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1.1 GENERAL THEORY OF TRANSMISSION LINES:

= ds =21 } s

Zds Zds = — S=0
A'AA%

Fig: 1.1.1 a long line, with the elements of one of the infinitesimal

sections shown.

From the Fig 1.1.1 consider an infinite length transmission line also an"small
element ds which ‘located at a distance of s from the receiving end (). The
sending end voltage and current are Es 4nq k. The receiving end voltage and current are Ej

and [;. The current and voltage at any point is E and |
The voltage in the length ds is DE.

DE = | Zeds

The current in the length dsis

did=EYds

Ly Y (2)
ds

Diff equal (1) and (2)
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2
From equal (1)......4 E z4
ds? ds
2=
From equal (2)...... ¢ Ty
ds? ds
Sub the values of “_and *£_in above equ
ds ds
2
& —zEY
ds
2=
vz
ds?

d’E _

e -ZEY=0(3)
d?| -

—_—YIZ=0 4)
ds?

These are the differential equations of transmission line.

From equal (3),

(d- -ZY)E=0

(m?-ZY)E=0

(m?>-ZY)=0

m>=zY

m=+ZY

The general solution canbe writtenasE=A eV2s+ BeV2¥s ...
(5) From equal (4),

(gl;— -ZY)I1=0

(M2-ZY)1=0

(M?-Z2Y)=0

m>=zZY

m=+\ZY

The general solution can be written as

|=CeV?¥s+DeV2¥s .. (6)
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where A, B, C, D are arbitrary constants
We need to find the values of A, B, C, D

By using the condition s=0
| = IR

E:ER

Use this condition in equal (5) and (6) From equal

(5). Ex. A ¢V© + B ¢ 7O
ER=A+B

Fromequal (6),IR=C+D ....... (7)
Diff equal (5) and (6) with .r .top’s’
From equal (5)

i = ANZVR IR B (NZFYe
S

[Using this formula, e™ = a e

dE

= TANZYe s BNzZYe WS

4 = 1Z, sub in above equal
ds

1Z = AZYeVHs - BNZYe V7Ys

|= A NZY V25— BNZY e VZ¥s

Z
1= A \/YZ VzvsT g o ezms.: ...................... (8)
(_—ﬁ
From equal (6),
4= CNZYe ™" DNzYe ™
E Y= CVzZYes+ D \zye s
(- =EY)

ds
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_ CNZY s — DY e Vs
Y

E

Y Y

At,s=0,E=Erand | = Ig
Sub this values in (8) and (9)

from equal (8),

k=AY-BY'_

Z Z

From equal (9),

Er=C JZ; D +? ; ........ (11)

From equal (7),
B=Er-A
To find the value of a sub B value in equal (10)

lk=A_(Er-A) ' _
A VA

k= AV - ExV' + AV
A A VA

e + ExV-= 2A V"
A VA

2A V_ = Ig+ BV
A A

Y
Ir + ER \/E

27
Z
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Y
A=R_ 4 ERXE
2" 2v"
A Z
Z
A= IR\/? + E_R
2 2

7
(\/; =Zo)

_IRZo ER_
A= 5
A:}Ri +ER_

2 2
By using this formula, V = IR
E=1Z
| =£

Z
lr=ER

ZR

Sub Ig value in A,

A= —— + Er
ZR 2 2

A=ER[1+% ]
2 ZR

Sub equal (12) in (7),
E =ER [1+*]+B

R 2 Zr
E Z
B=F — "[1+7_
R 2 ZR
_p _ErR_ % Er
B=Ej > "7 2
E
sroE 5
R R
2
B=FR[1-%
2 ZR

From equal (7),
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Ir=C+D
d=|R-C

Sub the above value in (11),

Er=C"_(Ir-C) V" _
Y Y

Er=CV- IsV_+C AV _
Y Y Y

ER =2C \/Z__- |R\/Z:
Y Y

2C VP =Er+ InVe
Y Y

zZ
_ ER+|R\/7
o
Y
A
R
C: ERZ_ + Z_Y
2N% 2N
Y Y
c=E_ IR
& 2

Y

C=ER .|.IR_

27, 2
(Er= IrZR)
Sub Eg value in C,
IRZR IR
= + —
c 27, 2
=RM+2_
. ZO] ....... (14)
D= IR -C
D=Ig-R[1+%]
2 Zo
D=lg-R_Ix 28
2 2 Zo
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D= R _IrR Zp
2 2 Zo

D=RJ[1-£
2[ ” 1 (15)
Sub the A, B, C, D values in (5) and (6),

fromequal (5), E=Ae'?'s+BeV2rs

E = 5[1 + Zie\/ZYs FER [1= Zo L ]eﬂ/ZY’s—. ...................... (16)

2 ZR 2 ZR
E = E_R[ZR“‘ Zo) NZYs§ ERIgR" % ] -

2 ZR 2 ZR
E=fuprh [P+,

2 ZR ZR ZRt Z,

Z -

E=friprs @S+ [E_jems (17)

2 ZR ZrtZ,
Fromequal (6), |=C e'?¥s + De V2¥s
=R M1 +R 7 VZVs £ IR [ 1 - 1 VSt

2[ ZO]e + 2[ Zo]e (18)

2 Zo 2 Zo
Zot+7Z | _=
— R 0T 4R NZYs— IR IZn— 7 A
=R [ZZ_ "M [ev"™+ ?[OT)R][ R ]eVars]

2 Zo Zo+ZR
1= (227 [V = IR 128 201 VS] T (19)
2 Zo 2 ZR+ Zo

Equal (17) and (19) are the first form of voltage and current.
Equal (16) may be rearranged as

E=ER[[1+ ]&%S+T1- %o —1] e—«/ZY_S]
2 ZR ZR

E=R[eV2sy % NITS 4 g NS B 1Y)
2 ZR ZR

E= E7R[ NS 4 p—Nzvs 4 % — [ex/zy_s _ e—xlzys]_]

For example,

0y b

Cashfg =*

2
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. 0_ o0
Sinhg =2
2

Sub in above equal,

E = R [2cosh\Z¥sS + 2% sinVZ¥s]
2 ZR
ER ZO —_
E = ERcaSh\/ZYS + ; S|n\/ZYS
R

Zr=ER
Ip

Sub the Zr value in above equal ,
E = E,COShVZTS + mrb

)
IR

sinhvVZYs

[RERZO _
E = ERCOSMZTS + P sinhvZYs

E = ERCOSAVZY S+ g Zo SINNNVZY'S oo (21)
The same procedure will be followed for the current equ,
equ (18) will be,
L | coShVZYS + 58 o
I'= Ir B SINMNZYS oo bt (22)

equ (21) and (22) are the second form of voltage and current at any point on a

transmission line.

PHYSICAL SIGNIFICANCE OF TRANSMISSION LINE (or) INFINITE

LINE (or) THE TWO STANDARD FORM FOR INPUT IMPEDANCE
OF THE TRANSMISSION LINE TERMINATED BY AN IMPEDANCE

ZrFrom the Fig 1.1.2 the equation for the current and voltage may be

written for the sending end current 'Is' of a line of length ‘I' is,
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s
{f Zds 7ds |e-—$ 5=0

Es @ g 1/ds g Zs

Fig: 1.1.2 A length | taken from an infinite line

The sending current equation is given by,
E I
ls 2 1gP9MZTE 4+ (2 ginhiz77y ES

Sub Eg value'in above equ,

A _
ls = IgCOSNNZY- 1+ RZO sinhVZY. [

Zp _
Is = I [COSMNZT-1+ 77 SINNVZET] o 1)

The sending voltage equation is given by,

Es = EgcoshVZY. | + Ig Zpsinh\VZY. T

[Er=IrZR]
[l = -3

Sub Ig value in above equ,

Eq = EqCOSMVZY 1+ " 20sinhzZY. T~
ZR

Es = Eg [COShVZTTI +  SInhVZV. T, )
ZR
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Since, We know that,

Propagation Constant y = VZY

A
Characteristic Impedance Z, ~ \/;

Sub v value in equ (1) and (2),
From equ (1),

s = 1 [cosh yl + % SINh Y] oo, (3)
0

From equ (2),

Eo = Ex [coshyl+ Z2Sinh yl] oo (4)
ZR
Input Impedance Z =Eli [E =1Z]
N
E [cosh yl+ sinhvyl]
= R 7o
I [cosh yi+ R sinhvyl]

Zgcosh yl+ Zpsinhyl

3 ZR
ZS m ZR [ Zpcosh yl+Zp sinh y! ]
Z0
) Zo
Z = Zrcosh yl+ Zpsinhy X ]
S ZR [ ZRp Zo coshyZ  sinh vyl
_ Zrcosh yl+ Zpsinh y 4
Iy = 7y [[—W—M8M™F ... (5)

Zpcosh yl+Zg sinh le

ER: IRZR
= ER

Ip

This is the first standard form of input impedance of the transmission line.

04 ,—0
Coshg=°_""°
2
. 6_ b
Sinhg =¢
2

Sub the above formula in equ (5),
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eyl+e_yl eylfe_'yl
1 6~
ZS =Zo[ YT+ e Y1 eYl—e Y1

Zo(—5—)* Zr(—5—)

270 rZR(eY'+ e YN+ 70 (Y -7 1

/.=
§ 2 L (el e v+ Zp(ev!— e 1Y
7. = % [ZR€y|+ ZReiy|+ZoeY|—deiyl ]
s Toe¥\+ Zge Y1+ Zpe¥!— Zpe !
_ e [Zp + Zol+e " [Zp — Zo]
Iy = 7 [ ]

et [Zp + Zol—¢ " [Zr — Zo]"
Y vl PR 20
=7 [Ze+Zolp © [ ZR+%0-|
S 0 I~y [PR_207 -
[Zr+Z0] ef—e 1 [ m
I+ v 2R _Z0
s = 7 [
S = Ip—171
I ,—yl [“R [0]
LR s
This is the second standard form of input impedance of the transmission line.

WAVELENGTH AND VELOCITY OF PROPAGATION
WAVELENGTH:

| 2 %
/I\ 270 360

0 IgU'IU |

1 (6)

Fig: 1.1.3 Propagation of current from sending and towards

receiving end
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The distance with which the wave changes its phase by 27 radians is knownas
wavelength.

In Fig 1.1.3 the distance from the sending end to point 8 is thus one wavelength.
The distance the wave travels along the line where the phase angle is changing to
2 radians is known as wavelength.

It is denoted by A,
_2mn

=5 (1)

And also we
know,

A=
f

v=Af

v- Velocity
f- Frequency
F

<

<
I
™ |e ij’

=%}
[@ = 27f]
ELOCITY OF PROPAGATION:

The velocity of propagation along the line depends on the change in the phase

along the line. Therefore, this velocity is called phase velocity or wave velocity.
4 |

y=in (&) =in O
Vo )

In general,

Y = otjp
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Where,

Z = R+oL

Y =G+HoC ...
(2) Sub equal (2) in equal (1)

v =V(R +jwL) (G + jwC)

v =VRG + jwRC + jwLG — w?LC

o+jB =VRG — w?LC + j(wRC + wLG)
Squaring on both sides,

(0 +jB)? =RG — w?LC + j(wRC + wLG)

o + B2 — 2jap = RG — 2LC + (wRC + wLG)
Equating real and imaginary parts,

o’ + B2=RC — w?LG. . o veen.n
(3) 20p = wRC + wLG

20B=(RCHLG) ..cccvvveiriiiiiiiiiiiiie e, 4)
From equal (3),

02 = RG — 2LC + B2rewreeeseessessssmsssssssnnnans (5)
Squaring equal (4),

A402B% = @2 (RCHLG) Zreerrereeermsesmsesnseseenes (6)

Sub equal (5) in equal (6)
4(RG — w?’LC + B?) B2 = w? (RC + LG)?
4(RGP? — w’LC B>+ B*) = w? (RC + LG)?
RGB? ~ ?LC B+ B*=° _ (RC + LG)?
4
RGB? — ?LC B+ B _ (RC+LG)? =0
4

2
B*+p* (RG— w’LC)- * — (RC+LG)?=0
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The above equation so of the form of ax*+bx?+c =0

2= —b\b2—dac

2a
2

a=1,b=RG — w?L,c=-® __ 2
2 (RC+LG)

— (RG-®2LC) +V (RG—w?LC) 2-4 (—"’2
B%= (RC+LG) ?)

2
Neglect the negative value,

B

2_ (0°LC—RG)H (RG— w2LC) 2+ (02 (RC+LG)

2

B.= \ @LCRG) +VRG- e (8)

©2L C)HeRE+HESYD)

2

Sub B2 value in equal (5),

21 - 21 OV (2 2
02— RG ~ w?LC+ (LECRONRG o i 0 @ LW

o2 _ 2 (RG-w?LC)+ (w?LC—RG)+V(RG— 02LC)2+(w2(RC+LG)?2)
2

o2 = (RG—®2LC)+V(RG— 02LC)2+(w2(RC+LG)?)
2

_ o] (RG—02LC)+V(RG— ®?LC)%+(w2(RC+LG)?)
a=V ° a; A 9)

In a perfectly matched line R=0 and G=0,

Sub the above condition in (.

From equal (8),

B= A/ (@2LC) +V (— ®2LC) 2
' 2

B=oa\/lz

The velocity of propagation of an ideal line is,

V=@
p

Download Binils Android App in Playstore Download Photoplex App



http://www.binils.com/
https://play.google.com/store/apps/details?id=binilselva.allabtengg.release001
https://play.google.com/store/apps/details?id=com.binilselva.photoship

www.binils.com for Anna University | polytechnic and schools

—_ (O]

" wALC

v L
JLC

The velocity of propagation is constant for a given L and C.
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1.1 GENERAL THEORY OF TRANSMISSION LINES:

ks = ds

=

=71 S
};—ce- S=0

Zds

Fig: 1.1.1 A long line, with the elements of one of the infinitesimal

sections shown.

From the Fig 1.1.1 consider an infinite length transmission line also an small

element ds which located. at a distance of s from_the receiving end (). The

sending end voltage and current are E; and . The receiving end voltage and

current are Ep and Iz. The current and voltage at any point is E and |

The voltage in the length ds is dE.

The current in the length dsis

di=EYds

LZBY et

ds
Diff equ (1) and (2)
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2

From equ(1).....2 "=z 4
S ds
2

From equ(2)...... “Toya
ds? ds

Sub the values of “_and %£_in above equ
ds ds

d’E

- =ZEY

2
“oviz
ds?

d’E _
= -ZEY=0(3)

d2
“.viz=o @)

ds?

These are the differential equations of transmission line.
From equ(3),

(;—2 -ZY)E=0

(m?-ZY)E=0

(m?>-ZY)=0

m>=zZY

m=+ZY

The general solution canbe writtenasE=A eV2s+ BeV2¥s .. (5)
From equ(4),

(;—2 -ZY)I1=0

(M?*-ZY)I1=0

(M?-Z2Y)=0

m>=zZY

m=+ZY

The general solution can be written as

I=CeV2rs + T

wNzvs (6)
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where A, B, C, D are arbitrary constants
We need to find the values of A, B, C, D
By using the condition s=0

| =g

E=Er

Use this condition in equ (5) and (6) From equ (5),

Er = A e\/ZY_(O) +B e—\/ZY@
ErR=A+B

Fromequ (6), IR=C+D....... (7)
Diff equ (5) and (6) with.r.to 's'
From equ(5)

L= A NZVe' "+ B (NZ7) e V7
S

[using this formula, e®* = a e ]

dE

T ANZYe i BAZYe WS

4E = 1Z , sub in above equ
ds

1Z = ANZYe DS - BZYe W

|= A NZY V25— BNZY e V2¥s
7

Z Z
(_ VYS

From equ (6),

a= C\NZYe'™*F D VZve 7' —
S

E Y= CVZYe'#s + D \zZye #rs

I
(= =EY)
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_ CNZY s — DY e Vs
Y

E

Y Y

At,s=0,E=Egrand | = Ig
sub this values in (8) and (9)
from equ (8),

k=AN-BY'_

Z Z

from equ (9),

Er=C JZ; D +? ; ........ (11)

from equ (7),
B=Er-A
To find the value of A sub B value in equ (10)

lkR=A V_- (Er-A) V_
A Z

IR =A \/i- ER\/Y:‘l‘ A\/Y:
Z Z Z

e + ExV-= 2A V"
A VA

2A V_ = Ig+ BV
A A

Y
Ir + ER \/E

27
Z

Download Binils Android App in Playstore

Download Photoplex App



http://www.binils.com/
https://play.google.com/store/apps/details?id=binilselva.allabtengg.release001
https://play.google.com/store/apps/details?id=com.binilselva.photoship

www.binils.com for Anna University | polytechnic and schools

N
A=R_ 4 ER_Z
2" Pl
7 Z
Z
A= IR\/? + ER
2 2
7
(\/; =Zo)
A:IRZO +ER_
2 2

E
A= IR% + R
2 2

By using this formula, V = IR

E=1Z
| =£
A
Ir=ER
ZR
sub'Ir value in A,
A= —— + Er
2 2
A=ER[1+% ]
2 ZR

sub equ (12) in (7),
E = F[1+%1+8B

R 2 Zr
E
B=E — "[1+]_
2 ZR
. _ ER_ & ErR
B=Er — 5373
% ER
B=—=2. 12
T
2
B=FR[1-%
2 ZR

from equ (7),
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Ir=C+D
D=1Ig-C

sub the above value in (11),

Er=C V- (Ir-C) VE
Y Y

Er=C V- Ixv™ + C V-
Y Y Y

Er=2C V-1V
Y Y

2C VP =Er+ InVe
Y Y

zZ
_ ER+|R\/7
o
Y
A
R
C: ERZ_ + Z_Y
A 2N
Y Y
c=E_ IR
& 2

Y

C=ER .|.IR_

27, 2
(Er= IrZR)
sub Egr value in C,
IRZR IR
= + —
c 27, 2
C=RJ[1+Z&
2[ Zo]
D=|R-C
D:lR—B[1+£]
2 Zo
D=lg-R_Ix 28
2 2 Zo
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D= R _IrR Zp
2 2 Zo

D=RJ[1-£
2[ ” 1 (15)
sub the A, B, C,D values in (5) and (6),

fromequ (5), E=Ae'?s+BeV2rs

E = 5[1 + ]_e_\/ZYs +ER [1;20 L ]eﬂ/ZY’s—. ...................... (16)
2 ZR 2 ZR
E = E7R[ %_GVZYS + ER [Z_R_Z) ] —ITs
R 2 ZR
E=frplrh [P+ g0 1
2 ZR ZR ZRt Z,
E-fRpZedh [+ jor L (17)
2 ZR ZrtZ,
from equ (6), | = C eV?¥s + De\2¥s
|:%[1+Z;_]6VZE+|R?[1_ZZQ_]6—\/ZY_S. .......................................... (18)
0 0

| 2 B [ 202 Zm V275 R [ %oty p—2is
2 Zo 2 Zo

Zo+7 . .
| =R [ZOT Ry [V2YsE R 24]0_ ZR IRy ,—zvs
2 Zo 2 [ Zo [ Z0+ZR] ¢ ]
=R peVers = R IRT 01 NIS) T, (19)
2 Zo 2 Zr+ Zp

equ (17) and (19) are the first form of voltage and current.
equ (16) may be rearranged as

E=ER[[1+%]ewss[1-% _ ] Vi)
2 ZR ZR

E = E_R[ NZvsy h oNIYS 4 IS _ K e_\/zy_S]
2 ZR ZR

E= E7R[ NS 4 p—Nzvs 4 % — [ex/zy_s _ e—xlzys]_]

for example,
04 o0

coshg =

2

Download Binils Android App in Playstore Download Photoplex App



http://www.binils.com/
https://play.google.com/store/apps/details?id=binilselva.allabtengg.release001
https://play.google.com/store/apps/details?id=com.binilselva.photoship

www.binils.com for Anna University | polytechnic and schools

—e 0

. 6
sinhf="*

2
sub in above equ,

E = "R[ 2cosh\z¥s + > sinhvzrs]

2 ZR
ErZ, _
E = ExCOShVZY'S + S SinhVZY'S
Zr=ER

Ip
sub the Zg value in above equ,
E = E,COShVZTS + mrb

)
IR

sinhvVZYs

IREr Z, —_
E = BRCOSMVZYS + " ginnv/zys
R
E = ERCOSAVZY S+ g Zo SINNNVZY'S oo (21)
The same procedure will be followed for the current equ,

equ (18) will be,
E | .
|'= 1gCOSNZY'S + Z% SINNZYS oot (22)

equ (21) and (22) are the second form of voltage and current at any point on a

transmission line.

PHYSICAL SIGNIFICANCE OF TRANSMISSION LINE (or) INFINITE

LINE (or) THE TWO STANDARD FORM FOR INPUT IMPEDANCE
OF THE TRANSMISSION LINE TERMINATED BY AN IMPEDANCE

ZFrom the Fig 1.1.2 the equation for the current and voltage may be

written for the sending end current 'Is' of a line of length ‘I' is,
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s
{f Zds 7ds |e-—$ 5=0

Es @ g 1/ds g Zs

Fig: 1.1.2 A length | taken from an infinite line

The sending current equation is given by,
E —
ls 2 1COSMNZTE L = KinhiZ7 1 U

Sub Eg value'in above equ,

A _
ls = IgCOSNNZY- 1+ RZO sinhVZY. [

Zp _
Is = I [COSMNZT-1+ 77 SINNVZET] o 1)

The sending voltage equation is given by,

Es = EgcoshVZY. | + Ig Zpsinh\VZY. T

[Er=IrZR]
[l = -3

Sub Ig value in above equ,

Eq = EqCOSMVZY 1+ " 20sinhzZY. T~
ZR

Es = Eg [COShVZTTI +  SInhVZV. T, )
ZR
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Since, We know that,

Propagation Constant y = VZY

A
Characteristic Impedance Z, ~ \/;

Sub v value in equ (1) and (2),
From equ (1),

s = 1 [cosh yl + % SINh Y] oo, (3)
0

From equ (2),

Eo = Ex [coshyl+ Z2Sinh yl] oo (4)
ZR
Input Impedance Z =Eli [E =1Z]
N
E [cosh yl+ sinhvyl]
= R 7o
I [cosh yi+ R sinhvyl]

Zgcosh yl+ Zpsinh vyl

A ZR
ZS = ZR [ Zpcosh yl+Zp sinh vyl ]
Z0
) Zo
Z = Zrcosh yl+ Zpsinhy X ]
S ZR [ ZRp Zo coshyZ  sinh vyl
_ Zrcosh yl+ Zpsinh y 4
Iy = 7y [[—W—M8M™F ... (5)

Zpcosh yl+Zg sinh le

ER: IRZR
= ER

Ip

This is the first standard form of input impedance of the transmission line.

04 ,—0
Coshg=°_""°
2
. 6_ b
Sinhg =¢
2

Sub the above formula in equ (5),
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'y vl vl

T (0 ]
ZS = ZO [ YT+ e Y1 eYl—e Y1
Zo(—5—)* Zr(—5—)

270 rZR(eY'+ e YN+ 70 (Y -7 1
2 b (el e+ (ev1—e vy

Z=

7 = % [ZReY'+ ZRe_Y'+ZoeV|— Zoe_yl ]
s ZoeY\+ Zge Y1+ ZpeY!— Zge !

_ e" [Zg + Zol+e ' [Zr — Zo]
Is = % [ — ]
e" [Zp + Zo]—e " [Zr — Zo]

I+ ¥ 2R _Z0
=7 [Zr+Z0] el ZR”%O'I
S 0 [ZR +Z0] eVl— eVl [ZR 7#:_0* OJ
I+ v PR ZZ0
Is = 7y [ey+e ! ZR+%0
N o— o1l [ZR—ZO
ZR+%0
This is the second standard form of input impedance of the transmission line.

WAVELENGTH AND VELOCITY OF PROPAGATION
WAVELENGTH:

| 2 %
/,//Tﬂx\\ 270 360

1 (6)

Fig: 1.1.3 Propagation of current from sending and towards

receiving end
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The distance with which the wave changes its phase by 27 radians is knownas
wavelength.

In Fig 1.1.3 the distance from the sending end to point 8 is thus one wavelength.
The distance the wave travels along the line where the phase angle is changing to
2 radians is known as wavelength.

It is denoted by A,
_2mn

=5 (1)

and also we know,

A=
f

v=Af
v- velocity
f- frequency

v =2,

B

v=2
B

[@=2nf]
ELOCITY OF PROPAGATION:

The velocity of propagation along the line depends on the change in the phase

along the line. Therefore, this velocity is called phase velocity or wave velocity.
4 |

y=h &) =in O
Vo )

In general,

Y = otjp
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where,

Z = R+oL

Y =GHoC ... )
Sub equ (2) inequ (1)

v =V(R +jwL) (G + jwC)

v =VRG + jwRC + jwLG — w?LC

o+jB =VRG — w?LC + j(wRC + wLG)
Squaring on both sides,

(0 +jB)? =RG — w?LC + j(wRC + wLG)

o + B2 - 2jap = RG — 2LC + j(wRC + wLG)

Equating real and imaginary parts,

o + B2=RC— w?LG. ~ o o meee.s (3)
20 = wRC + wLG

20B=(RCHLG) cvovovveeieeeeeeeeeeeeis (4)
From equ (3),

02 = RG — 2LC + B2rewreeeseessessssmsssssssnnnans (5)
Squaring equ (4),

A02B% = W? (RC + LG)? rereerreremseesememseeenee (6)

Sub equ (5) in equ (6)
4(RG — w?LC + P?)P? = w? (RC + LG)?
4(RGP? — w’LC B? + B*) = w? (RC + LG)?
RGB? — w?LC B2+ B*=% _ (RC + LG)?
4
RGB? — w?LC B2+ B _ (RC + LGP =0
4

2
B*+B(RG — w’LC)- © — (RC+LG)*=0
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The above equation os of the form of ax*+bx?+c =0

2= —b\b2—dac

2a
2

a=1,b=RG — w?L,c=-® __ 2
2 (RC+LG)

—(RG— 02LC)+V(RG—w2LC)2—4 (—Ué(RC+ LG)?)
p2=
2

Neglect the negative value,

Bz: (0?LC—RG)+V(RG— 02LC)2%+ (02(RC+LG)?2)
2

21 — 2L C)2+(2 2
g = V@LCRGIN(RG G LO)*+(@*(RC+LG)) (8)

Sub B2 value in equ (5),

2 _ 2 2 2 2
2=RG — 02LC+ ((co LC-RG)+V(RG—® |Z_C) +(04(RC+LG)2) )

o2 _ 2 (RG-02LC)+ (02LC—RG)+V(RG— 02L.C)2+(0?(RC+LG)?)
2

o2 = (RG—®2LC)+V(RG— 02LC)2+(w2(RC+LG)3?)
2

o= N (RG—w?LC)+V(RG— 02LC)2+(w2(RC+LG)?)

e 9)
In a perfectly matched line R=0 and G=0,

Sub the above condition in (.

From equ (8),

[(@2LC)+V(— @2LC)?

p=N\ >

B:(D\/lz

The velocity of propagation of a ideal line is,

V=@
p
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—_ (O]

" wALC

v L
JLC

The velocity of propagation is constant for a given L and C.
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1.4 INPUT AND TRANSFER IMPEDANCE:
INPUT IMPEDANCE:

The input impedance of a transmission line is given by,
Zlgosh v+ Z gnh vl

Zin =Zs5=
m [Zocosh vl+Z R sinh yl]
1+ Zosinh vyl
Z =7 ZRcosh 'Yl Z Rcosh vy

S 0 ZRcoshy [ zo+sinh vl ]
ZR cosh vyl

Zasinq vl
1+ Zpcoshy

Zs =% [?W 1 (1)
R

TRANSFER IMPEDANCE:
Let,

7 = Es _ Voltage at the receiving end
T Ip Current at the sending end

Transfer impedance of the transmission line, Now, the terminating current (/z) can

be written as,
E ]

I = 15€0shyl = " sinhyl
Zo

Divide the above equ by Iy,

1='Scoshyl— _"S sinhyl
IR ZolR
— 1S 5 .
1=>=coshyl—__sinhyl ... (2)
Ir Zo

We know that,
Er=Escoshyl—I1sZ, sinhyl

IsZpsinhyl = Egscoshyl - K

|= Escoshyl — Eg

S Z o sinhyl

Sub equ (3) inequ (Escoshyi=ER
A

—_ 0 -
sinhylZ o Slnh’Yl
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1= Escoshyl—ER) cosl _ % __ sinhyl
IR Zo sinhyl Zo

1= (Escoshy _ _Eycoswyl 7 sinhyl
InZo IRZp sinyl  z
coshyl ZRy coshyl o .
1=(4 — ) —L— _ sinhyl
Zo Zo sinhyl ZT
Zo
) i
p=Zreoshl & coshy % sinhyl
Zo sinhyl Z sinhyl Zo
o
1 + & cosl_Zreostyl 7 gjnhyl
Zo sinhyl  Zpshyl Zo

1 + B coshyl _ 7 cosh2yl
Zo sinhyl 2 sinhyl

— sinhy )

1 + B coshyl _7 (COShzyl*Sinhzyl \

Zo sinyl  Zo sinhyl 7
cosh?0 — sinh?0= 1
1 +£coshyl_ Z 1

Z o sinhyl Zo sinhyl
L sinnyl [Ls |k com

f Z o [sinhyl
/Z = _ Zo sinhyl+ Zg coshyl.I
r Zosinhyl[ Z sinhyl
0

Zr=Zgsinhyl + Z coshyl
OPEN AND SHORT CIRCUIT IMPEDANCE:
FINITE LINE TERMINATED IN Z,:

In Fig 1.4.1 shows that the wave is progressing from the receiving end toward the

source, the initial value equal to the incident voltage at the load for open circuit. This

is reflected wave.
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Fig: 1.4.1 Finite line terminated in Z,

Atdistance S= | ,E=Erand | = I
Er = Escoshyl — IsZ 5 sinhyl
I = Iscoshyl — g sinhyl

Zo
ERr
L ==
R Ir
_ Escoshyl-lsZ o sinhyl
Zy~

Eg .
I coshyl— "% sinhyl
S Zo

EINITE LINE OPEN CIRCUITED AT DISTANCE END:

In Fig 1.4.2 shows that the wave is progressing from the receiving end toward the

source, the initial value equal to the incident voltage at the load for open circuit. This

is reflected wave.
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I.=0

Zr= 7,

i G—

Fig: 1.4.2 Finite line open circuited at distance end
Er = Escoshyl — IsZ sinhyl

E i
I = 15€0shyl — " sinhyl

Zo
IR: 0
0 =g coshyl - g sinhyl

Zo
| coshyl = i sinhyl
Zo

ES: 7  Goshyl

Is o sinhyl

Zo =%
C
ZOC = ZO COth’Yl

Ifl=w

coshyl
sinhyl

ZOC = ZO COth’Y(OO)

Zoc=Zo

FINITE LINE SHORT CIRCUITED AT DISTANCE END:

In Fig 1.4.3 shows that the wave is progressing from the receiving end toward the

load, the initial value equal to the reflected voltage at the load for open circuit. This

is incident wave.
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]

o—1

E:=0
Zr=0

Fig: 1.4.3 Finite line short circuited at distance end

Er = Escoshyl — IsZ sinhyl
E
Ip = |SCOShYl o 7 Slnh’Yl

o
ER =0
0=/Escoshyl—IsZg sinhyl

Escashyl'= 1sZ, sinhyl

E
°=Z sinhyl
Is 0 coshyl

Zgsc = Zotanhyl

If | =00

Zsc = Zo tanhy(o)

Zsc=Zo

Multiply the Zyc & Zsc expression.
Zoc Zs = Zo cothylZ tanhyl

2
Zo Zs =5
c ¢

ZocZse=Zo"

1
cothyl

tanhyl

Zop= \/ZOCZSC
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INPUT IMPEDANCE INTERMS OF Z, AND REFLECTION

COFFIECIENT:
We know that,

Input impedance of the transmission line is,

Zgeoshyl+ Zpsinhy 4

/ =
S % [Zocnshyl+ZRsinhvi
Iy oyl I_ vl
ZAeV eZV; E(eyoey - ]
Z =ZO[ eVl+ eVl Ve v
S
Zo( *ZR( , )

7 = 2Zo rZ(eV|+ e+ ZpleV- eV 1
S~ j‘ Ve o-vD+ yl‘_I -yl
Z(eY'+ e V)+ Zp(eY'= eV

rZReV|+ ZRe'V|+ Zoevl— Zoe_vl 1

Z = t 1
S % ZoeV'+ Zpe v+ ZpeVl- Zpe V!

eV [Zr # Zol+e V' [Zr - Zolq

7 =
S % [eyl[ZR+ZO]‘€77’1[ZR*ZO]J
Zp—Z
eyl+e—yl[ R 40
Z=7Z [ZrtZo] ZR+§01
- 1
R+Z0
Zol
eyl+ e_Vl [Zﬂ}
Z _ % [ ZR+ZO ]
B yl— vl Z—}R_ZO
S er—e | ZR+Z)
ZR—Zo
K=
ZrR+Zo

e¥l+ e VK

Zs= ZO [eYl— eVl KEI

The above equation is interms of Z, and reflection coefficient.
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1.5 REFLECTION LOSS:

Is

P

Es &

m::—

W

r=70

!

]

T
]
L

i
- HL .,

Ps

Fig: 1.5.1 Generator of impedance Z4 connected to the load Z,
If Z5 is not equal to Z1, impedance mismatch causes the chance in the ratio of voltage
to current or of energy transmitted by the electric field to that transmitted by the
magnetic field and thus a portion of the energy reflected by the load that will be
shown in Fig 1.5.1.
Py =P, +P;
UNDER MISMATCHED COMDITION:
A part of the energy is rejected and reflected by the load the energy delivered to the
load is always less than the actual energy to be delivered. This loss is called

reflection loss.

Dodddwnload
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The reflection loss is defined as the number of Nipper’s and Decibel’s by which

the current in the load under image matched condition would exceed the current

actually flowing in the load.
: R .
Reflection loss = [Ifz_l] Nipper
2

b’ - actual current

I, — observed current

Reflection loss = Ib'|  Decibel
20 log[ —]

Iz |

Where,

b is load current under image matched condition.

I is actual load current under mismatched condition.

P is power at receiving end due to incident wave.
P> is power observed by the load
P5/is power rejected back to theline.
Py =P; +P3
Wkt,
P=/
| o VP
1
| = P2

1
Reflectionloss=2010g [(Pl)ZJ—r
(P2)2

p oL
Reflection loss = 20log[ -]

Reflection loss = 10log[ -]

And also we know,

K:PZ
Py

Dodddwnload
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Reflectionloss=101o0g [1] _
K

K: ZR_ ZO
Ipt 7,
: Ipt Z,
Reflectionloss=101log[™ "1
Ip—1Z,

If Eg and I are the values of voltage and current at the receiving end due to incident
wave, then the values of voltage and current at the receiving end to the reflected
wave is KEg and KIg

Pi=Erlr

P3 = KEg Klg

P3=K%Er I

P3=K?P,

P;=Py-P3

P, =Py - K?P4

P,=P1(1-K?)

Wkt,

Reflectionloss=101log [ g

P1(1-K?)

Reflectionloss=101log [

(1-K?)

K = ZR_ ZO
Ipt Z,

Reflectionloss=101log [

Zp—
ZR+ Zo

1

Reflectionloss=101log [ ]

(Zr+ 20)°— (Zg- Zo)"

2
(Zr+ Zo)

Dodddwnload
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Reflection loss = 10 log [ 221
2VZrZ,

Reflectionloss=201og [ ¥ Z”]i

Reflection loss = 20 log Q]
K|

| K | is reflection factor
The ratio in which indicate the change in current with the load due to reflection at

the mismatched junction is called reflection factor.

It is given by,
VIt
K="=
Ipt 7,

RETURN LOSS:

It is defined as the ratio of actual power to the reflected power.

P
Return loss = 101log| P—l]
3

Returnloss=101log[ ']

K2Pq

Return loss = 10 log [1_]
KZ

1.2
Return loss = 10log| ];

g
Return loss = 20log[’] -

Wkt,

K - ZR_ ZO
Ipt Z,

Returnloss =20 log [ZRJr Zi]_

Ip— 1,

Dodddwnload
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1.2 WAVEFORM DISTORTION

In an ideal transmission line of a signal through the transmission line when the input
signal or the sending end signal is not the same at the receiving end.

Then the signal is said to be distorted.

The distortion is to be classified into,
I.  Frequency Distortion

ii.  Phase Distortion

. EREQUENCY DISTORTION:

The attenuation constant (a) is a function of frequency.

The signal transmitted along the line will be attenuated to the different extent.

For example, a voice signal consists of many frequencies will be transmitted along
the transmission line and all the frequencies will not be attenuated equally along the
transmission line.

Hence the received signal is not the exact replica of the input signal at the sending

end. Sucha distortion is called as‘frequency distortion.

q-= 1/ (RG—w2LC)+V(RG— w?LC)2+(w2(RC+LG)?)
2

ii. PHASE DISTORTION

_ \/((ozLC—RG)+\/(RG— w?ZLC)2+(w?Z(RC+LG)?)

p 2
We know that,

v=2

p
The phase distortion is also depends on frequency.
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Thus the velocity of propagation v also varies with frequency. So some of the signal
reach the receiving end very fast while some waves will be delayed then the others
will not have same transmission time.

Thus the receiving end signal is not the exact replica of the sending end signal. This

kind of distortion is called as phase distortion or delayed distortion.

THE DISTORTION LESS LINE:
The distortion less line does not distort the signal phase, but does introduce a signal
loss line they are not super conductors. This is known as Heaviside distortion.

Already we know that,

o= \/(RG— w2LC)+ V(RG— w2LC)2+(w2(RC+LG)?)
2

The value must be made independent of frequency by making LG+ RC =0
Derive.the condition for a distortion less. line,

Z =RHtjoL

Y = GHjoC

Y= otjp

Y =\7Y

y=V(R + jul) (6 + juC)

v=VRG + jwRC + jwRC — w2LG

vy=VR6 — ¢+ (RC+ 16) ... (1)
To make a frequency independent; in the imaginary part LG+RC =0
Sub this condition in equ (1),

v =VRG — w2l + (0)

v=VRG — w’LC
(-1=%)
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Sub in above value,

Y =VR6 + il
y=vV +V 2l

Y= atjp
o+jp = VRG +jwVIC

o=VRG
B=wVLC
Where the phase velocity,
_w
Up E
_ w
b= wVIC
v -1
P yic

CHARACTERISTIC IMPEDANCE OF DISTORTION LESS LINE:

i A
Zo - Ro +JX0 —\/?
_ Rtjel
0 _\/6+ij
(1+jaﬁ22
b = (1)
L_C
R G
LG =RC
L_R
c ¢
(1+jw) _
— G
L ()
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Therefore the distortion less line must satisfy the conditions

i. LG=RC

ii. a=VRG

iii. Pp=wVIC

v. v :\/LLC_

v. 7 =Vi=v©

0 G ¢

vii a=vVG
TELEPHONE CABLE:
We know, propagation constant,
y=VZY
Z = RtjoL
Y =GHolC
Y= oatjp

o+jp= V(R + jul) (G + juC)

aﬂB:V@(;+MOC(-E+w)

wﬁBZVQC(;4ﬂw)(?4qw)

If there is no attenuation,
R_G

I C

mﬁB=VQC(§41w)(-Z+m0

mm=vw(§+w)2
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= V(' £ jo)
o+jp = ’Z_x/Lr-F Ve —
o =V o o)
o+jp = Z_\/Lf—-F wviC —

(or)
Separate the real and imaginary terms,
o= R_\/L'C"(or) “Vie—
L C

B=wVLC
We know that,
p =2

B

po= ©

p w VLC

v = _1__

‘ VLC

CHARACTERISTIC IMPEDANCE:
Z

7, =V-
Y

_ _\/R+j(1)L

" TV G+jC

L(R+jw)
Z,=V —o—
C( Hiw)

For distortionless line,

R_G
I oc
L)
Z,=N —o—
C( Fiw)
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T
I, =V
C

LOADING AND DIFFERENT METHODS OF L OADING:

A distortion less transmission line must satisfy the condition LG = RC therefore L =
¢
R

G
The attenuation of a transmission line is given by,

1/ (RG=w2LC)+V(RG— w?LC)?+(w?(RC+LG)?)
2

a=
It is observed that a depends on four primary constants in addition to the
frequency(L, C, R, G)

DIFFERENT LOADING METHODS

There are two loading methods
I.  Inductance Loading

li. . Capacitance Loading
Capacitance loading techniques increases the impedance and attenuation
Inductance loading is mostly used in transmission lines.

The types of inductance loading methods are,
I.  Lumped Loading
ii.  Continuous Loading (or) Uniform Loading

. LUMPED LOADING:

In this method, lumped inductors or loading coils are placed in series along the
transmission lines at suitable intervals. Hence, it is called lumped loading. It will
increase the total effective inductance.

The cut-off frequency is given by,
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1

f T i d
1

b OTR
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L. — inductance of the loading coil and cable per km.
C — Capacitance per km

d — Spacing between the coils
ii. CONTINUOUS LOADING:

In this method, wing the cable with a high permeability material. The inductors use
perm-alloy or molybdenum. In Fig 1.2.1 the coil is wound of the largest gauge of
content with small size and each winging is divided into two equal parts.

In a uniformly loaded cables, assume
i) G=0
i)  Wavelength is large

Loading coils are placed into steel pots.

Steel tabe or lron wire

Copper conductor

Fig: 1.2.1 Continuous loading coils
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