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Differential Egquations

_ An Ef v o i'nu.n..fw'nﬁ d’fr‘jbﬂﬁﬂ_r u#’f a
ﬂr{pEndfnf varnigble w.r.tf. an :hdrepfnd'fni"
variable is called a diffzrential fiuﬂ tion,

dy / dx = Rx, y) | <-odmary DE
| 4 — 7 <-fome ind. wvarl

Examples

(7 dy/dx + 3y = Ssin x

Gil  dy/dx” + Ffd';n"ﬂ"r) - by D
Gi)  (dy/dx)” + ¢* = ¢

(i) v dx 4+ x dy = O

Why qucff DE ?_
DE describe how f‘hfr’ﬁj chﬂnﬁe.

Fopulation growth, radisactive E‘recﬂy;

cooling, motion, current in cireuits,

mixture problems - all jrl.-"{ w DEs,

Two i-{ahd_i
(al ﬂrd'r'nar?f DE * one ind, variable,

(o) FPartial DE two or more ind, vars.

| e _'r:l"uﬂr-}.r only nm"a}-.ar}.- DEs in cdass /2.



Date : ] Page: 2

| gidter n-p a DE

Order = order of the ha‘lﬁhfif order
derivative that occurs in the DE.

Order = hij‘hfﬂ' derivative's order """"""‘T-"_ e
= oy Lty Jnrt:;-r..-

Examples (hnd order)
o, d’y;”d’x + sin x = O
h:'ﬂheir T4 d?r_)‘rd':r

() dy/de® + v = 0 -7 order = 2

(i d’i}.r;"'zfrj + rzf’deyfﬁrﬂ?g = 0
highest order derivative = d 3 ofdx 3
theretore  order = 2
Quick rule
.‘:Pnf the W J‘I{?h&'_ff drfr."uﬂhi..rf present,
Its order (1, 2, 3 ] is the order of DE.
Powers /| coefBients ds A0T atfect order,

Mate fd’yfd’x} £ has order /, not £

FPower on derivative T= order af d.,-r'ai.-rahug.



Déﬁ{ee of a DE .

Dfﬁr‘ﬁ'f = power of the h{ghe,rf order
derivative, AFTER the DE is made +ree
from radicals & Fractions in derivatives,

and is Pa-’:{nﬂmvﬁ-’ in the dervatives.

Dfﬁ"ff =  EDafr l'.‘r1C h{?hfjf‘ dEﬁL.i_ - <« ptter tffﬂnhﬁ

<= radicals

Conditions -F:r_r_ d':jrm to exist

0, DE must be Fuf?fﬂnm.i]!ﬂ in all
derivatises: |
(il Mo fractional or Frrarivear negative

POwers on d'f Faties,

b _n}-:fd'}.afd'r} o - fdl'?'_a"lﬂrk!' f Iaffd?u"d'k?

dppears -7 ::re'h.?rg'e 5 not defined.

Example .

(Pypldx)® + (dy/dxd* + 4y = O |
hrl'jirheﬂ derivative » d 2 f,ﬂ"ﬂ"k 2

its power z 7

order = 2, ,,j"gﬁ_.-ff = zZ C-answer




Order & D"ejrﬂ - more examples

 Eg /
_ t}d;.ffdx?j + E-_f(t:l’yf::i'x? + 2 =0

. polynomial in dylde, highest order = /

order = / i d'gjrﬂ =

Eg 2
erff'f -+ {d’g)"ﬂk?z} = drz:,r,-"'dxa

square baoth sides to remove sget

I+ (dy/dx)' = (d°y/dx")
‘:rcfer = 2 i dﬂ'ﬁﬂ;‘f = EJ Liidﬁr,.,;m{:”

Eg 3 .
dffd':-r + sin fd}.r,a’d'x} = 0

s.-ﬂf’dr'_j'.-"cfr} i£ mot pn.f:fnn P LT d'}.r_‘a"ﬂfr .
o d’rqr“_ ie AOT defired.
order = / . d F:f"“ = ﬁv"q

Eq 7 .
ft:fafe""cfr'r} + 3 d’s}f;"cﬁrg + 2(dy/dx)” = O
highest deriv. d 9 yldx 9, power = /

order = 9 , ﬂf{jﬂ!! — ool

Tip o Always reduce DE to polynomial Lform

I. in  derivatives BEFORE writing the ﬂr{?m_

Tl Fi ] i STl dhiuE
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. General & Particular Solutions

Solution _
A fonction y = %) is a solution of the
DE £ i+ satisbes the DE identica e

f.-r_:_ neral solution

Contains as mary ﬂrbn'f‘rﬂr-f constants as
the order of the DE.

ﬂf-j'l- ﬂl"dff DE - :? P Cﬂﬂ."’;‘f’ﬁl ﬂ*-s < -pl".l..r-l.l_l"ri.ul'f .I"I
Z=carmplete  foln

Particvlar Infuf_r::_rﬁ

Obtained From f:he ﬁfntrm’ solvtion by
ﬁ.ﬂ'w'nﬁ .:Fﬁ.'ﬂ'c values 1o the constants.
Usuﬂh‘;f cc_:nsf'n'nf‘.t are f‘-t‘xfd" usrhj ﬁii.-fe.ﬂ
initial .a" bnund‘ﬂr‘jr conditions.

Eg.

DE : dy/dx = 2x

ﬁf_‘ﬂffﬂf :;:nfn rooy = xt 4+ C

Lol =2 ¢ B=b+C =7 G

rF.ﬂ'rﬂcufﬂr ; wo= x 2 F g c-EMF.

1 i) e CAIfTe did e




Formation P_F a DE

riven a Q:!m.-?y of CUres mnl"m}-uh‘g (2]
arbitrary constants, we can +orm an nth

order DE by E}r}w.'hﬂﬁhj the constants.

Prn:fdurt
(47 Wrte the ef'uah'nn ot the ﬁﬂ'm#?c

(z) Dlmffnﬁ'ﬂf'f w.or.t. x as many tirmes
as the rnumber: of constants.
(3) Eliminate the constants between
the nr.:'?al}-mf Ef.” and s dreﬁlﬂﬂribes.
(4)  The relation in x, i 7 }.?"_ e 15 tThe DE,

~ ;Ej - &mr?y Y = mx

family : ¥ = m x (7]
differentiate : d’y/a’r = m P
from (20  put m in (/)

vy = x (dy/dx)

G d'jf)’t:fk -y = O J <-DE of all

ﬂ*ﬁﬂ:ﬂ! thew 0

Mote - the # of ﬂrb:'frar?f constants

gguals the arder of the resulting DE.
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Formation - 2 constant example

Fa mﬁz

y = sinlx + bl a, b aroitrary

DiFherentiate twice
ﬂ’}‘fﬂi’i = a cosle + b) ol
E?f.»"rﬁ":-r“! = - a sinlx + bl sk

Eliminate a, b
from (2] a:,f_f"dx': = - vy

r:r'ﬂtr a ﬂhrx-.f—b} = ?ﬂ..?

|7zfzy}d'xa + v = O 2-2nd arder DE

z-pf SH.M

| _Ej - i:ri"-_c.-': &mﬂi

]| . .% 2 2 :
¥ + v = r _ir-' £ constant)

cﬁ"icﬁqnhﬂff 2 2w E:{f’cf?‘/’cfx} = 3

=

Ef_f- y (dy/dx) = ©

c-DE af an »
<aeirgler g QO

|

T -~ e

n tomstamts -7 nth order DE
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Methods of solving /st order DE

w
- We study three standard methods .

: (L) Variable separable
| {Z5) Hnma_?:n{du: (substitution Y .= v x/
_ (ZLL} Linear (use inte gra tin g factor)

Choose the rr_@hf method
Look at the FHS Hx, -f} ot d’-_,!fn’x = Hx, *f}:
splits as jfx? . h(-:_.f} -7  separable

humufanDU.! in X, L =7 put ¢ = wx
®  of form dy/dx + P vy = @ -7 lintar

d'?u"" dx = _,?'( x] h{: ;f.‘r' -7 SEFH;'HI':I’E ‘

::i'f,-":fr = F(}.rfx} -7 homogentous 1

d-}rfﬂ'x + Plyxl y = Qe -7 linear

- Always cheek

/. separable wweeE first.

‘2. if rnot, test homogeneous.

| 3. finally cheek lingar form.

| Always add + C after integrating.




Variable Separable Method

If a DE can be wrtten in the Lorem

= {-E'.'-: (g .’Ef'f
dr??,":d'x e j{k} : h(?’} J -:-r':ru = .5-‘,-' parts

Rearrange to put all v on one side and

all x om the other

Fﬂ'}f / h{!}_ = glx) d'x_}

Iﬂfﬁﬁfﬂf‘f both sides (don't %rﬁff + Clr

|
i int d’?rfhfy} = !Hf‘_frh'.? de + C “ =irpliit. Focon

c-of soln

Steps
{17 Factorise /S as ﬁf]-r}' hf:,r}.

(2) Separate :  dy/hly) = g(x) dx.

(3 Integrate both ke sides.

() Add a single constant of integration.
(<) Sl}nph'r?f, use initial condition F ﬁ.ﬂl.f:np

Cavtion . rmeuver lose solns where hi :,.r;' =0




Separable - Example /

q.
solve dy/dx = (1 + vl /(0 + %9

Soln ‘
separate : dy / O + v = de J (0 + %P

uha"e_grﬂf'f both sides -
int cf?r;"f'f-!-fz} = it ::fm"rf+k:}

: |
[fﬂnd - Sl tan' x = C B L
Lagalution -
5 (with I.C.)
d’;,r;’d’;.,- = 2 x vl ;.rrﬂ) =t
Separate dy / v = 2 x dx
mf‘eﬂrﬂf‘e e 4 = x* + ¢
vy = A ! il (A =.¢9
vse wW(0)=/ le= AL = A= 4
X " 2 :
:f. = ¢ <-partuular saln

Didfuiil sl Laldfi ihies




e

Separable - Example 2

Q.

——

Solue 5“3 ¥ tanm i dx + .ﬂ'l:z v tam x d';f

Soln
cff'l.ﬂi:ff by tanm x . tarm i
(sg:z x [/ tan x) dx + (sec’ 4 / tan r}' dy

now each part depends on one variable,
fhfﬂﬁrﬂft I

PITLE : 2

int sec” x/tam x dx + int Lec ;.f',";‘ll'ﬂ'ﬂ b i dr}f s

use ditan u_},-"d’u = JSec 2 u

[n tan x + In ta i = In C
I tam x . tamn p = In C
tan % . tanm y = o . << gencral
- = . <= galufisas
Tr'E

int F(x)/Rx) dx = In fx) + C
choose & [n C dguer.kf,

z.j.n' set € = In &« to remoue h::.? later,
It often simplifies the fimal form a lot

.lq-‘wﬂ'?fi' cheel answer oy ‘drﬁﬁf%reﬂh'ﬂﬁhf.

—
]

-0
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Hom 0geneovs Functions

A Finction Flx, y) is said to be

hnmnjenenus of d'g_?ree n in X, ¥ F o

FK %, A ?rj = A" Flx, y/ g, foned

& = L@ 'ﬂlffffﬂ

H’h :_.r.;" = x xy + ;.J'I
FIL %, A y) = LA + xy + ¢7)

= A Flx, )
hnmct?gnenuj of cfgﬁrﬂ 2.
Alternate form _ _
| Pl ) = %" . ;?fy.f"x} or v . h(x/y)

ie. /HS deggnds on the ratio w/x lor x/yl.

Examples

(i Fiz e -~ v/ »y
hamogentous, deg O

Gid F = x sinly/x) + v cosly/x)
hormogeneous, deg /

Gl F = x5 + sin x - AT homog.

L
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Hnmnqenfnu.'_.‘ DE - _{fpﬁf‘hga_f

A DE of the form

][rd'?';jcfx = F{f}r} 7 <-or dny. homeg,

c-DE of hllf_?rff £

5 solved by the svbstitvtion

| B X S d‘}"-"':"‘r“ = v + x dufxce s T

After suvbshitution

v + x duldx = Flul

w dulde = Flv) - v

dis LGS = @) = e [x

now this LS wariable separable in v, X.

Steps i
i) Chec hﬂmﬂﬁfﬁfl}“f ot -r’-'ﬁr, ?';-'.
(2] Put Yy = v X -:.i’-:_.u’afx = v + x dv/dx.

( 3/ £ J= arate varnables, r'ﬂffﬁ rate.

() Substitute back T==—wFeE v = o /x.

(<) HFP.F}.? initial condition ¥ any.
Al : € HS = F:r:rf?r} ;. oput X = v ¥ instead.
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H 0mogeneovs - Example

a

| solve .d?""’ntx = {(x + y.? / ox

H

- Soln
. HE = + + :ff":r function of :f,.f::
! hnmajgnmu.r -7 put Yy = v x

dy/dx = v + x du/ dw
v + x du/de = 1 + v
| ¥ du/de = /

put u:?r,i"x
;ff:-r-—-fn ¥ -I'—t'.'._!
b o gl e o B ) SRR
Check

;d’y,a"'d'r:.*n x +E-1I-x.(ffx3
‘ = In x +ﬂ+f=yft+f

e d";f.ﬂ’ﬂ"x = (x + yﬂrj verrhied.

U] D CATRY R ARdam

S
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Homogeneous - - 2nd Example

Q.

(xl-l—:_f?d'}r:rr?fdx

ﬁwﬂf‘f

————

dy/de = x y LGe= # 'f.a;"

both rnumerdtor and denominator are

hnmbﬁeneuu: of d’gﬁree 2 -7 hnmuﬁenfnus DE.

Substitute y = v x
v T+ :r.afu,-‘fcfx = v J {1 + e,

x dolde = wfll $oud = W
= = / (7 + v
separate
— O, " i

{ + u:},}u! dv =

int (e + 1d dv = - In
- M2 V) s v

put v = :r.-f.-"l - By L g
2 ? ;
= 4 ,iljrl?. :f-‘.} + ||r|l":| '?" = {: {ﬂ'lmlrzl-huf'
S < *ﬁ?ﬂrrﬂﬂ soln
Ir ML = fn 4 wused.

In
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Linear DE - First Order

" A DE of the form

—

dr'fjn’x"-f- FPlxl y = Q) - < - standard

<= limpdr 1:‘.'"'411

- where F* QA are Fumctions of x (ar const.)

is called a linear DE in s

 Lntegrating Factor fI.F.J.

int F de £ = rrp P OF e .

LF. = ¢

Multiply the whole DE by L.F. Then
LHS becomes d/dx ( ) IF. 7

d/d fg . LF) = Q@ . LF

Iﬂf’:ﬁrﬂff both sides w.r.t. x

AL LF. = int (Q . ZF? de + C < - solution
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Linear DE - Steps & Tips

e

- Method
{7 Bnhﬁ DE to form d'?r,-"ldx + F W= Q.

(2) Iﬁ’enh% Fle) and  Qlx).
(3) Compute IL.F. = ¢ Fd

(9] Muitiply DE by L.F.

(57 LHS = d/dxe ( e v B _
(&) Inhﬁrﬂf‘f pr o s BEG ek BTE, e e
(77 Divide by LF. to get v explicitly,

Wﬂf‘l:_-".* for

al 'ﬁ?ﬂ afw::l?'s rfarranﬁe a"}r)"'d'x 4 P:f = &
first - {DE';‘E ot dly,a"'lﬂft must be /.

w

Irside ¢ {int P dx} no constant of i'nfeﬂraﬁbn.

X

C s added cmuf}r atter FIAAL r'ni“fjraﬁnn,
# L g ffﬂ ;_’! Appears, Ii'mlpfﬂ:f o £

Usehul iden tities

|l"| i

-_

R T

Hi."ﬁu_r 4

I v &+ la w

. These help sa'rn;:-h'a':f Y o guicichy.

_ Pm:ﬁi:f : eompute LF. menraﬂ?ﬂ Grs,

FPage : L
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Linear DE - Example /

Q.

solve d?rfdx + v o= " '

SLoln

Compare with ﬂ’y}d’x + P y = a
Mzl = f Alx) = E-’
I.F. a Emr ;. o e f?

mur‘f‘r;pf?' both sides by ¢. x
EI:-' ﬂ::lf/"dk + E:-e :f e EI:.- . 8 - J
d/dx {}-‘ 7

1|

rhf‘gfrﬂf’t
4 e = x + €

y = (x + C} ¢~ ]I <-general

& = Sahitios

Quiek cheek
d:_.r.i"n’r = ¢ - (x+€) ¢~
dr-_,r,-"’drr + vy = e " - (xt+Cle”™ + (x+Cle"

= ¢

cheeks out - always ufri'\f-}r fike this,

D] WD LT dndes

Page -

¥
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Linear DE - Example 2

sn!l:..#e 5 d’-f,-"'n’x + 2 g = o (x 7 O

Mae Ftﬂdrhf coerF = /

divide by x -::i"':_u"ﬂ’:r + (2/%? g = x

-

Plx) = 2/x , Alx] = »x
Find I.F.
int P dx = int 2/%x de = 2 In *
T = & * = x
Moltiply & integrate
_— d-_ffcfx + 2x y = -
d/dx (v %) = %>
VR B i L
y=x9 + €L e
IfF w (1) = O
F
= M9 + ¢* =7 '€ = - /Y

| O

A e<pi e

< = safn
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Linear DE - o'h'/d'-_f form

Sometimes the DE s AT linear in y but

LS finear in x. Treat x as dﬁpgnd‘anf var.

de/dy + Ply) x = Qly) —l < lingar

—=r= } L-dm W

I.F. - -Emr Pl!"y.] |:I'~I,r

wtion . : :
¥ . L.F. = int ﬂfy? R = d’;.r + C

Eg.

y dx - (x + Z j.fa.;" dy = O
rRwrite ? a’rfdy - xf;r = 2 v
Ply) = - Iy , Aly) = 2
ITF. =™ 7T =3/ v
didy (x/y) = 2

x / y = Z v + G

7

¥ a= 2 ?’z + € v SR

Sl W] W DAl i s
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Applications - _f?';'nwf'h & Decay

Law
Rate of thﬂnjt 15 proportional to the

@rmount present at that instant.

dr J drfr = w €K P O growth
T = L £ O :i'ﬂ.ﬂ':,r

_Tnfug_
separate : dN / A& = « df
:hfﬁmﬁ : fn A = £ + &£
N;N = N " did
A = A e ‘ <-AO = imitial
o <= Fmadnf

Half 1k (decay?
at hatf tife + = T » N 3 ﬁ’o",z
HO/E = N, e 7
T =12/ (w0 (« < O)
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Mewton's Law of Cunfm

fate of change of temperature of a body
15 proportional te (T - T 8,  lhee TTEf e

the temperature of Jurmunﬂxhﬁs.

d7/dr = - « (7T - 7 T ‘I L8 P ﬂm
C-camitdar

-

 Solve (separavle)

o5 e e 7 L R e N
In o= Tg = - u F+ 4+ C

Fﬁf’? = T_____{ + {"T ~ T__,.L;I E- o == TO=inr

Observation
g . =T ek

(5 Weewesly: T i Tz

ba'dy cools to ,Surrnund':'nﬁ temperature.

-

.

.l"r":wf‘ﬂ-!:.‘.l i P

g

=iy
Asyrmptote - T;‘sz—\( narizaertalfimel s
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Mixture / Population problems

Eg - Mixture

Salt water Lfows imto a tank at rate r/
L/rin with conc. of ﬁ;’ i Aicture leaves
the tam at rate rZ L ,-" i, Let Gt} be

amount of salt at time .

|\G‘r‘ﬂ'!ﬂff = s oo = {a ;" V] 2 €=in = out

£ = pialance

L el = 2 = r v tnnjfﬁni'i the DE is linear

in @ -7 solve by  integrating factor.

—Ei - P opulation ( ."n_q.i'.ﬂ'r': - free)
dP/dt = « P (semall Pnpu-‘ahbn}
Pi+) = P f-r .

o

Eﬂcftr_i"ﬂ d'nuhﬁhi
P doubles in time T 2 = g
£ = In 2 7 s

Money (cnrnpnund'}'
daldr = r A AR = A, ¢

[#]

tontinuous compounding at rate r.

All guch laws are .fpeuiﬂf cases of fm--fﬁ.




|
! ' Solution Curves & Slope Field
|

Creametric mEﬂmhﬁ ot d-f}d'r —. #xt ?’.?:
at every point {J-r, -_f.-." it ‘F.-'l.ri:: the slope.

Drﬂwr'nﬁ h'n?‘ daches with these slopes
gives a slope feld. A solution curve

IS ewverywhere I"'ﬂﬂjfﬂf‘ to the dashes.

Example shown r;f-f.r"r.ﬁr = ¥

salution Y = C &

- Family of solutions .

gach value of € gives

: ome  Solufiom U,
| - E.ar o o . E
| % L.€£. prds ome cunde,

" ?,{ﬂ_}_—_; = _I:'. = ¥

B Tid e LR i
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Initial Valve Problems (I.V.P.)

An IV.P. is a DE mjfrhfr with walues
of the unkrown Function (and possibly

s deriva hi..-'f.s'? ar a .ﬂ'nﬁi't point,

t___,.
! l! J?F.J"-Efk' '_-_'- #ﬁﬁ "J"}, ?”(H'ﬁ} = Y, -r:r..::,ﬁ_.i:.-;,;,.
Steps

(/) Solve the DE for the ﬁrencrm solm.
(z2) P.‘uj irn The jifi.ren values to Hfnd C.
(3) Write the particular sofution.,

E,‘?_' ;

dy/dx = 3 x”, w(0) = /

ﬁenerﬂf sy = x> + C

wo) = 4 : =0+ € G =
y = x® o+ /

_Em':ffm: & unr_‘:urne:s ﬁﬁifﬂ'_._;"_

If Hx, y}' and i‘:}"'?r are continuous in &
region around (xO, :,-fﬂl;‘, then @ unigue soln

ot the LV.P. exists rear {kﬂ: }'D?,
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Common Mistaces & Tips

Mistaes

B e e sl i

/.

##mmxn#’\gj
Ly

nyfhﬁﬁ + c ﬂi":r‘er ﬁm rhfeﬁrahhn.

not  maing the coett. of d"n?r}d'x =
before Qm:i’ihﬁ P, @ (linear DEJ.

ﬂﬂ"ﬂ'{'ﬁﬂ c i'.-':_n}:;l’e the exporent of I.F.
e fi'nf P dye + L':} s wrong.

l:-:m‘l":u'.r.'!'fh‘g order with a’fﬁru.
(dy/dx)” has order 4, degree <.

.Fns"nﬁ frivvial solns whern drill.-"i'ldl!-.r".lj by

Factors that cam be ZerD.

Always rewrite in standard Fform first.
Test hamﬂﬁ. 7  put Yy = wvx.

Linear 7 compute I.F.

Both sides of In : stay positive.
Replace ¢ € by A (positive const.).

Fer:ici,r the anfwer by differentiation.

- Lritial condition Hfixes the comnstant.

ﬁl.‘wa}u checd  whether a‘gfrrg exists,



fi Quick Fnrmm'_ﬂ Sheet - T

Standard forms

Separable :  dy/dx = 3&} hly?

Hnmujenews : d'y.-"’dr = ny;"x?

Linear : ,dy/dx + P v = Q

Key substitutions

v + x du/dx
: X = MY = d'xfd'?r = v + v d’....-};_f:..-

|

LY = v X =7 a':,r,i"a'x

! Inﬂ:gmﬁh'g factor
dy/dx + Plx) vy = Qlx)

I.F. = u:w S | l

| dx/dy + Ply) x = Qly)

LF, = & %

.~ Solutions

|y . TF. = int @ . IF. dx + C
x . I.F. = it @ . ILF. dy + C

|
|
|
l Both forms come from the same idea.

T i) el R adnd s




auﬁ:i{: Formula Sheet - el E

Standard integrals (used a lat?
I‘r'.--n" dx/x = .f:-m x + C
it e @ & S a4 6
| it dellr + %2 = tan’ x + €
int dx / 1£rn;ff - kD = sin’ x ¥+ C
int sec. x dx = tan x + €
int EOIEx) dx = In - R + C

Applications recap

'E‘fll"l:ﬁ-l#‘fh o .-"""'|III -_ #ﬂ. L

Decay : M = N, g

: I.
Codling 3 T =T 3+ (T, - T 5! ¢ |

 HalF-1ik
_ T = w 2 ,f o * (’d’uay canstant «J

Dovbling time

_T:-"n_?.ft{ {?mwfﬁ rate )/

I ﬁmtmbtr : a DE describes the rate of

| :hanjg ; the sfoln jii'.re.t the function iFself.
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Practice Problems.

| Order & nt'::?rﬂ_

{17 fdz:_ﬂ"n’k'z;’ + Efd'yfdx} * Pvis 0
Ans ;  order 2, d'gfru /

_ (2) fcfy/d'x.}l + .nh(cfa;.r,-"drz.? = 0

Ans :  order r J{gq: A D,
.S'EE_ﬂrﬂh.l'f
(3) ﬂ";.rf::l’r = x ¢ 7

Ans p vl = keg”}l + C

Hnmn_qfn:nu.f :
(%) x d’;,r - dye = .ff’rf(k'! o+ ?ra} dx

Hint : put v = v
inedr

(<) n'y;’dr + 2 y = sin x

2k

—

. o= e

oL
4 eax = int EE! sin x dx + €

fﬁ?r:fyfdxﬂ—?rzxfnr; x 7 0
TE = x -7 d/dx (x 7*.? = % P

HEE h'l:ﬂf‘i;eg_
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Practice (contd.) & jummar?r

Werded problem
(7) Bacteria triple in § hours. Find time

to mu.l’hlhf?f IO times the nr@nhﬂf.

dn/dir = « A s A P
3 M, = N, et ¥ =2 = (In 3/

16 = &7 =2 T = In 0 / )

T =& In /0 / in 3 10.98 hr

frhﬂ'f Summary
d Order = h{?heﬂ“ derivative's order.

Degree = power of that derivative
(atrer clearing radicals].

* 2 main methods of “/st order DE
separable / homog. / linear.

i waa?': add + € : use L.C. for particular.

!

¥  LF. corverts linear DE to pertect deriv,

. Applications - Growth, d':r.a;r, cooling,
mixtures, populations, finance.

Golden rule

_Iﬁf{ﬂfﬁcf form -7 fqlppﬁ:{ method -7 'L"Err'ﬂ%’ <-aluays
Em::l" of Chapter 7 :
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