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VII
INTRODUCTION

A theoretical'analysis has bqén.completed to analyse the effect
of different grounding references and spacing on drop wire.
. The niaterial described herin makes use of transmission line
Atheory to model ingressive signals in a drop.line due to surrounding

electromagnetic fields,

. This' section coﬁsists of four main subsectipns. Subsection one
abbreviates the generai theory‘of transmission lines., Subsection two expan@s
this theofy to model a simplified C.A.T.V, distribution system. Subéection.
three représents in a graphical format the theory developed in subsection
two, while subsection four tries to correlate this theory with experimental
results., A large amount of .computer work was necessary .to simulate this '

cnalysis, and pertinent computer programs are'included in Appendix 5.3.1

and in 5.3.2..

3
=
§L
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5.1.0 DEVELOPMENT and DERIVATION of GENERAL MODEL

A typical signal distribution drop is shown in figure 5.1.1..

R g
=7 1 J
. Z :i Zy
X=O ? el Z
- 3

Figure 5.1.1
Typical signal distribution drop
b ... height above ground (meters).
- & ... 1length of drop (meters)
Z1, Zp ground impedance (ohms)

a ... diameter of dron (meters) .

+ Assuming that the earth acts as a perfect ground plane, then
; by the method of image the drop shown in figure 5.1.1 can be represented

as a transmission line. See figure 5.172.

Figure 5.1,2,

General distribution drop represented as a transmission line

v"- ‘
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2
It is well known that a short section of a transmission line can be sym-

bolized as in figure 5.1.3.

I(z) 'RA LAz . T (24D
ih—(u’ NP o L2 : Lzt

V(z) Ghz

I

= Az V(z+hz)
|

— A

& ‘ . . ‘i+Az

Figure 5.1.3:

Representation of a short section of a transmission line

~ —-——-‘.—-—-—-—T

Applying Kirchoff's law and letting the incremental distance Az become
very small (i.e. Az =+ 0), two differential equations to model a

uniform transmission line can be found.

AV(2) L = (R GOL) T(2) veeeenneennnninineeanen e 1
dz .

dI(z) o - (G + Jub) V(z) ...l e 2
dz .

Note that in 1 and 2 the sinusoidal time factor e IOt 4 implied.

Differentiating and substituting, 1 and 2 yields

V() R * uL) (6 + J0C) V(Z) et 3

d22 :

I(z) _ (R + jwl) (G + juC) L) e 4
2

dz i

7_-_-__—__-_-_-_-__‘_-—.-
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3
The solution of 3 and 4 can easily be verified by differentiation and.

substitution of equation 5 and 6.

A

V(z) = VA e ¥

TIA ¢ TE

1]

I(z)

WHERE: Y .... propagation constant

2-

i)

Y (R + jwl) (G + jwC)

VA, VB, IA, IB, .... constants to be determined by boundary
conditions -

Differentiating equation 5 and substituting into equation 1, and

then solving for T(z) equation 6 may be rewritten in terms of VA and VB

T(z) = 1 (VAe "2 - vBe™) ..., 7
. _ Zo
WHERE : ZO i characteristic impedance of the line

= VZJ¥ = YR + juL) / (G * JuC)

5.1.1 Boundary Conditions -

-

0, V(0)

Let at z = Vs
2 =% V() = Ve = IQ)/2
WHERE : Vs ... source voltage
Ve ..... load voltage

I(2) ... load current

..... "load impedance

+ VBe Ye oo 5

+ IBe V% e 6

BROADBAND COMMUNICATION ENGINEERS < O >>>>>——J




@» cablesyétems engineering

4

Solving cquations 5 and 6 subject to the above boundary conditions for VA

and VB

It

VA VS/Z‘uovg‘-t-vvv'(-tq-!\l!q”"!l'YQ‘,ll!!'!!I!!'l'!!l!!’\\‘g

VB,= Vs "2 [z - 709
i+ Zo

Using the. hyperbolic identities

sinh(x) = eX - e %
2

cosh(x) = eX + e~
2

and solving equations 5.and 7 for VA and VB. The transmiSsion line

equation may be rewritten as follows

V(z) = Vs (cosh(yz) - Zo sinh(yz)) ree e et et 10
Zin
I(z) = Vs (1 cosh (yz) - 1 sinh(yz) ........ U P I 1.\
Zin 70 )
= I(0o) (cosh(yz) - Zin/Zo sinh(yz) ....... e teeeseer.11B
WHERE: = Zin = V(o) = Zo Z& + Zo tanh(yL) .........cc.... N
(o) Zo + 7§ tanh(yg)

7in is found by solving equations 5 and 7 with equétions 8 and 9 substi-

tued in,
The impedance anywhere in the line can now be easily found.

72(z) = V(z) 70 Z% + Zo tanhY(2-2) ...... R R R R R 13
I(z2) Zo + Z¢ tanhy(L-z)

BROADBAND COMMUNICATION ENGINEERS @»———/



{3))) cablesystems enginesring

5.2.0 DERIVATION of CATV MODEL

5.2.1 Narrative Description of Problem

Aﬁ électromagnetic wave incident to a shielded cablé will excitel
- a cﬁrrent distribution on the cable's outer shield. Since the shield is
not a perfect conductor this current penetrates the shield and producesa
voltage distribution along the inside length of the cable. " This in turn
produces an ﬁnwanted current in the internal load impedances. Figure 5.2.1

shows a graphical representation of a simplified C.A.T.V. drop wire.

X
e ————— o P ————
i a i

Za — ! b/z Zo/z : !L;,,Zb«
{TJVY Y.. e e e e e e '“‘/7(“] — Z

Ground Plane

_ _ /2 =
v )ﬁ?ﬁ o

Figure 5.2.1
Simplified CATV distribution system

WHERE: B ......... “electric field |
I(z).. e sheath currentAdistribution(A)
Lo, EERE length of cable (m)
Jb/2 oL, height of cqble above ground plane(m)
B i outside diameter of cable - (m) |

71, Z2 .... terminating impedances of a cable shield treated as
2 2 a single-wire transmission line over a ground plane(Q)

,»
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Z0/2 ....... characteristic impedances of cable shield treated
as a single wire transmission line over a ground
plane (Q).

Za,Zb ...... interior load impedance (Q).
ZC  vveeann .. characteristic impedance of coax (Q).
I, ........ unvanted current in the interior load impedance

Zb due to external electric field E (A).

The sélution qonsists of representing this drop as a sinéle wire
transmission line. Having determined all important parameters for this
type of transmission line, then by analogy it is poséible to translate
these to the coaxial line. Using this type of solution, one can then
analyze the ingress current, produced (inside a coaxial 1ine)‘by an‘externél

field.

. 5.2.2 Derivation of Sheath Current Distributions for Different Direction
of Propagation and Field Polarization

An electromagnetic model of a C.A.T.V. droprepresenting the different

existing electromagnetic fields surrounding a drop is shown in figure 5.2.2.

, '-'\_H >EZTOT
EXTOT

; = s |

'IJV [

e LA SV |b/2 z2/2
H » \ . 7
- T0T
N Ex L . " Direction of
Lﬁ§( * Propagation
> H

Figure 5.2.2

Electromagnetic model of C.A.T.V. drop

BROADBAND COMMUNICATION ENGINEERS < O >>>>>——/
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Tol is a vertically polarized field which only excites vertical drop

WHERE: Ex
it is possible to look at two different directions of propagation

A. ‘EXTOF propagating in the z. direction

B, ExrIOT Propagating in the -y direction

EZTOT is a horizontally polarized field that illuminates the entire

cable. Direction of propagation taken to be in the xz plane.

To kéep the analysis as simple as possible all these electromagnetics
waves must be taken as plane waves under this constraint Ey and E, are uniform
over the length of the cable. The voltage induced on the drop may be re-

presented as follows

b v _
Vsl = [ EXTOT (x,0,w)dx (left vertical drop)
: )

b 1ot o .
Vs2 = é Ex (x,w,8)dx (right vertical drop)

Jd(v(z)) = fx K(z,w)dz (horizontal drop) = -
, o

-

ToT (0,z,0)

WHERE: = k(z,0) = E, O (b,z,0) - E,
The next step in the analysis is to derive an expression for the volfage and g
current distribution, in terms of the source voltage, source impedance and

load impedance. This can be done-by analysing a trénsmi§sion line being ’
driven at bqth ends, and a 1ine.which has distributgd soufcés along its-

horizontal conductors.

~
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5.2.3

DERIVATION of CURRENT DISTRIBUTION on VERTICAL DROP LINE

5.2.3.1 Line driven at one end

21 — I(o I(z I(%
J_~«def » 1(0) T:::rg,lmmm,mm“mvhwnrﬁﬁa( )
) i L
\S 1 l Vs . :V(Z) %22
i 2z=0 z=h 2=
Zin

Figure 5.2.3

Representation of a transmission line being driven. at one end

The sending voltageivs shown in figure 5.2.3 is

Vs = zin Vs)
71 +‘Zin

substituting into equation 11A, the expression for I{z) becomes

I(z) = Vsy [ cosh (yz) - gigﬁsinh(yz)]

zZin+Z; Z0
substituting 12 into 14 and using the following identities.

sinh(AgB)=vsinh A coshB - cosh AsinhB

cosh(A-B) = cosh A coshB ~ sinh A sinh' B

equation 14 becomes

+Z5 sinhy{e-z)
cosh® -+ (Zo?+ Z1Z2)sinhYg

- -
<

I(z) =

Vs 1 [Zo coshy (2 -2)
(2021 v 2022)

BROADBAND COMMUNICATION ENGINEERS
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The voltage distribution can easily be derived using the following

definition and equation 13.

CV(z) = I(2) Z(2)

Therefore

Vsl fZoZ2 coshY(R-z) + Zo?sinhY(g-z) RERREE 16
(ZoZ1 + ZoZ2)coshY® + (Zo“ + Z1Z2)sinhY?)

V(z)

5.2.3.2 Line driven at both ends

Since voltage is generated in both drop, the above must be extended.
to a two conductor transmission line driven at both ends as represented

by figure 5.2.4,

-
e V2

Q%

3 | ' 2=0 - z=% - .
. : ' Figure 5.2.4 :

Representation of a transmission line being driven at. both ends

The current distribution at any point on the line due to Vsl is

Li(z) A(z) - J2(z2) 22

T — T
- <
S
~N
s =

given by 15 as

I1(z) = Vsl [2.0 coshY.(g-2) + 72 sinhY(g-z) I IS
ZozZ1 + 7z072) coshYy + (Zo%+ Z1Z2) sinhYy

we

The current distribution due to Vs2 Follows directly by replacing Vsl with

Vs2, Zz with 21, (g-z) with =z

o
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I2(z) = -Vs2 1 Zo coshyz + Z1 sinhYz 4 IR 18
(ZoZ1 + ZoZ2) coshY& + (Zo% + Z1Z2)sinhY?% .

The negative sign is used to observe generator polarity as shown on

The current distribution now becomes .

I(z) = T1(z) + 12(2)
2 Vsl [Zo coshY(2-2z) + Z2sinhY(g-z)]
5 ’ -
~ Vs2 [Zo coshYz + ZlsinhYz] . .........c........ PR ...19
5 :
WHERE: D = (ZoZi + ZoZ2) coshYy + (Zo? + Z1Z2) sinhYy

The generators Vsl and Vs2 in figure 5.2.4 are completely independent

from each other. However two cases are of special interest.

A. When both generators are identical both in phase
and amplitude. ‘ o

B. When both generators are identical in-amplitude but
displaced in phase by "Ba" radians where B = 2w/},
% = length of drop. '

Case A can be seen to occur when an electromagnetic wave travels:

in the -y direction as shown in figure 5,2.2, -

Case B is represented by a wave travelling in the z direction where
a delay will be introduced due to the span of the drop;
The current distribution for case A becomes
“I(z) = Vs [Zo coshY(®-z) - Zo coshYz + Z2 sinh. ¥(R-z).
D .

- Z1 sinhYz] ... PP
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And the current distribution for caseB duc to a phase delay of eﬁJBR is
I(z) = Vs [Zo coshY(%-z) + 72 sinhY(%-z)
D ) : :
-~ Zo cosh (Yz)e—JBz + Z1sinh (Yz)eijl | 21

5.2.4 DERIVATION of CURRENT DISTRIBUTION on the HORIZONTAL PROP LINE

5.2.4.1 Line driven at Midsection

Assume that the electromagnetic wave propagating in the xz plane
will generate a single voltage source Vs(z) 1located at a point z = h in
the midsection of the.line as shown in figure 5.2.5.

_/_\\’s(h)/z 1(2)
R N - o

3

1. Vs ]
Z=0 Z ;l] : ‘. z=-

Figure 5.2.5

Representation of a transmission line
being driven at midsection

The current distvibution to the right. of the souce z > h can be

derived by replacing the left section of the line z <h by its internal

. - . £
impedance Zlnle-t.

& Zin1eft = Zo[ Z1 + Zo tanh Yh

Zo + Z1 tanh Yh
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Similariy the impedance looking to the right of the source is
e L. _right v :
Zin = 70 72 + Zo tanhY(® -h) e e veeeee 23
Zo + Z2 tanhY(2-h)
‘ Figure 5.2.5 then becomes
>1(2) s (0 /5
-1 T 1 () l, .
. < right
'" éZin left El Zi e
N :
] @ |
. 's(h)/2
z=h
I Figure 5.2.6
Equivalent circuit of -a transmission
' line being driven at midsection
From Kirchoff's voltage law around a loop
I (h) = Vs (h): ' e e T"";""""""24
Zinleft + Zinrlght _
' usiﬁg equation 11B and making the appropriate shift in co-ordinates yields.
I (z) = I (h) [cosh-v(z-h) - gig?lght sinh Y(z-h)] ..... fareen e 25
_ . zZo '

substituting equations 22, 23, 24 into equation 25 yields the final
expression for I(z)

Irlgh%2)= Vs(h) [Zo'costh + 71 sinhYh] oo e
ZoD . .

.-t

X [Zo coshY(2-z) + Zzsiﬁh (R-i)]

For z >h
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- T(zY = Vs(h) [Zo coshYz + Z1 sinhYz] X [Zo coshY(2&-h) + Z2sinhY(g-h)].......
ZoD . '

for z< h-

WHERE: . D = (ZoZl + ZoZ2) cosh Yg + (Zo2+ Z12Z2) sinh Yg.

5.2.4.2 Line Driven by an Infinite Number of Sources.

An electromagnetic wave sweeping the horizontal drop will produce
a continuous distribution of sources along the transmission line as shown .

in figure 5.2.7.

]dh] k(h) 3 I(2)
ﬂ--—oc-&I:CQ:U:(xmx:mm;_,1_;:--_:~—~-o——i
4 7 : ’
v (1) V{n), Vin+l) L
7.1 7>Zz
2=0 z=h z=L
Figure 5.2.7

Representation of a transmission line being
driven by an infinite number of sources
If K(h) is-a continuous distribution of voltagevsourbes along the line
varying with position and having dimensions of volts per meter, then the

incremental voltage on the line may be written as

AV = Vn) + V(n+1) = K(h) Az i 28
in the limit as Az approaches zero équation 28 becomes
dVg(h) = Kh) dh e e e 29

The current at any point z is found by substituting equation 29 for Vg(h)

in 26,27 and integrating over the length of the line.

g
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M I (z) = Zo cosh Y(&-z) + Z2 sinhY(&-z)
ZoD

] .
x é K(h). [Zo coshYh + Z1 sinh Yh]dh

+ 70 cosh¥Yz + Z1 sinh Yz
ZoD

X JR'K_(h) [Zo coshY(g-H) + Z2 sinhY(e-h)]dh ......cooiioo... 30

WHERE: D = (ZoZ1 + ZoZ2) coshYy + (Zo2 + z17Z2) sinhyy

The final expression for the current distribution due to all factors on the

drop can be represented by equation 31. -

"I(z,w) = Zo cosh Y(2-2) + Z2 sinhY (2 -2)

Xc[ZZ K(h,w ) [Zo coshYh + Zisinh Yh] dh

+ Zo coshyz + Z1 sinhYz

- © zoD : |
. i Q’ . . . ' |
XS  2K(h,w) [Zo cosh Y(s-I) + Z2 sinhY (3 -h)] dh
+ 2 [Zo cosh Y(%-2) + Z2 sinhY(Q—zﬂ({b Eki(x,o,w) dx
. 3

[Zo cosh Yz + Z1 sinhYz] gb Exi(x,1,0) dx e a3l

of ™

WHERE: D = (ZoZl + ZoZ2) coshY + (Zo2+ z1Z2) sinhY¥p
K(h,w) = Bzl (b,2,0) - Ezl(0,2,0)
Zo = characteristic impedance

field in z direction incident on upper conductor

Ezi (b,z,w)

- Bzl (o;z,w) = field in z directionr incident on lower conductor
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field in x direction incident on left-hand termination

1

Exi(x,o,w)

i

Ex*(x,1,8) = field in x direction incident on right hand termination

Y

« + jB propagation constant of line
o = attenuation constant of liﬂe

B = 2w/Xx phase constant of 1ipe

A= wavelengﬁh

w = 2nf angular frequency

f = frequency in hertz

Notice that a factor of 2 has been included to take into account the image

of the drop.

5.2.5 DERIVATION of the LOAD CURRENT SPECTRUM

Equation 31 describes the current distribution on the shield of the
drop produced by a surrounding electromagnetic field. The outer sheath
current and the voltage induced along the inside of the cable are related by

the surface transfer impedance.

d V(z) = Zs I(z) dz e e 32
where V(z) = voltage induced along the inside of the cable
Zs = surface transfer impedance

the surface transfer impedance is defined in an elementary length of
coaxial cable as the ratio of the potential gradient (voltage) in the
disturbed circuit to the current flowing in the interfering circuit. When

the cable is acting as a transmitting anténna (egressive signals) the
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distﬁrbed circuit is the environment around the cable and the interfering
circuit is within the .cable. When the .cable is acting as a receiving
antenna (ingrgssive signals) the distﬁrbed circuit is;within.the cable»gnd
the'interféring circuit is the énvironment around the cable. Much work
has been doﬂe on transfer impedance of coaxial cable. Papers-on this
subjéct can be found in references 1 to 4. Graph §,4,12 shows the measured
transfer impedance versus frequency for the most common1y used drop cables,

as presented by Smithl.

The current spectrum IL(w) in the interior load impedanée Zb is
obtained by integrating equation 32 6ver the length of the cable. By
analogy the appropriate transmission line equation is equation 31 with
K(h,w) sﬁbstituted by ztI(z,w) and with BEx = o,‘since-in C.A.T.V.‘drbps'

o> b always, therefore

IL (w) = Zc cosh Yi(%-z) + Zb_sinth(z—z) _
ZcP )

z - . A
xS ZtI{z,w) [Zc cosh Yi gz +Zasinhvlz ] dz
o -

+ Zc coshYiz + Za sinh Yiz
ZcP

2] . .
X Zf Zt I(z ,w) [Zc coshYi(R-z ) + ZbsinhYi(&-z ) dz- ......... 33

WHERB:P = (ZcZa + ZcZb) coshYit + (Za2+ ZaZb) sinhYip

The current produce in the load at the end of the drop (z=%) is expressed

as

2 . . .
Ipw) 1§ 2t I(%,w) [Zc coshYiz + Za sinhYiz J dz ..........s. Y

P
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substituting in for I(Zz ,w) 34 becomes

2
oj 7zt { Zo coshY(®-z ) + Z2sinhY(2 -2 )

ZoD

z
Of. 2K(h,w) [Zo coshYh + Zlsinh YH] dh

- . |
Zo coshYz' + Z1 sinhYz X S 2K(W,wW) [Zo cosh Y(2-h)
‘ ZoD z

22 sinhy(&h)] dh

. b
[Zo cosh Y(&-% ) + Z2sinh Y(g~2z )] Of Ex' (x,0,0) dx

b N
[Zo cosh Yz + ZisinhYz ] OJ’ Ex' (x,%,w) dx }

[Zc coshviz + Za sinhYiz ] dz ..... e ey

P ..... (ZcZa + ZcZb) cosh Yid + (Zc? + ZaZb) sinh vif
D ..... (ZoZl + ZoZz) coshY® + (Zo2+ Z1Z2) sinh Y2

Yi . ,... =i + jBi inside drop

..... « + jB inside transmission line-:
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The solution o6f 35 is .

= fes b, . L E . .
e = tuL [sin (8 /2 sin ¥)] z(“’ﬂ §E7az°zl (v2-41%) + vz, (yZaZo - ¥3ZeZy)] cosh y4 + [~a~02 (-yi2 ) + yZ; (yZaZ; ~ y}ZcZo)] sinh v& + [y1Z1 (YiZaZo + ZcZzﬁJ cosh Yif
PD Zo riv(y2- ¥i9) Yiy (¥°= ¥i<) Yir(Ye- ¥i%)
+ E‘m;oz, (42 - yi2) * yIp (yZcZo - vizaZ;)] cosh vi + [ZcZo® (v2 - ¥12) ¢ YZ, (vZcil + Y.Za )] sinh 2 + [Y1Z) (¥]ZcZo + yZa3z)] sinh vi2 - {ZaZoz2 (42 - y12) * 45,
Y - i) Yiviy? - vi¢ Vv - Vi 4 YIv(y* - ¥i®)

x (vZaZi + ¥{ZcZz)] cosh yv& - [ZaZo? (y2 - v$? ) + yI; (yZaZp - ¥}ZcZ0)] sinh v& - [yi (y]ZeZo - yZcZ )J
— Yiv(y< - ¥i“9)

Yiv(ys -y

Yo - vi? - vi YooYl -1 Y2 32

—
- ﬁtb Ex} g[inoZa + yZr2c] cosh y2 viZoZa + yZcZo] sinh yi -~ [y]ZoZa + yZ ac] cosh yi¢ - [y]ZcZo + y:f';»..a] sinh yﬂ.} LZ‘b e'JBSlq@_} g {yzlzc - Y170La] cosh y& +
] ——Z—z——z—— '—‘L‘T—“—‘f’_.

[YZoZc - vyiZ;Za] sinh y] cosh yi% [[yZIZa - yiZoZc] cosh v& + [yZoZa - yiZ ZIc] sinh *{i}éiﬂh ¥it ~ E{ZIZC' - nyoZa-i
el T —r T ——r

-1 - Y1 Yo - v Yo - vi®

gt
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5.3.0 GRAPHICAL REPRESENTATION of the THEQRETICAL C.A.T.V, MODEL

The bulk of this subsection contains computexr simulation results.
Graphs 5.3.1 to 5.3.5 show the normalized load current transfer function.

Versus freqﬁency. Graphs 5.3.6 to 5.3.9 show the normalized load current

transfer function versus the length of the horizontal drop. Graphs 5.3.9
to 5.3.18 sth the normalized load current transfer function vefsus height
< . . :

of the vertical drop above ground. Graphs 5.3.19 and 5.3.20 show the
normalized load current transfer functibn versus propagation velocityAin _
the cable. o

Each graph includes five diffefent curvés. The symbol shown on
each curve gives the condition under Which the curve was computed,

Graphs 5.3.1 and 5.3.2 show only the resulting current distribution
in thelload Rb due to the'horizéntal and vertical drops respectively.

Graph 5.3.3 to 5.3.20 show the combined effect of the hoiizontal'and

vertical drops which is in fact the measured current in the load Rb.

5.3.1 - DISCUSSION OF RESULTS

The following presents general points.aboutfthe graphs -found

in this subsection. .

~5.3.1.1 General Observations

For Graphs 5.3.3 to 5.3.5
A - Ingress level decreases as frequency increases.
B - There appear to.be three géneral grounding conditions:
: 1 high R (>100kQ)
- 2 medium R (=1k®)
3 low R (<108)
For high ground resistance, ingress level is high,

For medium ground resistance, ingress level is low

(apprbximately 40dB lower than high R case at HF),
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For low ground resisfence, ingress level is unstable with freq.
and drop length - varies between two previous cases.

C - Difference in shielding.for high R and medium R cases is
greater at HF than at VHF. |

.D - Graph 5.3.4 slightly misrepresents ingressive level due to

under-sampling of curve,

For Graphs 5.3.6 to 5.3.9
The following graphs were~piotted to show the effect of increasing
the drop length:
| A - On all frequencies investigated 1evéls are much worse for
ungrounded drop. |
B - Unstability of low ground reference is cleaily represented on

all tested frequehcies.

A.For-Graphs 5.3.10 to 5.3.19
The next 9 graphs are of special intefest. fhey show the
normalized load current transfer functioﬁ as the dropjheight above ground is
varied,

A - A first general observatién is that ingress level increases
as the height of the drop above ground ihcreases for all
tested frequencies.

B - Ground reference df Sob.and 1200 ohms are the most stable,
(i.e. show less variation for all computed conditions).

C- - Ingress level decreases as frequency increases for 500
ohms ground reference but show unstability for a 3 ohms
ground reference as represented by graph 5.3.16 and 5.3.15

respectively.
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D - Ungrounded system shows the worst ‘ingress level,

Graphs 5.3.19 and 5.3.20 are included-as a point of interest.;
Graph 5.3.19 shows the resulting shielding produced for different.
frequency condiﬁions while graph 5,3,20 shows shielding for different
length conditibns. A common observation is that the normalized load current’

transfer function increases as the propagation velocity increases.

5.3.2 GENERAL COMMENT

A For the three grounding resistence cases described above,
similar observations can be made.
For high ground resistence, ingress level is high.
For medium ground resistence, ingress level is low.

. For low gréund resistence, ingress level is unstable with

length, |

B It is péssible that minimal ingress level will be'achieved
when ground reference equals the characteristic impedance of
the transmission line Zo. Although this hypothesis has not
yet been tested, Zo can be approximate by the following
equation :

when b>>a
Zo =-276 log104b[a

WHERE: b height above ground(m)
a 1s the drop diametexr (m) ~

C Using three-dimensional graphic, it would be possible to
optimise the effectiveness of radiation monitoring by choosing
an optimum frequency(ies) at which the pilot carrier(s) could

be located.
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5.4.0 EXPERIMENTAL INVESTIGATION OF THE THEORY

5.4,1 . DESCRIPTION OF EXPERIMENT

Th¢ experiment consists of illuminaiing a drop wire with
electromagnetic energy and measuring how much of this energy penetrated that
drop.v

Tests were made subject to various gfound'references and

terminating conditions. In this sub-section experimental results are

comparéd to theoretical results. Observations are. drawn from the resulting
graphs, and theoretical analysis limitations pointed out. An artist's
conception of the experimental set up is shown in figure 5.4.1.

Two  different transmitting locations are shown., Location #2
enables the evaluation of ingressive signals subject to phase differences
proqued by the cable span, while ingressive signals produced. by Loéation :
#1 are not subject to any phase differences, |

5.4,1,1 TEST PROCEDURE TO MEASURE LOAD CURRENT DISTRIBUTION In
a C.A.T.V. DROP

Approximately 84 meters of RG59/U shielded by a single braid over
tape was used for the experimental drop wire. The shielded cable was mounted
as shown in figure 5.4.1. A CW signal was applied to the broadband C.A.T.V.
antenna and the ingressive signél from the cable measured with a field
strength meter,

A‘A frequency synthesizer was ﬁsed as the signal source. Readings
were taken between 25 and 150 MHz with a'g MHz incrementél step. The
transmitting antenna was first located in the yz plané some. 15 meters from
the drops as shown‘by position 1 in Figure 5.4.1.. Readings' of ingress signals

were taken for the following grounding and terminating conditions,

“,.4':
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A) both ends of the cable grounded* to 3 ohms and terminated* into 75 ohms.

B) Dboth ends grounded to 150 ohms and terminated into 75 .ohms,

C) Dboth ends grounded to 510 ohms and terminated into 75 -ohms.

‘D) both ends grounded to 1200 ohms and terminated into 75 chms.

E) only one end grounded to 3 ohms with the-otherAend left open, and both

ends terminated into 75 ohmé.
F) Dboth ends ungrounded and with only one end terminated into 75 ohms.
The transmitting antenna was then moved to location #2 as shown
in figure 5.4.1 where the readings of ingress 1evels were taken under the
following conditions.
A} Dboth ends grounded to 3 ohms and terminated>into 75 ohmsf
B) one end grounded~to 3 ohms with the other end left open and both ends
terminated info 75 ohms,
C) Dboth ends ungrounded and terminated into 75 ohms.
The surrounding electromagnetic field producedrby the transmitting
antenna was measured with a field intensity meter,
An equivalent electrical representation of the experimental set up

is shown in figure 5.4.2,

* In this context the term "grounded" refers to the outer shield of the
cable being connected to a reference ground while the term “terminated" means
that the center conductor of the cable was connected through a 75 ohms resistor

'l’" .

to the shield of that cable.

<
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A . :
) Q_T%>to water pipe and ground rod*
ground=(3 ohms) , ,

,)_§%%;5> tower ground

£
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|
strength o : 2(3 ohms)
meter, 1 | :
: : i | 15Q
Battery ! 1
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stoddart —~ﬂ\\~/ﬁa//) (use to measure Tx field)
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Figure 5.4.2
Electrical representation of 86608 !

experimental set up. : : ~ | synthesized L.
*Value measured with meggar. signal generatPr

BROADBAND COMMUNICATION ENGINEERS @}>}>——/ o




C) >> cablesystems englneerlng

46 | | | .. — ‘ﬂ\\ .

5.4.2  DISCUSSION OF RESULTS
| The.firstAstep in comparing the theofetical result to fhe_
expcrlmental one, is to normalize the data to the surrounding electromagnetic .
field. This is done in the following wéy:‘
IL (@) =T @) E O
Where: IL (w) Load current spectrum
T (w) Sheath current transfer function

ETOT - Total electromagnetic field surrounding the drop.

LIL (@) = VL (0)/75
Where VL (w) ... field strength meter reading

§ 759 .. input impedance of field strength meter
_ The normalized load current transfer,fuﬂétion is:
T ()dB = VLBV - 20 10g(75) - ET°Tdmmy
Knbwing the surrounding electromagnetic field, one can easily find

. the load current at any frequency by 51mp1y

IL (@)dB* = T (w)dB + E O dp*

Wheve:  dB* ... if E'OT is dBmV,then IL (w) is in dBmA

if ETOT is dBuV,then IL (w) is in dBpA etc,

5.4.2.1 OBSERVATION OF EXPERIMENTAL RESULTS

The’following describes pertinent points of the experimental results:
"A) To a first order approximation the experimental and the theoretical
‘fesults-corrolate.
- Note the common trend in data péttern in Graphs 5.4.1 to 5.4.9.
B) Peags observed in experimental data at 35 Mz and 145 MHz on all graphs.
C) Graph 5.4.10 shows that in general over the frequencies observed both
grounding references of 510 and 1200 ohms are no worse than the 3 ohms

®-
.

reference.
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5.4.2,2 . SOURCES OF ERRORS

- Due to the complexity of the theory, many assuﬁptions ﬁere ﬁade
to carry the analysis through. The following bresents the most . important
ones:

A) Plane wave propagations,

Theoretical.analysis assumes plaﬁe wéve propagation, meaning that the
electromagnetic field is taken to be constant over the entire length of the
drop., This assumption only holds true for distances greater than, or equal
to, the far field region of the transmitting antenna. A more accurate analysis
to compare the experimental and theoretical results would require splitting
the field of the transmitting antenna into its radial and angular components
as shown in figure 5.4.3,

Y W) '
“ . JE(x,8:0) Ez(x,3,w)

X=b

o
Ex(x,3,0) =

X=0
Z
Z=L
y ¥ .

Tx Antenna
Figure 5.4.3

Representation of angular and fadial

components field of an antenna on a drop

WHERE:  Er is the radial field cbmponent

E¢ 1is the angular field component
R is the distance separating the transmitting antenna to the drop.

In this case Ex and Ez becomes:

1

EZ(X:Z’(-U) E¢ (T:¢,m) Si]l(b_ - ET(T,(P,LQ)COS(P

B¢ (x,9,w)cos¢ + Er(T,du)sing

- Ex(x, z,0)
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The eXpression for E% and Er are extremely complex making the -

:/——— C))}\ cablesystems engineering

‘evaluation of IL(w) very tedious.
B): Layout of the experimental set up.

The discrepencies between the experimental and theoretical set up

are listed below. A quick comparison between figure 5.2.1 and 5.4.1 ciearly
show that the:

1) height of the drop is not constant

2) the drop is not laid out in a straight line
3) surrounding buildings will produce multi-reflections
4) not a perfect ground plane

C) Ground reference.

In the theoretical analysis all ground reference were assumed to bé
real, Graph 5.4.11 clearly shows that this assumption does not hold, and
that, in facf; gxound impedance have imaginary parts associated with it.

D) The sﬁielded drop.

The computer program used to obtain the theoretical points only‘
models a transfer impédance of a single braided:cable.A The actual caBle used in
the experiment had an outer shield made of braid plus aluminum tape. Graph
5.4.12 shows the measured transfer imbedance Versus frequency for the most

commonly used drop cables. A similar analysis could be performed on any of

these cable types.
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Normalized Load Current Spectrum in dB

XMIN
25.,00000

XMAX
150.,0000
- Tx antenna horizontally polarized
- Tx antenna in "-Y" direction
- Both ends grounded to 3 ohms
- Both ends terminated to 75 ohms

2.37E+01

YMAX

-63.50123

4.92E401

YMIN

-123.5012

Legend

* experimental data

* theoretical data

- 29E4 0L mm e pom e o e P
- 7. S0E401+
d ®
¢ |
8 72E+01+ , '\\
: / \
: b
i \
i e Y
. \ 5
] / %
¥ o ol \.
! | Vo
! , &) X
- 9 934014 A e Y
ot = oL TP |
' ! \ / \
H / \ \ \ \
: / \ \ \ \ s
ba / Vol % / X
f NS\ 2 ,_'.‘ l : :
S Ry * VA \ X ‘,
- L ME+0 2% \ / | 44 \/ !
: \ / Vg &
H \ / \
; \/ \
: % \ Fab
! W2 ey \
‘| * \
1% /
c 1 BAEAOT Horm i o e sl R A
2,37E401 4.,92E401 7 A7E401

Frequency in MHz

1,00E402

AT
*
\
\
\
\
hadi AR CH

1.26E+02

- Coaxal Orep
Le0s82 l

Nl m
dernol 4
e Avtenna rr—' 'u'——-d-ul——‘w’
1 4
N Ly R— Y x

V/
7
f

% Te Ateana,

Buussuibue SwelsASageD ((Q

P o e— FE— fomm e +-4429E+01
\\ ;
Pl
Pkl
! l .
\ !
+-7 50 E+01
4
\ H
{3
! +-8 72 E+01
| o a
: | g ©
'\ (k | }
[N :
/ G §
/ i . B0
h i | PN 7 '
\/ / & (\ 4
\ !
{ \ \ '
; / v / V' a3 Ea0
/ FN 3 . 3
8 / B A
[ \ / ke )
, X / i
SN \ (e % / 1&
\ \ L
o k= N 154
\ / \ / Y. i
¥, k * Ve
g ¥ Kbl 11 E402
e e e | DAE 02
WOCH0Z 1,26E402 1.51E402
Graph 5.4.1




/—((@ SHIINIONT NOLLYOINNWINOD ONVEAVOHE

ed Load Current Spectrum dB

Normali

XMAX
150.0000

XMIN
25,00000

- Tx antenna horizontally polarized
- Tx antenna in "-Y" direction

- Both ends grounded to 150 ohms

- Both ends terminated to 75 ohms

E401 4,92E401 7 +47E+01 1.00E+02 J26E4+02 1.51E402

e o o o pommmm e prmmm e pmm e Fmm - e pmmm +-7+10E+01

s RS

. I\ :

: ; '\ ;

: i b H

: ;‘ j \ 4
-8,13E+01+ ’ | \ +-8.13 E+01

: | SR

E | ‘\ £ oy

: f ‘ Aoess

' | \ '

; . ! 1

' \ \ ; 1

: \ 11

i | 4

] \ { | |5

! \ . \ ‘oY
9.17E+01+ \ [ \ [ +-9.17 E+01

{ } \ { \ ;

' | f ' !

: , pron I % | ‘

] \ \ X '

; ) A / '-. :

: £\ : A it / “ g ’

5 3 5 | [ \l ‘ X ]

p LN b \ ; o A / L 8

S i \ * \ R / ‘
1.02E+02+ | ol e \ // \ / [\ 102 EH02

: | \ \ \ / \ f | \ H

£ / \ \ \ \ \ / A i

@—® / \ \ \ \ it o PO / NS / oo

bo * \ f e \ PET AR g

Moy | \ gt o5

TS % \ / % / i

: \ 3 | \ ¢ / | P / | / \i

\ \ 2 \ \ U

' /// \ \ X X X / Nit :

‘ \/ \ A / X X!
- 112E+02+ X \ * i \ X * +-1.12 E+02

: X ‘ 5t :

! . Vi :

‘ \ ///'\ / i

: G o L e :

- | 5 \ o) :

' S~ Xewoh H

' B X7 :
-1+ 23E+02+ - e et et o e +-1,23E402

2.37E+01 4,52E401 74476401 1,00F+0 1.26E402 1.51E402

YMAX

-71.50123

YMIN
-122,501

-

- experimental

* theoretical

Graph 5.4.2

X

0S

BulesuBus SWeISASe|ge ((Q




XMAX XMIN YMAX

156,.,0G00 20.,00000

+50123

N
o

- Tx antenna horizontally polarized

- Tx antenna in "-Y" direction

- Both ends grounded to 510 ohms

- Both ends terminated to 75 ohms
E+01 4.92E401

s efe) T B R e e T, e

:
8. 07401+
!
;
4
= : Q
° H [
£ 4 |
= ‘
- '
o .
2 - 0. 156401+
7 ; ~
! -
o) s )
g X ///
b '
= '
=2
(&) ; Py
E ! =
3 ; | \
2 | / \
a ‘ / Vo e
o~ 1:02E+402
g
1]
=]
=

1.13E402+ Tt X
: \ 0 .
y \ )
' \
' \
~1 4 2AE402 4= mmm e pommm e e
2.37E401 4,92E+01 7

/—((@ SHIINIONI NOLLYOINNWWOO GNvEavOHSs

7 47EH01L 1.00

e o i v st s s . o e e e o

(S
|
- (‘k:\
50
X
2
Gy
Sl e
o
~@

YMIN

~123.5012

1 CQ ond

l * experimental
) * theoretical

/
/
.’_/
:
7, /
@y \¢_ / \
p / \ S

S i o e
47E+01

Frequency in Miz

1.26E+02

o e e e

O

1.26E+02 1.51

Graph 5.4.3

caeolETOL
s

7+00ET01

~1.13 E+02

-1.24E402
E+02

1s

BuLeauBUS SWeISASaIqeD ((Q




(—((@ SHIANIONI NOLLYOINNWNOD ONVEAYOHS

Normalized Load Current Spectrum dR

XMIN
25400000

YMAX
-468,001

- Tx antenna horizontally polarized
- Tx antenna in "-Y" direction

- Both ends grounded to 1200 ohms

- Both ends terminated to 75 ohms

-7.912401

~1.13 E+02 +

i
'
'
'
'

23 -123.,5012 Legend

+ experimental

* theoretical

7+47E401

e e |

/
\%
o

s
\/-
ey
W
j

X

ToAdenna (T Terministen 3
oy

Lagstim ] Coaxal Drop

iR

Wb Mm

wraund

/j_D\
I/
X

t—6.79E401

-781 E+01

9.02 E+01

ISP

~1.01 E+02

e e Gl e e e B @

*)

~1.13 E402

e . \
\.. \ \\ :
\ \d !
X / ;
) H
SEBEG 4 =2i% ; - s o )
rO1 D, Loz 1.51E+02
Frequency in MHz Graph 5.4.4

pedance’

E—i:r-’_ T Antenna

4

z

Buussuibus SWaISASAIgRD ((@




/——((@ SHIINIONI NOLLYOINNIAWOD aNVEAVOHS

Normalized lLoad Current Spectrum dB

25.,00000 =66.50123 ~3130

- Tx antenna horizontally polarized
- Tx antenna in "-Y" direction

- One end grounded to 3 ohms

- Both ends terminated to 75 ohms

2 4,92E+01 7+A7E
6+ SBE+O 1 pmmmmm e e fmm e L e
~7+88E+01 i\
P —®
: &
: N
! &

: %
H ity \ %
; fi 2\ N
-9, 17E+01+ \ 3
E \\ I \\
’ \/\ \
! / = ‘\ \
: \
leibos ; \
: f \ | /
H | \ . /
~1.,05 E+02+ | \ \ .
g \ .
! | \ 5
GG \
i \
! i
-1.18E+02+ \ L —
~1 s SIEFOTFodas—Sn T — e S P ¢
2,37E401 7. A7E

XMIN YMAX YMIN

«5012 Legend

+ experimental

* theoretical

+01 1.00E402
B PR e i i i s P b e

___________ i e i e o e e e e
+01 1.00E+02

Frequency in Miz

<u | I
o sk

Ls @3 01m Cocsral Drop
e .

$ Tx Anteana,

'
'
.
H
A '
:
.
H
|

B

=7 .88 E+4+01

«9 17 E+01

€S

+
{ +-1 05 E+ 02
X !

¥

J
|
\ 07 x
\/ / *
{ i
| X v
!
X
~-1.,18 E4+02
————————————————————— fommmm e =g =1, 31E4+02
1.246E402 1.51E+02

Graph 5.4.5

Wl M
= 3
5\N Al
L =
i dsence

Buuesuibue SusiSASAIgRD ((Q




Tx antenna horizontally polarized
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ed Load Current Spectrum in dB
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TABLE 5.4,1°

i - ’I‘x. antenna horizontally polarized
, ' - Tx antemna in "-Y"direction
- Both ends grounded to 3 ohms
* - o - Bo.th ends terminated to 75 olms
Freq Load Current Spectrum dB
’ ~ V MHZ_ ixperimental Theorétical
, 25.0 -108.5 ' _ -123.42
| 30.0 -109.5 ~108.37
| | 35.0 -84.5 -117.88
} - Jaooo -98.5 ~110.92
* ' . 45.0 -93.5 -97.25
_ : 150.0 -96.5 -122.04
. 55.0 -120.5 ~98.52
"~ {60.0 -120.5 ~107.3
65.0 -117.5 -113.92
: 70.0 -118.5 -94.90
~ 75.0 -119.5 ©-110.62
: 80.0 -123.5 -107.22
85.0 -113.5 -107.58
-190.0 -106.5 ~107.85
: » 95.0 -113.5 -98.83
* | 100.0 ~113.5 -111.53
' 105.0 -106.5 -100.49
110.0 -90.5 -108.89
© |11s.0 -93.5 -111.06
B 120.0 -100.5 - -91.80
125.0 -103.5 -112.33
l 130.0 -101.5 -105.56
135.0 -95.5 - -106,51
l 140.0 -96.5 ~111.96
145.0 -63.5 .- -95.64
I! o 150.0 -89.5 - -112,01
| I\ BROADBAND COMMUNICATION ENGINEERS @»»———/
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TABLE 5.4.2

- Tx antenna horizontally polarized

- Tx antenna in

"Y"direction

- Both ends grounded to 150 ohms

Both ends terminated to 75 ohms

-91.5

-
;

Freq Load Current Spectrum dB
Mz Experimental Theorétical
25.0 -108.5 105,65
30.0 ~109.5 ~106,07
35.0 -77.5 -113.29
40.0 97.5 ~109.01
45.0° -95.5 -98.43
50.0 -101.5 -115,12
55.0 -122.5 -99.10
60.0 ~120.5 -107,19
65.0 -118.5 ~113,74
70.0 -118.5 -96, 87
75. 0 -116.5 . ~111.49
80.0 ~122.5 -108.27
85.0 -115.5 -107,96
90.0 -107.5 - -108.27
95. 0 -114.5 -101.86
11000 -115.5 -113,53
105.0 -106.5 -101,23
110.0 -91.0 -109. 38
115.0 -100.5 ~111.58
120.0 -86.5 -95, 31
125.0 -107.5 <113.29
130.0 -107.5 106,20
135. 0 -98.50 -106,73
140.0 -97.0 ~112.00
145 40 -71.5 . -100, 14
150. 0 | 112,32
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63
5.4.3

Tx antenna horizontally polarized

Both ends grounded to 510 ohms
Both ends terminated to 75 ohms

-

Ffeq Load Current Spectrum dB

Mz Lxperimental ' Theorétical
25,0 -107.5 -104,97
30.0 ~108,5 ~105,19
35.0 -86.5 ~109.09
40.0 -97.5 -105, 35
45.0 -93.5 ~102,90
50.0 -103.5 ~114.60
55.0 ~120.5 ~102.13
60.0 -123.5 -107,22
65.0 -117.5 -113.76
70.0 . -117.5 -103,25
75.0 -117.5 ~111.88
30. 0 -119.5 ~112.98
85.0 -114.5 -110.12
90.0 -106.5 -110.36
05 0 -116.5 -110, 38
100.0 -112.5 ~115.41
105.0 -105.5 ~105.27
110.0 -96.5 ~111.60
115.0 -101.5 ~113,29
120.0 -104.5 -103,40
125.0 -103.5 -114.11
130.0 -107.5 -109.45
135.0 -101.5 -108.09
140,0 -100.0 ~112.29
145.0 -70.5 " -108.01
150.0 . -88.5 -111.87
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© TABLE 5.4.4

Tx antenna horizontally polarized
Tx antenna in '"-y"direction

- Both ends grounded to 1200 ohms

Both.ends terminated to 75 ohms

Freq Load Current Spectrum‘dB
Mz Experimental Theorétical
25.0 -106,5 -104.41
30.0 -108.5 -105.9
35,0 -87.5 -108.78
40.0 -87.5 -104.78
45.0 -93,5 ~106. 04
50.0 -104.5 -114.76
55.0 ~120.5 -105.74
60.0 123.5 -108.89
65.0 -118.5 -115.23
70.0 -118.5 -110. 07
75.0 -119.0 -112,13
180.0 -118.5 ~121.52
85.0 -113.5 -115.36
90.0 -107.5 ~113.83
95.0 ~115.5 -122.37
100.0 ~111.0 -116.15
105.0 -104.5 -114.13
110.0 -97.5 116,28
115.0 .-101.5 -115.49
120.0 -105.5 ~112.57
125.0 -104.5 -114.54
130.0 -111.5 -115.46
135.0 -101.5 ~111.59
140.0 -99.5 ° -113.44
145.0 -68.5 -114,33
150.0 ~-87.5 -112.08
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TABLE 5.4.5
- Tx antenna horizontally polarized
- Tx antenna in '“Y"direction.
- One end. grounded to 3 ohms
-~ Both ends terminated to 75 ohms
Freq _ ’ Load Current Spectrum dB '~ ]
MHz Experimental ‘ Theorétical
25.0 -109.5 " ~79,21
30.0 -109.5 ' -81.52
35.0 -85.5 : | -81.66
40.0 -97.5 -82.63
45,0 -93,5 ' -86.16
50.0 -97.5 [ | -89.,05
55.0 -120.5 ' o . -92,64
60.0 -122.5 -90, 37
65.0 ~118.5 -107.84
70.0 -118.5 -108,24
75.0 -123.5 ) ~106,53
80.0 -130.5 -102.26
55. 0 -115.5 -89.07
090.0 -108.5 ~97,45
95.0 -115.5 ~96.59
100.0 © -124.5 » ~95 .47
105.0 -103.5 } - -92,97
110.0 ©-96.5 | | -89,20
115.0 197.5 y ©.-98.22
120.0 -105.5 - ‘ 97,27
125.0 -103.5 -103,29
130,0 -100.5 . -111,66
135.0 -95.5 g -85,62
140.0 -96.0 -106,92
145.0 -66.5 o - ~108,85
150.0 -85.5 ‘ -103.93 .
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TABLE 5:4.6
- Tx antenna horizontally polarized
- Tx antenna in '-Y"direction
- Both ends ungrounded
- One end unterminated
Freq Load Current Spectrum dB
Mz Experimental Theorétical
25,0 -105.5 -90.73
30.0 -109.5 -106.15
35.0 -88.5 -~112.81"
40.0 -98.5 -110,37
45.0 -99.5 -104.78
50.0 -101.5 -105.7
‘55.0 -130.5 113,73
60.0 -119.5 -129.09
65.0 -122.5 -142 .22
70.0 -117.5 - ~140,72
75.0 -113.5 ' 1126.4
180.0 -120.5 -125.41
85.0 -113.5 -121.64
90.0 -108.5 ~-120.72
95.0 -110.5 -111.74
100.0 -94.5 -115.63
105.0 -116.5 ~115.02
110.0 ~-100.5 -126.05
115.0 -101.5 -135.56
120.0 -99.5 ~110,69
12550 ~111.5 -131,27
130.0 -107.5 -128.98
135.0 -98.5 -136.92
140.0 -100.5 -147.1
145.0 -80.5 -123.76
150.0 -95.5 -127.95
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TABLE 5.4.7

Tx antenna horizontally polarized.
Tx antcnna in
Both ends grounded to 3 ohms

Both ends. terminated to 75 ohms

1t

z "direction

Freq Load Current Spectrum dB

Mz . Experimental ' Theorétical
25.0 -104.5 -88.34
30.0 -101.5 -106.17
35.0 -90.5 ~113,33
40,0 -88.5 -104.38
45.0 -94.5 ~99.07 -
50.0 -105.5 -95.5
60.0 -121.5 ~117.76
65.0 -112.5 -109.87
70.0 ~105.5 -98.89
75.0 -110.5 -91.6
80.0 -110.5 -108.82
85.0 -109.0 -115.16
90.0 -106.5 ~100.96
95.0 -109.5 -105.0
100.0 -103.5 -93.63
105.0 -94.5 102,94
110.0 -84.5 -118.28
115.0 -98.5 -105.34
120.0 -110.5 ~705.14
125.0 ~107.5 -95.37
130..0 -111.5 -111.8
135.0 -102.5 -107.84
140.0 -100.5 -101.73
145.0 -67.5 -120.96
150.0 -91.5 . ~94.17
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" TABLE 5.4.8

1

“Tx antenna in "z '"direction

One end grounded to 3 ohms

3

1.

Tx antenna horizontally polarized

Both ends terminated to 75 ohms

Freq Load Current Spectrum dB

Mz Experimental Theorétical
25.0 ~99.5 -78.42
30.0 | -106.5 -81.66
35.0 -88.5 -82.72
40.0 -97.5 -87.48
45.0 -98.5 -95.68
50.0 -99.5 -114.02
'55.0 -114.5 -93.86
60.0 ~123.5 -89.68
65.0 -125.5 -92.33
70.0 ~107.5 - -90.21
75.0 ~111.5 -90.93
80.0 -111.5 -94.05
85.0 ~122.5 -98.85
90.0 -109.5 -95. 32
95.0 -114.5 -108.26
100.0 -110.5 -108.66
105.0 ~101.0 ~99.31
110.0 -86.5 -88.13
115.0 -95.5 -96.7
120.0 -98.5 -95.61
125.0 -98.5 -99.7
130.0 ~102.5 ~103.49
135.0 -93.5 -84.3
140.0 -95.5 ~105.43
145.0 -65.5 . -124.69
150.0 -87.5 ~108.79
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TABLE 5.4.9

Tx antenna horizontally polarized
Tx antenna in "z '"direction

Both ends ungrounded

Both ends terminated to 75 olms

Freq - » Load Current Spectrum dB
MHz Experimental Theorétical
25.0 -99.5 -96.37
30.0 -104.5 -109.74
35,0 -89.5 -116.18
l40.0 -96.5 -113.18
45.0 -99.5 -104.66
50.0 -96.5 -110.62
55.0 ~117.5 -110.37
60.0 -120.5 ~123.60
65.0 -114.5 -139.77
70.0 -121.5 ~140.84
75.0 -109.5 . -133.26
50. 0 -111.5 ~126.78
85.0 - ~121.5 -125.30
50. 0 -113.5 -123.55
D5. 0 -114.5. ~113.25
100.0 -116.5 -120.69
105. 0 -97.5 -114,49
110.0 -82.5 -124,12
115.0 -99.5 -129.15
120.0 ~100.5 ~109.17
125.0 -100.5 -144.50
130.0 -97.5 ~129.65
135.0 -92.5 ~141.79
140.0 -91.0 -146. 31
145.0 -62.5 -123.72
150.0° -82.5

~-131.02
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"APPENDIX 5. 3.1

"Computer Program to

simulate'" equation 36
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FORTRAN IV

0001
0002
0003
Q004
0005
0006

0007

0008
)0;}

0014
0019
0016
0017
0018
Q0LY
0020
0021
0022
0023
Q024
QO2G
0026
0027
0028
0030
Q031
0032
0033

OOX

0039
0040
0041

o0

38§

oo

100
200

300
25

990
995 "
800
1000

1005

Vnz,04 Tue 02Fri ~72 0133431472 FaGE 001

ALPHATX ) =0 o SO2KKKK s T+ 00 LEPKK) KB 777 L6E~3
IMPLICIT COMFLEX(ZsY KD
COMFLEX FoD

.
L

4500 rl rHyROCC

r'n?ﬁ
DATA
DATH
DAaTA L?
m.r.;
D&TA riy’ vk ','
Ilrn(l UMy OOR

+BHEB7LE~T7v8 . 8UAE~12/

7an57E=1%/

i “’Jl“ﬁ/lod'§434YL//
IN[JL./J,Oov,I.U 222 Q02L71L7 9904904/
RZLe92:8861L3995E751 4 6E~499 4 1605E~3/

CESSARY VARTARLE INPUT

OFENNING AFFROFRIATE FILE

CALL ASSIGNCLy ‘RFCDOL.DAT » 10y "NEW s “"NE 1)
SHIONCR2y "RPCIO2.DAT v 10y "NEW 9 "NE 2 1)
*N(3v'RPDWOZ.DAT’lev’NEN’:’NC’vl)

'TLZ CURRENT SFECTRUM?)

SFECTRUM?)

MRLTL(ijOO)

FORMATCLOXy 2 ILZ + ILX CURRENT SFECTRUM’)
GO TO 2

WRITECTIOUT»990)

ﬁT(/v' WANT TO INFUT NEW DATA “v$)
YWD(INYyP25) ANS
AT CA4)

8 JEQL/YES’ +0OR. ANS EQs 7Y’) GO TO 800
bu il s
WRITECIOUT» 1000

JRMAGT (/9 7 ] UT NEW VARIABLES BETUWEEN COMMAS »/9/)

TTECIOUT» LOOE)
i”dl\li(‘lft/vu; VL v Gy TR v S TR2 9y SRy TRA pEX e TRE v SXy HY 25Xy 717D
READCINy KOVOC s RLyR2yRA2 KBy He L.

IOhﬁuT(/y' JQLY RANGE WOULD LIKE TO LOOK AT IN MHZ “+%)

I:I
READCINy %) TSTARTy I

1L
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U N

0042
0043
0044
0045
0046
0047
0048

0049
0050

0051
0052
0053

005E
Q056
0057
005GE

0059
0060
0061

0062

0063
V064
Q0L
0064
Q067
00468
0069
0070
¢ 1
QG712
0073
0074
0073
0076
0077
0078
0079
Q080
Q081
0082

aoaoon

oo

QOO0

Ve V4 e Q2F rj

72 01834442

Ar Qa0
By Q.07
LA(L.021.0)

ZB
ZDNF=0h
UMALO

ITECL»150) VOyRLyR2yRAvHyL

— - B oo ’ = L
2.9 'H= "9Fb.2y7 L= yFhel9/v/)

VOyRLyR2yRAsHy L

VEyRLsR2yRAsHyL

EVALUATION OF TRANSMISSION LINE FARAMETERS

00 10 IFREQ=IST
W2 ORFTHFLLOAT (]

WkLUOXGLOG(H/Z2.0/R0O+E

(WxU/2.0/00BRAT)

EVALUATION OF COAXIAL FPARAMETER

c=WRUO/ L. 0/F TRALOGIBC/AC)
LeO/2:0/7PTRBART (WAUO/2,0/00C0ONI R (L4 0/ACHL . Q/BC)

- 0005
CMFLX CRC yWLE)
WCC)
=CBORT (ZCC/YEC)
ALFHAC=ALFHA (FLOAT C IFRER) )

SETA0)

ARAT/W/UO)

ATC/9/1/95Xs 'UC= “3F4a2y’ R1= /yE12.5y ‘R2= ,E12
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3

RAN

0089
Q090
0091
0092
00923
Q074

0095
0096
Q0%

0098
0099
0100
0101
0102
0103

0111
0112
0113
0114

)

00

sl vlielioly agoaoon

300 00

v Vo2.04 Tue 02Fri ~72 01334342

EVALUATION OF BASIS VARIABLE

1"(.,-»([;
COMPUTATION OF IL CONSTANTS
CONSTANT OF Z FIELD

TYTRZ2RCYTRZAO~YORZCL)
YT ’((I*Lﬁl“{L KZ0)

CONSTANT OF X FIELI

EVALUATION OL HYFERBOLIC

kEH{f

PAGE

003
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0115
0LLé
0117
0118

011%
0120
0121

OL"/
0L28

l?J

agonian

FREE g =

oo

I 0es

o

Tue 02Fri ~72 012334142 FAGE 004

EVALUATION OF DENOMINATOR CONSTANT

#=(ZOLAZO2IKKOHY THCZOKZO+Z 1 KZ2 ) XKEHYT
SHYCH (ZORZOCHZAR ) kKSHYC
TRYCKY 21,

EVALUATION OF NUMERATOR CONSTANT

KEHY THKEZS ) XkKCHYC
5 L6 I KKSHYC
FREZ?

EVALUATION OF TLZW)

RILZ==4, OXZTRZEZ/KEZDIVRK(KEZ L 3+KEZ36~KEZ79)

EVALUATION OF EX CONSTANT

JUn(kLYIVILHYT+kF‘”*h SHYT-KEXLAKCHYC-KEX3XKSHYC)
: PKIREHY T ) XKCHYC

HYT) %k SHYC

(DIVK(REXASFREX A7 ~KEX4)

EVALUATION OF MAGNITUDE

0 » BMLLLW

vL
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0144
0145
01446
0147
+MATN,

U ey

FORTRAN TV

™o ooFri
CALL CLOSE(2)
CALL CLOSE(3)
CALL EXIT
END

Storsge Mar for Prosgr

L.ocal Vasrisblesy JFSECT $UATAy Size =

Name
(21
AMAZT
AMILZ

HMllN
BEINO
I

QO

H

IN
KCHYE
KEX1
I‘\'T'X4

KEHYC
&

'f:'

REB

RT

R2

UM

UM
WeT
WVM
YCC
Y21
ZAaG
ZAa2
ZBSINO
ZC0

ZD

ZEZ
ZTL
Z02

Ture

Cxs

CHe
8
Cka
Cxa
R¥%4
SRG
R¥4
¥4
¥4
R%4
k4
k4
R¥4
Cka
Cx8
Cx8
Cx8
cx8
Cx8
Cx8
cCk8
Ck8
Cx8

Offset Name Ture
Q00066 Al R%4
000564 AMILW RX4
0001464 ANG k4
4 A2 Fx4
BC RX4
EMILX RX4
cc R4
7154 EXANGL. RX4
000012 GG K% 4
000076 IFINIS Ix2
2 1o0uT Ix2
001165 KCHYT Cx%8

KEX2 ok
KEX4% Ckx8
KEX67 Cx8
KEZ Cke
A Gke
KEZS Cxa
KEZ79 Cx8
WILW Cka
KILX2 Ck8

001106

KEHYT OX%8

OOBRATL Rk4

=1 Rk 4
000052 RE k4
000332 RO k4
000042 SKINO  Rx%4
000122 uo Rk 4
000026 W R4
0003264 WG ek 4
000542 X R¥4
000444 YT Cxe
000736 Zf Lk
000626 ZA0 (4]
000636 ZR %8
000576 ZC Cxg
000676 Zcl Lxe
000532 Znn Cxs
000’46 M Cxg

20 O
0f )()/u/« Z1 ke

~-72 013134

am Urit

002054 (

Offset
000132
001352
000224
000210
000062
001356
0000546
0001146
000432
000234
000024
001146
001066
001276
001306
000746
000766
001006

0001’6
000002
000422
Q00106
000506
000006
0003146
000416
000230
000406
Q00260
000616
000270
OO0AEA
000664
000512
000546
000374
000240

s A
42

+MALN .

534+ words)

Name
ALPHAC
AMILX
AZEZ
“3
BETAC
BMILZ
ClL.
EZANGL.
GT
LFR

(A

ISTART
KEXDIV
ILX%

OOLOV
Ré&
ROCER
L

]

ve
WEG
WLT
YC
YTk
ZAB
Zal
ZRe

VA
202
Z0DF
ras
Z01

12

Twre

R4
R4
k4
Rk 4
R¥4
ke
Fok4
R4
R4
k2
b4 ')
Cke
k8
Cxs
Cx8
(W4
Ckg
Cxe
Cxa
Cka
Cx8
ks
a4
Fiek 4
ka4
Fed 4
k4
k4
R4
fek 4
Cx8
ke
ke
Cxa
Ck8
ke
e
Cx8
Cxe
3z

(% 423

FAGE 005

Dffset
000446
001344
000342
000214
000472
000174
000014
000112
000336
000314
000234
001216
001076
00]116

00!016
001036

0000/”
0000446
000136
000034
000310
000032
Q00424
000322
000476
000366
000646
000606
Q007246
Q00434
Q007146
000300
000556
Q00656
000250

SL

-
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APPENDIX 5.3.2.

"Computer program to plot!

Five dependent variables versus

x on a Tektronix terminal
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‘7 U> SHIANIONT NOILYOINNWAOD aNvVEavodd

W

/i

\

£

MAIN.

DO00L
00002
G003
D0004
00OGS
D600
0noooO7
GOGOS
DOGOY
O00L0
0o0LL
00012
00013
00014
oOn1E
0001LS
00017
00018
00019
GooR0
oO021
00022
00023
Go0R4
00025
On0R4
QOG2Y
00028
o002y
00030
0003
00033
GOOR3
00034
00035
00036
OBOF7
00038
On0E9
00046
OO0
00n4R
Q0043
00044
00045
GOG4AL
00047
Q0048
ON04%
DOGE0
GOO5 L
40052
00053
GOOS4
00055
0GOS

GO0

SO0

P05 . FOR FORTRAN Y.8A0421) /KT Lb-MAR-BC 13238

A OHCEDOY s YOLEO0) s YLCHO0I s YT LS00y YECE00) » YTLES00)
YAUS00) ’ :

TITLXEARY p TITLY L (16 v TITLYO (LS v TITLY 2 LAY

TLITLYSB (LAY s FOINTS s TITLYALA, TITLES(16)

TITLELCLSEY o TIT LSy TITLEA(LAY

REALKE FILELsFILER0F] ]

PFILEAFIL

S5y 1O00) ,
HAT (/97 IMPUT FILENAME <»%)
ALCE Y LOLOIFILEL
RMAT (ALOY
CCUNTT=1s FILESFILEL y ACOESSs SERIN » ) MODE= 7 ASCTT )
e 10200 (TITLX(T) v I=108)

5 YOI rTmlvld)
REATICLy 10259 CTTTLEL (1) T=lr16)

Ty
ESG=GEQLIN s MODE="A8CTT)

D ) (TJ.TLYO(J.)?
READC2» 1025 CTITLER(L) o D=l v

‘)

CE G GEGINS s MONE= 80117 )
] ,'Z J."u!

N’(””' IO"") 4 {'l a' YO” ) ¥

REAICE L ORE) CTETLESRCL

WRITE(Sy 10040
FORMAT (/7 7 THFUT FILENAME 4 ‘0%)
FF ARy IO'IO)I'

CUNT T""‘

Ba s GEQIN 9 MORE=a8CTT )

‘)(Tle’G(J)»l-.715>
HICTITILEACT Y p il s

[@

/

\

«

V7
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MATN,

OnoE7
00058
- 00059
OOOAO

00044
DO0SS
000SE

SOODAT
0O0sR
Oo069
00070
00071
00072
00073
00074
0007
00074
00077
Geo7e
0007y
oo080
000
00ca2
COOE3
Go0Bd
Qo08s
0O086
QOORY
o008s
Co0gy
Q000
00091
U9
GOe9S
00054
0009H
Q0094

DG097 .

QOGP
PROYY
00100
00101
00102
OGLOE
00104
Q01O
Oel0é
QGLG7
GOLO8
G01.09

REFLOS. FOR FORTRAN Y.EATATL) /KT

REQH(IleOEh)CTI?LES(I)vI=1y16)

FIORMAT(BAE
FOFMﬁ!(J&hﬂ)

X A(Il/ﬂ
BLCAHY KT 23 T)
3 LEpkIACTY VAT

2
FTyeEY L
=yR(T)

Ny 20 ?yFUTNTS .
ITFCXMax . L Fa ACLYy XMaX=X{I)

TFOAMIN of o KCEY) XpMIN= A(l)

COMTIMUE
KLd= (AMAR-KAMINY 712, 0

Catd, ELOTE 10,7520
Call, FLOTOZ 001,250 -3)
Call 8
Lol AXIE

K2y o d el
CaLl AXISEA{0,0:0. 0, TETLYO» 80,
HRy o hed0)

Gl LINE4CKy YO »POIN
Call. L (S-SR S ETH
Catd. L ,fX/Y?v

bk |
it L. (
Call SYMROLC. 38,821

il L QYVf)L(oﬁyG»FVoTJ)TIO
Gl SYMROL 25TIT
Al ﬂYM”“L(¢&HHoSUolﬁ.:"
Call, BYMBOLC. 62829 29 TITLI
Call. "Y Wl 2 Bu7 e %y
Catl, SYMEM.C &y 795 . 22T1
! &IHT' CeBu? by 15
(a9 7oty o 2
o]

CIMOINFUT

BuiieauiBus swelsAse|ged ﬁ@@

8L

(YTeR O NFTH2 120 AYMIN YIA)D
1000, 0n TETLX VAQ = B s, 12 120 0, OyYMIN;

D00, AYMING YA

.J1)/VTN,{”GPQYV!N:(ﬁﬁUP ”;0}
Sy Lo XMIM e X6 AYMT \l.-'”IJﬁ
WEvly/VTNVYﬂﬁy?VMiNV
A ANy frh)y,-)uvf))
-f’iiv‘l"hl:'[.ﬂi‘ﬂ' ] y/"lNw/TiﬁvﬁY?’leYTh"nv. 710y 0)
. y G0 Gr=17

sall ﬁYH$TL(.é,B,quﬁ;TITLﬁlyOaOvQO)

G Ge-1LY
LEA» 0, 00800
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MATN .

REPLOS.FOR - FORTRAN V.SA(421) JKI 1&~MAR-50 113

SUBPROGRAMS COLLED

EMDFLT
FLOTS
LINE4

SeaAlLAaRE

~G002C
ATITLYZ
rT
FOINTS
50007
LBO003
80017
LB001E
FILEZ
TITLE4

RN
P4

SYMROL. AXIG4 PLTERR  EXIT - FLOT
sialEs '

AMNI ARRAYS L "% NO EXPLICIT DEFINITION — "% NOT REFERENCED

1 TITLYG 2 FILEL 22 ATITLYL Y3
ATITLYZ EAYMIN
1¢12 HHMTIN 5716 xY e
AT7Gé Yi A707 KAMAR FILE4A 7474 FATA
LYol SBO00E P700 Yo SB0005E 4
104467 S80002 10470 LBO00L 10471 SGO000
LO&75 X LE00146 11442 LB00LE L1
14465 SEGOGL2 BOGLL L1547 LB50010
1171 TITL. TITILEZ L1733 Y4 LL7E3 w3
12740 TITL SEGO2L 13000 TITLY 13001

izt

L NO ERRORE LETECTED 3
I3

§§DPE$ - (IMACTY J0B 20 (10041412051 TTYL0Z WILL BE KFTLLED-- 02134

PE0PRE

FOFRE

s a»

CIMACTY TN 5.0 MINUTES IF STILL INaCTIVE. 02134812

CINACTY JOR 20 [L0041.12050 TTYLOZ HAS BEEM RKILLED 02:4121

ATITLY 4 KMFTN
3’ G720 FILES

50004
FELEZ
S BO0L4
TITLEL

Buueauibue sweisisaeo (T
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APPENDIX 5.3.3

"Data for RG59/U
'single braid!

use in

computer program'

a«
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Ve .~ Cable propagation velocity ‘ = .67V
R1; | Ground impedance - varies from 3 ohms to o
R2; Crouud impedance varies from 3 ohms to =
RA;‘ Cable termination has value of 75 ohms and «
Rb; Cable termination has Vélue of 75 ohms
CC; Cable capacitance S = 6.7257 X107 1 Farad/meter
BC; Inner radius of bréid = ,0018542 meter
AC; Radius of center conductor o =2.921 X 10'4 meter
R¢; Outside radius of braid . = ,0021717 meter
O¢brail; Conductance of bfaid ‘ | = 2;8613995 X 107 olims/meter
0¢CON; Conductance of center rod : = 1.8334349 X 107 6hms/meter
Rdcbr;  Braid DC resistance | .= 9.1605 X 10—3 ohms/meter
AD; Thickness of wire used for shield = 176 X 10;4‘meter
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APPENDIX '5.4.1

"Computer program to plot"
Two dependent variables

versus x on a Dec terminal

7
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P (\«@ SHEEINIE)NEI NOILYDINNWNOD aNvaavodd

- X

FORTRAN TV UD2.04 Tue O02Fri -72 01142124

G001 REALEA X400 9 Y (6000 yZ(600)
H002 LOGICALKL FILECL0)

0003 WRITE(7y10)
0004 10 FORMAT(/ 27 1
Go0% F 909 (F
D004 20 F 3R Géd )
D007 COLL ASSIGNCLyFILE 10y 7RID y 7NC/ v 1)
0008 0015 sl 601

T EATLL ety END=30 s ERR=40) X (1) 2 Y (I » 2T
0010 1%
0011 3 P T

GOz DALL FLOT (XY s Zo i)
0013 CALL CLOSE 1)
0014 40 EXIT

0015

SHATHN,

v

PUT FILENAME

FORTRAN TV Sterzsgn Mes for Progesn Unit Mal,

Local Varisbhlesy FEECT $0A4Tar Size = 0146070 ( Z4612. wo e )

Nizme Faet ame Tupe Offesel Wame - Twre
]

1460462 Mo e QL4064

Lacsl zrd COMMON Gresust

Tetie Spchion OFfset ——eeeeBizgee-—-- Dinensions

Ll BIATA 014040 OO00LE | H. L)

k4 HRATH DOOOGD 004540 ( LEOD.) (4H00)
Rk Q04540 ( 1200, (4000
a4 pe A BLETA, DLLEO0  C04540 ( 1200.0 (4007

FAGE 001

€8

Offaet

Subroutinesy Fupebions: Stslement and Processor-Defined Funcltionsd

T [REATIC] T o Mame

R 0T k4

Tyt N2

4 AT

Hame
55 LGN

N

T

(e
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QOOL

OC0E

QO‘}
G007

9010
QoL
0012
O0GLE
D014
D015

0024
0026
0028
0029

QO3S
0040
0041
oAz
O0A4
I1eT:%4]
OC?Q

{)AS

GOuE7
QOH
05
0060

2

t)'hm

20

1]

44

1000 °

1o

30

0

500 )y GRAPH(S0 100 » 81010

wd
[y NFTE
SGT . KMAXD AMaX=K{1)
ST YMAKY MaX=Y (1)
21T YNTN (1
- ]m ’T‘ k4 i3

JME L YHINY G TO 40

MhITF (i;u
FORMAT ¢ H

y.H I:n..zo ¥

OF A STNGLE FOLNT LUBA‘TD 4T

7

THHAD » O/ (YVIf - MIND ‘
,0)/iXM&XWXMTN)+1QO
L0000 GOOTD 28

4%

Oau) GO TO 47

B0/ CAMARE~KMINI L. 0

{0 L J J)"'xl’![\l“/f YMAA-Y LM HA8, 0+1.07

“}'(' 0o Qe CE ST =YMENY /A CYMEM -V EM) A8 . O+, 00
CLFCM-HY 000 301 1000

POy L=, 7

PN
&R

8
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0083
HO083
J(14

L

.
D084

.07

100

105G

AT DAYy L

JEEN

FORTRAN TV D Shorage

Ll

H“m@

Logal

Varish

gy COMMON dAry

Tiwse

Fogrot d o

YT
fuskd Il

(Ty AGRAFPHNy M) s M=1299) »

I(/vl”O;(

GZFri ~72 013148316

PRI
/e’U)

yIPES.2)

2
)

T
9 Ry Ty GRALy Yy LPED .2

1:20)

Maw for Frogream Und

LOPLOT

AT

OBAEE6 (L1471, words)

Mamem Mane Tur

i N Pkl
s J Tz
i KK

WRTEL
T
Yt
YL

KA,
YMAKL
Zia%

et s s €3
O4/ﬂ4J
Qu :

LOO0G,

B e

GUAE40 1

[ B R
2 AT S T

REANTE]

el dned Faret

i A
J"\'(‘}

(e

1SAS9|0eD

) o)

3

w

@

-

Q.

=

o)

- 2

. =.

: 5

: @
=]
v




@}» cablesystems.engineering

86

SUMMARY and SUGGESTIONS for. FUTURE .STUDY

There appears to be three different categories of ground

references.

1) high ground references (>100KQ)

2) medium ground references tzSOO to 1200Q)

3) 1low ground references (<1OQ)

For the low ground resistance (which is the most common case
in a C,A.T.V. System), shielding varies_with_frequenéy, drop length,
height above ground and propagation velocity in the cable.:

Medium ground resistances produce less variation in shielding

than low ground resistance, but are unacceptable for safety reasons.

High ground resistances produce -the lowest shielding in the
high frequency band and should never be ﬁsed.

Future study should concentrate ‘on-specific and important
areas in modelling the ingress signals inside a drop wire in order to
obtain greater accuracy. The next step should therefore take into
account the imaginary component of ground impedénce; the splitting of -
the fields of a tranémitting antenna into its radial and angular
component. The above results should be compared to e;perimental results
under strictly controlled procedures.

The above would allow a good investigation in the minimization
of ingress current and should therefore result in the establishment of
matching procedures and standards. In addition, there.is a great chance

that the efficiency of radiation .monitoring could be optimized.
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