An analysis of current flow at the end of shielded
twin line at radio frequencies

Owen Duffy

Abstract

It is popularly held by hams that a "shielded tlime" synthesised from two parallel coax cablesdeshat each end has
negligible external fields, and is therefore motétexl to installation within a building than ordigaopen wire
transmission line. This article presents an analgbthe configuration.

1. Analysis

1.1 Coaxial transmission line properties

Let's us refresh important properties of coaxial

transmission lines.

Practical transmission lines at radio frequencigehan
outer conductor that is much thicker than the slépth.
For that reason, the current that flows on theidetsf
the outer conductor can be quite different to theremt
that flows on the inside of the outer conductor.

11

Figurel

In the normal mode of operation of a coaxial cable

(TEM), there are three currents to consider:

e the current flowing on the outside of the inner

conductor;

» the current flowing on the inside of the outer
conductor, and which is equal in magnitude to the

current flowing on the outside of the inner conduct
but opposite in direction; and

e the current flowing on the outside of the outer

conductor.
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Figure 1 shows the consequence of that at the £ad o
coax where there is no connection to the shiekidathe
coax, the current I1 that flows on the outer swgfatthe
inner conductor, gives rise to an equal currenthie
opposite direction flowing on the inner surfacetloé
outer conductor. At the end of the shield, the euirr
flowing on the inner surface of the outer conducan
and does flow around the end of the shield ontatlier
surface of the outer conductor, there being no rothe
possible path.

The transition from two wire open line to shieldgdn
line.

Figure2

Figure 2 shows a transition from a two wire opee lio

a shielded twin line synthesised from two coaxiaé$
with their shields connected. 11 and 12 are theents
flowing the open wire line adjacent at the transitiNote
that 11 and 12 are complex quantities, and thevesrof
themselves are not to imply any particular phase
relationship.

The black dot in Figure 2 represents a node atiwihiee
current paths join, the inner surface of the ugpeix, the
inner surface of the lower coax, and the outeramarfof
the joined coaxes.
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1.2 Differential and Common Mode
currents

A pair of conductors in proximity of some other
conductors or conducting surface (such as the alatur
ground) can operate in two modes simultaneously,
differential mode and common mode.

Differential mode is where energy is transferre@ du
fields between the two conductors forming the paid
common mode is where energy is transferred dueltsf
between the two conductors forming the pair togedinel
another conductor or conducting surface.

The currents flowing in the two conductors at anynp
can be decomposed into the differential and common
mode currents.

Differential current Id is the component that isialgbut
opposite in direction, it is half the differencethre two
complex line currents I1 and 12.

Common mode current Ic is the component of the line
currents common to both conductors, it is halfdhe of
11 and 12.

o ld=(11-12)/2
o lc=(11+12)/2
e ll=lc+ld
e 2=lc-Id

So, for example, if I1=2A and [2=-1A, Id=(2--1)/25A,
Ic=(2-1)/2=0.5A.

Figure3

At distances of more than about three times tharsdipn
between the wires, the fields due to each of the
differential currents are in opposition and almoehcel
each other, whereas the fields due to the commatemo
currents are almost the same and reinforce eaeh. @m

a two wire line carrying significant common mode
current, at a distance of more than about threedithe
separation, the fields will be principally due twettotal
common mode current, 2*Ic.
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1.3 Floating shield

Figure 3 is an explanation of what happens at ttard
Fig 1 where the shields end, and are connecteddb e
other.

The dashed lines represent the currents flowinghen
inner surface of the two outer conductors.

In the upper coaxial line, current 11 flowing ledt right
on the centre conductor causes an equal currettitein
opposite direction on the inner surface of the ldhiso
there is a current 11 right to left.

In the lower coaxial line, current 12 flowing Ilefi right
on the centre conductor causes an equal currettitein
opposite direction on the inner surface of theldhiso
there is a current 12 right to left.

The solid black horizontal line represents the pute
surface of the joined outer conductors.

By Kirchoff's current law, the current flowing ohet
black conductor or outer surface of the joined oute
conductors is 11+12.

So, the current flowing on the outside surface haf t
shields is the total common mode current, the stitheo
current mode current in each of the conductorb@tivo
wire line, 11+12 which equals 2*Ic, and the fieldsar the
shields will be due to 2*Ic, essentially the samasecas
for the two wire line.

11+12

Figure4

Figure 4 shows the current flows on the coax stimect
The currents 11 and 12 flowing on the inner surfacé
the outer conductor flow to the outer surface efadhter
conductors.

Remembering that quantities 11 and 12 are complex
quantities, if 12=-11, there is zero common moderent,

and the current flowing on the outer surface ofghields

is 11+12=11--12=0. In a practical antenna systemjsi
unlikely that 12 is exactly equal to -11, and serth will

be common mode current, and it the same magnitode o
both sides of and adjacent to the shield ends.
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The floating shielded twin line does not of itself
significantly reduce the total common mode current
flowing into the shack. Not only does the shieldeth

line do nothing significant to reduce the effects o
common mode current, but it would often be losian

the equivalent open wire line and so degrade aatenn
system efficiency.

1.4 Grounded Shield

Figure5

Figure 5 shows the current paths if an additional
connection is made the ends of the shields, eg a
connection to ground. 11 and 12 now divide betweeo
current paths, the new 13 and the old path alorgy th
outside of the shields. In the antenna feed liemano, if

the portion of the total common mode current [1+I2
flowing to 13 can be made large, the residual commo
mode current on the shields of the shielded twia thay

be made small.

Effectively grounding the shields at the transitiand
increasing the common mode impedance of the slielde
twin line can divert a significant port of the tbt@ammon
mode to ground and reduce the common mode curren
flowing into the shack. The grounded shielded tline
may reduce the effects of common mode currentjtbut
would often be lossier than the equivalent opere e

and so degrade antenna system efficiency.

1.5 Line loss

The matched line loss in a synthesised shieldedl ling

is the same as in the constituent coax. For exarifpde
pair of 20m long RG58 cables is used to syntheaise
10022 line to feed a multiband dipole which happensdo b
a full wave at 40m (feed point Z approximately
4000+j@2), the loss in the line can be found from TLLC
for 20m of RG58 terminated in half the load impexgn
2000+j@2.

Table 1: Loss of 20m length with load of 4000+j0Q at 7MHz

Wireman 551 ladder line] 0.43
Home made open wirg,0.11
2mm  copper spaced
150mm

Table 1 compares three line types of length 20rh wit
load of 4000+j@ at 7MHz. It can be seen that the twin
coax has much higher loss than the other openlinés.
This use of coax as a balanced line is often prechas
having some magical shielding qualities, but wihdiais

is very high loss on extreme loads.

2. Others on the subject
2.1 QST June 2008

(Doctor 2008) was asked a question about shielded t
line: "... I have the ladder line terminated to diecoaxes
that run about 12' (4m) inside the house to anrewate
tuner. Should this pair of coaxes be grounded ateord
or both ends?"

Antenna "Flat Top®

Building
Wall

Open Wire Line

Balanced
Tuner

Short Balanced
Coax Pair

Bonding Outside Building

Lasd
Station Ground

Earth Ground

Figure 6

Figure 6 is from the QST article and shows "The

tDoctor's” interpretation of the question. Thougte th

diagram shows both ends of the shielded twin as
grounded, the advice in the text is "Whilst it igical for
proper operation for the shields of the two coaxebe

tied together at each end, whether they are tied to
"ground” is not important to operation, but can malkbig
improvement in lightning protection”.

This explanation ignores the effect of common mode
current, it is an incomplete treatment and theeefor
misleading.

2.2 ARRL Antenna Handbook

Figure 7 is Fig 24 from the ARRL Antenna Handbook
(Straw 2003, p24.21).

The ARRL Antenna Handbook has a small section on
shielded twin lines, stating:

Linetype Loss (dB)
Twin RG58 6.3
Twin RG6 2.8
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"Shielded balanced lines have several advantages ov
open-wire lines. Since there is no noise pickugamy
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runs, they can be buried and they can be routedigtw
metal buildings or inside metal piping. ... Theeltis are
connected together (see Fig 24A), and the two inner
conductors constitute the balanced line. At theiinthe
coaxial shields should be connected to chassisgrat

the output (the antenna side), they are joined |diut
floating."

BALANCED
INPUT

BALANCED
o OUTPUT

BALANCED
NPUT

BALANCED
OUTPUT

\
(8)

Fig 24—Shielded balanced transmission lines utilizing
standard small-size coaxial cable, such as RG-58 or
RG-59. These balanced lines may be routed inside
metal conduit or near large metal objects without
adverse effects.

feedline flows onto the radiator element, so thereot
the noise shielding that is claimed.

LENGTH OF EACH SIDE
OF ANTENNA
IN FEET EQUALS
189
FREQ MHz
OF LOWEST DESIRED
BAND OF OPERATION

S8—

CONNECT SHIELDS TOGETHER
BUT NOT TO ANYTHING ELSE,
AT THE TOP END OF THE LINE

11— RGBU OR RGS8U CABLE

CABLES SHOULD BE AT LEAST
20% LONGER THAN A QUARTER
WAVE AT THE LOWEST
DESIRED OPERATING FREQUENCY

CONNECT SHIELDS TOGETHER
AND GROUND TO STATION GROUND
AND FRAME OF ANTENNA TUNER
AT BOTTOM END OF LINE

TO "BALANCED" QUTPUT
TERMINALS OF ANTENNA TUNER-
OR IF TUNER HAS NO BUILT IN
BALUN, USE 4 TO | BALUN
BETWEEN TUNER AND LINE

Fig. 3. Allband trapless antenna for HF.

Figure8

Figure7

The explanation completely ignores the effect ahown

mode current, and the proposed floating shield
connection does not prevent common mode current *
flowing on the outside of the shielded twin linktHere

is common mode current, as there would often be, th
claimed advantages over open wire line do not ektst
treatment is incomplete and bears little relatian t
practical applications, and is therefore misleading

(Straw 2007) contains the same content. .

2.3 W4HDX multi band dipole

W4HDX (Spencer 1984) described a multi band dipole
with twin coax feed.

Figure 8 is Fig 3 from (Spencer 1984).

An NEC model of a W4HDX dipole for 3.5MHz and up

at 10m height gives a feed point impedance of B8j8

Fed with the recommended 26m of twin RG58C/U, line
loss of 6.8dB can be expected. Under these conditio
21% of the power from the ATU is delivered to tlieade

feed point. This stunningly bad feedline performais .
not mentioned in the article, but probably contrésuto

the claimed low noise 'magic' of this antenna. .

W4HDX does also offer RG8 as an option, and in this
case the line loss would be 4.3dB or line efficiend
37%.

The configuration does not prevent common mode
current, it just routes common mode current to gdbat

the tx end of the feedline. Common mode currenided

on the feedline and flowing at the dipole end of th
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3. Conclusions

The floating shielded twin line does not of itself
significantly reduce the total common mode current
flowing into the shack. Not only does the shielded
twin line do nothing significant to reduce the ette

of common mode current, but it would often be
lossier than the equivalent open wire line and so
degrade antenna system efficiency.

Effectively grounding the shields at the transition
and increasing the common mode impedance of the
shielded twin line can divert a significant porttbé
total common mode to ground and reduce the
common mode current flowing into the shack. The
grounded shielded twin line may reduce the effects
of common mode current, but it would often be
lossier than the equivalent open wire line and so
degrade antenna system efficiency.
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5. Changes

Version | Date Description

1.01 25/04/2009 Initial.

1.02 04/03/2011 W4HDX added.
1.03 15/02/2016 Converted to Word
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