



































































































































Se 1.5 Linear first order equations

Application mixture problems

Example 1

A 50 L tank initially contains 30 kg of salt dissolved

in 40 L of water A mixture containing 0.25 kg L of
salt flows into the tank at 34sec
the mixture flows out of the tank at 24154C
How much salt does the tank contain when it is full

grate
ionentration Vct volume of liquid L

Konstanty
Instant

Rt amount of salt kg

x 101 3a

rate constant 2
concentration Coe

VA 40 3 2 t

t t T
initial vatu of rate ofvolume

inflow outflow

concentration

Egg't
in intake

concentration outflow
of salt rate

incoming in tank

94 0.2591 34sec 1442 24sec






































































































































If C 217 3 It
2

tyg
4

Iggy
is a linear 1st order ODE

We can solve it using the integrating Factor method

step I Compute the integratingfactor
PA at f ga dt 2 b 40 4 26404

Htt o
e
PH dt

ez In 40 4 eln 047 4042

Step 2 Multiply both sides by 40 4

40 4 404447 4 40 1 0.75

40 4 40 42 4 40 1 0.75

Their
Step

39
Recognize LHS as a derivative






































































































































step 4 Integrate both sides

Gott x 0.75 40 7 dt TC

0.75
4g t c

0.25 Gott C

Step 5 Solve for x ft to get explicit general solution

A 0 25 Gott t Ey
Step 6 Impose initial condition X 07 30

30 x 6 1.25 40 0

tag
30 10 for
20

32 000 C

Then x A 0.25 40 74 34 2

is the particular solution to

It II I 41073







































































































































At what time is the tank full
Set VA Jo because the tank's capacity is 50 L

40 4 50

After t 10 sees is when the tank is full

Amount of salt at 10 see is

No 0.25 Got 1 32 kg

I 25 3 4g

Example 2 Note
volume stays
constat because
all three flow
rates are

5gal min

V 100 gal
V2 200 gal


















































































a Find XA salt in tank I at minute t

gun water 51
flows in

The ODE is t fo Xcel 0

FEE Eto
which is a linear 1st order ODE

step 7 integrating factor is
a

dt
e

Step 2 Multiply both sides of ODE by the integrating factor
et dg t e EXCH 0

Step3 Recognize the LHS as a derivative of a product

e a o

step 4 integrate both sides

I t o dt t c
C

steps solve for x t to get explicit general solution

A Ce E

step 6 Find particular solution by imposing initial condition

o 50 because each tank initially contains so lb of salt

50 4 o Ceo

50 C

t so e Eo is salt in lbs in tank at minute t



b Let y t be the amount of salt in tank 2 at minute t

YI YI t if 5

It
so it I Er

EY Eet
If II Ie

is a linear 1storder one

Step 1 Integrating factor is e
todt ett

step 2 Multiply both sides by the integrating factor

ett of ett y ett Eet
Step 3 ett ya Ee



Step 4 Integrate both sids

edit yet E é de C

E e E

I
ta

40 EEE C

too et c

step 5 Get explicit general solution yet

YCH too e E Eto't Ce tot

YAI too e to cett

Step 6 Get particular solution by imposing
initial condition y o 50

50 YC too elt Ce

To too C

150 C

So
yet too e E y yo e tot

amount of salt lbs
at minute t

Sanity thnk verify 4 is so when to



c Find the maximum amount of salt ever in tank 2

Maximize yCt for t in o e

Find criti alpointst where y't o or y't doesn't exist

Y too to e to Ito ft e to

y't s e E E EE

Sit y Eko

o s e to Iet
EE set

get
eto I

en et en E

E en E

t 40 An 4



Company Y t at to and t 40 bn g

Y o 50 given

Y 40 en 4 roo e E 150 e tot

too e to 40k 15 e to
40k

too e
2h E is e dnf

too elm t is elm

400 t 150

10,1 34
to 4

25 50 É
25 I
25124 is bigger than to 25127

50 254

The max value of yet is 564 lbs

D


