ure (05 ‘E‘mn Example 03 (cascaded TXs)

vl | & m
Y pady-state Responsg i
RC_U muno.wlg].%\r, Consider a system shown in Fig. Find the terminal voltages v (7). v; (7).
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of Transmission Lines

NN — s — IR
500, 25Q .
(CO nt’ L) ) "tr/, T t;i=0.5ns (1= 02ns + Q

() v (1) v(i)  SR=100Q
_— ( .
By: %=15V | - = =
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I ] 1-r.’l;:“;‘r:.\ : “I-""é{_n( - v
I" ' . I V(0 : V1) ::": 2,100 02
(1)AtZ:]} f:fdl |_._’i -z, f\i . ) _ i
v
R¢=50Q N ) ) )
AN /u—)—g——*— Vialsta) +vi (s ty) =vip(.t)
S0 82, | 25Q,
W ,’7 t 14=05ns ! t4=0.2ns b B )
F i, 3 I > : 4
» \J tm ' v,i:} Sr=1000 i 5 113({,.,@1) _ 11:3 ;1) |
0 - Q 1“ ? 1‘1-‘1(1-’1{(31) 1.1‘_!(]-}..{({1)
o dh B —=1+I,, =T, ...Transmission coefficient

1';:4 (]} 5 f(“ ) o 1'1___1 (]j 5 'rdl) - 1';3 (,,! 5 rdl) ¢ Dr. Ahmed ElShafee, ACU : Spring 2016, Electromagnetic Fields




= 4
[1=06 1,=0 Tm=; Rs =50 Rl =100
rs.-::é r,w:—é T _2 Za =50 zp =25
3 3 “ﬂ,--—1
Zb—Z Za —Zb Eam=13 Ta=+1/a 14 =L 0
_ a@— _ !
'AB = : BA = =0 & < =06 Zys+ R
Zb+7Z Za + Zb , . 2 :
o B 4 =075 denmemcecasafesccacuan »=0.5V,=0.75V
S BA=T = ; B
R—Z Vi | s Via=-0.25 Vip =05V > B
I, Rs Za s “b» 3 14=-0.25 V Vi =(0.75V)-Tp
E v, | R -7 I ns  Vin=03V __QIE'*_-__ VlB:(O-SV)'rL
1 BA = T L %o i .
0Q ’j_ L R +7 =04V - v IR
T-—f L+ 2 T Via=(03V)-Iy,
300, H25Q, =06 1.4ns Van=0.06V Lins
ln tu=05ns * 1,=02ns + ' i v (1)
) V(1) 1 v,(1) R~ 100 Q V=008 ¥ =002 V| ¢ Vii+Vi+Vs,
= E p\'\" :
"[-3" - Lis . - ‘ 1.8 ns L vig=0.012y > 1518 I L s
ol __" il R S o ;’ 0.8% [Pov
=i — 2 - =3 Via=0016 ¥ Vig =0.004 Vi 0.6 075V
z=0 T=— z=[=5¢cm z=i=Tem ] : g
<5 3 ¢ ' i 04 yr 05V
22ns | Vin=0.024  1.9ns : 14 + =
0.2+ V;A+Vi«£ 1(ns)
° Dr. Ahmed ElShafee, ACU : Spring 2016, Electromagnetic Fields ! b/ ()] {]lj | [l_l ]8 "
[;=06 r -9 -3 _
u=3 Rs =50 Rl =100
l i — L]
fa-lto--l  puma Za=50 zp_35 Transient response
- 3
N=-1/3 Tu=+1/3
;=0 S <7 I =06 * Reasons to consider the response of TX lines to sinusoidal
" & excitations.
Power & communication signals are transmitted as (modified)
Ins} 07ns=m==rr—so=m=- : sinusoids.
v (1) i * Natural (transient) response will decay rapidly.
I ]
: * r * Forced (steady-state) response is supported by the source,
| e 1.1 ne | o e . . . ..
i i Vp =006y = "fi \Vss=1V and will continue indefinitely
: I ¥
Via=0.08V 3 00V USE _'Th\'
gp. = e 08V
: l].(}! :
1.8 ns fVip=0012 Y L.5ns 04]
: (J.E'i 1 (ns)
IA™ 16V £ — 1 L L
e Yig =0.004 ) 0.5 | s 2

' Vip=0.024 V.

1.9ns
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Steadv-state

/ Transient

>

Note: the transient response is predicted with the homogeneous solution. The
steady state response in mainly predicted with the particular solution,
although in some cases the homogeneous solution might have steady state
effects, such as a non-decaving oscillation.

* By using phasors, we can introduce complex reflection
coefficient and line impedance to simplify the analysis.

Vector rotation

":” -~ Ay = A, sin(ot + ¢)

¢ 240° 300°  30°

30° 607 907 1207 150°

e -

Sinusoidal Waveform in
the Time Domain
Dr. Ahmed ElShafee, ACU : Spring 2016, Electromagnetic Fields

Rotating Phasor

Using Euler’s identity: e*/? =cos@+ jsin@

c059=Re{e’a} sinf = Im{e”’}
Real part Imaginary part

The input sinusoid v(t) can be rewritten as:

v(t)=V,, cos(wt +$) =V, Re{e/ "}
=V Re{e-’"‘”e”’} = Re{V 'e-"‘ﬁ\e'f“”}

m m
Contains magnitude
and phase info

The phasor for v(t) is defined as

V=V,e" = @lu(1)]

m

® :phase operator
or phasor transform

proof 01: find wave equation propagation
through TX as TDE in z domain

* When the steady-state due to a sinusoidal excitation is
reached, the voltage v(z,t) and the current i(z,t) on the
transmission line must also be sinusoidal waves, which can be
represented by the z-dependent phasors V (z), I (2) :

v(z,1)= Re{&)-ef“' }_ i(z,0) = Re{L:)-ef(" }

* Phasor: complex function of z
* But we know that

-

Oven=-1licn  .Astorder PDE

i~
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= —Relf/(:)-¢"" |=-L_Rell()-¢"*]

DRe{[d V(z )}e“"}— L Re{f( )[ e*’”]}

Re{[% V(:)]ej”} :=-=L- Re{[(:) - joe'™ }

iV( z)=—jal-1(z)

Dr. Ahmed ElShafee, ACU : Spring 2016, Electromagnetic Fields

..1st-order ODE

e from

;d.“V(:) =—joL-1(z) ... 1st-order ODE

* We can conclude that

L 0 . 0. 5 P d !
=Lz — | V(@) =jol 1(:) i
A A i i E
L) =-CZv(z.1) ! 1) =—jec V() !
[ ot : ' d= |

Dr. Ahmed ElShafee, ACU : Spring 2016, Electromagnetic Fields

av(z) _

d?v(z)

d y -
Find 2" derivative EV(:) =—jeL-1(z)
- 4

%I(:) ==joC-¥(z)

Substitute

= —w2LC V(2)

Set f = wVLC

—fVchwgwc)

T
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PDE’s ODE’s
5 5 RN iy
Em(: r)——Lar(: 1) ;—» ; EV(:) =—jol-1(z) i
i"i(:‘r)=—("£1:(:.r) S i;( 2)=—joC V() E
oz ot | ' dz |
& a ! § @ i Serss i
= W2, (z,1) i—' i = —;{I? V(z) E
! : ) !
 pmee |
-i)=L i——-ij,ﬂ)- FIC) i

____________________________________________________________
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Proof 02 : TX waves equations in
phasor form, and calculating 7,

" B =wVLC
1

Up=\/?
f=w/vp

z
vp=;

f=wt/z
fz = wt
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" v(z,t) = Re{v(z)e/*t}
v(z) = vm e/F?
v(z) = vt e IPzeI®" 4y @IFZel0”

= » |
/4 (,J‘P ?J,&eﬂ" ]

l e T =g [
oz, ) =Re{[F e e +

V- cos((or +p-+¢ )

v(z,t) = [V*|cos((r)r — 4" )+

Dr. Ahmed ElShafee, ACU : Spring 2016, Electromagnetic Fields

cos((of +4+¢ )

COS|:(0|\_ r+ (o;ﬁ ]+ (/)_}

!

V-

v(z,t) = P”*|cos((r)r — B+

cos{(o{f —éﬂ+¢*}+
/)

_ b _

* (t==(v) S @+zfv,)

Bz = wt
w z

v(z,0)={V" V-
i S

/
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* To solve the current phasor/(z)
7= = V(L V(=) = V* oI L7~ oIB
I(-)—I (-)+I (-)—I e +V e
* From previous proof
d
TV(:):—ij-](:)
dz

* Then
V(z)= =-jpve’® + jpr e’ =—joL-I(z)
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V&) S e =~ jal 1)

* |[solatei(z)

1) -Llyreir _ L y-pn

(&) ol
B = wVLC " i
b T(=Y=1T"%(~ ==y 1, 7=,
But b _em=2 and V() =V'()+V ()=V'e™ +Ve
wlL Zg
4 3 Vi(z) ¥ (2
I =I"(z)+I ()= =
(<) () (<) @ Z,
_I-"'{:l_/:;l-"'l:} 7 YD vz
Z"_r{_—}““ I(2) itz iz

V-I ratio of a single wave.

agnetic Fields

Reflection at Discontinuity

¢ Consider a lossless transmission line of characteristic

impedance Z, ER, propagation constant B, driven by a
sinusoidal source of angular frequency w , and terminated by
an impedance Z,€ C

/(z)
o s .
+
2
e
Tk & K
Vo, 0l \J)

I 7). T(@)

{
ol
T

Proof 01: Both I'(z) and Z(z) are complex
periodic functions of period A/2 .

* We know that
V=) _ 7 2)

I*(z) I=(z)

* the boundary condition requires
VH(z)+V (2)
I'z)+I'(2)|.,

L

* Therefore, a reflected wave V ~(z) must be generated if the
load is not matched to the line(Z,# 2, )
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* the voltage reflection coefficient '(z) and the line impedance
Z(z) (looking toward the load at z=0) depend on the point of
observation z

V(z) VR v

—_ LJ2E
V*(z) IR ol e

I'(z)=

V-
I, =I(0)=—

&

I'(z)=T,e"",
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\ *J': i 1+T,
ZL: LO - 1—1_£
1=
G ; ) x s
V(z) _V'(2)+V (2) Ve ® v e/* =8 V~T
Z(z) = = sl ey o, T oy el T R
I(z) Ir'e)+1@c 0/z)” +-v/z,)* \ r‘)"i_.. Vel
Ve B 4y aF o
N e N Wo_ze 2 owly
Instead of using the voltage amplitudes V + and V —, it is more o e
convenient to express (z) , Z(z) by the characteristic and load
i Gk _— ’_-_C._.\;-. r:-*' /—
impedances Z,and Z, . e~ - <o
.. . e+ = V+ e
Divide right by V* Zf_zzor' +V_ =ZO+ i )"‘('ZL +\)
sub S 4 - l-v% 'z'_ = oy e o
ss - e
then L —T(O)—F -\
1+, r: ~ ZL{Z" X Lo
Z,=12,
1-T, Tifzo )
f I =22 ookt nextsid i = : - I, =2."%
reformat Dr. Ahme 1 ZL " Zo rokook-atnext slide Z 14 .o 5, Electromagnetic Fields L= ZL = Zo
Z )
I(z)==% i
() Z, e
ZL _ZO 5 _1—- J28 .
But I, = and T(G)=Ie"". * We find before that
Z;+Z,

I'(z) Ap—dy e*”

Sub on previous
P Z; +Z,

Both I'(z) is a complex periodic functions of period A/2
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Ve 'R + V- *
ZG)=2v i —m - m
Ve ’® -V e’

* By dividing V* for the numerator and the denominator and

=l
sub *: =
e ” 4T,
2@ =Ly~ &
e’ -T,¢
7 (cos = — jsin f=)+1T, (cos f= + jsin f-)
?(cos = — jsin fz)-T,(cos f= + jsin f)
YA Dr. Ahmed EIShafee, ACU : Spring 2016, Electromagnetic Fields




By dividing cosBz for the numerator and the denominator

(1— jtan =)+ T, (1+ jtan =)
Z(z)=Z : :
& °(1—jtan f=)-T,(1+ jtan §-)

(1+1; )- j(1-T, )tan =
°(1-T,)- j(1+T, )tan -
1+T,
Divide by 1-T ,& sub from Z:= % -1,
Then mult numerator and the denominator by 7,

IZ(:} = ZO M
Z,— jZ, tan(fr)

Z(z) is a complex periodic functions of period A/2 .
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Thanks,..
See you next week (ISA),...
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