TEXAS A&M UNIVERSITY

Math Learning Center

Math 308 — Week-in-Review

Week 1: 1.1-1.3,

21-22

1.2: SOLUTIONS TO DIFFERENTIAL EQUATIONS

Review

¢ A solution to a differential equation is

a ‘lluvw‘éft)m 7LL4'Z' 641[75?[1‘65 74,@, 8{6{4{"09\- wLem /4“]/”( .

¢ An initial value problem is

a a(n'/'fcven'zltq( ezqqtl:‘m /7[«5 an iuiéu( (oul:‘z‘ra«,.

¢ A solution to an initial value problem is

a $'o/ tron

satisties e m{uz( coud ition.

Exercise 1

+o ‘H.f, j#f"eu .4,[ em{/m 2‘4; ¢/$0

Is e2* a solution to the differential equation y” — 4y + 4y = 0?

j(w\ =
jk(k) =

7\‘(’<\ = L{&ZX

Exercise 2

Is cos(z) a solution to the differential equation £ (z) — f"(z) = 4 cos(z)?

—,c(x\ = (0(x)

\

_/‘
1[\«

i *

-F[‘A

= <50

~—
—

=

—
-—

—- (09(¥%)

Sina(x)

cos( x)

y\\_ L{j\ *({‘7 =0
%Z"—‘/(Zez">+‘1(cz") =0
qe?.x_‘ ge 'Zx+ (/e’lx =0

Y(S) CZY 19 a Go{k{“’"l-

\ \
7['(‘1 ___7[‘ ‘: Yeos (2

(’os/k) -(— (a)(kS) = L[(as(x)
7 costx) = T eo5(x) ><

\/Vﬂ, Co5() 5 nit a 507:@
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Exercise 3

Is sin(2t) a solution to the following initial value problem?

d?g d
S99 4 ag=—2cos(2t), g(0)=1.

jm- 5in (24) \\V

7‘/H=st(2f) Y 55 l2#Y - 2eos(2¢) +M: 2eos (26) )/

j(\/+/ - "16;—»./ Z{—\ 503 T (14) ‘3¢+i570fej -fL,, ,(;-/{' Qaﬂ(:‘m.
5«,% does /'é d,[eo sa,‘l,éisﬁj 7LL,¢ im’é:‘a(.
Co»»[i'fdu 7

j/o): 57‘4(?-0}:—0 # / X

/VO. 5o‘ 55‘-\{11"} (s wit So[u'f-‘bu

to tHe IVF
Exercise 4
Find the values of a for which e® is a solution to ¢/ — 3y +y = 0.
y = &d W
A — =
7\ - d.&d:é e 345 + £ O
\ ¢
j :‘4.16“ (az_}&+[>e¢f:0
A - Sa4 + l — O
—NxJa—wy _|3=JE
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Exercise 5

Find the values of b such that sin(bx) solves the differential equation y + 6y” = 0.

y = Sin /’Dx\
9\= L cos (bx)
9\‘= - Llsm/éx)

? - éyuzc
g iw {Ax\ t é(«’:zsrn [ﬁx% =0
(1=¢b™) s (<) =O

Litle. [-64°=0 ov snlbx) =0 fo 2ll .
b =0 \

W,
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1.3: CLASSIFICATION OF DIFFERENTIAL EQUATIONS

Review
¢ An ordinary differential equation (ODE) is a differential equation that has derivatives with respect to

J.u‘f(’ ohe Vvavia L/e.

¢ A partial differential equation (PDE) is a differential equation that has derivatives with respect to

movée +Ad,ln one VQyiaL/e.

e The order of a differential equation is

+LLL o:riév 01[ "HA& ;17['(;[. IEVI'VA{‘I‘JC.

e An ODE is linear if it can be written in the form

)

»n(s@y[ﬂ[x\ + X, (\({7 (s -t 4 (%).7‘()(\ - 40&27&) :j(X)'

i.e., in alinear ODE,

y and its derivatives are all in separate terms.

y and its derivatives are not inside any functions or to any powers.

Each term can be multiplied by a function of x.

There can also be another function of x by itself.
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Exercise 6

For each of the following, determine whether it is an ODE or a PDE. Additionally, state the order of the differential
equation.

af  of _
(a) %4‘@—

has 4»‘1«\7 Aey;udlivcs = /DDE

d%g dg\’
(b) dx2_2<dx> =g

oul] X Aeyfua‘\(idcs = ODE

f

(©) 7"(2)r'(z) — 2% + tan(2)r(z) = 0
0'49 z a(ew‘vi{ives = O0DE
(d) Uupe + uyyu=0

x awnd Y de.,;mzives = PDE

Exercise 7

For each of the following ODEs, determine if it is linear or nonlinear.

(a) w' <w"w+ t>w =Tt

hOlll[ ;m{,&r
1 1!
(b) 70 +g(t) =4g"(t)

hou [ ineev

(©) (a? + cos(2))Q(z) — tan(2)Q' () = Q"' ()
[iwear

(d) y® Lady+ y" = T3 — csc()
nonlinear

(e) t? + 2 + cos(t)2" = cos(t)

/muv—
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1.1: DIRECTION FIELDS

Review

e A direction field (or slope field) F}o‘/‘s 7%,& 4/,,,9(, 07[ 'H'c 50/&7(”’"\ o aan
ODE ot a  hunds of diffeed points.

Exercise 8

Sketch the slope field of for the differential equation ¢/ = y? — 2y. Draw some example solutions to the ODE. If
the initial condition is y(0) = a, how does the long-time behavior of y(t) depend on a?

/
/

/
/
/

‘-‘\V

I+ ac< 2, then o j(i—) =0.
£>w
It a=2 theu {f;‘; ylf) =Z.

TL & >2, +hen éf_;‘;j/%):ao
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Exercise 9

Sketch the slope field of for the differential equation ¢’ = iy(y + 3)2. Draw some example solutions to the ODE.
If the initial condition is y(0) = a, how does the long-time behavior of y(t) depend on a?

/ﬁ/ /)
/A

\ 'z\

\"\"

I ac-3 Hen b~y =

+ 90

If 3ca<0, then [ gle) =

If 4=0, Heen lim gl =0,
{-‘)ao

T+ 250, +hen lf;; j&) = .
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2.2: SEPARABLE ODES — SEPARATION OF VARIABLES

Review

e A separable ODE is an ODE that has the form

Y= Fw)a).

e Steps for solving a separable ODE:

d )
1. Treat &y as a fraction.
dz

2. Move all the y's to one side and all the z's to the other.
3. Integrate both sides.
4. (If possible) solve for .

¢ The general solution to a differential equation is the form of the solution that contains all possible solutions
inside it. It is the solution you get before you plug in the initial condition to solve for c.

e The solution to an initial value problem is defined on an interval that contains the initial condition. On that
interval, the solution must be

- a function that is
- defined and
- differentiable.

Exercise 10

3+ 1
2

Solve the differential equation f’ =

j{ff - x|
&(X - _pz_

Lae = f& e DA x

__L.pj — :{'—)(L{-I-X‘('C

5
‘l[\bd = (%XL('('BK +C>,/3

yi
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Exercise 11

Solve the initial value problem

Where is the solution defined?

_ﬂ_@_v[ = &-#{"I-Zx\

Ax
\(&ﬂ“ = J‘("{-ZX)XX
6‘# = 11)( "’XL + C

Loy = /L/X—X1+C>

£2) = L. (46)-(2)*c) =O

lu( ‘I+c> =0

Uee ==

c= -3
P(x\ = éh (L/x-xl-3> ‘

-x*+t4Yx -3 >0

X -Y9x+3 <0

(x—/>(><—3><0 ,' T 3

(%I“{ ow  is ie{?wa,
on (’) 3>.
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~ Math Learning Center Week 1: 1.1-1.3,2.1-2.2

Exercise 12

Solve the initial value problem

(67—y> Xli% = |

f(e’—y) Ly =[x dAx

V)

-1 ( /{‘m jcr im /1‘(1-{'
r . _ — Lnéal Seoly /
el-zy = "X T ]

"[/"oI/'M . W& /6‘((/@ ;ZL I /‘%/0/75[1&
#oww» Sinte WE C"—n‘/é 60/(/(,
'llor \7.

(/Léc IC’ -'Lo ‘pim( il

e -2 = 2|7 v

67_-" 2 ;—X_|+&Z“[ éo/u‘{‘c‘vn ‘710 +L'b IV/D{.,L
> ] fwnplict Form.
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Math 308 — Week-in-Review

Week 1: 1.1-1.3,2.1-2.2

Exercise 13

(a) Find the general solution to the differential equation ¢ + y? sin(z) = 0.

(b) Find the solution that satisfies the initial condition y(7) = 3. Where is the solution defined?

(c) Find the solution that satisfies the initial condition y(7) = 0. Where is the solution defined?

‘?(x) =

C - co5(X)

play rbs Lift €7

0: —-[0) 157‘*/*)

0-0

9=9° is a 59/“{‘5""'

éanud( solutim Y6y =

C —(oolx)

[ [

D y/o) = -

C - (as(Tr) C |

C) Je'l['nm.e, o (——oa)&\,

detined on (5 20
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Exercise 14

Solve the differential equation @ (g% — 9) cos(t).

—.—“’(' f(o‘a/‘é’
J = 70T 9=3, 46320

/o’uj Fulo é{utﬂ{ dzi
| (
- T <, O “’LA\ + B 0 = {3‘—7)ro-7(><) :0/

—

L’Q - - (1— - -
7 (j 3)] 3> j > j > j(k) =3 /4 a solution.
[ = ,4(]_933 «3(7“3>

l=4A 2D A=/ ge=73, =0
(= _¢B = B=7% plog inte it &1
O = ([—3)1-9)09&:) :ol/

](x) = -3 5 a Solytiom.
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2.1 LINEAR ODES — METHOD OF INTEGRATING FACTORS

Review

Whenever you have a linear equation, you can always solve it using the method of integrating factors.

Steps for the method of integrating factors:
1. Putin standard form: ¢’ 4+ p(t)y = g(t).

. Multiply by p.

2
3. Find p to match the product rule.
4. Reverse the product rule.

5

. Integrate both sides and solve for .

Exercise 15

Determine if each of the following are separable or linear.

0 = S0

Se,omuile

(b) c(th: = sin(wr)

neither

(c) 1'22% =1 =) 4;—% = !

dz A < xe"
S ~€/oab/4 LL&

d) v =3y+4

se,oamL(ﬂ, abwl' {iwu‘f‘

dg
L 49— 3t
(e) o=

Iiucav
O ty—y=2= 7 j\ = ‘élj -2
/qu.w
@ f=t+i+i+tf = [+t «(I€)F = (1¢¢) (1+4)

Ge,oavau& and lim&ar
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AS A&M UNIVERSITY
RF“‘ Math Learnlng Center

Math 308 — Week-in-Review
Week 1: 1.1-1.3, 2.1-2.2

Exercise 16

Solve the differential equation ¢’ = 3y + 4. (Note that this could also be solved using separation of variables.)

| Pt i standad Ao

9“59:”
2. Ml 5/4

1Y =3py =

(T. Eeuevse Pvm{udL yu{&‘

4/ - -3¢
- ”%j) g,

5. In+7v44¢ anl ‘50/vf, #our .7

—314 _
e = L{ “"C

[7({') =1 sce >¢
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Exercise 17

Solve the initial value problem

tf —(1+t)f =22,  f(0)=2.

/. /7»1‘1Z in 67Lﬂuﬂ(dl//( -fomm,

P (2 0)f-2t
R = (£0p@F = 24 4 (8)

Hl. /gévcvra “Htc, fw%uz‘f ryle.

A —t ¢
;‘g(%—f(%)) = Zé% -2,
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g. In‘l‘f]ra“‘c }.Do'HA 5?#(86 écuﬂ( sp/vc 7['011‘ ,10
=
e £l6) = 2 e ¢
1&({') = —2¢ + cte?

é. //{94 IC 4o Qalvc -(Cor C .
2= -2()+c(e'
9=ec

> = 24
e

F@) 2 s ég}




