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1. (a) (? points) For each of the following, determ ine whether th P. equat ion is linear or non
lmear and state the order of the equat;ion . 

l. y' = T + t2 sin (2t) 

j I - .:!_ = tl. .S 11\(l.-L) 
t 

so 

dy 2y -1 -1 2. - - - =x y 
dx x 

3. y" + cos(t + y) = et 

2"➔ ~ ~~ ~ ~II 

nor\ \,"(:c.r d(A h> eo, ( t. +(J) 

(b) (6 points) So far we have studied SEPARABLE, BERNOULLI and EXACT ODEs . 
Cla.ssify each of the following using these 3 categories. Provide a brief justification for 
your answer. If none apply, simply state NONE. 

dy 2 
1. dx = 2xy + 4y 

::1 l - ~ ::: 2~ ~ 't 

'B er M c,d 1; 1 l'1 == 2. 

2. (x2 + y)dx + (x - sin (y))dy = 0 

.! ( ?C z. ~~i) =- I 
a-'j 

/S C)(C< l.-P. 

dy = ex+y 3. 
dx 

51, tt. l,S 6M. 
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2. (a) (10 points) Solve 

:J'-J- : ~ I 

t.~.f I 

jtJc- .2 1 ... )-t \ 

pli:> ) ::: e -::: e -= 

I 
(_ i2.:1) := t 2--

1-3+1 

i..2-2) -= I -1.2 dt 
-i!+l 

- J --~ 
-Lj = J I 11 I (~-+ 1)1 c.. 

--3 

@ 
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dy t 
t-+2y = - -

dt t3 + 1 

-/1..1s ~ i..c., ft .. .. IS 
,,~ 

1,, (-t,.) @ e = -t. '2-. 

~ 

/eJ,- 1..1::- <-+1 

c:)4 == 3-t.2. 
d,t;. 

Si, 

2/21/2020 

_Lf-' d~ 
3 u 

=-d 'kl L,\ I ,} C @ 

-= i }i,.. )--t.3 + I l + c_ 
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(b) (10 points) Solve 

Cw 
dJ .= i. fa,1-,) 
dt: 

I Js 
.)/·-1 

1-LJt: 

Lits l}I~ 

SJ-, J~ = fc!;f+,
1
x~ -,) d~ 

f .::vM ~-ht,.... J~,...,r-,w,ht> .. 

= A- +_!L 
,b- 1 

(j-t l J ( lj - l) 
:: A-(2j ' l) f E>(;;h J 

A-+B = C> - • Qi) 

-A -A :: I ⇒ -ZA :: I 

-A:= -l 
2. 

8 =J. 
'2-
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dy = ty2 - t 
dt 
'YfO) _ 1 ~ ( -1) ~o 

3co) -= - I ::?) 

2/21/2020 

~ ½(• /9-J/ - lal/J+q) 

~ ~ la(/i1

/ j 
i2. + C. ® 
2. 

f "'j ~ l ) '= l + C 
b,t--J 2. 

J. + t 
2. 

J. J~/~I l ~ 2 ,.!j +-1 

C = 



) 
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(c) (10 points) Transform the equation 

dy = -y + ety2 
dt 

into a first order ODE. Do not solve the resulting ODE. 

2 ~ 1 - 1 & '\) :: j -= (J 

~ _,. ~ 
;:::') _ ~.,, d v d..16 = -~ · _ ~ 

dt d:t dt: ~ 

-~"l-dv -t '2. t ~ .:::-e ~ dt 

-=---et ~l = \J d v - ~f ' b.J--- 5,-o -d-t;. 

j Ju' -" -.c-e.t] 
' 

2/21/2020 



r 
I 
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t 3. A 50 litre tank initially contains q0 grams of salt. A salty mixture wit h a concentration e-u 
grams/ lit.re at time t flows in at a rate of 2 litres/minute, and a throughly stirred mixture 
comes out at the same rate. 

(a) (15 points) Set up and solve a differential equation. to determine t he amount of salt at 
time t. 

k± ~(.!:) ~ ~ 9"1ti~ of sa It 

&~) =10 

~ = ga~ ,,, - Po 6:.. e, t.J-
dt 

:::- ( e -t ~1i) (21 /MM) 

Jfsdt 
µ(t ) ::: e.. 

i ( ll i/"~ J 
1r ( t,~¾-) 

~ e t~s- ::: ,'.H,. r C ; 

~ C ¥i, ::: 2t +~ 

at i/1"\,\e. !:-

( ;1) (ieJ~~) 

(b) (~ points) Suppose you di.,<:eoYer a small leak in the tank and e:,--timat e it to be about 0.1 
litre.sf minute. State but do not sol...-e t he new different ial equation. 

'~ !G~ ~~ -ft.. 6(.U" f lo ».) 

0 ~ ~ of ~.fa,(.A :::: .l ~ -l =- 2.11/...t l\. 

(JJ Yo ~~ of ~ ~~J ) \J ct. ) = 56- o Jt 

d~ 
- -t 

~!.. 
72$' -(-2._ )1.111 ... ~' = 

dt 5c .... &.J t 
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4. Given 
dy y y 
- = -r(l- -)(1- -)y 
dt 5 10 

where r > 0 is a constant. 

(a) (13 points) F ind and classify the equilibrium solut ions to the ODE. Show your equilibrium 

solution on a phase line. 

, ur 

/D { .s, .. }<.) 

--. 5,,..cl +J..t.. P'l."5 , .... I• SI(:,"" 1 --, 
Yt4lc.-.c.. ~ ,c:.l<-. c-..c:&-. ,~ '"'-°" 

~ t~) 
~ Q&,d -f,~ -ffu2. Sl(JtA 

clt: 

~ , .... I<,. • 

(b) (5 points) Suppose y(O) = 6. Determine lim y(t) . 
l--too 

So ~(-L) ~ lo. 
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5. (15 points) Solve (x2 + y)dx + (x - sin(y))dy = 0. 

l<lfj = , So 
) 

I '(.c.f) - ) h V - SI"'-{~ 

11 

c.f- (:x., ~) - -x..3 -t-'7C:J + 01>1»~) - C . 

3 
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dy l 
n. (10 :>oints) Solve dx = eY + x 

(e.9+-x.)dj = d-x 

M-= -1 

::?,> - d,c -,. ( e ~ ·He )dij :o 

N = ett◄-~ 

Is -f,k,.s 'c xa.c.+- t 

114~ : C> c:i&od k>-x .:: / 1 S• }JO, 

kJa n--olfc. 1-l- ~+-I ),),c- J(}!;f 
-I _ f1 -o J:1 

-'d ).l<J) .:: e.. ~ e.. :. e.. 

- e ~ cl:ic + e.. -!J ( e. 11 +x) d !:j -=- u 

-!j 
~ -e d1c + ( I + ,c e -~) d::, ~ D 

1<1 =-- -e -) 

2/ 21/ 2020 

,<1::1 =- i.!j 

1J = I +x,;_!:J 

!0x :2-- t:. ·'d J ~} d -::1 JI x > Yeo ·tt11s J.} tx...r 

k.ir "-rx. c~,~) -= - e. --~ 1:.~ 
-3 

~{i.,~) =- - e: ,c_ + ~) 

t (- e -~ :>c Hl11)) e -!:1?C + J.. 'r,;/) } +-x.-e 
-!J 

;:z -
Iv J..'r'd) - ) :) (,dtJ) = ~ .. 

Dv-< Sok.-L-- " 

lf(~ ~) -. - ?Ce, ... ~+ y ~ C 
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