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Chapter One
Lbalin) ey ataal)
Ordinary Differential Equations
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Tra s
Closed form solution (closed _ form expression)
Is a mathematical expression expressed using a finite number of standarl
operations . it may constrain constants, variables, cetin "well known"
operations (e.g., +, -, X, /) and functions (e.g. nth root, exponent,
logarithrm,trigonometric functions, and inverse hy perbolic function
The set of operations and functions admitted in a closed — form

expression may vary with author and
context.

5+log x
Vx
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Differential Equations

is an equation which involives — 4lalédll alabadl)

Jituall axiall g il il G 4Bdle & a0 5 Lmderivatives
Jile juaie A ally 2y SN (Ordinary) 4sle 4diald aabes cand g S3Lzalddl) o) cldilial) Lgad Jas
aile Gliida e Y g giaty Jalb g aal

¢ YIS galal) aglaliil] Alilae iy yad Sy L

Def : equation which contains the derivatives of differtontial

. . . . . dy d?*y 7
is called ordinary differential equation (ode) (E'@ Ly y'dx, dy)
dy _ 4 | 3dy _
Exam/ 1)dx—x+5 2)ax2+dx+2y—0
xy' +y=3 4y +20")*+y" =cosx

5y + ()* + 3y =x?

If there is a single independent valuable as in (1-5) the derivatives are ordinary
derives and the equation is called an ordinary equation

(ot g agale a0 Ly hliiial 8 (5-1) (8 LS aa) 5 Jiiusa | jpaie aplalél) alabeall < gial 13) Jaay o)
4alad) aalialail) alalall

If there are two or male independent valuables as in (6-7) the derivatives are pallial
derivatives and the equation is called palatial differential equation

2
Ex/ 6)g—i=z+x£ 7)—+Z—y§=x2+y

el G (7-6) oullial) b LS aliivsall il purial) (pa SS1 gl ) apboaliill dlabaall i 13 A1 Jinay g)
ap jall aglalil alsbaally Alolaall o3 (aniis 4p ja CilEida () 5S5 Alabaall 538 Lagy sind il

* * * * * * % “LY\QAJ-J‘}A”
ex/
LY\ asinn) T2 _ (3 2 L
1)xdx3+(25mx)dx2dx—(3 x%)y 2) dx+y—3x
2
3 (x—y)dx+ (x+y)dy =0 4)d—y+ld—y+y=0

Miad 4glall il e Allall AL 4l 3l prdios Lo |38 akiadle
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2
Y"=% 4l agiial }/'=Z—z A X Vil y il V) il

dx3 /By = Y™ sa (e S G agiial)

YO = DL ol e aGaial) i a3 ) 8 el cliial

Y5 Al i) e, 4 Galy @l e g Galll e U aail G B o s piial) e 48Rl 455 je g s Gus

osa . o 2 Alilaall S (S adle 5 1388 5 4wl dEisall ind, 5

xy" + (2sinx)y"y" = (3 —x%)y

S 2y 48 ) aglialanl) Alilaall (e Liy ety aia¥) (g lay Je Jaxi oY

A pal) Bl g yeami ol Jiive ke G ST Y alls il pyaiall Lggh 4ilialis alilae o
Examples: -

4y Aglald Cllobes (A A0 BRI Alitall Sl yuiall 7y X 5 @l usialy o 5Ss
Dv/dx +3.dv/dy =0 -1

D2v/dx2 +d2v/dx2 + d2x/dz? =f(x,y,z ) -2

x2.d2v/dxdy + 3y. dv/dx +(x-y2)v =0-3

*eqution *

The order of a differentione lvis the order of the highest derivativ whiel occurs.
Namely, (the

(order of the (ODE) is the highest derivative in the equation .

e s (5 Ll el o abalisll alolaal) dsiy :ina o

Ex/ 1)3—3:=x+5 2xy'+y=3
9 _ 402 - @y, ady
3)5_Z+xay are of the first order 4)6d +3dx+2y_0
y2 N3 2 0%z | 0%z 2
SN +O)+3y=x 6) 55z +5;z = x* +¥  are of second order
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7)y'" +2(y")?+y' =cosx are of the third order

* * * * * *

The order of a differential equation which can be written as a polynomial in the
derivatives is the degree of the highest order derivative which then occurs. Namely
(the degree of ODE is the highest power of the highest derivative).

52 o) sl i) oY) 4fiiall da a4 4lilaal) 638 4 53 Gl Cliidall b 4ialis dlsbas CaiS 1) 2 ey

Calalaall
dy _ @y o,y _
Ex/ 1)a—x+5 2)dx2+3dx+2y—0
xy' +y=3 4)y" +2(y")?+y =cosx
on_ 0 2 o
5)5_Z+xay )6x2+6y2_x+y

All of the above examples are of the first degree and
7) (¥'")%+ (y")? + 3y = x? is of the second degree

For the present, only ordinary differential equations with a singl. Ddipendent variable
will be considered. A discussion of partial diffrlerential equations will be given in the
next year at the thirol class

alaliil) cllabeall 4l 5 Lal can) gl Jisall puaciall culd 4glialall callabeal) Jad (s )25 Cogus 1) - 1 x5
B Caall 8 anlil) aladl 8 Lgas )25 (g 45 )l

( Liner( adeal) adoalédl) alatadl)

Lrpen o e 5 i) yuriall 8 4phadl) alalbeall &

Example 1. X2y"+xy+X2Y=e"x sin x

g s n Lagia JS (g) aphad 7 adliidia g y i e Laghe JS () . 4l 4 1) (ge 4pdad 4lialés alalaa (o
X b dls 5l <l 8 Lillalaa (4685 ) g Vg Ly L 4S Jidia o i ol a2 55 Y 5 aal Y

(Linear non( 4k Jf 4plualis 4lites Lily( Linear (4sha( DE( 4dualiall alabaall o5 o1 i3] aasller
aliie) pe alald cllales il alalall & Jhball Example 2

yy'+y=x -1

y+Xly=sinx -2

y"+x2y"+sin y =0 -3

Gl Gl g s Y a0 (g e 2 Al L "5y (o el Joala (8 1 alsbaall 4badl gl Cim
Y & 4kl lly a5 siny asdl 3 jedad 3 alilaall & ll (e

Al 4 g 4ladY (1) Alslaalld | Akl alalaal) dipe e 4ad™ i Y ; akiadle
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A3 A e k3 Y (3) Adadly | N a5l Geaska Y (2)  4ldlad

& S L aglie diay A N A (e apbadl] aglialal) adabaall dalall o ) guall SAL (5 AT 6 e 252 Y

()Y ™ + Py YTV + e+ pr (0, +Po (1Y = Q)
On more shortly , M PyD = Q)

sl 5 Lgie () G 4S e o pua il s 2 65 W 5 2a) 5 (D Ao 58 e LI man s Y @l i) Cus
Q(x) 4Vl il Ay et e o) kil X (o s A Py (x) Seladl
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