2nd-Order ODEs & Equilibriums

Objed—wes'-

I. Twtoducing, linear ud-order ODEG

2. Verifyrmg -~ solvtions o linear ud-oder 0DEG
3. Equilibdim  golvFeus o lineor urd-orddey ODEG

Recall: Expouential Cmaﬁﬁ/DccacJ

0_12 = rg <« st-uder, /inearr‘ Momol svio

“10
ris ¢ Peme‘*@r

Separshm of vavisdes

/gf& -.-frdls

Y

e/u(a) =CN: + C
3(*) - Cruc
yoo = Ae™

Vendy ‘;Are 0‘ = r

" g‘sAie“};‘% d
Aoc’® = che™

| =

Folling Object

Newtos Jnd Low of Wotim: F=ma
Yy + o F v He wet force
£ o Wiy e ey d(-fhe ob)ect

* 3 i e duelershm

Asmphovs: o No sir resigrance
. 3"3"“'3 is the anlj force aahw) on e object (verdiczl $21)
7"7777%- o he wei,l«'t i F beavse J""”? iv Hie “’J force ad direchom is downwards
* 50, Wig=yid
42 —» Sm’ﬁ, = occelermbion rcgarallese o woss

¢ Object io vear earth surface

—> let Yoy be the heigué of the objeot,
@ e He veloity andd
g"ﬂ) be +he scceléyyhim.

Swmee a" io +he accelerebion wr} a=3)%w $= ﬁvavna o a": sj

Topics Page 1



— the Jud-oder oDE o moa/eliu? fa"iw? 0bjec+ 3
a" = 5 S QMJ—WJW, liwcvrl mom-‘ﬂomol wh

—= Slohm us'ma divedt ivl"’?ﬁ"‘im.’ /5" -..-,/ 50(-6

a gt+ €y <— V&'O(Hy

/3 /94;4— C)d+

3«): g_tf + Ot + (g <— height

A —
two cvstonty becawe
we ivr’regrai-cd fwice.

—= Yov veed Hwo imhol cowdihows 3[0)': o € inhal height
(7”0) =0 <« whol velw?y (beld vp > Yo \067914+)

—3 Solvtim Jraph,‘. a |
\r0 is 540
(vegohive) g
Eortin 3-" -98 Y

L

(V] ,"\ +
— 2
L= G+ 312015%7 Jor o:_g_e" r Qe+ (2
3 4

fwe P tokto 4o rexdn ploor

Falling Object withh Air Resigtonce

With He same d9umphions 4 vhe Fﬂ'inj objet example.

%1
(f“fs‘wa Addifiowsl Sosumphions o w.ﬂ1n 2ir nsitﬁzwe (drag)
\& * Ar reigtce Frun s He force
ach agvms‘\' gmn ulmdn 9

poprhiona| o e velooﬂan
’ va\' = - Ky <«— —‘vf low
— 24 ¢

Pt = k()" < o bign veborhes
Ls k1 e resshont coefpicient

Topics Page 2



He ool force v shll Fowe o '\5"=m3".

—> ove: ¥ Py + Frnier

|

uy' = 5 - ky

or

Verifying Solvhog b Qud-arder Linezr Obes

¥ ecowple 1 : 3".; ;!U = 0 —> pwposed solvhons a'- sin(VZ ¢)
a —co;(r"")

e Vev = sin(/F+)
f'(} g', = V7 w0s(2'¢)
9“’ =-gsin(i2¢)

3"+99=0 —> - 2inllPE) + 2gin(TE) = 0

o=0 vV So, a, 9o soldbhow.

e Ven . = (7€)
+3 ‘a = —J? swmliz¢€)
= -4 cog(V7€)

\

3
W
z

d
.a"...;j =0 —> -ZW)*D.W) =0

OoO=0 90, ”, i9 & oolvrion

* Exawple o : 8" 3,0 —_— pwposed goluhong a'

H"

oy - O_?//,o

S0 G0 u. i6 5> solvhma

Topics Page 3

m”" + kul =9 < 2vd-order, lineor, avho, von-howo

We (o'l colve s mg direct iwfegva-ﬁw bt we com “""3 other wethodls



yu,a,o_?/_ -0

0=0 o, Yz i% o> solvhion.

¥ Browmde 3: g"-l' 3y = 0 —> proposed  salohion y= et

: -3¢

s Ven = e

+‘a 3‘: —96-%

Il= qe'ae
i)

y'+ 34 =0 — 9e"+3(-3e™) o

qeH-ae* =0

60=0

Equilibivumn SlW¥ons o Qud-order Livear ODES
An eggﬂ;bvidm solvhom i & covgtewt  colvhion 3 where a':o and 0";,,.
¥ Exemple 4: a"-a:o —> Set g'=0.

c-Yy=o0 —> y=o > covgtavrt

So, v e Nibvem solvBion .
¥ Examrﬂe 5. 3"4— 37‘ =0 — ¢set 9':0 ¥ 3":0.

0+ 30) =0 —> 0=0 wesming 2@ eiuil{bvium eyists
Wt we con't kvow it 9c~£—.

Topics Page 4



