


Phasors and vector functions

Time domain

f(x,y,z,t)zfx(x,y,z,t)fx +fy(x,y,z,t)fy + f.(x,y,2,t) fz

fo(x,p,2,0) = A, (x,y,z)cos(a)o t+a, (x,y,z)) —_—
fy (x,y,z,t) = Ay (x,y,z)cos(a)o t+a, (x,y,z)) —_—

1o p,2,0) = A, (x,y,z)cos(a)o t+a, (x,y,z)) _—

, Phasor domain

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

T-to-P — x(x,y,z):Ax (x,y,z)e

Jjo (x,y.2)

T-to-P [ F(n0.2)=4,(xy.z)e

> F (x,y,z) =A. (x’y,z)ejaz(x,y,z)

T-to-P

f(x, V,Z,t) ——

T-to-P

— F(x,y,z)

F(x,y,7) ———

P-to-T

. f(x,y,z,t) — Re{F(x,y,z)eij’ }
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Phasors and vector functions

Time domain

f(t)=f.()i, + f,(0)i, + f.(0)i,

>

Phasor domain
F=Fi+Fi+F]i

fo(t)= A, cos(apt+a,) —

T-to-P

- L F=A¢™ =R +I,

S =4, cos(a)ot+ ay) _—

T-to-P

———+ F,=A¢’ =R, +jI,

fot)y=A,cos(wyt+a,) ———

T-to-P

- F;:Azejaz :RZ +j[Z

f(t) ——

F——

T-to-P

—F

P-to-T

. f())=Re{Fe™ |
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Complex vectors: graphical representation

Real numbers Real vectors (3 components)

f f:fxix+fyiy+fziz

Complex numbers Complex vectors (3 components)

F=Ae = X+ jY F=Fi+Fi +Fi

'm ?

(04
X Re
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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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Mathematical tools that we will exploit today

4 - . )
D=1 _ —
1 PP F|=VF-F
b (pra=d-p=coss
\ J
sin(a+£)=cosa ; sin(a—£j=—cosa 4 i$ | i A
2 2 e’ +e
cos@ = .
2 e’ =cosg+ jsing
€j¢ e—j¢
' /
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Phasors and vector functions

Ny

Time domain Phasor domain

()= 1.1 + 1, + f.(0)i. F=Fi+Fi+Fi
fi(@) =4, cos(a)ot+ax) —_— T-to-P s F=4e™ =R, +JI,
fy(t):Ay Cos(a)ot"'ay) - T-to-P . Fy:Ayejay =R, +]i,
f:()=4 cos(@yt+a,) ———  T-to-P ———— F=4" =R +]I,

Fp and Fq are real!
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Phasors and vector functions

Ec: Axejax = Rx +]]x

fo()= A cos(ayt+ay)

fy(O=4, cos(a)ot+ay) ————— F,=A4" =R, +/l,

f(t)=f.(0i + [, ()i, + f.(t)i.

F=Fi +Fi+Fi =A% +Ae™i + Ae'*i |
XX Yy z°z x X y y z Z fz(t)IAZCOS(a)Ot+aZ) — F;:Aze]azsz-i_jIz

. o Polarization plane
F= Fpp + ]qu q

9

>
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Phasors and vector functions

fo(0)= A, cos(ayt+ar,)

Sy () =4, cos(a)ot+ay) — F,= Ayej“y =R, +Jl,

F;C = Axejax = Rx + jIx

f.(t)=A4,cos(ayt+a,) —> F.=Ae =R +I.

2

F|=VFF = JFF £, + FE ~|EF 4[5 ] +IF.
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Phasors and vector functions

F;C = Axejax = Rx + jIx

fo(0)= A, cos(ayt+ar,)

f(t)=f.(t)i + £, ()i, + f.(t)i.

~ i i X . Sy () =4, cos(a)ot+ay) — F,= Ayej“y =R, +Jl,
_ A . DA jax’.\ J 2 jaz’.\
F=Fi+Fi+Fi=Ae™i +Ae i +A4e"i

f.(t)=A4,cos(ayt+a,) —> F.=Ae =R +I.

Polarization plane

=Fp+jFq

F,= ‘F‘cos¢
F, =‘F‘sin¢
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Phasors and vector functions

F;C = Axejax = Rx + jIx

fo(0)= A, cos(ayt+ar,)

Sy () =4, cos(a)ot+ay) — F,= Ayej“y =R, +Jl,

f(t)=f.(t)i + £, ()i, + f.(t)i.

F=Fi +Fi+Fi =A% + 4% +Ae'*i .
xx yy tzz x 23 Y yoooz g fz(t)ZAZCOS(a)Ol+(ZZ) — F.=4e" =R +jI,

Polarization plane

F=Fp+jF§ q
\F\ = JF+F} %

P
F,= ‘F‘cos¢
F, = ‘f*“sin¢

F,= ‘F‘cos¢
F, =‘F‘sin¢
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Phasors and vector functions

F;C = Axejax = Rx + jIx

fo(0)= A, cos(ayt+ar,)

Sy () =4, cos(a)ot+ay) — F,= Ayej“y =R, +Jl,

f(t)=f.(t)i + £, ()i, + f.(t)i.

F=Fi +Fi+Fi =A% + 4% +Ae'*i .
x'x T Oyy Tz x 23 Y yoooz g fz(t):AZcos(a)Ot+az) — F.=4e" =R +jI,

Polarization plane

F=Fpﬁ+quq /q F=‘F‘e1¢(f’;‘ﬁ)+‘i‘e—j¢(f’;ﬁ] cos;zﬁ:—ej¢ ;e_m
‘F‘ =F +F} )Y Jb _ it

P sing =%
F,= ‘F‘cos¢ 2J
F, = ‘F‘sin¢
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Phasors and vector functions

Ec: Axejax = Rx +]]x

fo()= A cos(ayt+ay)

Sy () =4, cos(a)ot+ay) — F,= Ayejay =R, +jI,

f(t)=f.(0i + [, ()i, + f.(t)i.

F=Fi +Fi+Fi =A% +Ae™i + Ae'*i |
XX Yy z°z x X y y z Z fz(t)IAZCOS(a)Ot+aZ) — F;:Aze]azsz-i_jIz

Polarization plane

F=Fp+Fg q F:‘F‘ej¢(M)+‘F‘ej¢(Mj
2 2

[F|=\F,}+F; J 5

F, :‘F‘cos¢

F :‘F‘singb
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Phasors and vector functions

fo()= A cos(ayt+ay) F.=Ae* =R + ]I,

f()= 1.0+ 1,00, + L0, .
. fy(t):Aycos(a)ot+ay) — F,=Adge "=R,+ I,
F=Fi +Fi+Fi =A% +4¢e“i +A4e*i 5
v S f.(t)=A4,cos(awyt+a,) ——> F.=4e“=R + I,
= A A Polarization plane = -1 (Pt . (p-q
F=Fp+jFd i F:‘F‘em(pzq]+\F\e ’¢(p2qj

W—J

s

‘F‘ = JF, +F’ U
F = F‘cos¢
F = F‘sinqﬁ _fl
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Phasors and vector functions

Ec: Axejax = Rx +]]x

fo()= A cos(ayt+ay)

fy(O=4, cos(a)ot+ay) ————— F,=A4" =R, +/l,

f(t)=f.(0i + [, ()i, + f.(t)i.

F=Fi +Fi+Fi =A% +Ae™i + Ae'*i |
XX Yy z°z X X y y z Z fz(t)IAZCOS(a)Ot+aZ) — F;:Aze]azsz-l_jIz

F=pr)+qu(i Polarization plane F:‘F‘e”’ ﬁ;qj+‘i‘ej¢(ﬁ;qj
‘F‘ B sz +qu . _
U \Y
F,= ‘F‘cosgﬁ
F :‘F‘singb
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Phasors and vector functions

fo()= A cos(ayt+ay)

fy(O=4, cos(a)ot+ay) ————— F,=A4" =R, +/l,

Ec: Axejax = Rx +]]x

f(t)=f.(0i + [, ()i, + f.(t)i.

F=Fi +Fi+Fi =A% +Ae™i + Ae'*i |
XX Yy z°z X X y y z Z fZ(I)IAZCOS(a)Ot+aZ) — F;:Aze]azsz-l_jIz

P pr) +qu(A1 Polarization plane = ‘F‘e”’ (f";fl] . ‘F‘e‘” (ﬁ;qj
‘F‘ B sz +qu l Tﬁ
U \Y
Fp:‘f“cos¢ U-V=0
Fq :‘F‘singb ‘ﬁ‘;ﬁl
‘\7‘ #1
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Phasors and vector functions

Ec: Axejax = Rx +]]x

fo()= A cos(ayt+ay)

fy(O=4, cos(a)ot+ay) ————— F,=A4" =R, +/l,

f(t)=f.(0i + [, ()i, + f.(t)i.

F=Fi +Fi+Fi =A% +Ae™i + Ae'*i |
XX Yy z°z X X y y z Z fz(t)IAZCOS(a)Ot+aZ) — F;:Aze]azsz-l_jIz

F:FpﬁJerqq Polarization |?Iane F:‘F‘eﬁ’ (Mj+‘i‘e” (Mj
F‘Z,/Fp2+Fq2 q Wz_z \ 2 )
(Fp :‘F‘cos¢ 3 ﬁf) U \Y%
| _ \Y%

7, =[Flsing 0V=0 [O=1 [7]+1
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Phasors and vector functions

fo(0)= A, cos(ayt+ar,) F =4 =R+ ]I,

fy(t):Aycos(a)Ot+ay) _— Fyszej“Y=Ry+J'Iy

f(t)=f.(t)i + £, ()i, + f.(t)i.

F=Fi +Fi+Fi =A% + 4% +Ae'*i .
xx yy tzz x 23 Y yoooz g fz(t):AZcos(a)Ot+az) — F.=4e" =R +jI,

F=Fp+/Fd Polarization plane Fz‘i“e”’ (Mj+‘i‘e_j¢(ﬁ-qj
17“‘=1/Fp2+qu B Wz—’ Wz—/
F, =‘F‘cos¢ p U v

yoe \

7, :‘F‘sin¢ U-V=0 \ﬁ\ﬂ \\7\7&1

U and V are orthogonal
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Phasors and vector functions

F;: Axejax = Rx +j]x

fo(0)= A, cos(ayt+ar,)

fy(t):Aycos(a)Ot+ay) _— Fy=Ayej“Y=Ry+J'Iy

f(t)=f.(t)i + £, ()i, + f.(t)i.

F=Fi +Fi+Fi =A% + 4% +Ae'*i .
xx yy tzz x 23 Y yoooz g fz(t)ZAZCOS(a)Ot+(ZZ) — F.=4e" =R +jI,

F=Fp+jFi [(ﬁjz 1+c05(9) B =[Fle( 229 )[gf (229
Fl=yr £/ e -
7, =|F|cos [Sin(ﬁj_z _1-cos(9) U 4
Fq:\fr\sm 2. 2 U-V=0 \ﬁ\ﬂ \\7\7&1
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Phasors and vector functions

F;C = Axejax = Rx + jIx

fo(0)= A, cos(ayt+ar,)

Sy () =4, cos(a)ot+ay) — F,= Ayej“y =R, +Jl,

f(t)=f.(t)i + £, ()i, + f.(t)i.

F=Fi +Fi+Fi =A% + 4% +Ae'*i .
xx yy tzz x 23 Y yoooz g fz(t)ZAZCOS(a)Ot+(ZZ) — F.=4e" =R +jI,

Polarization plane

q

>
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Phasors and vector functions

F;C = Axejax = Rx + jIx

fo(0)= A, cos(ayt+ar,)

Sy () =4, cos(a)ot+ay) — F,= Ayej“y =R, +Jl,

f(t)=f.(t)i + £, ()i, + f.(t)i.

F=Fi +Fi+Fi =A% + 4% +Ae'*i .
xx yy tzz x 23 Y yoooz g fz(t)ZAZCOS(a)Ot+(ZZ) — F.=4e" =R +jI,

Polarization plane

Stefano Perna — Universita Parthenope - Ingegneria Informatica, Biomedica e delle TLC Corso di Campi Elettromagnetici — 15 Marzo 2021



Phasors and vector functions

. . . . fo(0)= A, cos(ayt+ar,)
f()=f,(0)i, + f,@0)i, + [ ()i o .
fy(t):Aycos(a)Ot+ay) — F,=4¢" =R, + ]I,

F=Fi +Fi+Fi =A% + 4% +Ae'*i .
xx yy tzz x 23 Y yoooz g fz(t)ZAZCOS(a)Ot+(ZZ) — F.=4e" =R +jI,

F;C = Axejax = Rx + jIx

Polarization plane

q u-v=0
} ul=1
p vi=1

Corso di Campi Elettromagnetici — 15 Marzo 2021
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Phasors and vector functions

fo(0)= A, cos(ayt+ar,)

£(6)= £.(0)i, + [, (i, + £ (L.
Sy () =4, cos(a)ot+ay)
f.()=A4, cos(a)ot+az) —_— F = Azej”’z =R +jI.

F;C = Axejax = Rx + jIx

— F,= Ayejay =R, + I,
= 5 B a o ja, 2 jer, » ja. 2
F=Fi+Fi+Fi=Ae™i +Ae i +A4e"i

Polarization plane

F=Fp+jF§ »
f-JE @ e
. =
;Fp =‘F‘cos¢ p vl=1
Fq =‘F‘sin¢
v

Corso di Campi Elettromagnetici — 15 Marzo 2021
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Phasors and vector functions

Ec: Axejax = Rx +]]x

fo()= A cos(ayt+ay)

fy(O=4, cos(a)ot+ay) ————— F,=A4" =R, +/l,

f(t)=f.(0i + [, ()i, + f.(t)i.

F=Fi +Fi+Fi =A% +Ae™i + Ae'*i |
XX Yy z°z X X y y z Z fZ(I)IAZCOS(a)Ot+aZ) — F;:Aze]azsz-l_jIz

F:pr’JrjE](l F:‘F‘eﬂﬁ cos(gjﬁﬂf?‘e” sin(g)fr
pr _ ‘F‘cos y Polarization plane
< F,= ‘F‘sm¢ q
) u
F|=\F}+F/ p
u-v=_0

\4
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Phasors and vector functions

F;C = Axejax = Rx + jIx

fo(0)= A, cos(ayt+ar,)

Sy () =4, cos(a)ot+ay) — F,= Ayej“y =R, +Jl,

f(t)=f.(t)i + £, ()i, + f.(t)i.

F=Fi +Fi+Fi =A% + 4% +Ae'*i .
xtx DTy Tzz TaT Tx Ty g f[,()=A4,cos(wyt+a,) ——> F.=4e"“ =R + I

F= pr) -+ qu(j F= ‘F‘e”’ cos(gjﬁ + ‘F‘e‘j‘” sin(g]ff

f(t)=F,cos(w,t)p—F,sin(w,t)§

er _ ‘F‘cos y Polarization plane
J .
F, =|F|sin¢ 1
F‘ =\F +F’ p
=0 \ e’ =cos(awyt)+ jsin(awyt)
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Phasors and vector functions

F;C = Axejax = Rx + jIx

fo(0)= A, cos(ayt+ar,)

£ = 1.0, + £, + £.0),
F=Fi+Fi+Fi =A™ + 4e™i + 4./

Z

Sy () =4, cos(a)ot+ay) — F,= Ayej“y =R, +Jl,

f.t)=A4, cos(wyt+a,) ————> F.=A4.e"“ =R + I

= == 9 9
—EFhi iFQ — 9 -Jj$ .
F=Fp+jFq F—‘Fe cos(zju+‘F‘ s1n( ]V

f(t)=F | cos(wyt)p—F, sin(wy)q f(t)= *‘Coéfvg’j&,gt)a)(?)ﬁﬁ)ﬁ qﬂssll%ﬁ Jéés) ot —P)V

¢—cos @,t ¢ + jsin

e’

_ ‘F‘cos¢ Polarization plane
| = ‘F‘sinqﬁ (AlA
Fl=F+F p
u-v=0 &
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Polarization plane

fo(@t)=A.cos(ayt+a,) ——— F,=Ae =R +]I,

f(t)=f.(0i + [, ()i, + f.(t)i.

fy (=4, cos(a)o t+ ay) — F = Ayejay =R, + I,
F=F i +Fi+Fi=Ae™i +A4e™i +4e"i,

f.()=A4.cos(ayt+a,) —> F=A4e" =R + I

AL iFA _|§l| i Y s it inl 2 |5
F=Fp+ jFq F—‘Fe’ cos(z)u+‘F‘ef sm(z)v

f(r)= F, cos(myt)p - F,sin(w,t)q f(t)= F‘cos(gjcos(a)ot +¢)l+ ‘F‘sin(gjcos(wot — @)V
F, =[F|cosy Polarization plane The vector f(¢) lies in the polarization plane (p.q) (which is
J . :‘F‘sin¢ coincident with the plane (4,v)), and it changes in general
A both its amplitude and its direction as the time elapses.
F‘ _ /sz +F) Two cases are of particular interest:
- Linear polarization
u-v=0 - Circular polarization
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Polarization plane

fo(@t)=A.cos(ayt+a,) ——— F,=Ae =R +]I,

f(t)=f.(0i + [, ()i, + f.(t)i.

fy(t):Ay cos(a)ot+ay) _— Fy:Ayejay =R, + I,
F=F i +Fi+Fi=Ae™i +A4e™i +4e"i,

f.()=A4.cos(ayt+a,) —> F=A4e" =R + I

AL iFA _|§l| i Y s it inl 2 |5
F=Fp+ jFq F—‘Fe’ cos(z)u+‘F‘ef sm(z)v

f(r)= F, cos(myt)p - F,sin(w,t)q f(t)= F‘cos(gjcos(a)ot +¢)l+ ‘F‘sin(gjcos(wot — @)V
F, =[F|cosy Polarization plane The vector f(¢) lies in the polarization plane (p.q) (which is
J . :‘F‘sin¢ coincident with the plane (4,v)), and it changes in general
A both its amplitude and its direction as the time elapses.
F‘ _ /sz +F) Two cases are of particular interest:
- Linear polarization
u-v=0 - Circular polarization
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Linear Polarization

fo()= A cos(ayt+ay)

fy(O=4, cos(a)ot+ay) ————— F,=A4" =R, +/l,

Ec = Axejax = Rx +]]x

f(t)=f.(0i + [, ()i, + f.(t)i.

F=Fi +Fi+Fi =A% +Ae™i + Ae'*i |
XX Yy z°z X X y y z Z fz(t)IAZCOS(a)Ot+aZ) — F;:Aze]azsz-l_jIz

. o =y 9 A 9
_ A . A _ je YN —J? Ginl 21
F=Fp+jFq F—‘Fe cos(zju+‘F‘e sm(z)v
£(r) . : . = = 9 .~ =l . (8 .
(t)=F, cos(wyt)p—F,sin(ayt)q f(¢)= F‘cos 5 cos(a)ot+¢)u+‘F‘sm 5 cos( @yt — @)V
(Fp — ‘F‘Cosg;} Polarization plane The vector f(t)does not change its direction and its tip moves
9 . 0 along a straight line:
F, :‘F‘sin¢ q = g
- u
F|=\F}+F/ p
u-v=0

\4
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f(t)=f.(0i + [, ()i, + f.(t)i.

= 5 2 2 ja, » ja, ja, ?
F=Fi+Fi+Fi=Ae"i +Ae i +Ae™"i

—

F=Fp+jFq
f(t)= F, cos(myt)p - F,sin(w,t)q

-

.

u

F|l=\F>+F; P
u-v=0

\4
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Linear Polarization

fo()= A cos(ayt+ay)

fy(O=4, cos(a)ot+ay) ————— F,=A4" =R, +/l,

Ec = Axejax = Rx +]]x

f.()=A4.cos(ayt+a,) —> F=A4e" =R + I

F = ‘F e’? cos(ﬁ)ﬁ + ‘F‘e‘m sin(ﬁ)ff
2 2

f(r)= 17“‘ Ccos (gjcos(a)ot +¢)l+ ‘f“sin (gjcos(wot — @)V

F, = ‘F‘cosgb Polarization plane The vector f(z) does not change its direction and its tip moves
) . 0 along a straight line:
F, :‘F‘sin¢ q : :

A

oop=q
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Linear Polarization

fo()= A cos(ayt+ay)

fy(t):Aycos(a)Ot+ay) _— Fy=Ayej“y=Ry+jIy

F;c: Axejax = Rx +j]x

f(t)=f.(t)i + £, ()i, + f.(t)i.

F=Fi +Fi+Fi =A™ + A4 + Ae'%i .
B S SPy C Taw s Ty oo e f,(O)=4,cos(awpt +a,) ——> F.=4e“ =R +jI,

L (8 el e (9.
F=Fp+jFq F—‘F e’ cos(;juﬂF‘e & s1n(5]v
. o ) (9 o (9 )
f(1)=F,cos(wy)p—F,sin(e,)q [ f(t)= F‘cos(g)cos(a)ot+¢)u+‘F‘sm(5jcos(a)0t—¢)v]
er =‘F‘cos y Polarization plane 9 . ]
! i — b
F;z‘F‘sin¢ q 2
L 1T 9.
X — ¥
F‘z sz"'E;z p 2
i-v=0 G q
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Linear Polarization

fo()= A cos(ayt+ay)

fy(t):Aycos(a)Ot+ay) _— Fy=Ayej“y=Ry+jIy

F;c: Axejax = Rx +j]x

f(t)=f.(t)i + £, ()i, + f.(t)i.

F=Fi +Fi+Fi =A™ + A4 + Ae'%i .
B S SPy C Taw s Ty oo e f,(O)=4,cos(awpt +a,) ——> F.=4e“ =R +jI,

L (8 el e (9.

F=Fp+jFq F—‘F e’ cos(;juﬂF‘e & s1n(5]v

con o ) (8 o (9 )
(t)=F, cos(w,t)p— F, sin(ayt)q f(1)= F‘cos(g)cos(a)ot+¢)u+‘F‘sm(5jcos(a)0t—¢)v
er :‘F‘cos y Pdletixdtitivdipdation 9 4 ]
J .
F;z‘F‘sin¢ qA L 2
“ Pq s
F‘z sz"'E;z p 2
i-v=0 G q
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Linear Polarization

f(t)= ‘f“cos(a)ot +¢)i

=>

[l
>

[l
2

<>
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Linear Polarization

f(t)= ‘f“cos(a)ot +¢)i

f(1,)= ‘F‘cos(a)otl +¢)i

The vector f(¢) does not change its direction
and its tip moves along a straight line
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Linear Polarization

f(t)= ‘f“cos(a)ot +¢)i

f(t,)= ‘F‘cos(a)otz +¢)u

The vector f(¢) does not change its direction
and its tip moves along a straight line
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Linear Polarization

f(t)= ‘f“cos(a)ot +¢)i

=>

[l
>

[l
2

f(t,)= ‘l:“‘ cos(m,t; +¢)u

The vector f(¢) does not change its direction
and its tip moves along a straight line
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Linear Polarization

f(t)= ‘f“cos(a)ot +¢)i

=>

[l
>

[l
2

f(t,)= ‘f?‘cos(wot4 +¢)i .
The vector f(¢) does not change its direction
and its tip moves along a straight line

<>
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Linear Polarization

f(t)= ‘f“cos(a)ot +¢)i

=>

[l
>

[l
2

The vector f(¢) does not change its direction
and its tip moves along a straight line

<>

f(t,)= ‘l:“‘cos(a)ot5 +¢)u
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Linear Polarization

f(t)= ‘f“cos(a)ot +¢)i

=>

[l
>

[l
2

f(t,)= ‘F‘cos(woté +¢)u .
The vector f(¢) does not change its direction
and its tip moves along a straight line
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Linear Polarization

f(t)= ‘f“cos(a)ot +¢)i

=>

[l
>

[l
2

f(t,)= ‘l:“‘ cos(m,t; +¢)u

The vector f(¢) does not change its direction
and its tip moves along a straight line
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Linear Polarization

f(t)= ‘f“cos(a)ot +¢)i

f(t,) = ‘F‘cos(a)otg +¢)u

The vector f(¢) does not change its direction
and its tip moves along a straight line
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