
C miakexnd mixtqnd 5.1
dnecn wlge wlge Re (z) iynn wlg yi z ze`d i"r onql bedpy illk akexn xtqnl

cibdl oekp `l)
Re (z) = 2
Im (z) = 3

,a = 2+ 3i lynl .z = a+ bi .(miiynn mdipy)Im (z)

(!Im (z) = 3i
-ez deedn `ede C = {a+ bi : a, b ∈ R} i"r xcben C miakexnd mixtqnd dcy

.cgeina ziyeniy ztq

dxcbd
wlgl qepin miyer)z = a − bi `ed ely akexnd cenvd z = a + bi ∈ C ozpda

(dnecnd

1− 2i = 1 + 2i

5 = 5 + 0i = 5− 0i = 5

x = x ⇔ x ∈ R dyrnl

dxcbd
|z| =

√
a2 + b2 `ed z = a+ bi ∈ C ly hlegnd jxrd

dprh
:z1, z2 ∈ C lkl

z1 + z2 = z1 + z2 .`

z1z2 = z1 · z2 .a

|z1 · z2| = |z1| · |z2| .b
|z1 + z2| ≤ |z1|+ |z2| :yleynd oeieey i`

dgked{
z1 = a1 + b1i
z2 = a2 + b2i

meyxp

z1 + z2 = (a1 + bii) + (a1 + b2i) = a1 + a2 + (b1 + b2) i .`
= a1 + a2 − (b1 + b2) i = (a1 − b1i) + (a2 − b2i) = z1 + z2

dnec dgkedd 'be 'a xear
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lilkdl ozip

z1, z2, ...zn ∈ C lkl

n∑
k=1

zk = z1 + ...+ zk = z1 + ...+ zk =
n∑

k=1

zk

.micenvd mekq `ed mekq ly cenvd :milina)

n∏
k=1

zk = z1 · ... · zk = z1 · ... · zk =
n∏

k=1

zk

(micenvd zltkn `ed dltkn ly a cenvd :milina)∣∣∣∣∣
n∏

k=1

zk

∣∣∣∣∣ = |z1 · ... · zk| = |z1| · ... · |zk| =
n∏

k=1

|zk|

.(mihlgend mikxrd zltkn `ed dltkn ly hlgend jxrd :milina)

(cenvd yxeyd)htyn
m` if` .(a0, a1, ...an ∈ R xnelk)iynn mepilet P (x) = anx

n + ... + a1x + a0 idi
.P ly yxey z0 = α− iβ mb ,P (z0) = 0 xnelk ,P (x) ly yxey z0 = α+ iβ

dgked

okle P ly yxey z0

P (z0) = 0

n∑
k=0

akz
k
0 = 0

n∑
k=0

akzk0 = 0 = 0

n∑
k=0

akzk0 = 0

n∑
k=0

ak · zk0 = 0

1∑
k=0

ak · z0k = 0
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1∑
k=0

ak · z0k = 0

P (z0) = 0

dnbec

la` ,ely yxey i = −i mbe ely yxey i .iynn mepilet `ed P (x) = x2+1 mepiletd
.`l 2i = −2i

dnbec ihp`

.`l 2i = −2i la` ely yxey 2i .iynn mepilet epi` P (x) = x− 2i

dpwqn

α± iβ cala micenv zebefa miribn miakexnd miyxeyd miiynn minepileta

miakexn mixtqn ly iahew bevii

z = a+ bi = r cos θ + ir sin θ = r (cos θ + sin θ) = rcisθ

(l"f)xlie` htyn

∀θ ∈ R eiθ = cos θ + i sin θ (= cisθ)

dgked

:xefbp .f (θ) =
cos θ + i sin θ

eiθ
= e−iθ (cos θ + i sin θ) divwpet xicbp

f ′ (θ) = −ie−ieθ (cos θ + i sin θ)+e−iθ (− sin θ + i cos θ) = e−iθ (−i cos θ + sin θ − sin θ + i cos θ)

f (θ) ≡ C = f (0)⇐f ′ (θ) ≡ 0 eplaiw

f (0) = e−0 (cos 0 + i sin 0) = 1 = f (θ)

⇒ eiθ = cos θ + i sin θ
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:θ = π xgap m`

eiπ = −1

1.xlie` zedf - eiπ + 1 = 0

zeiedf

e−iθ = ei(−θ) = cos (−θ) + i sin (−θ) = cos (θ)− i sin (θ)


eiθ + e−iθ

2
= cos θ

eiθ − e−iθ

2o
= sin θ

mireaw mincwn mr zeix`pil x"cn 5.2
n∑

k=0

ak · y(k) =

{
0 homogeous

b (x) non− homogenous

:ipbenedd dxwndn migzp .(miiynn mireawak mrtd)

dnbec

y′′ − y = 0 y′′ = y

?miyer dn

...d`ld jke y′′ = λ2eλx ,y′ = λeλx f`e y = eλx dxevdn oexzt ytgl xn` xlie`
lawpe d`eeyna aivp

λ2eλx − eλx = 0

eλx
(
λ2 − 1

)
= 0

λ2 − 1 = 0

zeixwird zelertd z`e i, e, π, 1, 0 :miaeygd mireawd z` dlikn `id oky ,dti ce`n zedf idef1

dwfge ltk ,xeaig
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λ1,2 = ±1

.

{
y1 = e+1x = ex

y2 = e−1x = e−x zepexzt ipy epl yi okle λ = −1 e` λ = 1 eplaiwe y = eλx "epygip"

y = C1e
x + C2e

−x :mdly ix`pil sexiv `ed illkd oexztd okle oaenk l"za md

illkd dxwna

any
(n) + ...+ a1y

′ + a0y = 0

y = eλx, y′ = λeλx, ...y(k) = λkeλx "ygpp"

anλ
neλx + ...+ a1λe

λx + a0e
λx = 0

anλ
n + ...+ a1λ+ a0 = 0

d`eeynd z`xwp d`eeynde ,oiit`nd mepiletd e` ipiite`d mepiletd `xwp
n∑

k=0

akλ
k

.zpiit`nd d`eeynd e` zipiite`d
.yegipa maivdle d`eeynd iyxey z` `evnl jixv

(miakexn miyxey)1 diira

y′′ + y(0) = 0

mivex `l epgp` la` .
y1 = eix

y2 = e−ix ⇐λ1,2 = ±i⇐λ2 + 1 = 0 :zipiite`d d`eeynd

...oexzta ia ynzydl
Y1 =

1

2
y1 +

1

2
y2 =

eix + e−ix

2
= cos (x)

Y2 =
1

2i
y1 −

1

2i
y2 =

eix − e−ix

2i
= sinx

:mixg` miix`pil mitexiv gwip oexzt

.l"za -

y = C1Y1 + C2Y2 = C1 cosx+ C2 sinx

milawn epiid λ1,2 = α± iβ eid miyxeyd m`{
y1 = e(α+iβ)x

y2 = e(α−iβ)x
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Y1 =

1

2
y1 +

1

2
y2 =

1

2
eαx+iβx +

1

2
eαx−iβx = eαx

ei(βx) + e−i(βx)

2
= eαx cosβx

Y2 =
1

xi
y1 −

1

2i
y2 = eαx sinβx

⇒ y = C1e
αx cosβx+ C2e

αx sinβx

(daexn yxey)2 dira

y′′ − 2y′ + y = 0

:zipiite` .n

λ2 − 2λ+ 1 = 0

(λ− 1) (λ− 1) = 0

λ1,2 = 1, 1

y1 =y xexa .(letk yxey)diipy dwfga riten `ed j` λ = 1 cg` yxey wx yi
:xcq zcxeda ynzyp .e1·x = ex y = exz

y′ = exz + exz′

y′′ = exz + 2exz′ + exz′′

exz′′ + 2exz′ + exz −−2exz − 2exz′ + exz = 0

exz′′ = 0

z′′ = 0

z′ = C1

Z = C1x+ C2

⇒ y = ex (C1x+ C2) = C1xe
x + C2x

-xzt m zpzep x0eλx, x1eλx, ...xm−1eλx dxcqd m zwfga riten did λ yxeyd m`

α± iβ (!micenv)miakexn miyxey befa xaecn m` .
{
xkeλx

}m−1

k=0
xnelk .l"za zepe

:dxcqd

eαx cosβx, eαx sinβx, xeαx cosβx, xeαx sinβx, ...xm−1eαx cosβx, xm−1eαx sinβx

.
{
xkeαx cosβx

}m−1

k=0
∪
{
xkeαx sinβx

}m−1

k=0
l"za zepexzt 2m zpzep
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dlgzd i`pz y′′ + y = 0
y (1) = 1
y′ (1) = 0

lynl ,dlgzd i`pz d`eeynl sxvl ozipy oaenk

oexzt

1 = y (1) = :dlgzdd i`pz z` aivp .y = C1 cosx + C2 sinx `ed illkd oexztd
C1 cos (1) + C2 sin (1)

0 = y′ (1) = y′ (x) |x=1 = −C1 sin (x) + C2 cosx|x=1 = −C1 sin (1) + C2 cos (1)

xnelk

(
cos (1) sin (1)
− sin (1) cos (1)

)(
C1

C2

)
=

(
1
0

)
{

C1 = cos (1)
C2 = sin (1)

⇒ y = cos (1) cos (x) + sin (1) sin (x) ≈ 0.54 cos (x) + 0.84 sin (x)

yibcdl aeyg

miiyteg miraew oi` ihxt oexztae miiytegd mireawd lk miriten illkd oexzta
.llka

ipbened i`d dxwnd
miix`pil mil`ivpxtic mixehxte`

Ly = b dxeva zillkd zix`pild x"cnd z` meyxl lkep L =
n∑

k=0

akD
k onqp m`

:`id Ly = b xeztl zg` jxc

Annihilator method cinynd zhiy
-nynd" (Annihilator dlindn) A (ix`pil il`ivpxtic xehxte`)l"c` `evnl mikixv

:l`nyn Aa d`eeynd z` miltek .Ab = 0 xnelk b z` cinyny "ci

ALy = Ab = 0

.zipbened d`eeyn efe

.mze` `evnl jixv .miiyteg `l An e`ay "miiytegd mireawd" zexidf
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dnbec

y′′ + 3y′ + 2y = x2

oexzt

(
D2 + 3D + 2

)︸ ︷︷ ︸
L

y = x2

A = D3 `ed x2 ly cinynd

⇒ D3
(
D2 + 3D + 2

)
y = 0

(D − 0)
3
(D + 1) (D + 2) y = 0

y = C1 + C2x+ C3x
2 + C4e

−x + C5e
−2x

okle (yp = C1+C2x+C2x
2 - D3a dltkdd)ipbened i`d oexztdn eribd C1, C2, C3

:mze` aygl jixv - miiyteg mireaw `l md

y′p = C2 + 2C3x

y′′p = 2C3

y′′p + 3y′p + 2yp = x2

2C3 + 3C2 + 6C3x+ 2C1 + 2C2x+ 2C3x
2 = x2

(2C3)x
2 + (6C3 + 2C2)x

1 + (2C3 + 3C2 + 2C1) = 1x2 + 0x+ 0

C3 =
1

2

C2 = −
3

2

C1 =
7

4

⇒ y =
7

4
−

3

2
x+

1

2
x2 + C4e

−x + C5e
−2x
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