


Phasors and vector functions of n variables

Time domain

i:(xﬂy7zﬁt) :f;c(xﬁy9zﬂt)fx +fy(x9yﬂzﬂt)fy +flz(x’y’Z,l‘,) l,.\z

Phasor domain

F(x,y,z) = F (x,y,z)fx +F, (x,y,z)fy + F, (x,y,z)fz

X

fx(x,y,z,t)=Ax(x,y,z)cos(a)ot+ax(x,y,z)) — [ (x,y,x):Ax(x,y,z)ejax(x,y,z)

fy(X,y,Z,l‘)=Ay(x,y,z)cos(a)ot+ay(x,y,z)) —_— F (x,,2)=4 (x’y,Z)ejay(x,y,z)

fo(x,p,z,t)=A4, (x,y,z)cos(a)otJraZ(x,y,z)) — (x,y,x):Az(x’y,z)ejaz(x,y,z)
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Phasors and vector functions of n variables

Time domain

i:(xﬂy7zﬂt) :f;c(xﬁyﬂzﬂt)fx +fy(x9yﬂzﬂt)fy +flz(x)y)Z)t)) i.\z

Phasor domain

F(x,y,z) = F (x,y,z)fx +F, (x,y,z)fy + F, (x,y,z)fz

f(xayazat)_> T-tO-P F(xayaz)

F(x,y,z) ——| P-to-T

—_— f(x,y,z,t) — Re{F(x,y,z)eijt }
of =
5 — T-tO-P _— ]a)OF(-xayJZ)
VE —— T-tO-P -_— V-F(x,y,z)
VXE—; T_to_P — VXF(X,)/,Z)
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Maxwell equations

Frequency domain Phasor domain
( VxE(F,0)=—joB(F,0) (Vxﬁ(f)z—ja)oﬁ(f)
V< H(F, o) = joD (F.0)+3(E,0) VxH(F) = j,D(¥)+J (F)
/
V-D(F,0) = p(¥,0) | v D(F)=p(F)
V-B(F.0) =0 V-B(F)=0
0001 (e ) Jopl50)+¥-3(5.0) -0 Jap ()7 3F)
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Color legend

New formulas, important considerations,
important formulas, important concepts

Very important for the discussion

Memo

Mathematical tools to be exploited
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Phasors

V(1) = Acos(27 fot + o) . V=A™

" Phasor (complex number)
S ) f;) .
| A
i .
0 : /
A
_ o
2r f,
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Phasors

k-v(t) > k-V=k- Ae*

Stefano Perna — Universita Parthenope — Ingegneria Informatica, Biomedica e delle TLC — Corso di Campi Elettromagnetici — 27 marzo 2020



Phasors

k-v(t) > k-V=k- Ae*

W) = R-i(1) o) =1

V V(t) -V

V=R-1
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Phasors

Qi)
di

> joV = jao,Ae’”

Stefano Perna — Universita Parthenope — Ingegneria Informatica, Biomedica e delle TLC — Corso di Campi Elettromagnetici — 27 marzo 2020



Phasors

dv(t)
dt

> joV = jao,Ae’”

A l
oy — L 4O i(6)— I
v dt W)=V
V = jo, Ll
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Phasors

dv(t)
dt

> joV = jao,Ae’”

4 ii l,(t):Cdv(t) i(t)—>1
dt W)=V

‘ I=jw,CV
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Phasors

V(1) = Acos(myt + ) . = 4o

i(t) = Bcos(awyt+ p) . [ — B/

w(t)-i(t) dt =%R6{V~I*}

(1)) = L
(W(0)-i(1)) = =

=
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Phasors

V(1) = Acos(myt + ) . = 4o

i(t) = Bcos(awyt+ p) . [ — B/

(w(t)-i(r)) == | w(t)-i(¢) dt :%Re{lﬁl*}

=

L
T

P:%V-I*:P1+jPz
R .
P:%V'I*:%(ZR"FZL"'ZC)I'I*:%ER"_J.G)OL_ ] )|1|2

,C
2 le I 1 It
el
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Phasors and vector functions of n variables

f,(x,7,2,1) > F(x,7,2)

f,(x,,2,7) > F,(x,7.2)
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Phasors and vector functions of n variables

f (F,7) > F(F)
f,(F.7) » F,(F)

£ (F,0)-1,(F,0)dt =%Re{il(f)i;(f)}

O'—o’ﬂ

(f.E0-EE0 )= [

f(r t)xfz(r ) dt =%Re{i‘l(¥)xf’;(?)}

<f1(F,t)xf2(F,t)>—%

O'—oﬂ
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Complex numbers
&

Complex vectors
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Complex numbers

Ae’®

Re
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Complex numbers

Ae’* =X +jY
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Complex numbers

Ae’* =X +jY
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Complex numbers: some examples

3e 4

Im

Re
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Complex numbers: some examples
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Complex numbers: some examples

Re
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Complex numbers: some examples

i
—j=e 2

—1 4 Re
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Complex numbers: conversion formulas

Ae’* =X +jY

X Re
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Complex numbers: conversion formulas

Ae’* =X +jY

Ae’"— X + jY
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Complex numbers: conversion formulas

Ae’* =X +jY

Im

(.

X Re

Ae’"— X + jY
X =Acoso

Y =Asina
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Complex numbers: conversion formulas

e’ =cosa+ jsina

Eulero’s formulas
ja 4 oie

04 COSO(Ze—
X Re

. e/ —e
sing =

Ae’*— X +jY Y

X =Acosa

Y =Asina

Stefano Perna — Universita Parthenope — Ingegneria Informatica, Biomedica e delle TLC — Corso di Campi Elettromagnetici — 27 marzo 2020



Complex numbers: conversion formulas

Ae’* =X +jY

Im

(.

X Re

Ae’"— X + jY
X =Acoso

Y =Asina
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Complex numbers: conversion formulas

Ae’* =X +jY

Im

X+ jY— 4e’”
Y
a »

X Re

Ae’"— X + jY
X =Acoso

Y =Asina
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Complex numbers: conversion formulas

Ae’* =X +jY
Im
X + jY— Ae’”
Y
¢ : A=AX>+Y>
X Re
( X
. = Z | seY>
Ao "— X + Y o acos(Aj se 0
< X
X =Acoso az—acos(gj se Y <0
Y =Asina \

Stefano Perna — Universita Parthenope — Ingegneria Informatica, Biomedica e delle TLC — Corso di Campi Elettromagnetici — 27 marzo 2020



Complex numbers: conversion formulas

Some examples

Ja X+ 7Y S
Ae’"— J S =—\/§+j\/§
X =Acoso

Y=Asina
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Complex numbers: conversion formulas

Some examples

X + jY— Ae 3+ j=2e'

T

A=JX?+7 S3—j=2e"6

g

101 :acos(éj se Y >0
A

a = —acos(zj se Y <0
A

\
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Complex numbers: summation

Z =A™ =X, + Y,
Z, = A,e = X, + jY,

Z,+Z,=(X,+X,)+j(¥,+1,)
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Complex numbers: product

Z =A™ =X, + Y,
Z, = A,e = X, + jY,

Z,- 2, :(Xl'Xz_Yl'Yz)+j(X1'Yz+Yl'X2)

7 -Z,=4 - A"
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Complex numbers: product
Some examples

Z =A™ =X, + Y,
Z, = A,e = X, + jY,

Z,-Z, = 4 - A,/ )

z, =3¢ 6 (524 lzej(%ﬂj

Stefano Perna — Universita Parthenope — Ingegneria Informatica, Biomedica e delle TLC — Corso di Campi Elettromagnetici — 27 marzo 2020



Complex numbers: product
Some examples

Z =A™ =X, + Y,
Z, = A,e = X, + jY,

Z,-Z, = 4 - A,/ )

le\/§+j zze]g

3
zZ, =2+ 42 =2¢'*
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Complex numbers: product
Some examples

Z =A™ =X, + Y,
Z, = A,e = X, + jY,

Z,-Z, = 4 - A,/ )

3
~
N
||
SEES

Re
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Complex numbers: product
Some examples

Z =A™ =X, + Y,
Z, = A,e = X, + jY,

Z,-Z, = 4 - A,/ )

_ Jjoy |
z, = Ae . J(al j 4 9z
—J 4 = Ale

Re
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Complex numbers: product
Some examples

Z =A™ =X, + Y,
Z, = A,e = X, + jY,

Z,-Z, = 4 - A,/ )

z, = Ae’™ - A
1 1 . ](al—i—ﬂ) 1 Z

Jr

z,=—1 =e¢

Re
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