ATDTERAN 4 - FALL 20

1. Ajug of buttermilk is set to cool on a front porch, where the temperature is 0°C. The jug was originally at 87°C. If the buttermilk has cooled to
15°C after 26 minutes, after how many minutes will the jug be at 8°C?

The equabin © (see Fiod ade sldes p 57)
CI_T = -4 (T-2) ) T(O) = 87 , b wrdnown
dt

Hae z=0, Y He cguafivr becomes
A

d_-r =‘h,T =D T= 87 e
clé

In ode o delamice b, bF w we MHe
tnfnwmation  T(EL) = I5. We geF

€7 C"ZGL = 15 &> b - “+ y [,L; ~ .068

Now we wik o fod & s/ TE) - 8. Th

L expreed a) 14,79

87 C_u_ = ¥ &&= t = k’ Y (377)2’55.27

We hawe kb wadt ;/ﬂ, 35 mcnules
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2. Alarge tank initially contains 20g of salt in 20L of water. A solution containing 6g/L salt flows into the tank at a rate of 4L/min, and the well stirred
mixture flows out at the rate of 3L/min. Which of the following differential equations and initial conditions describe the amount of salt A = A(t) in the
tank at time t before the tank is full.

We we He equaktion (e Fiuk ade, p. 78 )

dA = nale wn - nale oul
clt
H&l@ fza}‘@ i = C;'n, x !'{04/,_'4 = 6)( 4 = 24

nale oul = Cout x ;Zéuw;-

Att) .3 - _3A - 34
V(b) V(o) + @-3) ¢ 20 +£

Hewce the cnikial value ,mbém 3

dh - 24 - 34 , Al) = 2o
de 20 + £

OMowie saled :

dA .+ 34 - 24
clt 20+

, A= 20

Nole : This © o Lineamn equatin, w b

valeguating /T/ac/’dz

= J 20+b - (204.&)3
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Assume that y =y(x) is a solution of the equation

we have

2
(3x +y) dx+ (x+2y)dy=0
and y(1)=2. Whatis the value of y(2)?

Hene Hie equativn & ewct
In adn b omple FHe waneprding @, we follw
He recpe on  Fusk ader p. 105 Hence

¢ (2,4)- J M ode = JC3L2'+3)dL
= 2*+yzr + /4(3)

Thea we idmh;,lg //L 63 wac /‘c'ﬂg

d’a= N & =x+ /A’(g): z+ 2y
& Aly)- 2y &= «4[9)= y% + ¢

Thw  He gwmaZ wlabion b0 He equa/'uh s
+yr + 9y~ =c

The wuhal condkim  z=l, y=2 yc'e/c!J c= 7,
so Huk P implicck dam of He lufinn i)

2 +Yyr +y* = 7
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Ove cwn e fn y by wukng
(y_u x—) = 7- 2.54-7‘2

& = =z <7 x + "Z
2
The JCQH, 1) d&f&tm&led b‘zj P&(ggc’ﬂj H{C Mc/'dl{
indibor  yU) = 2 agun . We Pu dwose
bhe + Jign. We oblain

2
Fn x- 2, Hu rgce(c(J

: - X <7 Z,'; + xZ

yw(2)= -
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If the function f(x,y) is continuous near the point (a,b), then at least one solution of the differential equation y’ =f(x,y) exists on some open interval |

containing the point x =a and, moreover, that if in addition the partial derivative a— is continuous near (a,b) then this solution is unique on some
y

(perhaps smaller) interval J. Determine whether existence of at least one solution of the given initial value problem is thereby guaranteed and, if so

whether uniqueness of that solution is guaranteed.

B =
Hee f(xy) = (x-9" , and we need 5
esboblish  the corkinuity of J near Hee
podn/"

(z,9)= (1,1)

A a :funchin . R? /T/ i conkrnuous

(v wel s {4, ) whrewern z-y>0.

Thiy @ nok be e Jo (zy2= Cl1) , diece
i Fi cae x-y =O. Hewe exsfence and
wiiqueney are not guaanked by He Hemem
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6. The slope field of the indicated differential equation has been provided, together with a solutio
solution curves through the additional points marked in the slope field.

dy . .
— =5sinx+5siny
dx
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7. AlLas Vegas casino tells their customers who want to play poker that C(t), the amount of cash a poker player has at time t after they start playing,

satisfies the differential equaton

dc(t)
— = (C() = 300)(C(1) - 400)(600 - C(1)

There are four players playing the game, P1, P2, P3 and P4. If C(0) is the amount of money the gambler brings to the table, P1 brings $50, P2
brings $650, P3 brings $390 and P4 brings $500, which of the following is correct if the players keep playing at the same poker game for a very
long time?

We will we o phe diagiam wi
Llc): (c-300) (c- 400 ) ( 600-c )

The ackical values are 30, 400, 600 .
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. Ify=y(t) is the solution of the initial value problem T}) Z:) 1:] CL /Z'”e% e?(,(a ,’ZU’], .
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Find the explicit particular solution of the differential equation for the initial value provided.

dy _, 2
o XYy y(i)=-3
X
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10. A population of tilapias in a pond, denoted by x=x(t), where t is counted in years, obeys the following differential equation

dx 2
— = 1200 x- X
dt

If the initial population was x(0) = 2500 tilapias, what will be the time T until half of the tilapias die? What will be the population of tilapias in the
pond after 10 years?

Wacle _ dx --d¢t (1)

(x-1200)
" | B | ( - [ )
e Cewo)x 100 | %200 x
We inte wale oo bobh xdes of (1) aud goF
x ~ 1200
ZVL ( ~ ) = -12oo € +c,
Whea €£-0 we have z =250 , o Meth

Ci= &(;—?)» b x;/'m) = A 5 ) - oL 2)

(¢) We waat b tww T such tel x = 1250.
Wu,ggc‘ns mlo (2) we geb

- b@5) = A ('725) 00T
& T-r ‘2'00 jlfl (/?))

. - = 200E&
() Wure (2) as 'I-LM = Z'—g e '*?
1200

— 13
- ®e
Fn £=10 , we gef x ~ 1200

&2 X =

~1200C
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11. Consider the differential equation

dy_y+ X

dx  x  2(x+y)’

which is satisfied for x> 0. Suppose a solution y(x) satisfies y(1)=1. What is the value of
5
y(e%)?

Tho 1 a hom,oseneou equah'm. As a funckion o,(
- Y%, He nhuof He equatin nreads

/

2(1+0)

Accading fo Thm 7 p 37 tv Fudader , He
scpoble euation fu U o
‘ do = i‘t_ => 2(Its) du = ﬁ
Flo)-o X —

Tntegule or bobh des . Thi yield

— hee x >0
A (

Flov)= 0+

2u +0? = 1) + ¢, .
e (U¢l1)® = Julx) + ¢ +1
e U = -]+ (fn(z.)f-c&)/"
3<:; y= -x I x (lle) +¢ )é

The 'lh[)’c'ae Coddc'/tbt 0 y(l):/ . Thiy {ﬂce.s Fhe +

Sign. and we gebt 1= -l + F & ¢ =
Heace ylx) = x (C&zlx) r4)% <)
Ty |yle®) =2e-?
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