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. TRANSMISSION T.INES

Parallel transmission lines will be dlscussed but the principals outlined be-
low are applicable to other forms.

Parallel tranqm1551on lines have low losses so are generally considered loss-
less,
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The change in voltage in length of line dx, Fig. 1, is due to the inductance
of the line. The inductance per unit length times the rate of change of current
equals the change in voltage: , .

| - -1l vy (1)
. at
The voltage dr1v1ng the current I across the short length of line dx is 4V, The
rate of change of voltage down the line is: : :

Qv . 2L S
OX -k ot (2)
Part of the current I goes to charge up C, the capacity per unit length of the
line: ' -
| L1 QI ._ 9V
e TR T (3)

Thefefore, there will be less current at the load end of the line by the amount of
charging done on the line,

The two simultaneous partial differential equations above for I and V on trans-
mission lines are called Telegraphers Equationg. The parameters L and C in the
usual csse are constant, For example, a coaxial line is of constant diameter and
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the two eonductors are parallel with uniform ‘spacing.

If current and voltage vary'sinusbidally with time, it is possible to add wp
all the steps of the step voltage and current to get the desired result as follows:

Vv = Vo(x)eth _ (4)

where V (x) is the maximum voltage at the point x, e equals the base of hypesrbolic
logarithms, j is the square root of -1, w is the generating frequency, radians per
second, and t is time, '

I= 1 (x)ed™® | . (5)

where I (x) is the current at point x equals zero. Vo.and Io are interdependent
and related as in equations (2) and (3).

il

The solution of four equations (2) to (5) is:

—C = SwLI .
—%iw = - jwCV, A (7)

Taking the second derivative of equations (6);

- dA,

dx2

dig
dx

and substituting this into equation (7),

12
a Vo
- jwl = =« jwCV
dx2 J J o)
a%v
2 + w2ICV, = 0 - (8)
dx~ ' '

we get an equation of simple harmonic motion, The solution to this equation is:-

+3w I/IB b's :
’ (9)

Vo= e
For the general case, the voltage on a transmission line may be represented by:

j (wth V'iﬂ '
V=g o (VB Y 16 x) | - (10)

o}

which is a sinusoidal wave, the direction of which is determined by the plus or mi-
nus sign. This may also be written as:
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- , X
Vs A cos(wt - 3) | (11)

where ¢ 1s the velocity of the wave:

o= L | (12)

For ordinary transmission lines, i.e., air ¢171ed parn?lcl lines or coaxial
cable, c is very nearly the velocity of light. L (electromagnetic units) and C
(electrostatic units) are geometric factorq involving the same parameters and all
the parameters cancel out 1eqv1n~ only the velocity of light. Since c equals the
velocity of light except for some losces dependent primarily upon the soeed of .
light in the dieleéctric m aterial used, thon theze formulas cen be used ag a means
of measuring the dl@lectrlc_COQGtanu.
transmission line which is
nd r

For =
order to find Z, we note that tho de
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ve of sguation (10) i

inf
ivat

a

av,
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- =+ 3w Y10 Vv, | | (13)

Substituting equation (13) into (6), we get:

+ Jw VLC Vo = =jwlI, ’

v . )
O =z =Jwl = (L. =9 1
I, +jw YT *Vc ° (14)

1

which is the characterigtic impedance of an infinitely long transmission line,
For a coaxial

2, = 128 logp .Zo L (15)

If ro, the outer conductor radiue if 7/8" and r;, ‘the inner conductor radius is

Zq = 138 log1p 2.33 = 50,2 ohms

The impedasnce of or‘inirv air dielectric coaxial 1
and not more than 20 to 100 ohms i
thon losses can be as high as 12
using parallel cnndacToru, can h
ohmwo

o

ve a characteristic imp@dance of az much as 1000

Y

For a finite length of truu,chSlqn line, the impedance of & wave moving to
the right is by convention:

+ 72, = ';‘Iz——- : : (16)

-7 = L (17)

iy

The plus or minus sign come from equation (12), Thie is interpreted to mean that
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V and I are in phase for waves traveling to the rlght and out of phase for waves
traveling to the left,

Suppose a current is flowing to the right along a line to a load. At the load,
part of this current will be reflected to the left. By convention, these conditions
can be represented by: :

v+ ‘ L .

— = %o | S - (18)

V- . . | ‘ (10

T = %o R o )

T = 21, s A (20)

At the load the sum of V4 and V. must be Vry, the voltage across the loada There=
fore: ‘ '
Vi + Vo = vy, , | - L (21)

and by the same reasoning,

I, + I. = (22)

1

From equation (18) to (22) we get:

v+ _ V= _ VL - o _
z. "7 ca | | (23)

Thus there w1ll be =& resultant gtanding wave pattern on the transmission line.

. V. ; énplitude of reflected wave

The reflection coefficient is Vi " amplitude of incident mave (24)

- Using equation (21) and (23) ‘ : :
| V. _7p-% _K-1

Ve 7L+ 2, K+ 1 (25)
where : oy o . .
' ' K = ZL’ = S.W.R. = standing wave ratio (26)
o - -

If the voltage along a line be considered as a function of‘ﬁhé:distance, then:
V(x) = [v+e‘ju’x/°:1 l:l +f%:e'2ij/ °]\ (27)
. . +

where the voltage as a function of x, V(x), is a rotary vector in the Vx plane, V+
and V_ are likewise such vectors and the 2 in the exponent of e 1nd1cates that the
V. vector rotates twice as fast as the V+ vector°
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V and I are in. phage for waves traveling to the right and: out of phase for waves
traveling to the left,

Suppose a current is flowing to the right along a line to a load. At the load,
part of this current will be reflected to.the left. By convention, these conditions
can be represented by: '

Y - ' V+ _ v ‘ H
I = Zo o | B ___,.:,(18)»
Ve o : - :
- " S - (19)
sl A T SR (20)

At the load the sum of V4 and V. must be Vi, the voltage across the load., There-
fore: . ' .
Ve + Vs = Vg o - o (21)

and by the same reasoning,

I + I = (22)

i

From equation (18) to (22) we get:

e w Vo o | _ :
26 %o T 71 ‘ M ' (23)

Thus there will be a resultant standing wave pattern on. the trangmission llne.

V. _ amplitude of reflected Wave

The reflection‘coefflcient is V+ . amplitude of incident wave (24)
Using equation (21) and (23) ~ . “ - |
Vot Eve TR @)
where L 71, _ o R o ,
: X = 7 = S.M.R. ='stapd1ng wgve ratio - (26)

If the voltage along a line be considered as & function of the'diétance, then:
V(x) = [V+e“j"”_‘/c] [1*277' 5‘“’"/3] (2

where the voltage as a function of x; V(x), is a rotary vector in the Vx plane. V+
and V. are likewise such vectors and the 2 in the exponent of e indicates that the
V. vector rotates twice as fast as the V4 vector.
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Equatlon (27) can be expressed as:
| V(x) = Vie yux/b + V. ejwm/c-

and represented as in Fig, 2

ViV 20

FIG. 2

Note that at & - 180°, V(x) = V+v- V.. Thus, the magnltude of the voltage down a
transmisaion line ie not a simple . function.

Suppose the loac impedance, ZW, is a pure resistance. Then V. and V, are in
phase at the load: , S

NOT A
’ V. SINE WAVE
FIG 3 W™ - -
'{’ X = POSITION ON LOAD
TRANSMISSION LINE :
K=1 _ «
Standing Wgve Ratio 2 l K+1 = K = Vi + V- 7 S ' (22)
’ S | '
K+l - '

One can have high standing wave ra%wos (2 or 3 to 1) with qmall power loss.
Since power is proportional to the square of the voltage, for V-AN+ = 1/3, (Stan-
ding Wave Ratio of 2) one loses only (1/3)? = 1/9 of the power at a reflection.

Determine the impedance, Zy, at any p01nt % on a transmission llne. From
equation (27), remembering that wfe = 27/

| X |
vX = Ve T A E+ Zj(z’f ] . (29)
. . f B + . .'
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Differentiate with respect to X, equate to:

2V - _;w1I, (Equation 6) :

=Y
v - Zg E + \_I_':_er(%)
FeacRLE AL w
I V_;Zj@:r)]- |
V+

o \ N |
(1) When Z;CX < (i.e.{ X = 4A5,'A Quarter Wave Line)

23(%D{,) = -1
'  (1 - V;) . e
a2l =g, T Wl Zo : (31)
Lo (1 + V- I3 , ‘
(2). And when 2;IX =TT (X = Jg;, and Half Wave Line)

zfgi = %K T o R (32)
It is apparent thet the impedance varies as one moves along a transmissioh line.

It is thus important where one tiecs in a generator or load., One can consider a trans-

mission line as a transformer, the voltage transformation being a funetion of the

digtance from a minimum voltage point. The transmission line azcts like a pure re-

eigtance 2t the minimum voltazge position, One can determine the wave position on

a line by finding the minimum voltage point. -

Consider a transmission line with ghorted end: !

) X
(1 + {%2.323 ( 7Lm))

2y = 2 . S (33)
N i T S 2 9
(1= L& A
+ .

For sherted end V, - 0, and % must therefore = O; I(Z, = real number)

V.. . — s - Z O ‘ . o : » . 2
= = el _ 3
V+ ZTJ + Z,O . ) ’ - ( 4)

Substituting into expression for Z4:

Waen X /4 Z is inductne
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At /L the transmission line acts like a transformer of infinite turns ratio
, A 3A >\ 3
4 4 '
|
l
|
)

[

|

INDUCTIVE |
| |

Zy | - " RESONANGES

| At Ally 32/by 5Q/h o .
|
{

|
|
i
I
|
l
a
CAPACITIVE |
|

FIG 4

For a transmission line with open end:

V. .
S
Zx = J4q cot(2§%z) ‘ | (36)

Although one normally uses these equation only when working on apparatus with
frequencies of at least kilocyecles, they are also true for 60 cycle circuits. At
60 cycles A is the order of 3,000 miles, On long power transmission lines, such
as .the Boulder Dam installation, the affect becomes noticable and the voltage and
current do not strictly obey Ohm's law. ‘

‘ At high frequencies, the center conductor of a transmission line can be sup=
ported on quarter wave stub lines instead of insulators.

- |
\

System can be made to work over a
relatively broad band, e.g., 9-11
me. ' '

b

FIG 5

The stub can be made shorter (less than A/4) by filling it with a dielectric
material., The foreshortening is proportional to the square root of the dielectric

congtant,
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A "choke joint", which wil

1 pass high frequency currents but is an open cir-
cuit for low frequency power, is C

5 made by using an open ended gtub line:

'

P " . / .
( ( Choke Joint




