Maxwell equations: Time domain,
Frequency domain, Phasors
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Frequency domain

o |

Time domain Frequency domain
F(o)= j F(t)e ™ dt Fourier Transform (FT)

1) How to jump back from the Frequency domain to the Time domain

2) Time domain derivative and Fourier Transform
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Frequency domain

- Fourier Transform and functions of n variables
- Fourier Transform and vector functions

- Fourier Transform and vector functions of n variables

1) How to jump back from the Frequency domain to the Time domain

2) Time domain derivative and Fourier Transform
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Fourier Transform and vector functions of n variables

Time domain

w—>1

f(z‘,x,y,z)=fx(t,x,y,z)z°x +fy(t,x,y,z)fy + f.(t,x,9,2) fZ

Frequency domain

F(w,x,y,2) = F(0,x,y,2) fx +F (o, x,y,z)fy +F (o, x,y,z)fz

1) How to jump back from the Spectral domain to the Time domain
1 +00

1D-IFT [ (txy,2) = —— | F(@,x,y,2)e""do
oy

—00
1 +00

»  1D-IFT -/, (6%, 9,2) = F (0,x,y,z)e’"dw

—00

F (w,x,y,z)

A 4

F (0,x,y,2)

F(w,x,y,z)

1 +00 .
> 1D-IFT ~f.(t.x,y,2) =5~ f F(o,x,y,z)e’"do
27 *
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Fourier Transform and vector functions of n variables

Time domain

I > w

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

Frequency domain

F(w,x,y,z) = F (w,x,y,2) fx +F (o, x,y,z)fy + Fz(a),x,y,z)fz

2) Time domain derivative and Fourier Transform I > w
f(t,%,9,2) —, FT ———F(o,x,y,2)
g_f SN FT —— joF(w,x,7,2)
V.f —— FT —— V- -F(w,x,,2)
Vxfe— FT —_— fo‘(a),x,y,z)
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Fourier Transform and vector functions of n variables

Time domain

I > w

f(x,y,z,t)zfx(x,y,z,t)fx +fy(x,y,z,t)fy + f.(x,,2,1) fz

Frequency domain

F(x,y,z,0) = F(x,y,z,w) fx +F, (x,y,z,a))fy + Fz(x,y,z,a))fz

2) Time domain derivative and Fourier Transform I > w
f(x,y,z,t) SN FT —_— F(x,y,z,a))
g_f —_— FT  ——— ja)f’(x,y,z,a))
V.f —— FT —_— V-F(x,y,z,a))
VXl e— FT —_ in’(x,y,z,a))
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__ Maxwell equations
W' Time domain & Frequency domain

Time domain
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Maxwell equations
2" Time domain & Frequency domain

X

i '
ek

Time domain Frequency domain

- I > o
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Maxwell equations
} Time domain & Frequency domain

Time domain Frequency domain
V(1) = - 220
ot [ —> o
<V><ﬁ(?,t): ad(r) +](r,t) 3
ot
V-d(F,t)=p(F,1)
\V.

AN

FT ——Fy.z0) |20
FT (x..2,0)

(4 ) —
of - ~r —_—  a | W Ay
= Fli = JWL\A, ), L,0)
V-f —— ET —_— Vfu},Zw:
in" ET —_— U Ei{ \
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_ Maxwell equations
' Time domain & Frequency domain

Time domain Frequency domain
Vxs(F, ) - 2AE0)
ot [ —> o
4Vxﬁ(f,t)=adg:’t)+](r,t) J
V-d(F,t)=p(F,1)
\V : B(i:,t) = O L
(X, ,2,0) —p FT — S F(x.y.2,0) — @ |
=— FT | jeferzo
Vnfe cT S v e
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Maxwell equations
' Time domain & Frequency domain

Time domain Frequency domain
Vxs(F, ) - 2AE0)
ot [ —> o
4Vxﬁ(f,t)=adg:’t)+](r,t) J
V-d(F,t)=p(F,t)
\V'B(i:,t):() L
£ 20— FT — S F(x.y.2,0) |t > o]
Z— | jeferze
Vef o FT —— VxF(x 3.7z o)
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Maxwell equations
' Time domain & Frequency domain

Time domain Frequency domain
V x&(F,1) _—abg’t) vV xE(F,0)
-~ I —>w
4Vxﬁ(f,t)=adg:’t)+](r,t) /
V-d(F,t)=p(F,1)
V-b(F,1)=0
(6, 7,2,0) —s FT
= —— T
——
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_ Maxwell equations
' Time domain & Frequency domain

Time domain Frequency domain
V x&(F,1) _—abg’t) vV xE(F,0)
-~ I —>w
4Vxﬁ(f,t)=adg:’t)+](r,t) J
V-d(F,t)=p(F,1)
V-b(F,1)=0
(53,2, ——» FT
= —— T
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Maxwell equations
' Time domain & Frequency domain

Time domain Frequency domain
V x&(F,1) _—abg’t) vV xE(F,0)
-~ I —>w
4Vxﬁ(f,t)=adg:’t)+](r,t) /
V-d(F,t)=p(F,1)
V-b(F,1)=0
(6, 7,2,0) —s FT
= —— T
——
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Maxwell equations
' Time domain & Frequency domain

Time domain Frequency domain
Tl __a"g:’t) VxE(F,0) - joB(F,0)
-~ I —>w
4Vxﬁ(f,t)=adg:’t)+](r,t) J
V-d(F,t)=p(F,1)
V-b(F,1)=0
(6, 7,2,0) —s FT
= —— T
——
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_ Maxwell equations
' Time domain & Frequency domain

Time domain Frequency domain
V()= - A VxE(F,0) = joB(F,0)
~ [ —> o
4Vxﬁ(f,t)=adg:’t)+](r,t) J
V-d(F,t)=p(F,1)
V-b(F,1)=0
(X, 7,2,0) —— ET
= —— T
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Maxwell equations
' Time domain & Frequency domain

Time domain Frequency domain
Tl __a"g:’t) VxE(F,0) - joB(F,0)
-~ I —>w
4Vxﬁ(f,t)=adg:’t)+](r,t) J
V-d(F,t)=p(F,1)
V-b(F,1)=0
(6, 7,2,0) —s FT
= —— T
——
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Maxwell equations
' Time domain & Frequency domain

Time domain Frequency domain
V()= - A VxE(F,0) =—joB(F.0)
-~ I —>w —
IV xh(F,1) = adg,t) F3(E) | VxH(F,0)
V-d(F,t)=p(F,1)
V-b(F,1)=0
(6, 7,2,0) —s FT
= —— T
e
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_ Maxwell equations
' Time domain & Frequency domain

Time domain Frequency domain
V()= - A VxE(F,0) =—joB(F.0)
L t > w .
4V><ﬁ(f,t)=adg’t)+](r,t) < VxH(F,0)
V-d(F,t)=p(F,1)
V-b(F,1)=0
(X, 7,2,0) —— ET
= —— T
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Maxwell equations
' Time domain & Frequency domain

Time domain Frequency domain
V()= - A VxE(F,0) =—joB(F.0)
-~ I —>w —
IV xh(F,1) = adg,t) F3(E) | VxH(F,0)
V-d(F,t)=p(F,1)
V-b(F,1)=0
(6, 7,2,0) —s FT
= —— T
e
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Maxwell equations
' Time domain & Frequency domain

Time domain Frequency domain
V()= - A VxE(F,0) = joB(F,0)
- t > o — o
(e =0 e [V<H(?.0) = job(F.0)
V-d(F,t)=p(F.1)
V-b(F,1)=0

(X, 7,2,0) —— ET
= —— T

——
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_ Maxwell equations
' Time domain & Frequency domain

Time domain Frequency domain
V()= - A VxE(F,0) =—joB(F.0)
L t > . o
R e (0 [VxH(F.0) = job(F.0)
V-d(F,t)=p(F,1)
V-b(F,1)=0

(X, 7,2,0) —— ET
= —— T
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_ Maxwell equations
' Time domain & Frequency domain

Time domain Frequency domain
V()= - A VxE(F,0) = joB(F,0)
. t > o — N
|V xR(F,1) = adg’t)+](r,t) < VxH(F,0) = joD(F,0) +J(,0)
V-d(F,t)=p(F,1)
V-b(F,1)=0
(X, 7,2,0) —— ET
= —— T
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_ Maxwell equations
' Time domain & Frequency domain

Time domain Frequency domain
V()= - A VxE(F,0) = joB(F,0)
. t > o — N
|V xR(F,1) = adg’t)+](r,t) < VxH(F,0) = joD(F,0) +J(,0)
V-d(F,t)=p(F,1)
V-b(F,1)=0
(X, 7,2,0) —— ET
= —— T
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Maxwell equations
' Time domain & Frequency domain

Time domain Frequency domain
V()= - A VxE(F,0) = joB(F,0)
. t > o — N
|V xR(F,1) = 5dg,t) +i(70) < VxH(F,0) = joD(F,0) +J(,0)
V-d(F,t)=p(F.1)
V-b(F,1)=0
(X, 7,2,0) —— ET
= —— T
e
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Maxwell equations
' Time domain & Frequency domain

Time domain Frequency domain
V()= - A VxE(F,0) = joB(F,0)
. t > _ o L
|V xR(F,1) = 5dg,t) +i(70) < VxH(F,0) = joD(F,0) +J(,0)
- D(F
V-d(F.0)= p(F.1) V-D(F,0)
V-b(F,1)=0
(X, 7,2,0) —— ET
= —— T
e
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Time domain

F(o,x,y,z)
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I >0

_ Maxwell equations
' Time domain & Frequency domain

Frequency domain
Vxﬁ(f,a)) = —ja)ﬁ(f,a))

Vxﬁ(?,w) = ja)ﬁ(f,a)) +J(F, o)

V. B(f,w)




_ Maxwell equations
' Time domain & Frequency domain

Time domain Frequency domain
V()= - A VxE(F,0) = joB(F,0)
. t > _ o L
|V xR(F,1) = 5d((91t',t) +i(70) < VxH(F,0) = joD(F,0) +J(,0)
- D(7t — 7

V-d(5,1)= p(F.1) V-D(F.0) =p(F.0)
V-b(F,1)=0
f@.x,y,2) F(o,x,y,z)
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_ Maxwell equations
' Time domain & Frequency domain

Time domain Frequency domain
V()= - A VxE(F,0) = joB(F,0)
. t > _ o L
|V xR(F,1) = adg’t)+](r,t) < VxH(F,0) = joD(F,0) +J(,0)
- D(7t — 7
V-d(5,1)= p(F.1) V-D(F.0) =p(F.0)
V-b(F,1)=0
(X, 7,2,0) —— ET
I =
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Maxwell equations
' Time domain & Frequency domain

Time domain Frequency domain
V()= - A VxE(F,0) = joB(F,0)
. t > _ o L
|V xR(F,1) = 5dglt',t)+](r,t) < VxH(F,0) = joD(F,0) +J(,0)
- D(7t — 7
V-d(5,1)= p(F.1) V-D(F.0) =p(F.0)
V-b(F,1)=0
(X, 7,2,0) —— ET
I =
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Maxwell equations
' Time domain & Frequency domain

Time domain Frequency domain

__8b(f,t) Vxﬁ(f,a)) =—ja)§(f,a))

Vxf
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Maxwell equations
Time domain & Frequency domain

> A
i ﬁ
Fad

Time domain Frequency domain
Ve(r. )= ) VxE(f,0) = joB(F,0)
L t > — N
1V xh(F,1) = adg’t) +§(F.1) | VxH(F,0) = joD(F,) +J (F,o)
. V- -D(¥ — (%
v-d(,1) = p(5,1) D(F.) =o(F.0)
V-b(F,1)=0 eliee) =t
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Maxwell equations
"8 Time domain & Frequency domain

Time domain

Frequency domain

VxE(F,0) =—joB(T,0)

< VxH(F,0) :ja)ﬁ(f,a)) +3(F,a))
V-D
VB

(F.0)
‘B(F,0)

=l

»

p(F.0)
0

@
(40

=

9
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Maxwell equations

WP Time domain & Frequency domain
— Time domain Frequency domain
foé'(i-‘,r)——aBg’t) ’VxE(F,w) = - jwB(F,®)
*VXﬁ(f*t)_aag’t)*'j(if) _— . VX?(F,Q) = joD(¥,0) +J (¥, 0)
V-d(E) = p(E) v-D(t.2) Sp(r.0)
\V-E(F,rjzo | |V-B(F,@) =0

é(f,f) Volt/m
a(f,f) Coulomb/m?
h(F,r)  Ampere/m
b(F,t)  Weber/m?
j(.)  Ampere/m?
p(F,t)  Coulomb/m3
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Maxwell equations

# Time domain & Frequency domain

et
gl '4\

Time domain Frequency domain
Vxé(fjl‘):_abgj’t) Vxﬁ[?,o)) :—jwﬁ(F,w)
L t > o o D
{Vxh(r,r)= ad{.;’t) +J(1.1) JV>H @) = joD(F,0) +J(r,0)
€ — .
. V-D(r — .0
V(i) = p(F.1) D(r.0) =p(f.0)
\V-B(F,I):O EV-B(r,m) =0
é(r,r)  Volt/m E(F,0)
a(f,t) Coulomb/m? D (F,0)
ﬁ(f,t) Ampere/m T (F,0)
B(F,t) Weber/m? ﬁ(f,a))
j(f,t) Ampere/m? j(f,a))
p(F,t)  Coulomb/m? p(F, o)
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e ® :
.- N
e

Time domain Frequency domain
Vxé’(i‘,z‘):—abg’t) Vxﬁ[i",o)) = —jwﬁ(?,w)
= t > o iy I
1vxi(e.n=2ED , i 1) |V H(F.0) = joD(¥.0) +J(F,0)
' ol " — :

_ V-D(r (v
V-d(F.f)= p(F.1) D(r.0) =p(t.2)
V-b(£,1)=0 |V-B(F,@) =0

é(F,1)  Volt/m E(F,0)

d(F,r)  Coulomb/m? _memo

h(F,r)  Ampere/m

b (F,t)  Weber/m? Ti'“j:‘"“ai"

0
j(¥,z)  Ampere/m?
p(F,t)  Coulomb/m? F(0)= _Jx_,f'(f)e‘f"dr

Maxwell equations
2" Time domain & Frequency domain

Frequency domain

Fourier Transform (FT)

Stefano Perna — Universita Parthenope — Ingegneria Informatica, Biomedica e delle TLC — Corso di Campi Elettromagnetici — 22 Marzo 2022



e ® :
.- N
e

Time domain
_db(r7)

ot
Vxh(F,t)= adg’t) +j(.1)
V.d(r,t)=p(T.t)
V-b(F,1)=0

Vx€(r,t)=

A

é(F,r)  Volt/m
a(f,t) Coulomb/m?
h(F,r)  Ampere/m
B(F,t) Weber/m?2
j(f,t) Ampere/m?2
p(F,t)  Coulomb/m?

I > o

Maxwell equations
2" Time domain & Frequency domain

Frequency domain
\% xE[F,o)) = —jwﬁ(?,w)
V x H(fa)) - jmﬁ(f‘,ﬂ)) +j(F, o)

V-f)(f,w) :p(f,CQ)

V-ﬁ(i",m) —0

E(F,0) (Volt x s) /m

..memo

FT

Time domain Frequency domain

J() F(o)

F(o)= J fye " drt Fourier Transform (FT)
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Maxwell equations

# Time domain & Frequency domain

et
gl '4\

Time domain Frequency domain
Vxé(fjl‘):_abgj’t) Vxﬁ[?,o)) :—jwﬁ(F,w)
L =Y o B
{Vxh(r,r)= ad{.;’t) +J(1.1) JV>H @) = joD(F,0) +J(r,0)
o — .
_ V-D(r = p(r,c
Vd(5.0) = p(E.0) D<) =Pl o)
\V-B(F,I):O EV-B(r,m) =0
é(F,t)  Volt/m E(F,0) (Volt x s) /m
d(¥,t)  Coulomb/m? D(F,@)  (Coulomb x s)/m?
h(F,r)  Ampere/m T (F, o) (Ampere x s)/m
b(F,t)  Weber/m? B(F,0) (Weber x s)/m?2
j(i-’,t) Ampere/m? j(f,a)) (Ampere x s)/m?
p(F,t)  Coulomb/m? p(F, o) (Coulomb x s)/m?3
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i :
e / e
L

Time domain
ob (F,1)
T
od(¥,¢)
ot

+j(¥,2)

I > w

Maxwell equations
A" Time domain & Frequency domain

Frequency domain

VxE(F,0) =—joB(T,0)

< VxH(F,0) :ja)ﬁ(f,a)) +3(F,a))
V-D
VB

(F.0)
‘B(F,0)

=l

»

p(F.0)
0

@
(40

=

9
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| Maxwell equations
I Time domain & Frequency domain

Time domain Frequency domain
Vxé(?,t):—abg’t) Vxﬁ(?,a)) :—ja)ﬁ(f,a))
i ) P D

<V><fl(i:,t): g:’t)+j(i."t) ] X (l',a))=]a)D(r,a)) +J(r,a))

. V-D(F — (%
v-d(,1) = p(5,1) D(F.) =p(F.0)
Vb (F.1)=0 L) =0

op(F,1) .
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Frequency domain

VxE(F,0) =—joB(T,0)
t > L _ .
< VxH(F,0) = joD(F,o) +J(F, )
V-D(F,0) = p(F,0)
V'ﬁ(f,a)) =0
apé(;t)+v i(F.r)=0 jop(¥.0)+V-J(F.0)=0
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Maxwell equations
Time domain & Phasors
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Phasors

Time domain

AQ)
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Phasors

Time domain

AQ)

Signals usually adopted in ICT applications

f(t) = A(t)cos(2x fot + a(t))
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ee.. MEemo ...

Time domain FT Frequency domain

Q) IFT F(o)

R’

) F@)= | f()e™d

F(w) f(2) :i j F(w)e”"dw =

IFT

= i EF(a))cos(a)t)da)+ j]iF(a))sin(a)t)da)
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Bandwidth

1@

v

FT

F(w)= f f(O)e '™ dt = A(w)e’™

>

f() :i IA(a))cos[a)t+a(co)]dco+j+_EA(a))sin[a)t+a(a))]a’a)

)

| A(o)

)

—wy =27 fy

L J

@y =27 fo
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Phasors

Time domain

AQ)

Signals usually adopted in ICT applications

f(t) = A(t)cos(2x fot + a(t))
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Phasors

Time domain

AQ)

Signals usually analyzed in ICT applications

f(t)=Acos(2z fyt+a)
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Phasors

Time domain

AQ)

Signals usually adopted in ICT applications

——— f(t)=Acos(2zfyt+a)

v

SER AR A time fo @ frequency = =

@y : angular frequency =2 f,
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Phasors

Time domain Phasor domain

f(t):Acos(a)Ot+a) ?

Signals usually adopted in ICT applications

——— f(@t)=Acos(2zfyt+a)

2 ;
'

SRIEBTE time fo : frequency = =

v

@y : angular frequency =2 f,
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Phasors

Time domain Phasor domain

f(t)=Acos(ayt+a) F=Ae™

Signals usually adopted in ICT applications

——— f(t)=Acos(2zfyt+a)

2 ;
'

SRIEBTE time fo : frequency = =

v

@y : angular frequency =2 f,

Stefano Perna — Universita Parthenope — Ingegneria Informatica, Biomedica e delle TLC — Corso di Campi Elettromagnetici — 22 Marzo 2022



Phasors

Time domain Phasor domain

f(t)=Acos(ayt+a) F=Ae™

1) How to jump back from the Phasor domain to the Time domain

2) Time domain derivative and Phasors
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Phasors
Time domain Phasor domain

f(t)=Acos(ayt+a) F=Ae™

1) How to jump back from the Phasor domain to the Time domain
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Phasors

N

Time domain Phasor domain

f(t)=Acos(a)Ot+a) F= Ae’
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Phasors
Phasor domain

Time domain

f(t)=Acos(ayt+a) F=Ae™

f(t)=Acos(ayt+a) T-to-P . F= Ao/

v

F= A’ P-to-T :f(t):Re{Fej“’Ot}:Acos(a)ot+a)

v
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Phasors
Time domain Phasor domain

f(t)=Acos(ayt+a) F=A4e”
2) Time domain derivative and Phasors
S (@) > T-to-P > F
df (¢
f( ) . T-to-P > ?
dt
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Phasors
Time domain Phasor domain

f(t)=Acos(ayt+a) F=A4e”
2) Time domain derivative and Phasors
£(@) . Tto-p - F
df (¢ :
f( ) > T'tO'P > ]a)OF
dt

Stefano Perna — Universita Parthenope — Ingegneria Informatica, Biomedica e delle TLC — Corso di Campi Elettromagnetici — 22 Marzo 2022



Phasors

Time domain

R’

Phasor domain

— (@)

— jol ()

f(t)=Acos(ayt+a) F=A4e”
.. memo ...
J (@) FT
A FT
2) Time domain derivative and Phasors d
£(@) . Tto-p - F
df (¢ :
f( ) > T'tO'P > ]a)OF
dt
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Phasors
Time domain Phasor domain

f(t)=Acos(ayt+a) F=A4e”
.. memo ...
J (@) FT — (@)
daf T — jol' (@)
2) Time domain derivative and Phasors d
f (@) > T-to-P > F
df (1) -
> -to- - Jo,F .
dt T-to-P ’ @, now is fixed!
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Phasors

Time domain Phasor domain

f(t)=Acos(ayt+a) F=Ae™

1) How to jump back from the Phasor domain to the Time domain

2) Time domain derivative and Phasors
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Phasors

N

Time domain Phasor domain

f(t)=Acos(a)Ot+a) F= Ae’
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Phasors
Phasor domain

Time domain

f(t)=Acos(ayt+a) F=Ae™

f(t)=Acos(ayt+a) T-to-P . F= Ao/

v

F= A’ P-to-T :f(t):Re{Fej“’Ot}:Acos(a)ot+a)

v
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Phasors
Time domain Phasor domain

f(t)=Acos(ayt+a) F=A4e”
.. memo ...
J (@) FT — (@)
daf T — jol' (@)
2) Time domain derivative and Phasors d
f (@) > T-to-P > F
df (1) -
> -to- - Jo,F .
dt T-to-P ’ @, now is fixed!
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Phasors

- Phasors and functions of n variables
- Phasors and vector functions

- Phasors and vector functions of n variables
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Phasors

- Phasors and functions of n variables
- Phasors and vector functions

- Phasors and vector functions of n variables

1) How to jump back from the Phasor domain to the Time domain

2) Time domain derivative and Phasors
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Phasors

- Phasors and functions of n variables
- Phasors and vector functions

- Phasors and vector functions of n variables

1) How to jump back from the Phasor domain to the Time domain

2) Time domain derivative and Phasors
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Phasors and functions of n variables

Time domain Phasor domain

f(,x,y,2) ?

f(t,x,y,z)= A(x,y,z)cos(a)o t+ a(x,y,z))
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Phasors and functions of n variables

-

Time domain Phasor domain

f(taxa Y, Z) F(x, y,z): A(x, y’Z)eja(X,J’az)

f(t,x,y,z)= A(x,y,z)cos(a)o t+ a(x,y,z))
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Phasors and functions of n variables

-

Time domain Phasor domain

f(taxa y,Z) F()C, y,z): A(x,y,z)ef“(x’y’z)

f(t,x,y,z)= A(x,y,z)cos(a)o t+ a(x,y,z))

1) How to jump back from the Phasor domain to the Time domain
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Phasors and functions of n variables

-

Time domain Phasor domain

f(taxa y,Z) F()C, y,z): A(x,y,z)ef“(x’y’z)

f(t,x,y,z)= A(x,y,z)cos(a)o t+ a(x,y,z))

1) How to jump back from the Phasor domain to the Time domain

f(t.x,y,z) =Re{F (x,y,z)e" |
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Phasors and functions of n variables

Time domain Phasor domain

f(tﬂxayaz) F(x,y,Z): A(X,y,z)eja(x’y’z)

f(t,x,y,z)= A(x,y,z)cos(a)o t+ a(x,y,z))

2) Time domain derivative and Phasors

ft.x,y,z) > T-to-P > F(x,y,2)
of ‘ . 2
o1 T-to-P
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Phasors and functions of n variables

Time domain Phasor domain

f(tﬂxayaz) F(x,y,Z): A(X,y,z)eja(x’y’z)

f(t,x,y,z)= A(x,y,z)cos(a)o t+ a(x,y,z))

2) Time domain derivative and Phasors

f(t,x,y,2) . T-to-P > F(x,y,2)
af > T-to-P > ja)OF(X,y,Z)
ot
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Phasors and functions of n variables

Time domain Phasor domain

f(tﬂxayaz) F(x,y,Z): A(X,y,z)eja(x’y’z)

f(t,x,y,z)= A(x,y,z)cos(a)o t+ a(x,y,z))

2) Time domain derivative and Phasors

f@t,x,y,z) > T-to-P > F(x,,2)
af > T-to-P > ja)OF(X,y,Z)
ot
s > T-to-P > ?

Ox
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Phasors and functions of n variables

Time domain Phasor domain

f(tﬂxayaz) F(x,y,Z): A(X,y,z)eja(x’y’z)

f(t,x,y,z)= A(x,y,z)cos(a)o t+ a(x,y,z))

2) Time domain derivative and Phasors

f@t,x,y,z) > T-to-P > F(x,,2)
af > T-to-P > ja)OF(X,y,Z)
ot
of ‘ , oF(x,y,z)
o > T-to-P Py
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Phasors

- Phasors and functions of n variables
- Phasors and vector functions

- Phasors and vector functions of n variables

1) How to jump back from the Phasor domain to the Time domain

2) Time domain derivative and Phasors
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Phasors and vector functions

-

Time domain Phasor domain

f(t)=f.(01, + f, ()i, + f.(0)i. ?
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Phasors and vector functions

-

Time domain Phasor domain

f(t)=f.(01, + f, ()i, + f.(0)i. ?
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Phasors and vector functions

-

Time domain Phasor domain

f(t)=f.(01, + f, ()i, + f.(0)i. ?
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Phasors and vector functions

-

Time domain Phasor domain

£(0)= f.(0)i. + £, + f.(0)i. F=Fi+F,i+Fi
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Phasors and vector functions

|

Time domain Phasor domain
£() = £.(6)i + £, + £.(0)L. F=Fi+Fi+Fi
f(¢) > T-to-P > F

f(1)= f.(0)i, +fy(t)fy+fz(t)fz =4, cos(a)ot+ax)fx +4, cos(a)ot+ay)fy+AZ cos(a)ot+az)fz

= 5 2 L o, 2 ja, ja. 2
F=Fi+Fi+Fi=Ae™i +Ae i +A4e"i
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Phasors and vector functions

|

Time domain Phasor domain

£() = £.(6)i + £, + £.(0)L. F=Fi+Fi+Fi

1) How to jump back from the Phasor domain to the Time domain
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Phasors and vector functions

|

Time domain Phasor domain

£() = £.(6)i + £, + £.(0)L. F=Fi+Fi+Fi

1) How to jump back from the Phasor domain to the Time domain

F;C = Axeja" > P'tO'T >

_ Jjay >
Fy - Aye > P'tO'T -
F,=A4.e" . P-to-T >
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Phasors and vector functions

|

Time domain Phasor domain

£() = £.(6)i + £, + £.(0)L. F=Fi+Fi+Fi

1) How to jump back from the Phasor domain to the Time domain

F.=A4e™ > P-to-T - f.(0)
Fy = Ayejay > P-to-T > fy (t)
F,= 4™ : P-to-T > /(1)
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Phasors and vector functions

|

Time domain Phasor domain

£() = £.(6)i + £, + £.(0)L. F=Fi+Fi+Fi

1) How to jump back from the Phasor domain to the Time domain

F.=Ae™ . P-to-T > fx(t) = Re{erj”’O’ } =4, cos(a)ot+ax)
F,= A" , P-to-T - fy(t):Re{Fyej“’O’}:Ay cos(a)ot+ay)
F = Azejaz ~ P-to-T > fZ (Z‘) = Re{erjwot } =A COS(a)Ol‘-I-CZZ)
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Phasors and vector functions
Phasor domain
F=Fi+Fi+Fi

Time domain

f(t)=f.(0)i + f,(0)i, + f. (D)1,

1) How to jump back from the Phasor domain to the Time domain

F.=Ae™ . P-to-T > fx(t) = Re{erj”’O’ } =4, cos(a)ot+ax)
F,= A" , P-to-T - fy(t):Re{Fyej“’O’}:Ay cos(a)ot+ay)
F = Azejaz ~ P-to-T > fZ (Z‘) = Re{erjwot } =A COS(a)Ol‘-I-CZZ)
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Phasors and vector functions

|

Time domain Phasor domain

£() = £.(6)i + £, + £.(0)L. F=Fi+Fi+Fi

2) Time domain derivative and Phasors
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Phasors and vector functions

|

Time domain Phasor domain

£() = £.(6)i + £, + £.(0)L. F=Fi+Fi+Fi

2) Time domain derivative and Phasors

f() ——| TtoP |—— F

df (¢)
dt

T-to-P |[— ?
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Phasors and vector functions

|

Time domain Phasor domain

£(0)= f.(0)i. + £, + f.(0)E. F=Fi+Fji+Fj

2) Time domain derivative and Phasors

f() ——| TtoP |—— F

df (¢)

T P —_—
- ‘ '- [ ]
dt t

df‘(t):dﬁc(t){ +dfy(t)l° +dfz(t)l¢
dt d ~ dt 7 dt -
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Time domain

f(t)=f.(0)i + f,(0)i, + f. (D)1,

2) Time domain derivative and Phasors

f(t) —s

T-to-P
df (t) X
” > T-to-P

di (1) _ dfx(f)lf + dfy(t)f i dfz(f)lf

—

F

Phasors and vector functions

|

Phasor domain

F=Fi+Fi+Fi

af. ()

v

dt
df,(t)

T-to-P

dt

dt *

dt

dt
af. (1)

v

T-to-P

_>?

—_— 7

dt

o
»

T-to-P

_>?
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Phasors and vector functions

|

Time domain

f(t)=f.(0)i + f,(0)i, + f. (D)1,

2) Time domain derivative and Phasors

f() ——| TtoP |—— F

df (¢)

T P —_—
- ‘ '- [ ]
dt t

v

df‘(t):dﬁc(t){ +dfy(t)l° +dfz(t)l¢
dt d ~ dt 7 dt -

Phasor domain

F=Fi+Fi+Fi

af. ()

v

dt
df,(t)

T-to-P

dt
af. (1)

v

T-to-P

— jo,F,

— jo,F,

dt

o
»

T-to-P

— jo, k.
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Phasors and vector functions

Time domain

|

Phasor domain

£() = £.(6)i + £, + £.(0)L. F=Fi+Fi+Fi

2) Time domain derivative and Phasors

f() ——| T-to-P

df (¢)
dt

T-to-P

v

_>F

- Jo F i +ja)0Fyiy + jo,Fi.

4.(t) > TP [—>jo,F,
dt

N

df(1) _df. >, df, (r); AGY df (1) T teop ot

dt

dt

af. (1)
dt

dt * dt 7 dt -~

Tto-P  |[—> JjO,F.
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Phasors and vector functions

Time domain

|

Phasor domain

£() = £.(6)i + £, + £.(0)L. F=Fi+Fi+Fi

2) Time domain derivative and Phasors

f() ——| T-to-P

df (¢)
dt

T-to-P

v

_>F

— joF=joF i + joFi + jo,Fi,

4.(t) > TP [—>jo,F,
dt

N

df(1) _df. >, df, (r); AGY df (1) T teop ot

dt

dt

af. (1)
dt

dt dt 7 dt °

Tto-P  |[—> JjO,F.
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Phasors and vector functions

|

Time domain Phasor domain

£() = £.(6)i + £, + £.(0)L. F=Fi+Fi+Fi

2) Time domain derivative and Phasors

=T

f() —| Tto-P —
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