CWY 7 %s-[amg of Fist Ovdér Linear ‘DE'S,

Sec. 7.l Iw‘:vaducum

HW o. 359- ¥ 4,7,12,22

Sehawms : v

Due- Fri,.) Nov. 4

QBg{-ams of dbffexgmtml ecvwhms avise Wﬂb n  certain a.ﬂoiicai;fons
Iavdwfma wrberconmecked Yk:)kical ﬂa.shms — Sor emm?(e 5 cwy\ea\ mechanical ov
elechricd vibations (see teat ¢ 356) or Slows bebween a syshem of hereonnecked
Aanks .
(Do write problem on the bowe . Ask them to veod alongin their testbodks, Daw Figpee T1.b o board.)
k? _E_E_]_-_(*”-z, - 362-3) :  Consider dhe o interconvected fanks shown n 'F.‘g,..m A

1.5 gal/min 1 gal/min

FIGURE 7.1.6 Two interconnected tanks (Problem 22).

Tank | b»i-l:bdls contaans 30 %‘J- of water and 25 oz o slb, and Tenk 2.
1ni-bta.\15 conbaing 20 :54\. of water and 15 02, of salb. Waler embaiuiua I'O%.jaa.l.
of salb Flows nto Tank | ot avake of 1.5 gd.fmin. The wixhue flows from Tank|
Jo Tank 2 at a vede of 3 %o,‘._/min- Wakey cwrl:amw% 3 o.a../aad. of salt also flows
‘wto Tank Z ok a vele of 4 %a.l./min. ($rom the mtm[e,) The midure dvains

‘Ffom Tanl: 2 af a vabe OF 4 %ﬁ-!v/m:m.’ OF Mﬂdicl'l some -F(ows bdd&( ;ﬂ{'o Tankl



ak a vake of 1.5 .3,,},/,“;“,’ while fhe vemainder leaves fhe gaghm .

(fb) Leb Q‘@?) and Q.‘,g'!?l) \res'eoﬁ\re‘v ) be +he amowt o sdt each tank gt
Lime T. Wnbte down djﬁz(mﬁo\l e,tvﬂ-a-(:lons and. el conditions that model

‘Hte. ‘HW) ?fecess .

Solukion:  We “?Y\'J the -Yvim\?\e.
" Net Rate o Chonge = Toflow Rabe — Outflow Rake
amounk o w
{oYeach -l;amks Nete. that the volume of the wixtwre n cach dank s constant .
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S‘\W\‘&n‘m% and  joining the Wwikial condibions o the szs’row\ yields

AQ\ |
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N 1°‘+20Q’-+%. ? Q==
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\
—'—""I = -TE"Q‘ - J:_.,:Q._,_ + 3 ’ Q,_(_o):: I5 .
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( Heve Q' and, QL ore n o0z, and t 15 m min.)



The 535’;@4 of DEs in £22 r 362 33 on e,xamg(e. of a fist-order st{—e,w,
of DEs n & unknewn ﬁmobions x® , x )

o) J O AR )
LX"F(.)sz)

TF the funckions £ and £, are affine-linear in e voriables x and x
then (k) is called o (inear Sbsjrem. Thatis, f @9 en be expressed
n the form

() xl’-.—. Pl E)x & p K)x, + 3(*/’)
X;-.: pulx + 0,97 + ‘ézﬁ;)

fhen i s called a linear Fisk-order suskem. TF 9 ® and 9.0 are
identicall Y 2o then (k) 15 called Vlornogeneoqu &Wwise’ it s cdled

hon‘r\oqueuest

le’ﬂw 535\-em & DBs n ﬂ'zz .3z

ghfi’ Lt

) 3&)
o/ - e+ &
Q= (LR OQ b Q
q.b)

R i) F £6)

s @ nen‘wmqex\emé ?th’c-o(cLe\" L heay Sjﬂem




'ﬁ.ﬁb "OVACT

So(vinal (inw ‘snsl—ems Can loe, fwlucw\ 4o So\.vina G single Ltiskcv—ovaloy
Aiferential eqpation .

Ex 3! (:&lo /T:. 300) Transform the 555¥cm

Xl =t XI-ZX?' 3 XILO)::-] »

(#)
X: = 3 -hx, , x@=2,

wto 591\;‘«13 a ‘5&8\0, second-ovder DE wilby inikal condibions and devive
fhe soldion o ) .

Sdubion:  We sdve the fisb ewiﬁm o (k) for X, 3
h n= 'lz:xi - "5,"\ ‘

[Asma(ﬂ y wé substitube Sor %, eveﬁw\wre, it appears n the second eapa&ien & 9
(-—;—’Xll“‘-\i)c‘/ g = 3x| - f‘(—‘i}c, —-2:):,’) .

simghfjng 3\'9)0\5

4 /
rYe’ J?.’,‘,‘ = 3x| = X+ 2x,

of
7 / /
X xS m —2x = 4%
l ' : l (Semeﬁmes T 38& no Jurther
ov T dhan s . T ask the clase ko

7(‘//-‘- 3)“/ + le =0. Pt‘hl‘si\ the Solutien i Maase.)

A vouline calowlakion shows that dhe gewaj sdubion of his homuaay-eousl



secend~ovder linear eqpuwhon is

-t -2t
(®) x&b\— ce +¢e .

Apthying the. Sist wikial Condition in G and e Uentiry () produces

O) -l =xl)=q+e,,
Plso, olifferwuwﬁna @) glves
X Qb) = -Cet—z.c.ew
so the fwo intial conditions n () ?\v«s the velabien (1) lesd +
x,0) = Lx0)-Lx/e)

2= 40 - (20

©) 5 = ¢ +2¢e,

We sdve the %s‘cem@-@ bj suL-brwﬁnﬁ D fom @) 4o tain £ = c .
Sulos{i{u’dnra in O Jhen %N&S ¢ =7, Tk s,

| %@ = 676"

Su‘psh{'uhng " (‘D s

x@3) = x &) - -Lx,(‘.b) -L(‘Oe "7et) - 'l,'__(“?-;w“’ 7‘:‘:)

oy

l x ¥ = Cie'-zt* 7étJ )




