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o Check website for class allocabion
( by -wae)
o Coursewdrks conbain in- class problems andl

homeworks  (labelled R,B,C etc) 6o be
hqrzded un 4F0r mqrttug



j:n this module we are interested n

differential ec}oql'ions and their solobons

What is a J;Fferenh'al etv)q':;ob?
A ob'FFereanl ec,(o.ql—;on relates an
JInlknown f\)ncl';on j(:c) of a Jariable
lo the derivabives of the fonckon .

e.q. 0'3 _ uz 32

' // Ax /qé .
Aervabive ome fumcbion
‘rake of c'—-qnge, | of 4 and >

Problem s bo deterrne the j(::) that
Saé;s?.es the ouﬂ:erené‘;ql. eioql:{oa. This
;S H—.e SOLJ Hon.

(')L'j cons:der ? TL?J descrbe ovr world
eg. F'v:'s'\cs ) electronics, chemisl“v 5

solar S‘USE@O 3 ernOm;CS' .

o They have muce o bherabical ProFerh'es



R ncC ‘-‘:0 ns

Let q = 96e) x  independnt varoble
oy Jepen&n“ Jariable

| 3(2): funcbion
Defin.lion — A funchon is a rule that

relakes vaciables from o oemain (> ed)
with variables of a ranqge ('je R)

q: 6 —>R and X = y=9q()

Example ¢ ket 4= q(x) = <+ ¢

9(-3) = - (3)+4 =-S
3(q) - -az + 4

3
Erample: 4= 36x) = x -
3(1)'»' °-1 = o

Remark : NOrmun we vse nobabion U=3fx)

and wribe Y(>) or y ko denoke ﬂmclj'on
q(>)




Decivakive = What s <

1. . Rq&fe oF chqnae af- fqnc (ﬂ’(w
2, Slope of L’hnaené‘ line Eo qraph of oo

Funckion

9 (:c-f-!v)

L
{3}3{%;}) and (@m% 5 3{:@«@»&;))




h->o0 h o

dy = ’j,

d=

Remark ¢ q (%) dekermines rate of change
of Funckion q(x) at Fo;n(— x ¢

43 <= 3’(-::) dx

Qule S OF D! FFerenﬁq ton

Often wribe j’[x) to denote 93

d>

[ ek F(XB and 3(:() be qujcgons OP >
Product Rule = (fﬂy = Flcj + -f-sl

&OOHQG& eule b (f)' - jC'j _ {_3!
! 3




Chain qug ¢ f htx) s furchon of x

and g is a funchon of hix) such bhat
3: 3('1(2-)) 5 then

g =ds =dg o

—

dx b dc

E}tqule : j(::) ac Sm (xz)
/

q'x) = 352 5062 + 2t cos (o)

[nde Fin;&-’e ln '—‘ejrql, ( Anti-deriva tive )
A f'unc.'.i.oo g(x) s called ant: -dervabive

of &nc({on 3-’—3(*) (‘f— S'(X)=°_l§ = 460
dx

Example 3 |

o (X) - x3 LOL'LI .

5 3 i ant. -derivabves
3




ln 1eneml .- ﬁ_n(-i—eler;uqlﬁ'oe Sc\len 53,

S’(x)=fj(z)elz + C
| Ql“::l.-rqr}

"ﬂlfegrq&.'ov
consbank: ( IMPORTANT )

Definibe lnéejrq’ 3 Rrea under qraph of
Function

- " 7 ¢
b
firea = S 36 dx = ?(x)’ = S(b) ’j(@)




|nl:e3m5¢‘0n 53 _Farts

let wuzule) and v=vil=) be Lunckons
of . “Then

judd‘ = wr - [vdu

Exqule . !nFejrqu Jxe dx

keéu 'and dv = eclx

“oC 2
Then jxe dx = xe ~e + C

Emvﬂfle . lnt-ejque fxs.‘nx o=

let w=> aad du = siaxelx

T"&Qf) ,fxs:nxcbc = <3ccosSx + 3N + C



‘nZE;ql Value Proélemﬁ

R oifferential €ga ben refates derva bive
3' = :_:_: B - a(epenelené-_ and independen

variableg In qenernl,

ﬁi = F(:,J)

x Vt ‘F\mc&'oweﬁ
X and Y

mol .SO[u.HM ’:1[2) .?

brample s "o 4y _ 2

S > ¢+ 3
olx

frableg s How & R

-Fy r};ée\?ra(-\'oo .
40xe) = fif o=
dx

Ank, - o e";JqHJe IS

= f (43D de

3
=él>c+3:c+ C

TlQ;S Cq”?ol Sgpeml .SO(\-L&!.OD to 6"“:3

d. Fferen Liaf €9 akion,




DQeQrm:ne a:nséhrp&‘ of ;n l'.‘earq Gon) C_)

'FTOM a 3:&0 3n:Hq( Conal:“:Ol) )

Ex‘an,ple : Surfose j(g) = :gL

=> =j(°): o+C =7'C=

4 1
3 3
Then j-.:lsxs-c- Qx-c--é }.s called a

quﬁcqlqr solobion that sabisfies the

de FFeren Hal e?(c)quq w}blv qul:'u emfar
wnebal  condibion,

ln Sgﬁml , a differential eiuql:{oq

f!_! = F(%,J) with el condiBon ‘j("O):ro
d= ~
1S called 1m hal valve ?rob(em. The ‘F\Aﬂtt":w?

Y= j(x) that sabisfes ‘3"2 f“ob(@"' known

as solshon to imbal valve fro‘olen.




Ficst-Order D.fferential f;t;ql-:o,,g

The order of o \el:(—T—ereanl Q}oqe’c‘on
s the order of the hijhesl: derivabive

that appears .

Exqm':le S dy -~ Uz o2 ‘f:xl-orc\er
“ dx ‘ (— Oﬂ(j
(d‘j >2 - u ---9;z > )
Ix
fg = dy -x Sea:lnal—
dx? o oraer

A (‘-;rsL' oi-eler d:FFerQan( Qioo.hof)
aocral forro of ;l: can be wribten as |

y' = dy = flx3)
olx

S 0

EKQ"IPlQ o j'-'ﬂ = S aorenal ,f-::'zrx

Uy ')z=3x aot noreal form



Mebthods bo  find  Solubons

A solobion of firsk-order differential
evnh'on U‘ﬁa f("-’J) is the «Funch'o'r
ys 3(&) Such that "d'= F(:c,:,(z))
for all x where () is defined

Sp'ul';eq by Substbubion

A4

(déa ¢ gquess. 'FOrm of solubion

(POS&UJ ure'o Q'L éTQPJ COQS(‘qné bo be
Ael:ermmeal b:, subshtubion ),

EquEle ¢ Fad solubion &o

4
vy = 9
L+

Try ylx)s lex  (aok solubion)
( l?s a Solubon ')

e deberrmine valae of the consl‘uq'?)‘

Example ¢ , '
a, Such that oj(a) e s a solubion bo
g'=-24
-2

Colubion s Y< e



&Jukzon LJ

Worus for JIFFerenl-ml ev)ql\m of form
(_ dy =
y = Ii = £60

‘Jﬁq . Find qnl:x— oler.dql-{oe, la fracE.se
Ereak dy as @ fraction andl inéeaml-e
<
Loth sides
_(_Ejgnemz , f:{ = f'(’t\ = JJ = F(x)Jx
e

o> [dy= [#G)d=
5> ye)= [EE + G

Romerber £o
;ﬂcldde arb: tmrg
in(rtgrqe\'on constant !



...EV(QfﬂP!Q * Determine solubion of dor Eval

value Fmblerv

e _ U 5 (o) = -1
4 (o¢-2) (-3 3
queiu' Fractions ¢ = ﬂ + B8

Ge-2)(e-3)  x-2  2-3

9(:c—3)+ Béc—?)ﬂ > A=~ 6 B=

:|=j dx = [ dx - [d=
G -2)(‘:(—3) x-3 -2

U(’t) = Lalx-3]-Ln [2] + C

(qeneral solubion )

Pacticular Sohl‘;on




