W
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(Q9) Transform the system

3y,"-5y,+t* =0
7y,"+5y,'=¢'

Into a first-order system

X'(t) = AX (1) + F (1)

A= F(t) =




(@)

i * LN * f f f
- - = = - - o 4 P y Y] A ‘ ; i q < Al < * f f
L - - - " - v 7 Vi 4 A 4 A + % * ‘ \ Al 1 s < * * f
— o~ v v v v A v 4 4 4D } y v v v AN 1 i 4
2 - VR N
-~ e e - v v P ¢ y y A A * \J | | 1 1 AN <
~ i A
- . S — P ¢ p p i A * | A A} A\ A v 4 4
i + A « ~ -~ - v < 4 { 4 4
— — -— — — — - P 4 4 d A
v v v v v v v v v v v v v v v
g > \ g \ g > v v v V| 4 4 A * -4 -2 4
" 2 2 | 4 4 4 € 4 ¢ ¢ 4 ~ 8 n
-~ e = - vy - P pa 4 4 A i
i * 4 4 4 4 4 4 4 < A 1 Al \|
-~ = = e A
v v ¢ ¢« 4« | A + A 4 4 g p 42‘ Vv y
- - - - > ‘ A =2}
TR | AR R Voo
e P 4 4 A i ? f f 1 i 4 4 4 \ v * %
- - v vy r v v 4 ¢ Y| 4 i * f 1 f 4 ] i 4 4 ' # L
- - [ - v - P Vi d 4 A A f f f ? f A ] ‘_4¢ * # ‘ L
- - - - > v 1_4( P 4 4 i 4 ?
Y= T B e ]
\H"’"iﬁj"'—*a\\ﬁa“’"i T oy oy, A 4t T
—_ - \ ]
[, : '_"H\\:L\\““\H”'_ ? f i N A \ ¢ " A A f ?
R G ! . ]
o . rf" T e N T e i L R O R i 4o
2..c‘.__._.q:._,-p.._.-ﬁ.lt.-:f._.-:'...-:'f._.-dt.;F.,ﬂ.ﬁ..,q;.m..q‘_._\..._,&_
! ! 1 A i A N i W ¢ ™ A A } A
o — — — e — — — e e e e e e i | 2+t
i | i Ao - [
e S Sl e e L A NG i
2 : : . 1 P VY T R
LA : A A 1 v ¢ = "
[ === — RS ; ] 4 4 4 4 4 { { [}
- | I B e ——
T e | -1 [« 2 4
(7 e by e e [T T T T T e A 4 4« « v ¢ =07 ¢ 0o
—r-—r:-—-—-;—a.—a.—-—-—a-—r-—r-—r-;—r-—r-—r:-—- 1 A A A 4 4 -~ i A A A
-2H‘W'—"“ﬁ-i"c‘r-“":'""f-—"*-—'--*-:..:--hqa;-'-;_-ih:h;;-ﬂc-—i---""'— A ) A i i 4 72’ i i ) A
HHJ;}”J‘/’#—’HK\L\\HHH: A A i i i L ¢ ™ i i i A
N S SRR N W ok I L PR A G bt
“Hﬁfr’/ﬂf_,h__\\h“-_,ﬂj ;4A Lo - i ;
4 o | F | ] Loy @ PR
) 2 0 2 I L

—~
)
~

(d)




(Q11) State the order of the given differential equation. Determine weather the equation is
ODE or PDE. Determine weather the equation is linear or nonlinear.

Equation Type Linearity Order

A simple model for the shape of a tsunami, or
tidal wave, is given by

1
O:jﬂzwxm—zvv
X

ODE | PDE | linear | nonlinear

The model of the free pendulum given by

d2o 6
2 —+2ﬂ«—+a) sind=0 ODE | PDE | linear | nonlinear
dt? dt

Where ﬂ,, @ are constants.

The steady state heat conduction equation

3 __(k &)_a(k 5)_ Gx ODE | PDE

Where k, and k, are constants.

linear nonlinear

The equation of a vibrating membrane
o°u o’u o 0
4 ot —a (@X 8y ) ODE | PDE | linear | nonlinear

Where a is a constant.

The current i(t) in an LRC series circuit

satisfies
5 ODE | PDE | linear | nonlinear
iR e
dt dt C

Where L,R,C are constants.




(Q12) The following IVP

{ 1 5] b
X'=|.10-t XJ{ sint ]

t2 sint In(t +50)

co9-[]

has a unique solution on the interval
@ (0,10)
(b) (0,+00)
) (0,4)
) (-10,10)
&) (0,3)



(Q13) The general solution for the DE

(@ y=ce”+c,e™
(b) Yy =C,SInX+C,COSX

(¢) Yy =c;sinhx+c,coshx



-1 4
(Q14) Giventhat Y1 =X~ Y2=X  are solutions for the DE

X?y"—-2xy'—=4y=0 (%)

and y, =-1 is a particular solution for

X2y —2xy' —4y =4  (*¥)
Then the solution for the IVP

Xy"—2xy' —4y =4

yh=2,y'@)=2
(circle the correct answer)

@ y=2x"+x*

by y=2x"+x*-1

) y=x"+2x"-1



(Q15) True or False

The point x =2 is a regular singular point of the DE

@ | (x—4)y" +3(x-2)y' +5y =0

5) The differential operator [D? — 2D + 2]° annihilates the function
xe*(Sin X + cos X)

(c) | x =-2is an ordinary point of the DE 3X(X+2)y"+(X-2)y' -y =0

1., ..

(d) (67) = c0s(23) —isin(2)

(€) | The DE: X*y"—Xy'+2y =0 isa Cauchy-Euler equation.

(f) | If @(t) is a fundamental matrix of the system X' = AX ,then @'(t) = Ad(t).

() We can not find two linearly independent solutions of the DE xy"+y =0

J in the form of a power series centered at x = 2.

0 X2Y''—Xy'+2y = O}

Is a Boundary Value Problem (BVP

y(0) =1y =0 Y (BVP)

(i) A constant multiple of a solution of a homogeneous linear differential
equation is also a solution.

Q) A set of functions is linearly dependent if at least one function can be
expressed as a linear combination of the remaining functions.

K [1f yi=Ly,=Xx" then W(y;,Y,)=-2X




(Bonus 1)  consider the DE:

1 X—2
X+2)y'+ + =0
(x+2)y x—5" (X* +4)(x* —6x+14) y

Without solving the DE, find a lower bound for the radius of convergence of power
series solutions about the point x = 2. The pwer series solutions centered at x = 2 will
converge at least for | x—2|< R. Then R=

Show all your work then Circle your answer

(@ 3

(b) 2
© 242
(d) 243
(e) 4

) 2415




