lecture 12 — Solution 9{ &W DES) @
with appdication Yo Mc‘xiné Problems

(D Inboduction and defirition

The Jgowr W@% DEs
g/ =fOy) (1)
whote a/tw%wj otutions can KZW Wﬂﬁé‘wﬂy Sarel

o separable [ lectue 11);

o Uinear (7%6 Lem‘wre);

o so—called “exact” — come genera Eization 032 separe e
(ot conpiclered tn s course)

. WW%WWW&WgwwﬁW%K%
whove fhree fyres (aloe et considdesed in Hhas course),

ILMW DE%W s 3007‘1%1
| Z y/ = 'o(x)ay + }(x)] (2)

for any Pl g0 (which depend only on X buct pot o9 4)

Nete:  Notwhiows of s bickere differ from Vhese rf
bec. 9.3 fecase T wanted +o f/fwdvl with the bas'c concept
omed nwelahions stated n loc 10 1 Sotubion @%W DE

ns ng it 7’%2]&%/%&%274 (1). Thertore
%Mﬁwwﬁ%) 15 reserved {or the rhs, of (1),
C@ea/f*%z , L €g.(2), f(x,%) E‘—/D[X)“é? +§/x),




Ex: 1(a) yg/_;, Stnx - Y = x°

s o Yinear DE, Tndecsd, 9&%8*/9«}@% th Fhe

forw of £9.(1)" )
Xb/'/: ""5’“4><’5l +><’3 SN g _ S’U’ZX G(’t 7,_1/&
%:{Cél g/cx+gl;‘s@a¢~&w.@4§:
g’:&% + X
L thie js et~ plx ),
0 Fus e7bm74’on 1“5@%%@%% @% 87’(2),

Mgorithm_for volving Linear DEs (2)
L) Compake  P.(x) = [ ptdn (ignome the ot this step); |

2) Compute 5%

3) lowpude €29 = Zogy = I()
This T(x) IS called +he ”_@‘3’ rm‘t_rﬁ {aa’:ﬂr ”

H) The avtution 9% g/:-f:{x)‘y +3¢l9<) /S 9(1»% @y:

3[x)— e £, (f I(s)oa,(s)als)
Tnclude Hhe +C7 at this fep.

Seo the Nokes abouct ¥he § ~integial felowo.



Nokes about Hhe notadion jxr/.o,)g,/g)o(g ', [2-3
Ml Notatron SX I(Q)géé) As %w/@g neeans s -
Compute the integral and fhen set 8= x.
[9_::] Thac is more Literate tham wr-irzzkg/ fléx)g[x)pb)()
althevsth both lead Yo Ve same repdt.
The teason why I do nel wse the Latfter netfion
is fecawse its z/"n%e?mﬁwn variable (which & a
MW%L variablte and runs over a_ramge (4 vatees )
S nemed +he Samé 4y WW&% g/x))
which (the "x° on He L.hs)) hao some one
Bl This nefation in the formela e | P (Sé[_c)dg
should also Sorve Yo Suppress the femptnion
to cmcel ot P sutside fhe infegral with
et nside it (see Gx. 2 belrw).
[4]) Pma,(i&\oxz) o witth oy, thdefindte AMW)
do not fergelt the “+C 7 cnside the pmwﬁ&r%

Cxr 2 V%‘MWWO@MM#%EZW DE

g/_-_—_ -)%_é._g/ 7"-(%’1"3) (aggwm@ )(+3>o)
Sl 'n;  TFellew e W%Am‘
STCE R P ooz R

_P.(X) :~2f%-—x3 = -2 f”g‘ :'Z%/xu/ =/’2&,(’x+3),



|Ageodix A5 Thm4 | I1A-4

:2) eﬁ[x) _ e-—Q Zn[x+3) i (e Zm[x+3)) -2

- [x+3)“2 = -

x+3)%
2 Tix)- é’/‘E&T e [x+3)°
, < x | u=s+3
) a) EI(S)Q@)J& = j (s+3) % (s+3)ds = Lﬁu:ds
= ij wZ.uow:f(Xu%w: g{—‘t—c = (X;3)9+C
5) —2 y 2
()= (x+2 (Qﬁi‘él ) =23 €
/ ‘g}z’% 7 tC) T
Nedes : =

S 1] You abvelbelly masst fecl comfortabt
wﬁ% W Wﬂ Lh S’F&(a 2.

hgain, 1eview) Ppgondix A5, Thu. 4, of you do not

2] Notice what would have WWJ# o had wn'ten

eﬁé@ fe“f(x>g/x)0€>( :C;ér-g)‘zf()(-h%)l'lx'/"g)‘&(

wnd had cancelled put (x43)* sudside and tnaide Fhe

W‘Qo/\jé WA\/) 0(/@4*—71 JW{XB)%;«

DO NOT FOLLOW: = [pa)de = CEL
whidh is AA#M%M the corvecd answer fownd abeve.
MORAL (agwpn)i Never cancel 00 (e L ) owitsicde e

)

with He o £09 (ov T(0) e The f



©) ANJQ‘MFW Yo mixing pw%m @

8.3 (= slightly nwdified Ex. 9.3.5 with different
pder of deps and different nofafions)
AW;‘SM%WWWaﬁpWS
ngew%/{;%&mi f»é&m‘d WWWp%%eﬁM/g
g,&‘z v%@r%oyf»% wixed and Yien released into a sewer.

tooge! - nconed Trikally e fank contuins
ﬁ%& mmmmz%

of
j/WW Lﬂ 75 gal/hc Pm%
Sewen 5 4 a{ /w%w%twﬁ for

the rake of 10044l [hr. Shudianeously, the fharseghly
wixed cotents of the fank are released ofo a sewer af
the rafe of 25 gal/hc. M the end of 5 hrs, defemine:
a) The Jofal W#/«,@%ﬁmﬁ w fhe Yank .
@) The concentration (<n ﬁ/?ﬂﬂ) ot which /uy%w/ﬂ%)/z
e Mﬂﬁ released inho a sewer.
(Wote s Yhe fexttoole wses Ve word "rafe” instead o#
”m@w/mhmf’ This (s theo rrecd Please e ”c@ncen‘)éaﬁbno

2ot N 1) You ee,&uaxu{/! ée(j@e'n ég W}’UZ?/’%W Lquaron
for e rate of change of Vhe amoent, W, f water:
Y - (Cd) - (Jhhe)




M -
d/‘(? = 00 -F5 =25 =2 /2 é
W(0) 500 = 250 +C=560 = =500 ->w ‘257953@2

(Note: (bl this anwount v (t). %MW%M notation
W) sihee We ke waing pt) fara cotflitlont [n e DE.)

(‘BW of . ) (Fégw of )
‘(m ) ()

Mwnun%/u{&dnds
=100 ﬁf"& - 5P %_
F/Wé‘if 6L comcenTration
o[t L

= 7245 W#W Jn Yank_=m(t))
Camount of watec in Yank =w(t))

- oo, _m (ko)
25 + 500
'Emf singdification of He last form:
wi @WWW%W%&(&JL&%&/M

ﬁi donousinator equal 1. For #hat, dincde 4ot
numerodor and denoncinator 63/ 25




+5m _ FEm /25 _ 3Bm @

95 ++5p0  (25¢+5P0) 95 + + 2.0

EP#W@@ %WWW%Z
L -

obm _ _ 2

e - spp - 3 5 obm . 550
At + +20 g At — ++20 m+m~
L/_jr—*—l'

This i< a bhear DF!

3) Fnd ik gororad solution followg The Agoritm :
AV P fpmst=f ot = -3 aftr20)

Yo Ex, 2

2 e_E(Jc): o3 &A(HZO): @ n (£+20))”3: G+20) -3

e —

2] IW= Som = (E+20)7

P

3420 = U
A =da

+ +
e fi(e)@és)dstjéuo)g‘s&ods =
=t s=t
=500 Wi = 5p0- %i/+ C =l25(++20)+

<

A = -3 = "
) w(+) = (t+20) (zzg (++20)'+C ) = 125 (4 20)+€C+20>3

4) Find Hh pachiodar ootubion sabsfgins SHhe
oo (o)



o) ZEMH%7WM%W¥WWM

2ol of polludants, ot wjo)=500-Q2=1000 Lb.

6) Solwe for C :
1000 = m(o) = |25 (p+20) + =

Gl C77

- A 3, ‘
w00 <2590 ¥ 550 2 CER0%Im (Gt
C) Substitute C fack cnto m(t)

m(t)= 125 (t+20) — [500-20° . : ,77'“445%74”,/},

t+20)3 /
Sm»/%;%[ He last ferm: /5‘»@-20‘2/203: 1590
(’&%20) */op? ((t+20)/20) >

= % — /| 580
(B 1) (1+ %20)°

Soi tmt) = 125 (t+20) — éi&i/w)g

5) mis) = (25 (s720) — 1825 ~ 2257 44

6) The concendration at- which pelludants loave He
fank s (m(t)/w(t)) —see Step 2) om p.[26.
Thws .  m(5) _ 2357 24

w(s) ~ 2557500 > TT at /




