
G.))) 91 

C655 

077 
1980 
pt.5 

1 

1 

0.••11 

r-

1 

SECTION V 

A study on the behavior of ingressive 
sigrals in a C.A.T.V. drop subject to various 

ground references 



cablesystems engineering 
91 
C655 
077 
1980 
pt.5 

r- 

SECTION V 

A study on the behavior of ingressive 

7 

si 	ls in a C.A.T.V. drop subject to various 
ground references 

Ifldu t 71/ Canada  LIBRAny  

dUIL 

rie2 C

0

naQ

9

ci9tia8e  

'.JUL 

tat-10THE 

COMMUNICATIONS/ CANADA 

"THE EVALUATION OF INGRESS AND EGRESS 

PROBLEMS IN THE C.A.T.V. SUB LOW FREQUENCY SPECTRUM" 

#18 ST - 36100 - 8 - 1367 

March 28, 1980 

	

MA 	6 1481 

	

LIBRARY 	BI'LIBP, 

BROADBAND COMMUNICATION ENGINEERS CD» 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I  



1[---- 01 cablesystems engineering 

• 

• 
,CONTENTS  

PAGE 

Il 

IV 

V 

VI 

. VII 

1 

3 

6 

Figures ' 	  

Graphs 	  

Tables 	  

Appendices 	  

Symbols Used 	 

Introduction 	  

	

5.1.0 	Development and Derivation Of General ModeL 	 

5.1.1 Boundary Conditions 	• 

	

5.2.0 	Derivation of C.A.T.V. Model 	 

5.2.1 Narrative Description of Problem 	 

5.2.2 DeriVation of Sheath Current Distribution fib/. ; 

Different Direction of Propagation and Field 
Polarization 	  

5.2.3 Derivation of Current Distribution on Vertical . 

Drop Line 	  

5.2.3.1 Line Driven •at One End 	 

5.2.32 Line Driven at Both Ends 	 

5.2.4 Derivation of.Current Distribution on the 
Horizental  Drop  Line 	  

5.2.4.1 Line Driven at Midsection 	 

5.2.4.2 Line Driven by an Infinite Number of 
Sources 	  

5.2.5 Derivation of Load Current Spectrum* 	• 

5.3.0 	Graphical Representation  of the  Theoretical 
C.A.T.V. Model 	  

5.3.1 Discussion of Results 

5.3.1.1 General Observations 

9 

11 

11 

13 

15 

19 

19 

19 

BROADBAND COMMUNICATION ENGINEERS 00 



i.-- 01 cablesystems engineering 

I (Cont'd) 
PAGE 

5.3.2..General Comments  	21 

5.4.0 	Experimental ,Investigatien of the Theory 	 42 

5.4.1 Description of Experiment  	42 • 

• - 5.4_1.1 Test -Procedure to Measure Load Current . . 
Distribution in a C.A.T.V. Drop 	 42 

• 
5.4.2 Discussion of Results 	  46 

5.4.2.1 Observation of Experimental Results 	 46 

5.4.2.2 Sources of 'Errors  	47 
• 

Summarrand Suggestion for Future Study 	 86 

BROADBAND COMMUNICATION ENGINEERS C)1)»» 



ft 	 Titles 

5.2.1  • 	Simplified C.A.T.V. distribution system 

5.2.2 Eldctromagnetic model of . C.A.T.V. drop 	 6 

BROADBAND COMMUNICATION ENGINEERS 

CY» cablesystems engineering 

11 

FIGURES 

5.1 - 1 	Typical signal distribution drop 	 1 

5.1.2 	General distribution drop represented as 
a transmission line 	  

5.1.3 	Representatien of a short section of a 
transmission line 	  2 

S 2 3 	Representation of a transmission line being 
driven at one end 	  

5.2  4 	Representation of a transmission line being 
driven at both  ends • 	  9 • 

5.2  5 	.  Representation of a transmission line being 
driven at midsection 	  11 

5.2  6 	EquiValent circuit of a transmission line 
being driven at midsection • 	 12 

5.2  7 	Representation of a transmission line being • 

driven by a infinite number of sources 	 13 

5.4.1 Artists conception 	of experimental set up... 44 

5.4  2 	. Equivalent•electrical representation of 
experimental set up 	  45 

5 4 3 	Representation of angular and radial components 

field  of an antenna on a drop 	 47 



III  
GRAPHS • 

5.3.6 

5.3.7 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

if 

cablesystems engineering 

5.3  1 	Current spectrum - horizontal drop 	£=50(m),  h=5 (m),  
. . 	2,50(m), h=5(m), Frecb=varies 	  22 

5.3  2 	Current spectrum - Vertical drops - g=50(m), h=5(m), 

g=50(b1),•1i5(m), Freq.=varies 	  23 

5.3  3 	Current .  spectrum - horizontal and vertical drops -. 
£=50(m), h=5(m), Freq.=varies 	  

5.3  4 	Current spectrum - horizontal and vertical drops 
k=25(1ll),. h=S(m), Freq.=varies 	  

5.3  5 	Current spectrum - horizontal and vertical drops - 
£=100(m), h=5(m), Freq.=varies 	  

Current.spectrUm - horizontal and vertical drops -- 
Z=varies, h=5(m), Freq.-5M1-I z 	  

Current spectrum - horizontal and vertical drops - 
Z=varies, h-5(m), Freq.=.15MHz 	  

5.3  8 	Current spectrum horizontal and vertical drops - 
t=varies, h=5(m), Freq.=28MHz 	  

5.3.9 Current spectrum - horizontal and vertical .drops - 
k=varies, h=5(m),• Freq.-100MHz. 	  

	 Current spectrum - horizontal and vertical drops 
£=.50(m), h=varies, Preq.=SMHz 	  

5.3.11 	 Current spectrum - horizontal and vertical drops - 
k=50 (m), h=varies, Freq.=15M1Iz 

5.3.1 9 	 Current spectrum - horizontal and vertical drops - 

. 
R,=50(m), 	=varies, Freq. =201n 111z 

	

5.3.1:5  • 	. Current spectrum - horizontal and vertical drops - . 
t=50(m), 	 , 	. 	. .h=varies Freq=28MHz 	  34 

	

. 	

. 

BROADBAND COMMUNICATION ENGINEERS CY» 



III (Cont'd) 
PAGE 

37 

38 

5.4.1 

5.4.2 

5.4.4 

Ir
--01 cablesystems engineering 

5.3A4 	Current spectrum - horizontal and vertical drops - 
£=50.0, h=varies, Freq.=100.00MHz: 	 35 

5.3.15 	Current spectrum - horizontal and vertical drops - 
£=50.0, h=varies, Freq.=.5,15,20,28,100MHz ground 
reference fix at=3 ohms 	  36 

5.3;16 	Current.spectrum - horizontal and. vertical drops.- 
£=50.0, h=varies, Freq.=5,15,20,28,100.0, ground 
reference fix at-500 OhmS 	 

5.3.17 	Current spectrum - horizontal and vertical drops - 
£=50, h=varies, Freq.=3,15,20,28,100 ground 
reference fix at=100000 ohms 	 

5.3.18 	Current spectrum horizontal and Vertical drops - 
	 39 

5.3.19  • 	Current spectrum horizontal arid vertical drops - 
£=50, h=5, Freq.=5 ; 15,28,50,100 ground 
reference fix at 500 ohms; propagation velocity= 
varies 	  40 

5.3.20 	Current spectrum - horizontal and vertical drops - - 
£=20,40,60,80,100, h=5, Freq.=15 ground reference 
fix at 500 ohms, propagation velocity=varies 	 

£-100, h=varies, Freq.=15MHz 

41 

Comparison of experiMental and theoretical results 
for both ends grounded to 3  ohms and  terminated - into 
75 ohms. 
Propagation in - y directions' 	 

Comparison of experimental and theoretical results 
for both ends grounded to 150 ohms àrid terminated 
into 75 ohms. 
Propagation in - - y directions 	 

Comparison of experimental and theoretical results 
for both ends grounded. to 510 ohms and terminated 
into 75 ohms 
Propagation in -y directions 	 

.Comparison of experimental and theoretical results 
for both ends grounded to 1200 ohms and terminated 

- into 75 ohms 
Propagation in -y directions 	 

49 

50 

51 

52 

BROADBAND COMMUNICATION ENGINEERS 01 



Ir----- • o:» cableseauseneeehng 

I! 	• 
. 	

. 

III - (Cont'd) 	 PAGE 

 5.4  5 - 	Comparison of experimental-and theoretical result: 

 

for one end grounded to.3 ohms ,  and both ends 

.. 
. tèrminated into 75 ohms 
Propagation in -y directions 	

 

II 	
. 

•

5

5 /1  7 

.4  6  Comparison-of experimental and theoretical results 

' 

for both ends ungrounded and one end unterminated 

Comparison of experimental and theoretical results 
for  both ends grounded to 3 ohms and terminated into- 

. 	Propagation in -y direction 	 

54 
75 ohms* 

11 	- 	
Propagation in z directions 	 55 

5.4  8 . 	Comparison of experimental and theoretical results 
for one end grounded to 3 ohms ancrboth ends•terminated 
into 75 ohms 
Propagation in directions 	 56 

.5 .4  9 	Comparison of experimèntal and theoretical resuli5 for 
both ends ungrounded and terminated into 75 ohms 
Propagation in z directions 	 57 

Il 	

5.4.10  . 	. Comparison of experimental results between 3 different 
grounding conditions 3 ohms, 510 ohms, 1200 ohms... 58  

. 	. 
5.4.11 	Impedance of a ground reference line as per 

. 	. .. 	

G. H. Kunkel 	  59' 

5.4.12  . 	Measured Transfer Impedancé (ZT) vs. frequency 	 60 

. 	 . 

• . 	• 

- 

: 
•

. 	• 

....' 	' 	

. 

. 	

. 	

. 
_ 

I! ' 

IN BROADBAND COMMUNICATION ENGINEERS 01 



'66 

PAGE 

61 

:62 

63 

5.4.3 

5.4.4 

5.4.5 

5.4.6 

5.4.7 

cablesjistems engineering 

• ; 
5.4.1 

IV 

TABLES 

Experimental and theoretical data points. 
J3oth ends . grounded to 3 ohms and terminated 
into 75 ohms 
Propagation in -y direction 	 

5.4.2 	Experimantal and theoretical data points. 
.Both ends grounded to 150 ohms and terminated 
into 75 ohms 
Propagation in -y directions 	 

Experimental and theoretical data points.' Both 
ends grounded to  510 ohms  and terminated - into 
75 . ohms 

- Propagation in -y directions 	 

Experimental and theoretical data points. Both ends 
grounded to 1200 ohms and terminated ihto 75 ohms 
Propagation in -y directions 	 

Experimental and theoretical data points. One end 
grounded to 3 ohms, both ends terminated into 75 ohms 
Propagation in - y directions 	 65 

Experimental and theoretical data points both ends 
ungrounded, one end unterminated 
Propagation in -y direction 	 

Experimental and theoretical data .points.. Both ends 
grounded to 3'ohms, both ends terminated into 75 ohms . 
Propagation in 3 directions 	 '767 

64 

5.4 . 8 	Experimental and theoretical data points'. One end 
grounded to 3 ohms, both ends terminated into 75 ohms. 68  

5.4.9 	Experimental and theoretical data points. Both ends 
ungrounded, and terminated into 75 ohms 	 69 

BROADBAND COMMUNICATION ENGINEERS C))))) 



cablesystems engineering 

V 

APPENDICES 
• 	 • 	• 	PAGE 

5.3.1 • 	Computer Program to Simulate. Equation 36 	 70 

	

5.3.2 	Computer PrograM to Plot Five Dependent Variables 
versus  x on a Tektronix.Terminal 	 76 

	

5.3.3 	Data for RG59/u Single Braid,Use in Computer Program 	 80 

5.4.1 	Computer Program to  Plot.  Two Dependent Variable 
versus x on a sec terminal 	  82 

BROADBAND COMMUNICATION ENGINEERS  



L- 
1:›. . 

cablesystems engineering 	  . 
VI 

. 	
. . 

: 	

• 	

. 	SYMBOLS USED  - 

. 	. 	t 	 
.  

. 	
. 

Length of. drop • 

w . .. .. --Angular frequenc .y ill 
. Az 	

 

• Incremental Lebgth 

Y 	

- 	

. 

	

111 	. . 
Propogation  constant 	

. 

	

II! 	
S.2 	Ohms 	

. 

	

or 	
> 	 

. 	
Greater tban 

	

I! 	< .... -- Less than 

	

I 	cc.----Attenuation,constaflt 9f transmission.line I 
.... 	 constant of transmission line 

. 	Frequency in hertz 	 • 

c• 	Injnity 

BROADBAND COMMUNICATION ENGINEERS CY) 



11,-----1De cablesWérnsengineering 	
. 	 . 

. 	. 

: 	

s 
. 	' 	

2 • • VII 

INTRODUCTION  ' 

A theoretical analysis has been completed to analyse the e .ffect 

of different grounding references and spacing on drop wire. 

. .The Material d. escribed-h. erin makes use of transmission line . 	 . 

theory to model ingressive signals in a drop : line due to surrounding 

. 	electromagnetic fields. 

This section consists of four main subsections. Subsection one 

abbreviates the general theory of transmission lines. Subsection two expands 

this theory to model a simplified C.A.T.V-. distribution system. Subsection 

' 

three represents 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 

uillalysis, and pertinent computer programs are included in Appendix 5.3.1 	• 11 .1  

111.! 	

and in 5.3.2., 

I . 

1111! 

;

. . • 
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b ... height above ground (meters). 

X ... length of drop (meters) 

Z2 ground impedance (ohms) 

a ... diameter of drop (meters) . 

Assuming that the earth acts as a perfect ground plane, then 

by the method of image the drop shown in figure 5.11 can be represented 

as a transmission line. See figure 5.12. . 

Z2/2 

Z 
sz 	. 

 Image  — 
1 
L 

Figure 5.1,2. 

General distribution drop represented as a transmission line 

BROADBAND COMMUNICATION ENGINEERS 01 
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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.. 

X 

X=b 	X 	 I 	• 	II 
Z2 

X=o Z 

o  

11 

1111 

- 	- Figure 5.1.1 

Typical signal distribution drop 



LA z.  

GAz,..>„r  

.ICz+Az) 

CAz 	)1/(i'Fz) 

J+Az 

. RAz 
. V(z) 

cablesystems engineering 

11  
bolized as in figure 5.1.3. 

It is well known that a short section of a transmission line can be sym- 

I! 

I!  

II 	

uniform transmission line can be found. • 

• 

dV(z) 	- (R + jwL) I(z) 	  1 
dz 

I! 
	Note that in 1 and 2 the sl.nusoidal tim 	t' e factor e je  is implied. 

Differentiating and substituting, 1 and 2 yields 

11: 	• 	
. . 

. 	. 	• 

II 
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Figure 5.1.3; 

Representation of a. short section of a transmission line 

Applying Kirchoff's law and letting the incremental .distance Az become 

very small (i.e.  AZ  ±  0), two differential equations to model a 

dI(z) _ - (G + jwC) V(z) 	 2 
dz 

d
2
V(Z) 	(R + ji.oL) (G + jo.)C) V(z) ' 	3 _ 

dz 

d2 1(z)  =  (R + jwL) (G + jctiC) 	I(z) 	4 
2 

dz 
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The solution of 3 and 4 can easily be verified by differentiation and 

substitution of equation 5 and 6. 

V(z) = VA 0 •Yz  + VBe Yz  

I(z) = IA e -Yz  + 113e Yz  

WHERE: 	y .... propagation constant 

y 2. = (R + jwL) (G + je) 

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

conditions - 

Differentiating equation 5 . and substituting into equation 1, and 

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

. 
 . 	

- 	• 
II(z)_, 1 (VAe Yz  - VBeY7- )   7 

. 	

. 
Z..° 

WHERE: 	Zo • 	characteristic impedance of the line 	' 

= /fir= 1/(R + jwL) / (G + je) 

5.1.1 	Boundary Conditions  • 

Let at  z=  0 , V(0)  =Vs  

z  =2, 	V (2,) = 1r2, = 	/2,2, 

WHERE:, 	Vs 	 source voltage 

V£  • 	load voltage 

I(Z) 	 load current 

ZZ 	 'load impedance 

BROADBAND COMMUNICATION ENGINEERS 01 
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Solving equations 5 and 6 subject to the above boundary conditions for VA , 

and VB 

VA -= Vs/2 	• 	. 	.,,.. ***** ,.••••,•••••••••••••••••••• 8  

VB - Vs e -2Y2' • 	•._____ 	[ Z2.  - Zol 9  . 	. 	. 	. 	.. 	_ 
2 	Zg,  + Zo 

Using  the  hyperbolic identities 

-x 
sinh(x) = ex  - e 

2 

cosh(x) = 
ex + e-x 

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) - ZD sinh(yz)) 	10 

lin 

I(z) = Vs (  1  cosh (yz) -  1  sinh(yz) 	••.••••• 11A 
Zin 	Zo 	' 

I(o) (cosh(yz) - Zin/Zo sinh(yz) 	11B 

Zin 	V(o) 	Zo ZZ + Zo tanh(yg..) 	  12 

I(o) 	Zo + Zg, tanh(n) 
WHERE: 

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

tued in. 

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

	

Z(z) = V(z) = Zo Zg, + Zo tanhY(Z-z )  	13 

1(z) 	zo 	tanhy(1-z) 

n • 
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5.2.0 DERIVATION of CATV MODEL 

5.2.1 Narrative Description of Problem  

An electromagnetic wave incident to a . shielded cable will excite' 

. a current distribution on the cable's outer shield. Since the shield is 

not a perfect conductor this current penetrates the shield and produces•a. 

voltage distribution along the inside length of the cable. ' This in turn 

produces an unwanted current in the internai load impedances. Figure 5.2.1 

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

X 

t 	I.(z) ----> 
 

. 	- ____ o--  - 	 --VI 4  

' 	('-- 

	

t__________4 	. 

	

l'i 	t 	I 	I 	•. 

	

Za --V 	 -c b/ 2 	, 	Z0/2 	• 	111---- 
,,__-Zb 

3.\\, 	

• 	. 
,•, 

	

- -7',„ 	• 1 

	

Y _ /lp i 	z 	. 
: 	

- › 

1/2 

Y 
Ground Plane 

Figure 5.2.1 

Simplified CATV distribution system 

WHERE: E 	 electric field  • 

I(z) 	 sheath current distribution(A) 

	 length of cable (m) 

_1)/2 	 height of cable above ground plane(m) 

a 	 outside diameter of cable  • (m) 

Z1, Z2 .... terminating impedances of a cable shield treated as. 

2 	2 	a single-wire transmission line over a ground  plane(0) 

;e'er  E  

. 	/ 

Z2/,2 
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ExToT 

r,H 	>EzToT 

t a  
lb/2 

ExToT  Direction of 
Propagation 

--> H 
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6 

Zo/2 	• 	characteristic impedances of cable shield treated 
as a single wire transmission line over a ground-
plane (fl). 

Za,Zb 	 interior load impedance (0). 

Zc 	- characteristic impedance of coax (S2). 

IL 	 unwanted current in the . interior load impedance 
Zb due to external electric field E (A). 

The solution consists of representing this drop as a single wire 

transmission line, Having determined all important parameters for-this 

type of transmission line, then by analogy  it  is possible to translate 

these to the coaxial line. Using this type of solution, one can then 

analyze the ingress current, produced (inside a coaxial line) by an - external 

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. 

Figure 5.2.2 

Pectromagnotic model of C.A.T.V. drop 
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WHERE: Ex
ToT 

is a vertically polarized field which only excites vertical drop 

it is possible to look at two different directions. of propagation 

A. Ex
ToT 
 propagating in the z-direction 

B. Ex
ToT 

 Propagating in the -y direction 

Ez
ToT  

is a horizontally polarized fièld that illuminates the entire 

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

To keep the analysis as simple as possible all these electromagnetics 

waves  must  be taken as plane waves under this constraint E x  and E z  are uniform 

over the length of the cable. The voltage induced on the drop.  may be re-

presented as follows 

Vsl = f Ex
ToT 

(x,o,w)dx (left vertical drop) 
o 

b  ToT 
Vs2 	f Ex 	(x,w,£)dx (right vertical drop) 

id(V(z)) = f K(z,w)dz (horizontal drop) • 

k(z,w) 	EzToT (b,z,w) 	EzToT (0,z,w)  
WHERE: 

The next step in the analysis is to derive -  an expression for the voltage and 

current distribution, in terms of the source voltage, source impedance and 

load impedance. This can be done by analysing a transmission line being 

driven at both ends, and a line which has distributed sources along its-

horizcintal conductors: 
•-• 

.• 

BROADBAND COMMUNICATION ENGINEERS OT 
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5.2.3 DERIVATION of CURRENT DISTRIBUTION on VERTICAL DROP LINE 

5.2.3.1 Line driven at one end 	 •• 

• 

Z1 	› I (o) 	, I (z) 	I (£) 
• 

ysD 
	 I 

Vs. 	v ( z ) 	 Z2 . 

--Y 
z-11 

/in 

Figure 5.2.3 

Representation of a transmission line being driven.at  one end 

The sending voltage Vs shown in figuré 5.2.3 is 

Vs = z in Vsi 
Z1 + Zin 

substituting into equation IIA, the expression for I(z) becomes 

I(z) = Vsi 	[cosh (yz) - Zin  sinh(yz)] 	14 
Zin+Zi 	Zo 

substituting 12 into 14 and using the following identities. 

sinh (A7•13) 	sinil A cosh B - COS11 A sinh B 

cosh (A-B) = cosh A cosh B - sinh A sinh B 

equation 14 becomes 

T(z) = Vs1 	Zo coshy(Z-z) +7,2 sinhy(i-z)  
(ZoZ1 + Z0Z2) cosh .11 • 4  (7;o 2 + Z1z2 
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The voltage distribution can easily be derived- Using the following 

definition and equation 13. 

V(z) = 1'(z) Z 

Therefore 

V(z) = VsI [Z0Z2 coShY(Z-z) + •o 2 sinhy(-z) 	... ...16 
(ZoZi + ZoZ2)coshy 9  + (Zo 2  + Z1Z2)sinhU) 

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. 

Z1 	Ii(z) • 	I(z). 	Jz(z) Z2•
1' 	  

Zo 

(z) 

V(z) 

P 

Z=i 

Figure 5.2.4 

Representation of a transmission line being driven at  both ends 

The current distribution ai any point on the line due to Vsi is 

given Sy 15 as 

11(z) = vsi 	po coshY(l-z) +z2  sinhY(9,-z)  
,  

o 	+ Z022) cose 	( 7o2+ Z). Z.2) sinnYi 

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

Vs2, Z2 with ZI, (.- z) with z. 

BROADBAND COMMUNICATION ENGINEERS op» 
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I2 (z) = -Vs2 [ Zo•coshyz + ZI sinhYz  

1 	18 

; 

(ZoZl + Z0Z2) coshn 	n + (Zo2  + Z1Z2)sinh• 

.: • 

• 
l'he. negative sign• is used to observe . generator polarity-as shown on 

figure 5.2.4. 

- 

The current distribution now be 	
•

, comes. 	 . 

; • 	 -  
* 	 • 

. 	I(z) = II(z) + I2(Z) • 

, Vsi [Zo coshY(Z-z) + Z2sinhY(-z)] 	• 
I)  

II! WHERE: • D --,-- (ZoZi + Z0Z2) cosex + . (Zo 2  t Z1Z2) sinhY£ 

.-Vs2 [Zo cosez + ZlsinhYz] 	 19 
D 

. 	' 	

, 	. 

The generators  Vs]. 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. 

B. When both generators- are identical in amplitude but 
displaced in phase by "Be radians where 13 = 27r/X, 

= 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(9, -z) - Zo coshYz + Z2 sinh,Y(12.-z). 
D 

- Z1 sinhYz] 	 20 

BROADBAND COMMUNICATION ENGINEERS 0))) 



• . 	 .  F____ ' 4::›D cableseerns eneengineering • 

. 	 . 
11 • 

. And the current distribution for case B due - to a phase delay of e -il  is 

• 
I(z) = Vs [Zo coshY(t-z) + Z2 sinhY(9,-z) 

. 	
. D 

î : 	

•  . 

	 . 

. 	
5.2.4 DERIVATION of CURRENT DISTRIBUTION on the HORIZONTAL - DROP LINE 

5.2.4.1. Line driven at Midsection  

Assume that the electromagnetic wave propagating in the xz plane 

:

.' . . . 	

the midsection of the.line as shown in figure 5.2.5. 

. . 
• ..----- Vs(h)/2 	1 (z) 	. 	

. 

will generate a single voltage source Vs(z) located at a point z = h in 

: -+ 

..;;;;;; 	

Zo 	---, Z2 
- V's(h)/ 2  

=. 0 Z=11 

Figure 5.2.5 

• Representation of a transmission line 
being driven at midsection 

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

derived by replacing the left section of the line z <11 by its internal 

left 
impedance Zin •. 

Zo cosh (yz)e -j132.  + 'ZIsinh (yz)e 	] • 	 -j13£ 	21 

. left zin 	= Zor ZI + Zo tanh yh 
L  Zo + Z1 tanh yh 
	22 
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zinright 
= Zo Z2 + zo tanhY(q-h) 	•   23 

• 12 

Similarly the impedance,looking to the right of the source is 

Z2 tanhY(-h) 

Figure 5.2.5 then bee::: 

• 

- 	

>i ( z) 	( ..-„s(h)/ 2  

. 	

. 

left  • 	 right 
• • n < Zi 

+ 

• 

Figure  5.2.6  

Equivalent circuit of •a transmission 
line being driyen at midsection 

From Kirchoff's voltage law around a loop 	. 	• 	. 

;  . 

	

I (h) = 	Vs(h.)•  
zinleft + Zinri ght 

. 	

: 	. 	. , 	 

using equation 11B and making the appropriate shift in co-ordinates yields 	24  

.  

I (z). = I ( 1) [cosh- Y(z-h) 	zinright  sinh Y(z-h)] 	 PI, 	 25 
Z 

substituting equations 22, 23, 24 into equation 25 yields the'final 

expression for I(z) 

z=h z=h 

righ - 	z)= Vs(h)  [Zo coshn + ZI sinh'01] 	 ..26 
Zoll 

X [Zo coshY(2, -z) + Z2sinh (e - z)] 

For z >h 
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= Vs(h) [Zo coshYz + Zl sinhYz] X [Zo coshY(Y-11) + Z2sinhY(k-b)] 	27 
ZoD 	• 

for z< 11' 

WHERE:  • D 	(Z0Z1 + Z0Z2) cosh Yst + (Zo 2+ Z1Z2) sinh 

: 5.2.4.2 Line.Driven by an Infinite Number of Sources, 

An ereCtromagnetic wave sweeping  the horizontaldrop will produce 

a continuousdistribution of sources along the transmission line as shown 

in figure 5.2.7. 

idhl 	k(h) 	______,,I(z) 

	

.0._0,-).1X_.:-.',(X.r.)::,0)...:i.,..:':-----0----- 1 	- 
V
s
(1) 	V(n), V(n+1) 	[ 

__, 	  

Z=1 -1- 	z=2,  

Figure 5.2.7 

Representation of a transmisSion line being 
driven by an infinite number of sources 

If  K(h) issa continuous distribution of voltage sources 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 = V(n) + V(n+1) = K(h) Az 	28 s- 	 • 

in the limit as Az approaches zero equation 28 becomes. 

dVs (h) 	K(h) dh 	29 

The current at'any'point z is foundby substituting equation 29 for • Vs (h) 

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

Z=0 
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I (z) = Zo cosh  Y(9,-z) + Z2 sinhY(9,-z) 

ZoD 

X  f K(h) [Zo coshYh + ZI sinh Yh]dh 
o 

+ Zo coshYz + ZI sinh Yz 
ZoD 

X 21-  K (h) [Zo coshY(2,h) + Z2 sinhY(Rrh)] dh 	 30 

WHERE: D = (Z0Z1 + Z0Z2) coshYg, + (Zo 2  + Z1Z2) sinhYg 

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 -z) + Z2  

X cl
z  2 K(h,w ) [Zo coshn + Z1sinh Yh] dh 

• Zo coshyz + ZI sinhYz  

.ZoD• 

X f
t 

2K(h,w) [Zo cosh Y(9,-h) + Z2 sinhY(t-h)i dh 

+ 2 [Zo cosh  Y(& -z) + Z2 sinhY(t-z)] f
b  Exl(x,o,w) dx 

- 
- 2 [Zo cosh Yz + Z1 sinhYz] fb Exl(x,l,w) dx 	31 

T5 

	

WHERE: , 	D . (Z0Z1 + ZoZ2) cosffl. + (Zo 2 + Z1Z2) 

	

- 	K(h,w) = Ezi(b,z,w) - Ez 1 (o,z,(0) 

Zo = charecteristic impedance 

• Ezi(b,z,u) = field in z direction incident on upper conductor 

Ezi(o,z,w) = field in z direction incident on lover conductor 
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Exi(x,o,w) = field in x direction incident on left-hand termination 

Ex i (x,1,WY = field in x direction incident on right hand termination . 

Y = = + jB propagation constant of line 

= = attenuation constant of line 

B = 2u/X phase constant of line 

X = wavelength 

w = 2uf angular frequency 

f = frequency j.n.hertz 

Notice that a factor of 2 has been included tu 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  trans  fer  impedance. 

d V(z) = Zs I(z) dz 	 3 9  

where 	V(z) = voltage induced along the inside of the cable 

Zs = surface transfer impedance 

the sirrface transfer impedance is defined  ii 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 an•énna (egressive signals)' -the 
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disturbed circuit is the environment around the cable and the interfering 

circuit is within the bable. When  the cable is acting as a receiving . 

antenna (ingressive signals) the disturbed circuit is- within.the cable-and 

the - interfering circuit is the environment around the cable. Much work 

has been done on transfer iMpedance of cbaxial cable. Papers on this 

subject can be found in references 1 to 4. Graph 5.4:12 shows the measured 

transfer impedance versus frequency for the most commonly used drop cables, 

1 as presented by Smith-. 

The-current spectrum IL(w) in the interior load impedanCe Zb is - 

obtained by integrating equation 32 over the length of the cable. By 

analogy the appropriate transmission lihe equation is equation .31 with 

• K(h,w) substituted by ZtI(z,W) and with •Ex = o,.since-in C.A.T.V. drops* 

St>> b always, therefore 

I (m) = Zc cosh Yi(P -z)  +  

ZcP 

x f Zt I (*z ,b3) [Zc cosh Yi .z; +ZasinhYl:i ] di 

+ Ze coshYiz.  + Za sinh YjZ  

ZcP 
2, 	• 

z
f Zt I(z ,w) 	coshY.i(2.-z*) + ZbsinhYi(2,-i )  d 	33. 

WHERB:P = (ZcZa + ZcZb) coshYi2, + (Za 2 + ZaZb) 

The ctirrent produce in the load at the end of the drop (z=.q, ) is expressed 

as 

I L (w) . 	f Zt  I( ,w) [Zc coshdi + Za sinhYiz - ] dz 	 34 
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substituting in for I(z ,cii) 34  becomes 

2, 
IL(w) 	1 I Zt { Zo cose (5?, -Z  ) 	. Z2 sinhY (2, -z ) 

° 	 zou 

X f . 2K(h,w) [Zo coshYh + Zlsinh Yh] dh 

+ Zo co shY z + Zi s inhY z  X f 2K (h, 	[Zo cosh Y (9, -h) 
ZoD 

• _Z2 si...nhY(S-h)] dh 

b 
+ 2 [Zo cosh Y(9,-z ) + Z2sinh Y(9,- z )1 	Ex- (x,o,w) dx 

b, 
- 2 [zo cosh Yz + ZisinhYz ] 	Ex-  (x,2,,) dx } 

o 
D 

	

X pc coshYiZ + Za sinhYiz ] dz 	 .35 

1\11ERE: 	P  	(ZcZa + ZcZb) cosh Yi.2, + (7,c 2  + Z.oZb) sinh 

D  	(ZoZ1 + Z0Z2) coshY2, + (Zo 2 + Z).12) sinh Y2, 

Yi 	 + jBi inside drop 

+ jB inside transmission line 
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The solution of 35 is  

• 
•

. L(w) = LIZt [jsin b
/2 sin Y)] E

z(i ÎEZaZoZI (y2  - 2y1 ) + yZ  (yZaZo  - yiZcZ)] - cosh yt + [ZaZ0 2  (Y2 -Y1 2  ) 	YZ2  (YZaZ1 - yiZcZo)]  sinh y£ + (y1Z1 (YiZaZo + ZcZ2)J  cosh Yit 
PD Zo 	 YIY(Y - Yi ) 	 rir (Y' -  Yi') 	 YIY(Y`- Y1`) 

ÉcZ0Z, (y 2  - y .2 ) A. 	(yZcZo - TIZsZ1)]  cash yZ + IZcZ02  (Y2  - 71 2) + YZ2 (YZcZ1 t YiZaZo)]  sinh y£ + [yfZi (yfZcZo + yZaZ2))1  sinh yft - [ZaZoZ2 (y 2 - y 1 2) + y7.1 
Yir(r2  - yi 2J 	 yiy(y` - rf`) 	 YiY(Y - 11')  J 	YiY(Y - 

X (YZaZI • Y;ZcZ2)]  cosh 1, 52, - ful02 (y2 _ y i2 ) + yZi (yZaZy - yiZcZo)]  sinh y£ - 	(y;ZaZo  - 'yZcZ1)3 

YIY(Y' 7 Yi') •YIY(Y I  - Yi 2) • 

ri.tb El  .[yiZoZa + yZ2Zo]  cash  y£ + [yiZ2Za + yZcZo]  sinh yt. - [yiZola • yZ2Zo] cosh yit - [yiZcZo + yZ2Zal  sinh y113 -.[Ztb 	DyZiZo - YiZoZa]  cosh yt + 
PD J 	yz _ yir-- 	sf - Yi . 	 Y` - Yi` 	 r' - 'ri a • PD 	 Y L  - Y1 2  

[YZoZc - yiZila] sinh yZ.1  cosh yft, + EyZiZ a - yjZoZci  cosh yt • [yZola - yiZ Zcl  sinh yilSinh yit - EZ1ZO - 	yjZoZ1  

Y L  - Yi` 	 Y` - Yi` 	 Y - YI:z 	 - Yi 2—  
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5.3.0 	GRAPHICAL REPRESENTATION of  the  THEORETICAL C.A.T.V. MODEL  

The bulk of this subsection contains computer .simulation results. 

Graphs 5.3.1 to 5.3.5 show the normalized load current transfer function, 

-versus frequency. 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 show the normalized load current transfer function versus height 

of the vertical drop above ground. Graphs 5.3.19 and 5.3.20 show the 

normalized load current transfer function versus propagation velocity in 

the cable. 

Each graph includes five different curves. 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 the load Rb due to  the horizontal and vertical drops respectively. 

Graph 5.3.3 to 5.3.20 show the combine effect of the horizontal'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 about. the  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 general grounding conditions: 
1 high R (>100U) 
2 medium R (r--, 1kP.) 
3 low R 	(<10S-2) 

For-high ground resistance, ingress level is high. 

For medium ground resistance, ingress level is low 

(approximately 40dB loWer than high R .case at HF). 
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. For low ground resistence, 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 7 sampling of curve. 

For Graphs 5.3.6 to 5.3.9' 

The following graphs were plotted to show the effect of increasing 

the drop length: 

A - On all frequencies investigated levels are much worse for 

ungrounded drop. 

B - Unstability of low ground reference is clearly represented on 

all tested frequencies. 

: ,  For  Çraphs 5.3.10 to 53.19 

The next 9 graphs are of special interest. They show the 

normalized load current transfer function as the drop height above ground is 

varied. 

A - A first general observation is that-ingress level increases 

as the  height of the drop above ground increases for all 

tested frequencies. 

B - Ground reference of 500. and 1200 ohms are the most stable, 

(i.e. show less variation for all computed conditions). 

C.- Ingress level.decreases .  as freqùency 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 includedas a point of interest. 

Graph 5.3.19 shows the resulting shielding produced for different 

frequency conditions while graph 5.3 . .20 shows shielding for different 

length conditions. A common observation is that the normalied 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 ground resistence, ingress level is unstable with 

length. 

B 	It is possible 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 log10  4b/a 

 • 

WHERE: b height above ground(m) 
• a.  is the drop diameter (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 locate(È 

BROADBAND COMMUNICATION ENGINEERS Ok 



- 21- VC=-57 RI.= 0-30E4-01 R?= 0-30F4-0,1 .A:  0-75F+0? H-7-7-J L=50-00 
- (r) VC=.67 RI= 0.5°F -F- 03 R2= 0-510F+03 	0.77:+02 H=S.2 1=E0.00 
A VC=.67 RI= 0.12F+04 R 9= 0.12E+0it RA= 0.75E+0 9  H=5-0 L=50.00 

VC=.G7 Rt= 0.10E-i-OG R2- 0.F.;2F4-03 RA= 	H=S.0 L=F;0.00 
! 	VC=.G7 RI= 0-10C4-06 R2= 0-',-+23 RA= 0•10F+M H=5-0 L=50.00 
1 X 

n 

r, 	-7  

(_; 

• 

r 

.., 	,„........ 1 	......w/.\\  

'el.«  . . « . : . 	e  n - - 1, 

l'':.  1 	1 . N  •n4( \ , 	/,/.\ 	!\ A  

,---- 	1 ‘ 	er....4 

n — 

rr - 	[ 	, _i_ 
,-...-- 	

ffi 
-..i .4. 

 

_ ) 	',7--•' J ; 
 _.) 	
\A 

. 	. 	, 	r 
3 / 	,--- 
—. 1 . 	• 	' 

Vii 	h \ / 

en i 

\\ ,i 

.-1--...' 	... 1 \4 	\ IA. tieV\.1 	ii.-"JA 	ie-\— 	A ' 

f; 
ÀI. 	0 

	

I

0 	. 	V 

—I  • '."-; -"i 
"i 4 	• V 	

\ '1\ i\ir 
M, \S,  

-,,,,,‘ 	\\/11-I  \--  

r 

ieli 	i 
'.' 

• 1 

C. :751 
'' 	T.  "i 	-. 	 li, 	-,ll 

V 1 	 '144 	 J e 

• 4 

r - 0 	 i 	
lllll ,.. i 	 ,,,--n—rIfIT, lllll rr.r,rrT .r . 	.,.rrrrr..rrr-n—m—,7,rrrrrrrrrrrrrrrrril , .. llllll i f..tiil., c.--• , 

-e.uo 	2C.42 	51.83 	77.25 	1U2. n77 	1 • ::.- 	:,.7._ . .. 	I .M.9"?. 	201-.3 	229.75 	255-17 	2Q o-93  

S
id

3
3
N

IO
N

3  
N

O
II

V
O

IN
IIN

M
O

O
 O

N
V

9
0

V
01

:1
9

 • .1 

rL- 

bu
pe

au
bu

o  
sw

a
sA

se
qe

o  

o  FriEatit - 	: 	/ 
Current spectrum in load Rb duc to 

horizontal  drop only  

GR,',7!: 5.3.1 

L 	  



leit 	eiler.“ 1 17*.tdèlt tl n r1-71-111r, I 	r. 	. 	r—rrrre- n—i 	. . • 	 „ 	1 1 	4 	è1,1. n “r= 

51.e:3 	• 7 • .2 	102.f.-7 	12i?.ue 	17 • n.t2 	2t;1-.33 	2-75 	2:5';5-17 	2eo.e 

" 

• 
<9.4 	 ,, . ,IL n 114;m7-f-T 

•-e 	2U-4"? 

bu
  1.1

90
U

 E
ue

  s
w

el
sÀ

sa
pe

a  

GRAPH 5.3.2 

c> 	 . -,--. 	 • 

t5 -1 1 

	

	----"-- 	'.1 1 	""•:(2-- 	, 1 	--' 	 • 1 1 	.....-- 	1 	'i'-,f- -r I (... 	r- — . - 1,,,. 	—„ . : 
, 	5 	VC=-67 Pi1. L.,:uu. -1- 1., 	t._- ....,5o. , u. ",- u-..,77: -.-r :!---;-: 1  L - L-,1  CO 

,,,-- 	.-,,-. 	-, 	I ..r, !,-7... ,.' ..:, t:t.".--: 	'1, r / 7-0 /,)  1-1.c.;.0 	L.0.00 1 (,) 	VC-.67 FO- 0•7ivii-u 	h‹-f--: 1....-‘7, Lit....«; .i..- 	..,•,,_ ...,. 	, 	,,. 	, 
1,7, r4;-1(  ;-..i ,,,— ci 	-1-34.-.- _,..,,-, ,.., — 	) 7 ,-;r7+0.) H.-•;»1 i.t,i2.00 

	

, 	-, i 	A 	VO=.G7 	til= 	0.1(.11'" ,...,- 	ItC". — 	J..;..i....'.'Ut 	It,. — 	L«.•,...— 	L. 	4 	 ...., 	 , 	 ... 	 _ 

	

c_r_. 	,:,--i 	r- .(-"/ Rl= 0.ICP÷OG t - 2 ,-.  0.SUI..7.4-2, KA- 0•7S-i-i22 1.1.--;;•0 L=i5CHCO '-. 	*--' 	. 

	

.____. 	. , 	 , 
VC,-.G7 Al= 0.10E-F:DC i--2=. 0.:-..;OF.2..-  i'il.. ,- ,  2•1i». 7..-1-i2t3 H=5•0 L='...-:.;O.C,L, 

-.I 	''' 'f  
à 	 . 

	

a 	<=.• j  . 4 

	

i-- 	(--- -J (C' •  \ 	 • 

	

c ) 	n ., 1 .:-_-__ 
.;-, ! 

	

:D 	,---.1 1 	":"«. 4 

	

_..i...._ 	ts• ; _i  
il 	

i 
ei -I 	•1 

	

a 	i 	I 1 	' i 

	

Li_ 	A 	, 

	

(f) 	,--:',.: 	il 1 	
11 , 	i 	

11 . 1  
.. 	.1 

	

,..... 	.,-,-«: 	I 
n 	

. 

	

‹- 	ce- 	1 	i 	 !I 	. n , 
\ . 	 , 

i J 	I 	 Î 	
: \ 	 • 	

I 
''; 

	

1---.. 	_..à 	 . 

	

i'\ 	 1 CZ>i 	 1 	1 	I 

	

. 	 ' 	! 	 1 	: *1 
• .—.1 	

i 	
I 

 

	

, 	. 	 I 

	

, 	
I 	 A 	I\ c.„, 	 n 	: 	, 	, 	, 	• 	. 	. 	. 	: 	1 ; n 	!\ 

, 

	

(Y... 	I 

	

. 	
n 	 I 	 1 	: 

	

1.—..—. 	 l 	 J 	 : 	't 
iY- 

Ill 	1 	
: 	1 
I 	, 	

, 	i 
t 	, 	t 

1 	I 

I 	
\ 	 : 	I. 	i 	% 

D— 
fi 	

I 	1 1 
	

, 	\ ,-..-., 	 i 	, 	\ 	I 	i 	 i 	! c t 	 . 	1 	d 	\ 	, 
1, 	I 	 f 	1 	 I 	: 	

. 	1 

. 	 I 	• 	 1 	 \ 
! 	 I t 	 j. 	 t 

	

1....nn 	:4 	 i 	, 	, 	, 	, 	\ 	J 

	

„ 	, 	, 
1 	, 

	

i 	n 

	

...„ 	..,,, 	7 	,, 
l 	/ 

	

jr 	. 	17. 

	

c> 	. :I : 	fe-',11 	/ ; 	./`‘ '• Li:' 	1 ii . 	'' Y.  ' - 	'" 	[ 1r. 	4:' f ib\ ., 	,,'.' '' 	P.i'4;,\ 	',' 1A. \ t-\„„ t.:, ,  \ ,F • 

	

___I 	,c ,___; 	. ,.. I  .sj i , 	,, 	.:.f i p,, ,  :i,--,., .,./.1 	, 	; i  \. .,37_,.:iv 	,,,, Î \ 	, , e.„1,_,:...(< ,,v-, AY  ' \ : ''' 	.., .ie s  n)( )V -•"•Zq' 	),' —. ' 1 	it' S\ 	1 /,' 	\ 	/ A• 	/ `/,' 	'''‘, .', '. % 	t' ' ir "%i /7Dei)., 	\ ....-' 	- ' - -\ 	, 	,- ..-e 	%\ 1 	— v si,/ 	• i ,,.., '\i;!,,  

	

,.:,. 	,,.. :1, : 	!,!• 	\ 	, 	. 	• 	/ \ }, 	•/•,; , 	‘ \ 1 i 	k ‘i / 1 	,..__di t 	, 	
\ \: i 

	

(..-- 	c? 1 ! 	» 	f'''.' 	\,._,I 	ft. 	n ,, 	Vii 	\4,! 	\! 	\ 	; 	,, i.  , 

	

--..-_-_ - 	. 	i 	; , 	I 	Li. 	I/ 	n 	; 	\ i 	Y 	. 

	

(_>.:.' 	v 	; 	ni 	1 f  

	

7:: 	-Y I i 1 i: 	I 

\ 

, 
\ 	1 	Â 

r - 	 ' 	( 	T 

Current spectrum in load  Rt ue LU 
vertical drop only 

B
R

O
A

D
B

A
N

D
 C

O
M

M
U

N
IC

A
T

IO
N

 E
N

G
IN

E
E

R
S

  



.. 

! .1 

Z)  
:Le 

tr: 

M 

CD 

te• -.1 -4- 	, 

e  

, 	,

• 
\ 

1I'C=.7 	0.3r4-01 
\I(_ t)?  
VC=..r P.1= 
VO-.C7 
VC=.G7 Fit= 0.1t.2q7.+OG 

t 	- I • 	• 

	

- 	 . 

• n 	' 

' 

' 

• • I • • 	.  

H= 	.0j 

i!=f.- 3  L= 	.Th:  

L=1E'.!-2.00 

B
R

O
A

D
B

A
N

D
  

C
O

M
M

U
N

IC
A

T
IO

N
  

E
N

G
IN

E
E

R
S

  

	

--1 \ \ 	A 

	

r. .., -1 	, 	., 	,, 

	

' ] 	
. 

i '-ri : \ 
\ 

	

.-, 	....1  
—._  

	

---1-. 	1 	1 	' j \ 	.-- 	 :I 

:-- 
•-- 	j 	

;. i \ , 	 t 	. 	t 	, I 

	

„..., - 	3 

	

- 3 	! ; \.... 	i 	\ 	' 

	

- 	/ 	\ 

	

. 	t . 

	

71-1. 	. 	. 	, t 	 . • 

	

tt 	'; 	/ \ \ : i 	,\ 	le\ 

	

.;:, ,1 	• 	t 
. 	, 	1. 	!st 	 , • . 	 i 

	

.. . 	..-F 3 
• 

i 	i 	t. I 	t. / 	t 	- 	
• t 

	

t 	, 1 	\t.. 	.•, . 	' 	i 	\ / 	 • \ 	x 
..

. 
. 

n 

	

' . ',--7. 	1 	j 	, 
. 	J 

i 	i 	

n 
	 , 	̀,,i 

	\ 	i 

	

_ 	 e 

	

— • 	' • 1  

	

. 	
. 	. 	

`. 	1  

	

1 , 	.  

	

t

•..n 	. 	. 	. 	'' 	, 	, 
 

(_..; 

tt 	• 

i 	t 	'' 	' 	t .t , •• r 
i. , 	1 , 	

\ 	\ I 	I 	 I 	‘ / 	• 	\ 

	

\ /.._el 	. 	\ 	' " t 
1 1 	• • .' 	

ii • 	\ 	,

•

, 	
\ / 	‘ 	• 	% 	i 	't  

, 	t 

	

J 	•t 	

• 

, •

/, 	1 

	

4 	\ 1  I 	
; 

	

I 1 ! 	\; 	.„-. 1 	„.,,,..,. ,,,,  4 \ 	 , 
i 	

, 
t 

	

, 	• 

. 	/ 	
\ ! \ 1 	/ 	i 	. 

	

) 	,---à , '-1 	\ 	(1 	' 

	

-1- 	 tl 

	

J 	, ; 	. 	. 	 /›-. 	., 

	

'' 1 	,' r. 	/ 

	

. 	• 	-4 	\ 	
I 	, 	

•; 	*. 
,' 	! \ 	i 	 .k' t 	

.v. 	' ' 	1‘ 	. 	, 	, 	‘ 	...,.. 	. 	. 

	

,{ 	

, 	/ 	, 	. --.1• 1 i ; 	•, .., 	
1 

	

1 4 	
1» 	\ 	/,', 	t• \ / i 	• 	/ 	V 	, 	. 	• 	•' 	• " 	i ..' 

	

/ /  	,„ 	.• , 	., .. „ ,... 

Y i 	\ \„.4...( 	', i 	' '‘. / / 	-• 	; ., 	. 	-I 	/ k .f• . 	f 	1 

. 

	\ .. 	.p . t 	- .• 

• -I 	,r  

	

,___., 	._-,-i 
,.,.. 
,. 

,, 
' \ •• 	..„ 

1 

	

. 	- 	/ 	
; :;,. , 	p, 	\ 	: ,,,/ 	, 	; 	r  . 	:. • i \ - 	s.. ,', ., 	. \ : l 	Ir -r 	: '.,' 	)1e; , if r 	\,/ \•. \ 
.; 

.,/ 	
n 

-, , . 

	, 

' 
tti 	' 	' 	't 	' 	\t, \ 	 k' 	\ ; 	

- • 

\ , e. 
 \ 

	

.....:..._ 	! 	1 

à 1 

 

4  

I 	 ! 

	

, 	1 V 
t!. 	

h 	i \ 	

, 	
1 - 

. .., i 
IA tr-r-r-r-r-r. TT r-r-r-rri-T-T-rT rr-r-r-r-r r Tr-7-r, fr ri-f-17,-r-r rrr- r, e , rr -r- Tr- r  r g r : r 7 r r- I' t rr r: r re,- rr-r r r -r - r rt- rr r;r2-17-  ri-r--•1 -T-r -r-t-7--rr-r-rrrî-rTrr r - r- r rr r- r- 

	

I* 1%0 	2.•..; • 42 	51 • ë",i 	77.25 	1 02 • t; 7/ 	124.3 • '...' 	: ',:::', • '. :,., 	'17z.'••"„f2 	i.', 4:••?3 	?...... -75 '2•':::-3-17 	2i9i1 •• :f.ë. 	z.',:'-.:- t', V 

r- A F 	̀f -̀' si 	7 
r 	 . 	 !.‘ 
Current spectrum in load Rb due to 

_ 	both horizontal and vertical  drop  
mum 5.3.3 



C.) 

CT)   
I A r 

A 
), 

-J 
1 

, 1 

' 

n 

.4 

, 	.1  

VC=-E57 RI ,  1)."::CE 4-U1 
RI- C.i .JU','; R2- 

VC=.f-37 RI= C.1?Ff-'21. 
„ 	;.7..  

hA- c. 

' ••'t • I 	41  

_ 

bu
lJe

aU
ib

ue
  s

w
a

sA
se

pp
o  

S
8
3
3

N
ID

N
3
  N

O
I1

V
D

IN
f IV

VV
Y
0

0
 O

N
V

9C
N

O
H

9
 

f\ 

d 	re. 
I 

: 

1 
• 

• - 

- 	' 
- 

' 
r 1i  f 

I 

J 
L.J .1 

• 4 

	

IC'. 	' i: 	1 	V 	1 	1 	‘.. •ii 	1 1 	i t, - :/ 	: 	? .', 
t 	: 	i: 	. ' ,,,A, 	: .•. 	,; 	, 	• \,. 
..-,-........:.,--,,,:•., 

	1 :11 
fl.,, 	i. 	! • 	 . \ 	:  

V \ '/.• itz,. /., * '• .. n .4 -,,•k , : , ,, , . It • 
I ef., , \\L ;I: / _ V 

p ./.'t I/ -\‘‘,. 1,. f,'  .,„/ 

.Y F", 

:—t 	; 	1›. 
i 	.. 

	

, , , r; 	,1 TN\ 

	

.„, ' . : 	t f 	... 	A. 	\ / 	\ 	' 

. . 	1  	/ ' , ..r, 	f ' 
.,..  

1 	/ 	. —à, 	\le 	... 	 - ..:',, 	 , 

	

A 	&., .. 
I' 	 d \ 	'1/4 .. 	\' 

	

\ht 	.I. s' e' 	\ A 	 i d , 	\ 
7en./ 	

..ze : e 
\ r 	

. 
\\ 

v 

, bf  

. n 	.•- , 	; I 	i 	1 
; i 	-1 

; 	t 	; 	"f 
I 	 I 	\ 

I  
I 	; 	 •i 	 „ 

's; 	
\.\•. // 	

4 

\' ‘e  

r\ 

, -r.," - trrrrr-tr-trirtrrrrrrrir. trrrrr n - trt rer - trrtrrrrtrrrrtrrrrtrrvz rrirr,trr -i•irrrrrrrrrrtt r -rt:trtr, - rtrrr- rr-Trrrrrilr:;,r, 
2.F.. • C-1 	• 	 • 	 I • 

f — 	 ( 	 H: .. 
• r. •. • 	 1*/ 

Current spectrum in load Rà due to 
___hoth_hor.1;orta1  and  vertical  drop  

GRAPH 5.3.4 

.• 



5u
pe

eu
ib

ue
  s

w
ei

sÀ
se

pe
o  

GRAPH 5.3.5 

n.n 

m 	-- - C7  RU:.: j - :3 Li ir.t. 	 - 3 	7 	- 	?. 	 10 0.0 U 
V 1 	u7 	= 	 - 1 -  LT) 1 L

. 	 IOC {Xi 
— r7 

G7  Ri= C F. 4.U;;; K 	0 • 	 • ( Sru. + 	• u 	10 0.0 

g 	
. 	 Ri= D. 1. 0 F. 0 é:;' R?z, 	• Dt_7. 	A = 0 • 1O t t2 1H 1 Q0.0 

j , 
- 

- 	c 

e. 

L.  

, LJ/?\\ ''' • ' 

	

' : 	' • 1 
, ...— 

	

- 	r , 

	

. 	-4--- , 	\ ---- \ 	: \ 	/ \ 

	

t...,_ 	1 \ 	/ 	\ 
t 

	

I 	I, 	, 
f V I  ' v , 	. .,, 

or 

.1 	,;\ 1\ • \ 	1  I. 1, \--4 

, 
I 	

\ 
/ , 	 \ 	 . 

S
H

3
3

N
IO

N
3
 N

O
II

V
O

IN
flL

AW
N
0

0
 C

IN
V

O
O

V
O

H
43

 

; 	 ;r— 	• ( \ • • 	— 7 • 	; 
r 	' • 	• 	! 	L. ; 	' 

Current spectrum in load Rb due to 

......._bothiarizontal and vertical drop  



• 

B
R

O
A

D
B

A
N
D

 C
O

M
M

U
N

IC
A

T
IO

N
 E

N
G

IN
E

E
R

S
  

ur, 	rrr •re !Tr n T 

• ". • • 
r- r 	r 

fr 

• 
••• • 	1 

••, 
t 

A 

j 
j  

; 

• 
.'*- rrrrr -rt-rrr•rr-rrrrr  r rTF; rrrrr 	 r . 

• 
• • 

APH horizontal ard vertical drop at 	 GR 	5.3.6  

TL4 
Current spectrum in load Rb duc to both 

bu
l. 1

39
U

  b
u

e  
sw

el
s A

se
p e

o  

L 	  



1 
, 	 ,..) 

Ç;  I <:,  
' I ) ,f, ,VC ,. 1  67 

I •-.1 ... 	; 
• ' 

1', 	., ' 	-,.. 	I 
A: 	h 	r 1: 	II 
j 

ht. .0-?0E 4-121 i'2.... 
Fit- 0 - Jr +. 03 
Fi I. 0 - 1  7.i.:.i-t.?1- t-, 2 ,- ,  
Al- 0-liA4-0 ,:; L:).- 
'il. (.1 -10+.0G-ii;).. 

1 	1 	' 
r«. 	I 

T. 

• I 
I 
; 

1 

I 

•  

' 
, 

. 	; 
; 

I 	' 

!_! 

; 

; 

1 

• . . • 

' 

, 

4- LI 	,f").  • 

Ib. Li  

• 

IPS•O 

! • 

' 	 ' 	 • 

; 

I 	¶f 
1 

' 
 

1 	p 
i 	I, 	; 

; 

bU
lie

3U
i b

u
e
 sw

a
s A

se
p e

o  

i 
! 	

1 
. 1 
, 

	

' 	A 	
.1 	

! 
n

•

. ' -",, 	 '.. 	 \ 
t_-N., .• ." 	/' 	; 	 , 

/( ' 
	 1 : ..%,- 

	

, 	i..›..-',.. 	„,..","---,.•., 	i 	 . 	 .  
7 

I 	 ; 	. 	‘e 	I 
. 	% 	• •••-e-. 	t 

! 	
. 	, 

, 
&'' 

CA 	 \ 	 I 	. 1 	. 	/ 	..1.. 	‘,.. •_  
\ 	/ 	

I 1 
 / 0 

> 	 . 	• I\ 
/

I 
 

, 
. 	• 

, 
/ 	

, 
/ ,' 

CO 	 ` • 	11 	
\ ./ 

. 	. ' 	
/f 

 . 
0 	 ' 1. 	 \ 	„,. f 	.n 

0 
Z 

	

.. 	
. 	. 

	

:I 	 V 	 ‘ i• 
D 	 , 

0 	 . 	 1 
0 	 ' 	 • . 	 , , 1 	À 	• 	. 	1 

\: 1 

1

1 
..n 	 4 	 . 

C'') 

C 
Z 	 ... _- 

•- 

	

	• . 	.1 
-, -4 
I i 	 \ sr 	• 

t't 
1 ; 	 , 	

. 
,, 

	

, 	
. 

. 	. 	 . 
I 

1 	 1 > 	 . —1 4, 

	

. 	

' 	. 

	 . 
z 	 - , 	 A 	 • 

rn 	 r  , f r-r-rrrrri-r- r  r f rrr-rryr f rr r-r ri- ri-r-c-ri-r rrr rr-rr- r rrr r rr r r r rrrr 1- ..- rr rri r -r ri, r, r I ^ rr r 71- r : . . 	• r r - 1-  r-r rr ,r-ry f r-rr rr r • f • 1 r r . 	. • • 

G) 
Z 	 . • ..»2 	:•'.:(i 	t: i , 	op 	

,:;:i.uu 	k-., •e..., 	'.):.;•,... 	1..:...-,.),.; 	. 	-.., 	'...-,.-;.:;..; 	:.,....... 
2 
m 
m 	 I 	- 	' TU 	

. .. 
33 	 _. -". 	: 	; 1 	',.'r 	: 	.. . 	. 
(/) 

Current snectrum in load Rb duc to both 	 GRAFT 5.3.7 
. 	 . 	. 	 horizontal and vertical drop rt 15!III:  

1 	 . 1 



S
d
3
3
N

ID
N

3
  N

O
I1

V
O

IN
nV

gW
O

3
 CI

N
VE

IG
V

0
H

8 

. 	\ - - 

I 	

. 

	

:----' •• 	' '1=  . (;:-,./. Fe  1 ._;_,..e"--..... ,  ,.-: 4.0 1 	i.> -,1' .-- 	il ' --it : - 7  4- 	": 	• -' .." ---: 	i s, 4. r r"..r' 7 4 ' I..' -.) 	i 4 ---•  n :`  

, 	
-... 

,- '.:11  1.71  

' 4  n\ 	W C 7--,  a i:j/.  FS::- • u';.;-;_;' ,7.-i-L,' .13 P:,").---' i' • `.',.....'i:',.. .2:,', 	...;/...- ,C • /:.....-. f. .i.)?_ 	-...-o • t.) 
1 

i — 	'-i 	1 '-;.'7 4.. n 4. 	L. ') 7-• 	 ..-. -4.1 "' -'1. 	e ..., :7 ' i ' . ' ./ ' ...' ,.e-}-• lh-f..,.-1&-..;.,ILtiLl 

n 	%,r_.. 	(•-/ 	,_.,.- 1 	r1 	.. ' . .r .- ,. -,- 	:..,.... 	•• 	r- -),-... -!..: 	._., .< -..: 	.,' 	7‘,-.... -:.1.. -  7, 	, I.:., ,,,..  

	

. 	, 
-,,-,,..11 	et, 	 ,.,› v,„- • :..; „ n L =-: 	...; - I.  ;,.....:. -1.., ,.i n. - . - 	 1..: • .>.... '.. -. 7  I.. ,.: 	. ,,,.; 	, •/, ..... 	._. . 	r . 	, 	u 

, 	. 	• -.. r 	• , • 	i ,...,- 	n, 	\ 	\ .-- ,.:: .E./7/ j--, 	':-.. . 1 i' i;:-  i- i, n -;" i2C ',) ::.: 	0 . -.:-,-. 	,r : 4- ,j,:' . 	-,,..x.  _..: 	,.., , r. ... 1/4_,—...7. -i. 	 -, 	f . 1 ._ -.) . L  

a 	."••••••-• 	
I 

• ..1 	 ' I 	 \ 	\ 	• 

	

.1 	
• 

I 	1 	
\ 	• ,_. , 

1 	 / 	
, 

	

.1 	
. 

	

‘ 	, 	j 	 • ' 	 \ 	' . 	 n 

• I. 	
, 	. 
I 	•

•i—  ' 	 \ 	/ \ 	f 	
. i 

	

- 	• 
'. 	//' 	 I 

	

.t; i 	 I 	 ' t 	 . 	\ 	 -I 	 \ 	, 
c _ , 	, 	.1 

	

j 	
‘ 	',, 1 g 

	

. 	.. 	i 	
H 	

\ e\ 	: r 	\ 	. , 
\, \ .:.__ 	

i J 	1 	À 1 	
. , 

	

...., .1 	 \ 	 ''. 	; 	

, 
I 	 ' 	1 - 7) 	,, J 

I_ t_ . 	. 	1 	 . 	' 

.•) 	. 	
i 	n 	 . 	, , 

. .. 	 \- 3 
, 	. 	

. 

. 	 1 	. 

	

' 	,' 	
. 
' 

	

. 	. 

	

.1 	
. 

	

. 	• 

	

. 	
, 

	

. 	
; 

	

' 	
I 

	

4 	
1 	

, 

	

. 	
• 
.. 

. 	.• 	.,.. 	 . 	 . 	 ' :-_, 	 \ i 

...... I .\ 	,  
• .... r . 	. 	., 	 ; 	{ 	 \  

	

. 	. 	• 
. 	.. 	, 	 't 	m 	•  , 	. , 

	

. 	, 	n 	
' ', 	

.. 
' 

.. 

/\  
• 

' 
r - 

	

. 	. 	,, • 
,/ 	' 

r 

	

t•-\./i 	; 	1 ''. , 
'/ \ 

-,f 
ï \ /;\ 	..'"•. 

____,„ 
1.. 

/..\ 

•/ 	. 	iN  '.. 	/. \\\.‘. 

i.. - N.. 	' 	1 	),.... 	r ' /  
/ 

I 	. 	g. 	',/ 	.. ; \\ 

; 	, 	

.  • n . 	,4( 

, 	
• 	. 	., 

 
, 	

• 	
,•\ 	:: 	, 	

,\,.,. 	, 	. 	. 
• ,• 	, 	• 	

‘ 	
/ 

1 ,. 
• 

.• 
I 

	

j .. 	
o . 	

i ,:,. 

__, 
, 	\ 	.. 

1; A 	., ..,. 

...,.. 	../ 
, 	) 

a ; 
.. 	b 	

, 
' 	, 	. i 	 '.7 	f. 

. 	ï 	
A. 

, 

	

, 	 ; 	. 
• . 	. 

. I 

LENGTH •,)1 . 	!, 	1  

Current spectrum in load Rb due to both 

horizontal and vertical drop at 28Mr.  

: 

Î 
• 

I t 
I\ 

• 

' 
•/ 

; 

J.  

1 

bu
lie

eU
ib

ue
  s

w
a

sÀ
sa

ge
o  

. 

GRAPH 5.3.8 

-r-r 	r-r-rr . . 	• r rrrr  C urt trrrrrrl7rrrr rrr-r-rrrr-t—rrer r  j  rr rryt r r rrrrt-r ry-rr r-rrrrurrr -rrr ,r, r  rtrr  r 

35•0i2 	1..1 ,J•A 	ISS.J0 	170-00 	0 	_.. • ,.. 



5u
  1.1

83
U

 I b
ue

  s
w

el
sÀ

se
p e

o  

-n 

1 	-. VC= .C7 RI ,,  U.U;-.:. 4-01 P2.= 0-3ti .,7. 4-01 KA:-: 0.1;7..-i-t! 	ti,".,...-k- ‘ _1 	Pi 
4 	

- 	' 	-1  , 	', 	' • '-- 	' 1' 	;• :, .., 	;' 	' -•;L..:: 4 	- -7'-1 ,, ' 1  

	

r, - .7 RI= 0..» ..i- iia r4,?.= u.ti».7.i .,.--i ::,.- 	.....:-...,..- L-, • u 4 	CT; 	
- 	--- 	- 	' 	• • 	- 	- 

-, 1 V(',---,.C? - , , •--
,  - vr',_, (2,7 

	

._-i I, 	, ., 
Yi 

..; 	-i.( 
-- -'4 

t 

\ 	.1 \ 

	

., 	 / 	1.  / 	\ 	
,e- 

*-- - \ 	/ 	\ , 	4 
‘l .. 	1 	 / 
\ 

	

/ 	/ 1  
/ V e  \ / , 	

; 
,  , 

-' 	I 	\ 	il  
, 

	

I 	i 	i ; 	 ;5 

	

. 	. 
, 	/> '''.. /: b V

• 

	. '
• 

• / 	\ 	. 	1 

I 	
\ 	/ 	i 	 ,\ 	I 

't 	. 

'' 	
• 

f • '  / t Vi 
V ' . 	\ 	›, 	1 . 	t 	i 	

i 
. 	/ \ 	/ \ 

.i 	• 	/ ///ie   • ,4 . 	/ 	\ 	
. 

	

. 	
/ 	. *. r 	? 	. 	 • 	I 	1 

‘1 
\ 

\ 	l 	

' i 

	

' 	\ 	/ 	. 	 \ , I f ... 	/ , 
J 

\ 

, I 	1
f 

 • 	I 	 . , 	. »1  i .' 	\/' 	
I 
• ' 4", 	/ 't 	31 

e', 	7 t 	•n 

. 	' 	 ''  
/ 	

. 	, 	It 	)§' 	
. • 	: 	\ 

	

\ 	:' 	'• 	/ 	.. 	.  

/ 7 i‘ 	1\ 	
, 

• 
• V • 

/ 	 / 	 / 	•, 

	

' 	

• / 	71 	\ : 	\ 	,. 	\ .. / 	; 	' 	•• ' 	 -n 	i. 	- 	{ . 	. 	/ 

- 	0 	

\ 	.1.' 	1 	 \,/,' 	, ', 	\ ' 	• 	1 

7----- 	• 	,, 	 V,/ 	'i, 	'  

	

, 	• 	/ 	

/ 

	i, 	

' 
A 	

, , 	, 	•, 
. 	 '; 	\ 	1,,, 	•; 	',I. 	' 	, i/ 	\ , 	\ 	, 	\ 

	

1 	 , 	-? 

	

- 	,,, 	/ 	- 	\ ,i 	• 	. 
. 	 1 	I 	 , 	 ..,---.„ i 	\ 	,, • 	V. 

	

- / \' 	,./,\ 	4'.  ' 	\ 	\ 	, 	 , 	. . 	,. .,,,, 	j . 	. 	: 

f f ' I \ \ \ 	' , 	 - - • 	I 
1 	 , 

• \ 7- 	, 	 / 
	n/":'''' 	\\>. 	NN4... 

' 	\ 	\ \I 	1 / • 	I 	
A, . 1 

/ .. 	• 	- 	.t, 	/ ' 	ké,„ ..•• 	.. 	/ 

I 
. 	 ,' ' 4; 	N  , 	, 	, 

	

, 	- " 

	

, 	 ., 	, 	. , 	.  
i. 	\ 	% . 	. 	. 	i• 

• \ 

: 	, , 	
,  . 	', 	; 4. 

, 	. 
1 	. 	,/ 	 n 	/ 

• ', 	v . 

	

- A' 	\ 	.4 

	

— 1 	, 	• 
• 

	

- • I trrurrrrrrirer rr-rr7 rr-rerr-r-r-r-rr-r rrrrr r-n- err r-r , rr . , . • F. ré -. 	. rrrr n ri ri- 7, t crrr-: - • •• :•/1- ' , 	;-‘, 7-  re-rrr-rr-rr,r i- l• r: , - - • 
• i . 	• n.-.;l; • ij f,1 	€:`..; . ti;,) 	i..,  i.: • : 1.., 	 : : . • L : 	: .-:' : - ,: ; 	!l-  . - .. ,.• 	'.. • ; - ,.' C 	1 7 ,: - ',., ; 	1 -•-• : - . . ..  

	

. ,. ,_„ 	 . 
i -  ' 	- 	I H 	' 	' , 	

. 
_ 	_ 	. 	. . __. 	. 

Current spectrum in load Rb duc to both 
horizontal and vertical drop nt 100MHZ  

S
d

3
3

N
1

9
N

3
  N

O
II

V
O

IN
M

A
JO

0 
C

IN
V

E
IO

V
O

H
8

 

RI= 	0.11.21- RA= 
RI- 	kA- 
RI= 

GRAPH 5.3. 9  



- 
à 

, 

s • 

• 

et- -*`• 

1.71,  J 
1 

<I? 

GHT " 	I 
r 

Current spectrum in load Rb duc to both 
horizontal and vertical dron 

GROUND (M) GRAPH 5.5.10 H- 

ffl VC=.67 R1= 0-327.C1 R')= 
• VC=.67 RI= 0..50E+03 R2= 0. --)H - 3 
• VC=.67 RI= 0.104 R2= 0.1? 
• VC=.G7 RI= 0.10E4-0C R2= 
• VC=.E;7 Rt= 0.10EfOG 

_ 
FH'7_.= 	5.0 

UO.0 
5.0 

I .= 	5.0 
L. 	53.111 

--< 	—rJ• 

bu
lie

eU
i b

uo
  s

w
el

s A
sa

pp
o  

SE
I 3

3
N

I O
N

3
 N

O
II

V
O

IM
IN

W
Y

O
D

 O
N

V
8
0
V

0
t3

9
 

	

. 	.s•-..-s 
en - 

s - s...._ 

	

: 	. 
--.,--,--er-ee-e--e  

	

'le- 	 e 	 44-41}...›.--n. -4,--44-7_e_ir_e_a__„_,  

	

IC= 	:4 	. 	 .4,..--Cr-e•--e- 	_4,-4- - A- -a--4" ___)
.......----e----**--e-e-e-Z-e -&---4-44-e-e- C ..A - 

	

/..._) 	• • 	 ......m.....0t 	/ 	,, .. A. - e"--  4.- -1.-  

	

7 	
.,..r...e.._e__.a.--l__4k_  .,,,_ —A- • ° 

. 1.....4,--er.  - _ ...,,.-A,--e' . 

	

- 	 _e...-41,---e- -4,--è- 	 , . . . 
s.....j..--e--e....' 	. ...te -----.1.-  

	

 
: 	

-•-s3-- '11-41-e  

	

1 	c.› 	- „....4"--e 	 • 
--(3---eb---e"--41-e--  - 

A/4-- 	
Lib- -et-  --"" - '' .1' 1 - 	 x,_ e---19---e'-e--  

	

. 	?1,A 

	

, 	
ifr___9fr -er - - 

.... 
st.--el--ei--  

rs---&--  - 

	

- •,- 
7:i 	

-;!r--r4--"e.- --. er ....er 
r..e- 

, ,;..  
r, 
' .4r" 

, ,, , rt r-  rr r r-rrur r-rri-r- i-r-!-rt-re ri-rr-  r TT r-r-t-r- r-r-r-r-rrr 1-1-  r/-r-r r-r -t r r-r-rt- r-ri-T-1- r-r -r- r-t-  r r rl• 7 r r-rrt rT-r-vr-r-m-7.1-1-1-Trrt-t-rn-t r-r-r-r-r-r- r-t-T-t-r-T-T rr-r-rls  r n I 

	

1- • 	1.75 	2.F.0 	.9.k5 	•-UO 	t-r3 	5•C 	i.'...-i 	7.UU 	7.7S 	e.0 	e.a  



; 4 

; 	• 4,  r 
. 	I 

T.; 1 

."«, 	
_ 	.7. _.: 

, 
 

r,.... 	- 
....».---

• .it" 	 • . 	 -14-.... 

VC =. E.;/"'1:1: 	li . OF. -1. 01 P.2 -Fii le;'«ell—Hq - ,/ : " 7  '2•: :...::7-: .). I::  T;O.0  

	

,-,-, 	
, 	

- 

..,-,- .. 	 -« 
• j 	—.1 	 . 	. _ 	F 

	

j (1) 	W.:J7 R1 ,,  0.5-TiFti;3, i/ ..,,,: 0.ko 7, c'z, 	,-: ! . ...-.---f- , 	5us0 FiT,:"Q.. 15.0 ---- 	•-• 	_:.:.,.._-_  
..-". 	A 	- %0 =  • Ç.:; "-/ R 1.. = 	1:- ..pri:'....:,- 1:i..'-li,-+‘"->"-*"..- "4--  T'' ) - **.' -.' '' : :--: 	' • . ' .:..«. -I -  - ':. 	' ..:-: 7)'' ..-11..-4.-“,4-‘ . «:' . ,--, 	I (;.; • 0 1 

e-le/ib 

,,,,4 	_ 	 L. • ... . L. . . i: . 	L 	. 	 . 	. rt.....„ - 

VC ,-..G7R'-i.ert.',•:.-1-0C k2- U.:-.)i.J',.:44...! 	i'-'':A - i..'.7::, -',-L-!2. L= '5i2.0  ...., 	

. 

. ; 

	

-! ''. 1, 4. 	VC=.r..:›ar.1= -•!.I.J .,-7 -i-CC t' -?= 0....'AF.-!-i2:7,' r-,,i..= 12.1:2-...-4. 	L:',  '..•2.0 F-fiù.= 1_5.0 ., ...,..--..;-''' 4 	........ 	,. -, 
-I/ 	 - 

bu
ue

eu
O

ue
  s

w
el

s À
sa

p e
o  

B
R

O
A

D
B

A
N
D

 C
O

M
M

U
N

IC
A

T
IO

N
 E

N
G

IN
E

E
R

S
  

.. 

	

J 	 . . 	 . I. -I 
. 	I 

' %  n 

!"... - i 

	

^, ' 	
A . A- ./..-- 0- A----0.--4.-.-0.--.11 4,--0- 0- - 	_ 	,._.: -.4%--4!•—...,  

---t 	./ 

i...6.--6----Ar  A-- 	 .4,......-421,---0...--"--17---A- . 	 .....— 'D 	-----.. 	. 1 	 ....f.—le ......e......••—e----m 
 

___! 	----1  

	

. 	 . 
•-• 

	

4 	 ....)e-je 	. _......›. .i 
, 

-. 
	-... 1 	-Ar. 	 ..07 

...._ 	..:, .1 

_ 

	

..i 	- 
1 

,......, 	 -. 
- -4 

_--..- t-r-r-err-r-r-1-1- rtri-r-r rr-rt-r-r-e-r-r r re ry-r-m-r 1 r • “ n 	i  rr-r-rt-rr-r-rr-rrr r-r- 	1," r-r--:-rr- r-r-,-rt-r1-t-r-r-rr-t . . “ . . , r -T-r-r-r-r. , , 3 7 1 1 ' à 1 / à i  r-rr-v-r-r-r"rri • 
• 1..1.%() 	1 • 75 	2.50,"..''.25 	1--UU 	1-•75 	 c.:::.-7 	7-i.P.,  

1J Fr 7 (` HT r. :7 \,/r..- Q -1-  
. 	ii 	.i. ,7, 	i 	.....„. 	• 	.i 	i 	. 	- 

 ; ',-, ' 	.-' 	!, ;:i i 1 , 	(‘' • 	il I s 1 1 	( PI ) i .- 	. . 	1 .,_/ '.., • r-- - 	'.....i L_,, 	\l  
Current spectrum in load Rb due to both 
horizontal and vertical  drop 

GRAPH 5.3.11 



;.: Fil.r..). = 20..0 . • . • 	--, ••• 

	

e. . 	. 

	

, 	 .....-- 	 ,, 
....›- 	 -. 

	

-,..., 	
-- ...„. . --e. , x, 

	

f-- ...--- 	
"e"--4.......,,,,,,  

0 
.4.--e- -4—*""--- ' - 	 ---4-- 

	

.___ 	.4 

	

.4,:... 	 -4.-..„,_...."«....4._ 

	

1 	 ,.,,_„›,,..r 

	

ID 	-- je, 	 ,,,... 

i - -' 
)C. 

	

, 	7  
i„ .4 
- ---• 

	

V, 	..... 

..- - a 

	

A 	

....qe\ 	
'\iC 

A •_. , 

,,-- . -t.i , 1--1  
\ 

._ ,„—e)- 
, 	• 

_e"----- ..m-----e __, , .,. 	er 
II- '''' 	• 

--er - 41"—er-- 	...„_,..,.,--e—t.--- 	.. 	 _e—e.........,....a—e›.......1. . . 

..,_ •Ii•-•—le.....e71... 	 _,A,...*, --A .4 •- 4- -A -A- - A A- 	 S 
 

 s• 	

ez ,.......-2,--_,,,--ér -4.-  
•••-ir--- 

I 	• 	---11,' -4« - --â—e-- - 4- 4- r• - "-Ar ..... 

6 

r•rry TT"-, rr-r crrr-rrrr-r-r 	 r-rr rr-r ..... • r -ry-rrrrrr-rry-r•rr-r-r 

7.771 	e.51: 	9..C5 	10•:0 

HEIGHT  
Current spectrum in load Rb due to both 
bnri-nntll 	vprricql Arnp  

S
13

33
N

IO
N

3 
 N

O
II

V
D

IW
IN

W
O

O
 O

N
V

S
G

V
O

E
i 9

 

• 

r..1] VC=-67 RI= U-:?0E4-0•1 	 L- 	FHT.U•= 20-0 
V0=•67 R1= 0•7:..T. -i - C3 	:2•7•17:i- 02 L- fs-7,:0•6 Fr-=‘‘P.a.- 20•0 
VC=.67 RI= 0•?:-. 1-0-1- 	0.?S'.+2? 	20.0 A 

 VO=  • e 	H 	' 	•. 	r;2.; 	j 	y 	n. • 	-H. ! 	! 	f  •-; 	 • = 2C!•0 •- 	
4 	

, 
VC,=• 67 	

. 
- 	• 	- 	- • ' 	• 	

- . 	- 	. • • •-• 	--- 	- 
.,_ ...U.- 	 '• 

---,,- - 

trr-r n 	• n 	 -rr rrr r- ri-  rr-rrri-r-rr-rrrra-rr rr -r-  r-1 

1.75 	 1-.120 	4.75 •4, 

,!..• 	• !, i' 1 D 	( 

•, 

GRAPH 5.3.12 

bu
  liG

eU
i b

u
e
 sw

el
s A

se
p e

3  

L 	  



S
1

3
3

3
N

ID
N

3
 N

O
LL

V
D

IN
rIV

YL
A

J
O

D
 O

N
V

9
0

V
0
H

9
 

I r- 	- • - 	 r 	 ' 	• ' 	 ( 11 ) HE. G 
Current sil'eCt'rum in load Rb due to both 
horizontal and vertical drop 

bu
lie

el
ib

u
e  

sw
el

sÀ
se

n e
o  

,-.., 	. --,. 

	

v?-71 	VC=.67 Al= 0.30F+.01 i2= 0.3rijl r'.A= t.•'!:.:::,7 4-2 L= SO.:: FkF.. ,-,  "?9-0 
-y4 m 

J ci.) 	VC=.67 Pd..: 0. 5 iDE-1- 03 F.2- 0.',-. 1- ëi r',/,.- L.Y .-.». -i. L- (:-., .0 Ft-'.:=..= 2'.5.1': 
A 	VO=.G7 Rt= 0.t27.1-C1- R%= 0.12‹!i F'.= l'... , •:;:4.-: 	L= :-.-',..i ..,  Er::.= 2.R.0 ._. -I 

	

. à 	. 

	

— 	ill e) 	Vo,--C7 RI= ij•Ii.Ji7.4-K-; f-'..---. 0....-k..::: n' ij.7 :::-;:. 4- 	1 :-: ':-.À:42. FH;7-:,-;.- 

	

---! 	1 1 x 	r=.(37 P.1= 0.10Etü8 i-kr....:= 0. --JU'i-0. tlit.= i2•1'2E - i -..: L= S,C.0 FH.E.U.= 2i.<•0 

	

, 	_...,,,,t----.--, - w,,...4.5_ -.•,__ 

	

.1 	 -et- 	 re -X. 
- 

.._ 

, . .=, .i ! 	,/,,,"'4C-'.---ee  
1 x. 	

• 
.-Jr

....„,..-<-  

	

— 	1 	
-le 

-n,,.1:. • 	 -et 

., 
.e.  

	

--7) 	r 1 i/.1 / .....--,,,---4- -A--4--  n,----.4_4_4_ 	 s  X 

	

:1 
	

ç

\ 

 
1 	
V - 	 '‚ -.!..-- 	 ,„ 

	

J 	 ,, 	/ 

	

, 	 Ai . 	 A-.---  - 

	

., 	 . 	)7  
.-_.' "V 	 `t> 	

\, 
,e''  

	

-- 	1.',-!- 	
\,.% 	

\ 	,,/ 	
j 

\ '\ 	/  
\ 

1 	i 

	

\ 	1 	/7  

•
\t> 	1\ 	, 

' 	 1 / 

	

1' 	

\ \ 

	

: •-n 	

- 

_.:}e, - ---er.  , / 

4‘./4_4‘,, ir,___  je,..41,..., Ar, (11 

	

,. 	m---e,-- 	X 	I/ . ,.. 

	

. 	;' . 	
\, \ 	.1T 

I 
Ai- 

-7e--n- 

 

, 	r I 	 • 	• 

, 

•

- 

	

i" . 	
_tri- --  • 	

, 	 . 
...1 • 	 , 	\ , 

,..--.1. -41'N—f,-n-ej—A- -A--a),-- --4"---'---",--e ' 

	

_ 4 	• , 4 	 ,-Mr - . (R.' .11Y 	 ...,,__41,--u--£8.--0,- 
 

J ..in- ->„...er 	 e_m__e_„........,__ 	. 	- \ 	, ----- 

	

.......Z„,0,...-:e-IA.... 	.., .,._ .„... -46—.4- 	

-- - 

 .6..  

	

L._ 	-0,-  .."--e- 
,M" 14-.. - 

e.r4 	

.... ..... 

	

,. ,,. 	._, 1 	„,,.. -.e. '-0.1-_----4.-- 	 ... 
_ 	 .'- 	• 	 - e,...,..,. 

	

,.• _-_) 	n ::. _.„ 

	

iT 	 Je -,  
,e 	 -....-.....-‘. 

	

- 	 • - ' 

	

. 	 .- '-4-...- 	4- A- -4  

1 •: - !,' r-r-r- r -r-r-r-r-re-rti-rrr rryt-ir-ri-r-rr=ri • rer-r-r-, r-r-r-r, ,Irt,Ilt rrIll 	• r-r-r-rm-  ri r-t-r-rr r-t-r-t-rrrn 	n “ , . , , . . " 

1.75 	a.5  2.fit! 	e.e... 	1..ç 	t...is 	'i.ti.1 	C...f.3 	7.thi 	7..iS  
1-9 

GRAPH 5.3.13 



Eu
LlG

eli
bu

e  
sw

el
sA

se
pe

o  

GRAPH 5.3.14 

B
R

O
A

D
B

A
N

D
  

C
O

M
M

U
N

IC
A

T
IO

N
 E

N
G

IN
E

E
R

S
  

-.... — 
..-.-

... 

	

	 VC= -C7 fil= 	0 - ."--; 4- L1 1r- ; .:" 2. -7-- 	12 - ,".. UL 	;.-;:'‘.-- - 	i.' - -: :--:, 7. 4-  .: .., 	; ,:-: 	f-,' LI  • 	Et-`,.-.7.(,./, • = 1,_ '12 L,' • 0 . 

r 	
1S 	 t 

r. .. 	VC= . 6 7 	Fi 1 = 	0 . .-,--.3 i.'! ',":". -1-- Ci 3 	p, 2 ,--: 	.....' . ---.:. ,...i ;--7. ''' 	'.,'''. 	r'.,", 	: • ',". ;1. '7. ''. ,..." '' 	' .= 	‘•.... ..'I  • L.' 	F- r-'1" 7.(. • = 10C • 0 

	

, 	..., ,Ç 	. 

	

. \:...--.. .---, 	fz i :., 	e 

	

;F: .l -T.. n ''. 	; • • '; -: 	: . 1/'C 7 • '• 	•-: •• - 1 	' .. ' -.:: i -  :.' ' 	' :: 	'.;•:', . C. 	F --; 	1 7 :-.... 

	

. - . 	:7: i 	A 	\ 	•., 	.) . 	. - 	L., 	_ K 	' 

	

.. . • - 	, n ... 	... 	.;, .. _. 	.. 4‘ 	. . • . 	- 	. • 	. 	. 	. , . . . 

• A -1 	
' 	• ' — 	' t  ' t 	• . ' 	i-  • '-- • •• I 	..‘ ' 	i i 1 

	

‘" - • ;-_)' / 	H I 4-e  ii . 1 	1-i 	i: 2 = 	i' .• '.-, ;."-- .:-i.:: , . ' .., 	, • . .-- - i..m . 	... 	.,.) • t.' 	r t-v-_.L.i ..-- I', ,.; • .t.,. 

	

‘v.C------  • 0 i 	t-4).= 	0 • I'._';:.' - Li 	f-...i.::: li • ...-, '..'. -. 7-  Lc" 	",'•..:: 	',.. • :. '.. *.e*L: k., 	...-- 	‘' i  • 0 	r r.r.t.k. '' I.. 0 L.! • 0 

-_,...•.
• 

	

a 	\ 	
\ 	

/ 	
'
t 	/ 	•\. 	

\w 	
/ 

/ 4 -.,.. 

	

-« î 	\ 	' 	 \
\ 	

X 	 J 	 % 

	

1 	 \ 	i 

	

- 1 	. 	Iç 
\ 	/ je're-4.- 	

: 	ie- 4 	
, 

	

, 	
4 	\ 	i 	 . 

/ 

	

I 	\ \ 	4 	 i 
\, 	\ 	. 	e ; 	/ 

' 	", 	_m-,--er --- '7 4b  

	

\ 	\ 	 \ 	' 

	

--.. A 	
\ ; 

	

; 	, 
À t r„._ -1!*/ 	e4'  ''.-. .-1'‘ 1- i3- 	! 	e  

: t  ,, 	; 

	

— 	-- -.1 	\ 	 t 

	

I 	; 	/ 	, 	 , i, 	, 	; 
\,. '.., 	I  / 	 )i 	' 	n- -  . 	• \: - 4-  '" e•  ' • , 	

\ ‘ 	* ' 	I 

	

\ ,. 	r 	..,,.. 	f.t._,... 	‘,. 	; 	..„.....43_,.....„,_...., 
\ : 	...,...,_ 	, 	r 	

\ 	, 
, . , 	 : er --e- 	', 	I 

	

.t-17r - i 	' 	7 	
\ re .....A1 
Ar / 

\ 1 	, 
I 	. / 	 er -« 	' 	• 	' 

• 1 ! I 	er"-er 	i 	 .../4--,- -.è- Jr--; i -4.---,n-e•---01—'e  

	

\'. ' ? 	
›.,n--'er."-e'.- 

1 

1  

i 1 ,t „r„,er 	 \ / I ,Ve 	 ..-t•  

	

— 	I -I 	
''e 	

r  

	

J 	 ..4,' , 
.... J 

t 

,e,/  

	

-4. 	
.re ./... 

	

-.• I 	 ..,,,,.. ' 	 --'1‘ 

, 

 

	

ir 	, 
 

	

: .1 	, • 	 )15 	 .,' 	 -"--4,- -6-- -6- •e" .-  
;4( 	

• i 	 / 

	

.1 	 : I 	
/9  • 	

fe 

me"--;-"3---gs.._ ! 	 ../e 	 /11/ 	 • 
-,‘e)'---9.--3.5""e; 	 , 

, 
•t 

/ 

rr'" 
*".• 

,__ 	
• 
	. _ 	_.. 	 ,

••, 	f•--• •7•• r. • 	r •• 	
- 	- ; n \ I 	i 	, 	i• 	. 1-.. ,-. i 	r: . 	

. .. 	. . 	, , 	
. 	. , 	. 	. . 	: 	. 	• . 	. 	. 

Current spectrum in load Rb due to both 

	

. horizontal and vertical drop   	

: 

• 

n 

• r 	 r ri urr -,r r r-r-r rT-r r- . rt- 	 17 n ,1"1". . 	 t.tt. . 	 r . r 

• 1 :15 	e't 	• 	1". .' • 1 	ï' • EL,  



• 

1 

i2 

,•,-, 

- . 

0.-  

,---• 

L.: • 

.• 

vc--e7 RI= 
0) 

VC =  4  6 7 ht-  
P 

	

;1 	VC= 	H 1.= 
, 

! 

- 

• 1 

! 
' 	1 

- • 

	

.1 	 • - 
• 

	

H • , • 	, 	.„ • — 

,• 

5u
liG

eU
i b

ue
  s

w
el

s/
(s

ep
eo

  

- 	 A 	

4,.._„,_- 	-*-- e- --4.- -  é. . 	
- 	

-h- I 1 

7,—, 	.. 1 	
_ 0..._ -- _ 4  ,,.......L-_:::___:-,_ 4__4,.....t.---4– 

........ -A----d•--"e-___4_4.---4.----4--41/4" --   
__ 	J 	

. , . 	A 

. 	 : -I 	
y - A- -1"._ -4,--.P-  'le' •

.1g• -84---ar--. 

	

_. 	 •  : 

	

.--. I 	

-.1-_-_„—..1,-- -I- 

	

i • I 	 a__„er,___4-_" %-_-,4.7---•!----4-- •• 	 •4.._.- 4 - Pt-  si • e a"...  

	

.4 

	_ w. -t - -"-- " 

	

à 	 -e:- 	 -w- -->"' 
-Jr--  

	

. .. 	 eett-  - 	--:e-- -e--  'r 	

. 	 • 

	

- 1 	 .,i=AP'e" 	
,...--e- 

	

..,  	4.4.-nr-e- 	' -41.---'-'e  -"--- -r...-.  

• !--- 	.-Jr--"'"4(  "-"».--*-->e«. 	
• 

.e.- 	
..... .  

-Jo- . 

' 
›.-- -111--er  

••• - et---ep----  - 

. : 	 ...Pr 

-,  •-1 	Jr- - i Ae . 	, 
• 7 r 	r - - 	• • • • 7 	 rr-f-1-1-r 	r - r 	r-r-rrr r 	 n n 

1U. c' 

, 
r— 7  	IT 	\ 	T .  rfr. 	 v 	• 

Current spectrum in load Rb duc to both 
-_horizontal and vertical-drop-- 

". 

- .--rr >r«rT-t-  rT r- r-rr r-r-r 	rrt-r".•-r r -rrr r t - a- rt-r 	 - 	r r•• 

1 .75 	2-Sv 
I 	• • • 

2 èi‘ i ( M) GRAPH 5.3.15 

S
E1

33
N

ID
N

3
  N

O
I1

V
3

IN
fI

V
VV

V 0
0
  O

N
V

9
0

V
0

t:
19

 



t 

.1 

Y 

A 

X 

rY- 
RI= 
F l- 

RI- 
RI= 

r<c:.= 

bu
liG

el
i b

u
e  

sw
el

s/
(s

er
p

o  

VO=-67 
VC=.67 

VC=.C7 

. 	- • • 
. 	 . 	 . 

. I 	/ 	 , ' 1 
• - • 4. 

4.-rt"ee. 7- 

_er-Mr-11774_,, 4, 4.-4--A -...  *_ ... --

*_,.e.",,,  

" ."- - 
fm- -1_4. - A- -A- 	,...,---4A- 4,--A • 

- .:_e_..e ....e- --  

e-4:-

-.---1.--4-4--4!--4,--.4---k---*--11, • 4 
.14-* 	...r,--•/' 

.„ ...i 	...,, .0„... 	_4...,...A.,..-.....).----4--4- -4-4-4-4-  -4 - 4 -4- .4......„_  , . 4 
;  

• ,..- 	..-' j..---4> 	

-- 	t  

-.It 
--k•  - 

..ir 

• 

I 	.1 
.1 

mi- 

rrr-r-r 	r-n-  r 	 r-1- 1 1 • .1111 	 rrrrr-rr- r• r - r 	• /7 	 r-irt-rt-rl—rpr-rr-r 

t' 	7.•/5 

' '7 7  r•  r. r . 	r 	; 	. 	.; 	: 	: 	" 	: 	1 	( ,1) 
GRAPH 5.3.16 

Current spectrum in load Rb duc to both 

0. 
; 	 an horizontal d vertical drop  

St
z1

3
3

N
ID

N
3

  N
O

II
V

O
IN

R
O

M
O

D
  O

N
V

9
O

V
O

H
9

 

-a letjC 	1 •7 n:: 	"7: 	 . 	 . 

,er 

/( 

• 4  - 

T 

.1ï 



- 
• 

• - 	 • • • • • rc, 

S
t:1

3
3

N
IO

N
3

  N
O

LL
VO

IN
fl

ie
d

iN
0
0
 C

IN
VE

IC
IV

O
U

S
 

.._- — 
\IC= - ..*; 7 1•:-1 e" --t---'.-1. 1.. «:: r. 4 ' '.!•• ; t -,?:-:  

" re'r'.«  • 4 	' 	1 ' '7 4.: :-' 	e 
 '•i '

.-.r., l' ... 

	

V 0 : -: 	,cl : 	r4: L = 	L; . .. '.. ... • ' •.' - ' , • : • .. 
	

',. 

f-n r..- 	['• , 1 ','"::,-;•  -, 	.., 	,•I, 	..,...., 	.. 	• I'D à 	1 ... 

	

R = -J/ 	k .1 '-r;,' ' t .  .. 1:. ::. '.« : ; : :,' ' .:l n 1 t. I.  ' 4"... "..  • . 4. • & . • ? •••• •d; 	n . 

	

%;('--. 	''' ' '_?{.( i :- 	• /-1  , ,:  ' 	' 	t-,  ';':-.: 	L.I..:-.:.......7. 	*"......p.  

	

', •.,-- • L:„.• 	. ,_..._;.- t. . - ,... 	. 	...., 	, 	. 

-,
e- 

	

l' 	.À‘ 	 ...e...._-4-.--4•- 4--4-- -4.- 

	

2.2e - 	„..„....-••er--"."..-4e* 
- 

• --. :1 	Y-  .
f 

A" 

	

":.• - 1 	 -••fi,, 	 „ 	 ...n 

• ) 	1 	, 	.-_,' te 

	

'V J 	A- -.*:/,—"e- 	 -.1,,
-,. • 

21;\ • . 	: 4.' 	
,. 

\S. 	 /e 

	

-' 	 \ 
 

	

,..-, 	 L, 	 / 	 ,\ 

•

:.'i 	 \c 
/ 	

. 

\ , _ ,..  , 	 \ 

	

i 	\ 1( 	 at 	- ' • 	- -, 

	

-- - 	\ \
-«...., 

 
•.-;--1 	

$(7e 	
\, .. 

- 	 \ 	i 	

Y . 
' 	-. A 

	

. • .1 	 I/

V 	

\ 
\ 	 ' 	

/ 1 	 i 

. --: 
' 	- •• i 

J , 	
, 	Y 

	

\

1 	

// 
	 f 

	

. 	,1 	

\ 

	

\ 	\ 

11( 

/ 

1\ 	/ / 

	. \ 	: 

r 
4 

	

--... 	 ; 	 , 	, . 	. 

	

. 	, 

	

.. :::1 	\ 	 \ 	 , 	À 	 . 	, , 
, 1  

	

\ 	 2  \ 	
i 	 \ • 

/ 	 Î 	\ 1 
•1/4 ,• 

/ . 	A 	n 

n 	, 	

\.: 

	

t 	I 	
/1 

	

; 	

n 4 	. 

rt 1'  r r 	 7 f, 

• • 

• - 
, 	• 	• . 

Current spectrum in load Rb due to both 
vertical and horizontal drop 

4 rr 

(!) 

A 

,e( 
•r, À 

: • 	:1,• ' 

- 

• '• 	 ' 
. 	 . 	 . 	. 

. 

• H.  • - 

, 
» L 
• 

r 	 - 
-- — 	• L. 

• 
r ; 	(- • 

;•• - 	 • - 	 1 	• 1 	.n 	• 
! • t 

. A 
• 

I 	.1 

r . 
zf • 	• 

,7- 1-  r r r 	r n-• r, - rt 	r• - 	• 1- 7 .  

• .• 
. 

! 
ri GRAPH 



1 	.. 	• 	; 
• •• 	 . 

- • 

• •' 

•" 

4 	• I, 1  

— 
L 	. 

•,„ 	. 	-.--- 
n -4 - e_ _ 

bu
IJ O

eU
i b

u e
  s

w
e
l s

À
se

p
eo

  

• 7 	 L! ;-1-1 

Ï4 -- • -,. . 	- 
; • 

7 1- 4.)  

, 	L 	• 
• , 

• ,•n 

-L'  
I 	; 

• ; 	; 
. 	.• 	

' 	
. 

: 

B
R

O
A

D
B

A
N

D
 C

O
M

M
U

N
IC

A
T

IO
N

 E
N

G
IN

E
E

R
S

  

1 

	

I 	

. 

	

A 	

- 

	

.1 	

,. 	4_ - A - h 4' " 	. , ...- ...4-- •.A.- --'•-e- 
--,--,--4---1---;.---=-- -->.------1---!----=.-----4..- 

 

	

. 	

,. 	_ 	4, 	A. 	4... 3,. . A- - A 	A 	••- A-- I.- } 	e, 	... 	i. - • 	... 4. .-.•._ n 4,....., . 
t - i 

n 
., 

• A 

	

-» -1. 	

,.... . 	, 	..,..... -....e4- - - 	
-.,-- -•,-- --/ • 

	

,..,._,, 	. 

. 	

' 

	

_. .., 	
••••-• 	....., ......,-- " 	

• 

	

I A 	

,,,,..._ 57:....,..-..../r 	
. 	

1- -f• 

	

J 	j,.... 	

. 	I.- I.•,- -14' 

	

. 	 *•"- 	.-dr- • I 

	

.."-• "I 	
.... 	n••" 	..-Jr- 

-• r : 
, _„. 	 .. e,  ;,,.....el 

	- r-• 	..4 	' 
•I.- - i.'••• 	-, : 	A 

.. 
1,1 

. . 
1 	• 

4 ...1.-  
'4- - I 

-' 1  •-• 

rr- r- r-r  5  r-r-t-Trr-r r 	rr-rrer r-rr 	 r r rr  r  • - •- r  ri T,11-  r rr- r- r- T rt.,' rrr -r-r r•-rr• -•.: r rr Tr, r-r-r rr-t- 	 . , 

; 	 'è • 	 • 	 1 • - • 	 • 	 t.  • 	 ,•• 	 . 

Current spectrum in load due to both 
vertical and horizontal dro2 	 

. 	 • / GRAFF; 5.3.18 



; 

o 
o-
o) 

3 

3 

a 

. " "7 	 rt-rr,-- 1- ; - 1- , n•• rrrr-r1-7- 1- • 

• r 	 .:t 	 n.; • ' 
. • 

CO 

o 

CO

o  o

37 

c, 

2 

cn 

0 

_ . . GRAM 5.3.19 
. 	. 	. 

Current spectrum in load Rb due to both 

horizontal and  vertical drop  

.• 



() 

E
up

eu
!b

ue
  s

w
ei

sh
ei

cle
o  

o ; r: 	''' 
 . 	 9 , 

..

. 

• • 	• 

en 

o 

L=7. 
o 

ç,-
U)  

:4 

1(.70.1 
I 4  

11,4 
N ,  

• 

4 

(f) 
À 

7.U, 
À 

PROPAGATION VELOCIT'{ IN CABLE. 
Current spectrum in load Rb due to both 
horizontal and vertical drop 

GRAPH 5.3.20 

E 	R1= 0;50E403 R2= 0-50E+03 RA= 0.75E4 '02 L= 20.0 FREQ.= 15.0 
0 	R • = 0.50E+03 R2= 0.50E+03 FA= 0.75E+02 L= +0.0 FREQ.= 15.0 
A 	RI= 0.50E+03 R2= 0.50E+03 RA= 0.75E+02 L= 60.0 FREQ.=. 15. -  

RI= 0.50E403 R2= 0.50E+03 RA= 0..75E+02 L= 80.0 .FRE.- W-0 
RI= 0.50E+02 R2= 0.50E+03 RA= 0.75E+02 L=100.0 FREQ.-/15." 

B
R

O
A

D
B

A
N

D
  

C
O

M
M

U
N

IC
A

T
IO

N
  E

N
G

IN
E

E
R

S
 



Q))  cablesystems engineering 

42 

5.4.0 	EXPERIMENTAL INVESTIGATION OF THE THEORY  

• 5.4.1 	. DESCRIPTION OF EXPERIMENT  

The experiment consists of illuminating a drop wire with 

electromagnetic energy and measuring how much of this energy penetrated that 

drop. 	• 

Tests were made subject to various ground references and 

terminating conditions. In this sub-section experimental results are • 

compared 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 figtire 5. 4. 1. 

Two . different transmitting  locations are shOwn. Location #2 

enables the evaluation of ingressive signals subject to phase differences 

prodliced by the cable span, while ingressive signals produced.by  Location - 

#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 R059/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 signal from the cable measured with•a field 

strength meter. 

A frequency synthesizer was used as the signal source. Readings 

were taken between 25 and 150 MHz with a S MHz incremental step. The 

transmitting antenna was first located - in the yz plane some.15 meters from 

the drops as shown  by position 1 in Figure  5.4.1.- Readingsof ingress signals 

were taken for the following grounding and terminating conditions. 

BROADBAND COMMUNICATION ENGINEERS 01 
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A) both ends of the cable grounded* to 3 ohms and .terminated* into 75 ohms. 

B) both ends grounded to 150 ohms and terminated .into 75 -ohms. . 

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

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

only one end groin-Wed to 3 ohms with the •other end left open, and both 

ends terminated into 75 ohms. 	• 

F) both ends ungrounded and with only one end terminated into 75 ohms. 

The transmitting antenna was then moved to location #2 as shoW.n 

in figure 5.4.1 where. the readings of ingress levels were taken under the 

following conditions ..- 

A) both ends grounded to 3 ohms and terminated into 75 ohms. 

B) one end grounded'to 3 ohms with the other end left open and both ends_ 

• terminated into 75 ohms. 

C), both ends ungrounded and terminated into 75 ohms. 

The surrounding electromagnetic field produced by the transmitting 

antenna was measured with a field intensityneter. 

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 
• 

to the shield of that cable. 

BROADBAND COMMUNICATION ENGINEERS CY» 
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' drop RG . 59/p_single braid/tape 	' 

water pipe and ground rod* 
ground=(3 ohms) 

.(h_yAt 	 -, tower ground 
=(3 ohms) 

15S-2 
Battery 
.operated 

dipole 
(use to measure Tx field) 

Figure 5.4.2 

Electrical representation of 
experimental set up. 
*Value measured with meggar. 
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5.4.2 DISCUSSION OF RESULTS  

The first.step in comparing,  the  theoretical result to the . 

experimental one, is to normalize the .data to the surrounding electromagneti.c 

field. This is done in the following way: 

46 

IL (w) = T (w) E
TOT 

Where: 	IL (w) Load current spectrum 

T (w) Sheath current transfer function 

E
TOT Total electromagnetic field surrounding the drop. 

IL (W) = VL (w)/75 

Where VL (w) 	field strength meter reading 

75S2 	input impedance of field strength meter 

The normalized load current transfer ,function is: 

T (w)dB = VLdBmV - 20 log(75) - E
TOT

dBmV 

Knewing the surrounding electromagnetic field, one can easily find 

.the load current at any frequency by simply: 

Where: 

IL (w)dB* = T 
(w)dB ETOTdB

, 

dB* ... if E
TOT 

is dBmV,then IL (w) is in dBmA 

if E
TOT 

is dBpV,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 

results•corrolate. 

- Note the Common trend in data pattern in Graphs 5.4.1 to 5.4.9. 

B) Peaks observed in experimental data at 35 MHz 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 

n•nn (-4 
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ES (I', 0 7 P.1 ) 	 Ez(x,3, to) 
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5.4.2.2 . SOURCES OF ERRORS  

Que to the complexity of the theory; many assumptions were made . 

to . carry the analysis through. The following presents the most.important 

• ones: 	 • 

A) Plane wave propagations. 

Theoretical analysis assumes plane wave propagation, meaning that the 

electromagnetic field is tàken 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. 

z 

0 
Tx Ant enna 

Figure 5.4.3 

Representation of angular and radial 
components field of an antenna on a drop 

yHERE: 	Er is the radial field component - 
E(P is'the angular field component 
R is the distance separating the transmitting antenna to the drop, 

In this case Ex and Ez becomes: 

Ez(x,z,w) = 4(r,4),w)sinq). - Er(r,gb,w)coscb 

• Ex(x,z,w) = E¢(r,çb,w)cbs(1) + Er(r,cp iw )sin 
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Mk 	The expression for E/ and Er are extremely complex making the 

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 clearly 

show that the: 

1) height of the drop i •  not constant 

21 the drop is not laid out in a straight line 

3) surrounding buildings will produce multi-reflections 

4) not a. perfect ground plane 

Ground reference. 

In the theoretical analysis all ground.reference were assumed to be 

Graph . 5,4,11 clearly shoWs that this assumption does not hold; and 

that, in fact, ground impedance have imaginary parts associated with it. 

DI The shielded drop. 

The computer program used to obtain the . theoretical points only 

models a transfer impedance of a single braided:cable. 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 impedance 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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TABLE 5.4,1 

- Tx antenna horizontally polarized 
- Tx antenna in "-Yn direction 
- Both ends grounded to 3 ohms 
- Both ends terminated to 75 ohms 

Load Current Spectrum dB 

Theoretical 

Frog 
MHz 

fixperimental 

25.0 

30.0 

35.0 

40.0 

45.0 

50.0 

55.0 

60.0 

65.0 

70.0 

75.0 

80.0 

85.0 

90.0 

95.0 

100.0 

105.0 

110.0 

115.0 

120.0 

125,0 

130.0 

135.0 

140.0 

145.0 

150.0 

-108.5 

-109.5 

-84.5 

-98.5 

-93.5 

-96.5 

-120.5 

-120.5 

-117.5 

-118.5 

-119.5 

-123.5 

-113.5 

-106.5 

-113.5 

-113.5 

-106.5 

-90.5 

-100.5 

-103.5 

-101.5 

-95.5 

-96.5 

-89.5 

-123.42 

-108.37 

-117.88 *  

-110.92 

-97.25 

-122.04 

-98.52 

-107.3 

-113.92 

-94.90 

-110.62 

-107.22 

-107.58 

-107.85 

-98.83 

-111.53 

-100.49 

-108.89 

-111.06 

-91.80 

-112.33 

-105.56 

-106,51 

-111.96 

-95.64 

-112,91 
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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 

Load Current Spectrum.dB 

Theorétical 

Freq 
MHz 

EXperimental 

25.0 

30.0 

35.0 

40.0 

45.0 

50.0 

55.0 

60.0 

65.0 

70.0 

75.0 

180.0 

85.0 

90.0 

5.0 

00.0 

105.0 

110.0 

115.0 

120.0 

125..0 

30.0 

i35.0 

40.0 

45..0 

1.50.0 

-108.5 

-109.5 

-77.5 

-97.5 

-95.5 

-101.5 

-122.5 

-120.5 

-118.5 

-118.5 

-116.5 

-122.5 

-115.5 

-107.5 

-114.5 

-115.5 

-106.5 

-91.0 

-100.5 

-86.5 

-107.5 

-107.5 

-98.50 

-97.0 

-71:5 

-91.5 

-105.65 

-106,07 

-113.29 

-109.01 

-98.43 

-115,12 

-99.10 

-107,19 

-113.74 

-96,87 

-111.49 

-108.27 

-107,96 

-108.27 

-101.86 

-113,53 

-101.23 

-109.38 

7111.58 

-95.31 

-113.29 

-106.20 

-106,73 

-112.00 

-100,14 

-112.32 
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TABLE 5.4.3 

- Tx antenna horizontally polarized 
- Tx antenna in "-edirection 
- Both ends grounded to 510 ohms 
- Both ends terminated to 75 ohms 

Load Current Spectrum dB 

Experimental Theoretical 

25,0 

30.0 

35.0 

40.0 

45.0 

50.0 

55.0 

60.0 

65.0 

70.0 

75.0 

0.0 

5.0 

90.0 

5.0 

100.0 

05.0 

110.0 

15.0 

120.0 

125.0 

130.0 

135.0 

140.0 

145.0 

50.0 

-107.5 

-108,5 

-86.5 

-97.5 

-93.5 

-103.5 

-120.5 

-123.5 

-117.5 

-117.5 

-117.5 

-119.5 

-114.5 

-106.5 

-116.5 

-112.5 

-105.5 

-96.5 

-101.5 

-104.5 

-103.5 

-107.5 

-101.5 

-100.0 

-70.5 

-88.5 

-104,97 

-105,19 

-109.09 

-105,35 

-102,90 

-114.60 

-102.13 

-107,22 

-113.76 

-103,25 

-112.98 

-110.12 

-110.36 

-110.38 

-115.41 

-105.27 

-111.60 

-113,29 

-103,40 

-114.11 

-109.45 

-108.09 

-112.29 

-108.01 

-111.87 
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TABLE 5.4.4 

- Tx'antenna horizontally polarized 
- Tx antenna in "-Y u direction 
- Both ends grounded to 1200 ohms 
- Both.ends . terminated to 75 ohms 

Load Current Spectrum dB 

Theoretical 

Freq 
MHz EXperimental 

25.0 

30.0 

35,0 

40.0 

45.0 

50.0 

55.0 

60.0 

65.0 

70.0 

75.0 

80.0 

85.0 

90.0 

95.0 

100.0 

105.0 

110.0 

115.0 

120.0 

125.0 

130.0 

35.0 

140.0 

45.0 

150.0 

-106,5 

-108.5 

-87.5 

-87.5 

-93,5 

-104,5 

-120.5 

-123.5 

-118.5 

-118.5 

-119.0 

-118.5 

-113.5 

-107.5 

-115.5 

-111.0 

-104.5 

-97.5 

-101.5 

-105.5 

-104.5 

-111.5 

-101.5 

-99.5 

-68.5 

-87.5 

-104.41 

-105.9 

-108.78 

-104.78 

-106.0.4 

-114.76 

.-105.74 

-108.89 

-115.23 

-110.07 

-112.13 

-121.52 

-115.36 

-113.83 

-122.37 

-116.15 

-114.13 

-116.28 

-11.5.49 

-112.57 

-114.54 

-115.46 

-111.59 

-113.44 

-114.33 

-112.08 
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Freq 
MHz 

25.0 

30.0 

35.0 

40.0 

45.0 

50.0 

55.0 

60.0 

65.0 

70.0 

75.0 

80.0 

35.0 

90.0 

95.0 

100.0 

105.0 

110.0 

115.0 

120.0 

125.0 

130,0 

135.0 

140.0 

145:0 

150.0 

EXperimental 

-109.5 

-109.5 

-85.5 

-97.5 

-93,5 

-97.5 

-120.5 

-122.5 

-118.5 

-118.5 

-123.5 

-130.5 

-115.5 

-108.5 

-115.5 

-124.5 

-103.5 

-96.5 

:97.5 

-105.5 

-103.5 

-100.5 

-95.5 

-96.0 

-66.5 

-85.5 

Theoretical 

-79,21 

-81.52 

-81.66 

-82.63 

-86.16 

-89.05 

-92.64 

-90,37 

-107.84 

-108,24 

-106.53 

-102.26 

-89.07 

-97,45 

-96.59 

-95,47 

-92.97 

-89,20 

-98.22 

-97,27 

-103,29 

-111,66 

-85,62 

-106,92 

-108.85 

-103.93 

Load Current Spectrum dB 
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TABLE 5.4.5 

- Tx antenna horizontally polarized 
Tx antenna in "-edirection. 

- One end,grounded to 3 ohms 
- Both ends terminated to 75 ohms 
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TABLE 5:4„6> 

- Tx antenna. horizontally-polarized 
- Tx antenna in "-rdirection 
- Both ends ungrounded 
- One 'end up:terminated 

Load Current Spectrum dB 

Theorètical 

Freq 
MHz 

Experimental 

25.0 

30.0 

35.0 

40.0 

45.0 

50.0 

55.0 

60.0 

65.0 

70.0 

75.0 

80.0 

85.0 

90.0 

95.0 

100.0 

105.0 

110.0 

115.0 

120.0 

125;0 

130.0 

135.0 

140.0 

145.0 

150.0 

-105.5 

-109.5 

-88.5 

-98.5 

-99.5 

-101.5 

-130.5 

-119.5 

-122.5 

-117.5 

-113.5 

-120.5 

-113.5 

-108.5 

-110.5 

-94.5 

-116.5 

-100.5 

-101.5 

-99.5 

-111.5 

-107.5 

-98.5 

-100.5 

-80,5 

-95.5 

-90.73 

-106.15 

-112.81 

-110.37 

-104.78 

-105.7 

-113.73 

-129.09 

-142,22 

-140,72 

-126.4 

-125.41 

-121.64 

-120.72 

-111.74 

-115.63 

-115.02 

-126.05 

-135.56 

-110,69 

-131.27 

-128.98 

-136.92 

-147.1 

-123.76 

-127.95 
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TABLE 5.4.7 

- Tx antenna horizontally polarized. 
- Tx antenna in "z "direction 
- Both ends grounded to 3 ohms  
- Both  ends.  terminated to 75 ohms 

Load Current Spectrum dB 

Theoretical 

Freq 
MHz. 

. Ekperimental 

25.0 

30.0 

35.0 

40.0 

45.0 

50.0 

60.0 

65.0 

70.0 

75.0 

80.0 

85.0 

90.0 

95.0 

100.0 

105.0 

110.0 

115.0 

120.0 

125.0 

130.9 

135.0 

140.0 

145.0 

150.0 

-304.5 

-101.5 

-90.5 

-88.5 

-94.5 

-105.5 

-121.5 

-112.5 

-105.5 

-110.5 

-110.5 

-109.0 

-106.5 

-109.5 

-103.5 

-94.5 

-84.5 

-98.5 

-110.5 

-107.5 

-111.5 

-102.5 

-100.5 

-67.5 

-91.5 

-88.34 

-106.17 

-113.33 

-104.38 

-99.07 

-95.5 

-117.76 

-109.87 

-98.89 

-91.6 

-108.82 

-115.16 

-100.96 

-105.0 

-93.63 

-102194 

-118.28 

-105.34 

-105.14 

-95.37 

-111.8 

-107.84 

-101.73 

-120.96 

-94.17 
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TABLE 5.4.8 

- Tx antenna horizontally polarized 
-.Tx antenna in "z "direction 
- One end grounded to 3 ohms 
-; Both ends terminated to 75 ohms 

Load Current Spectrum dB 

Theoretical 

Freq 
MFJz  Experimental 

25.0 

30.0 

35.0 

40.0 

45.0 

50.0 

55.0 

60.0 

65.0 

70.0 

75.0 

80.0 

85.0 

90.0 

95.0 

100.0 

105.0 

110.0 

115.0 

120.0 

125.0 

130.0 

135.0 

140.0 

145.0 

150.0 

-99.5 

-106.5 

-88.5 

-97.5 

-98.5 

-99.5 

-114.5 

-123.5 

-125.5 

-107.5 

-111.5 

-111.5 

-122.5 

-109.5 

-114.5 

-110.5 

-101.0 

-86.5 

-95,5 

-98.5 

-98.5 

-102.5 

-93.5 

-95.5 

-65.5 

-87.5 

-78.42 

-81.66 . 

-82.72 

-87.48 

-95.68 

-114.02 

-93.86 

-89.68 

-92.33 

-90.21 

-90.93 

-94.05 

-98.85 

-95.32 

-108.26 

-108.66 

-88.13 

-96.7 

-95.61 

-99.7 

-103.49 

-84.3 

-105.43 

-124.69 

-108.79 
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TABLE 5.4.9 

- Tx antenna horizontally polarized 
- Tx antenna in "z u direction 
- Both ends ungrounded 
- Both ends terminated to 75 ohms 

Freq 
MHz 

Load Current Spectrum dB 

Èxperimental 	 Theoretical 

25.0 

30.0 

35.0 

40.0 

45.0 

50.0 

55.0 

60.0 

65.0 

70.0 

75.0 

80.0 

85.0 

90.0 

D5.0 

100.0 

05.0 

10.0 

15.0 

20.0 

125.0 

130.0 

135.0 

140.0 

145 : 0 

150.0 • 

-99.5 

-104.5 

-89.5 

-96.5 

-99.5 

-96.5 

-117.5 

-120.5 

-114.5 

-121.5 

-109.5 

-111.5 

-121.5 

-113.5 

-114.5 

-116.5 

-97.5 

-82.5 

-99.5 

-100.5 

-100.5 

-97.5 

-92.5 

-91.0 

-62,5 

-82.5 

-96.37 

-109.74 

-116.18 

-113.18 

-104.66 

-110.62 

-110.37 

-123.60 

-139.77 

-140.84 

-133.26 

-126.78 

-125.30 

-123.55 

-113.25 

-120.69 

-114.49 

-124.12 

-129.15 

-109.17 

-144.50 

-129.65 

-141.79 

-146.31 

-123.72 

-131.02 
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APPENDIX 5. 3.1 

"Computer Program to 

simulate" equation 36 
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Tue 02Fri -72 013442 	PAGE 001 

0001 	ALPHA(X)=(.302*X**.51-.00169*X)*3.77716E-3 

0002 	IMPLICIT COMPLEX(ZvY,K) 
0003 	COMPLEX  F• t'  
0004 	REAL*8 AMILZ,BMILZ 
0005 	REAL*4 AirA2vA3vA4vVCrLvHvRO,CC 

0006 	LO0ICAL*4 ANS 
0007 	DATA PIvUOvE0/3.1415927v12.566371E-7,8.854E - 12/ 

0008 	DATA CLvINvIOUT/2.99EGv5v7/ 
0009 	DATA VM/2.204E-S1 
0010 	DATA VOvRivR2vRAvRBvCC/.67v3.v3.5.75.,73.v6.7257E - 11/ 

0011 	DATA BC,AC,00C0N/.0018542v2.921E-4v1.8334349E7/ 
0012 	DATA HvL,R0vEZAN0LvEXANGL/10.,100.v.00217175, 90.,0./ 

0013 	DATA UMvOODRAIvADvRDCBR/1.v2.8613995E7v1.6E-4v9.1605E -3/ 

NESCE.SSARY VARIABLE INPUT 

OPENNING APPROPRIATE FILE 

0014 	CALL ASSIGN(iv'RPCD01.DAT'vlOv'NEW'v'NC'vl) 
0015 	CALL ASSIGN(2v'RPCD02.DAT'v 1.0 v'NEW'y'NC'71) 
0016 	CALL ASSION(3v'RPCD03.DAT'vlOv'NEW's'NC',1) 
0017 	WRITE(1v100) 

0018 100 	FORMAT(10Xv'ILZ CURRENT SPECTRUM') 
0019 	WRITE(2v200) 

0020 200 	F0RMAT(10Xv'1LX CURRENT SPECTRUM') 
0021 	WRITE(3,300) 
0022 300 	FORMAT(10X,'ILZ  4 II X CURRENT SPECTRUM') 
0023 	GO TO 2 

0024 25 	WRITE(IOUTv990) 
0025 990 	FORMATC/v" WANT TO INPUT NEW DATA 'vs) 
0026 	, READ(INv995) ANS 

0027 995 	F0RMAT(A4) 
0028 	IF((NS •E0.'YES' .0R. ANS • EU. 'Y') GO TO 800 
0030 	GO TO 11 
0031 800 	WRITE(IOUTv1000) 
0032 1000 FORMAT(/,' INPUT NEW VARIABLES BETWEEN COMMAS'elvi) 
0033 	WRITECIOUTv1005) 
0034 1005 FORMAT(/v5Xv'VC'v5Xv'Ri'v5Xv'R2',5Xv'RA'v5Xv'RUm5Xv'H' , 5Xv'L') 

0035 	READ(1Nr*)VCvRivR2vRAvRBvH.L 

0036 2 	WRI1E( :iOUTv1015) 
0037 1015 FORMAT(Iv' WHAT FREOUENCY RANGE WOULD LIKE TO LOOK AT IN MHZ ',$) 

0038 	READ(INv*) ISTART,IFINIS 
C 
C 

0039 	EZANGL4IZANGL*PI/180.0 	
. 

0040 	EXA1OL=EXANGL*PI/180.0 

\, 	

0041 	Z1CMPLX(R1v0.0) 

.....) 

FORTRAN IV 	V02.04 
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0042 	ZZ.CMPLX(R2,0:0) 
0043 	ZA=CMPLX(RAY0.0) 
0044 	ZE=CMPLX(RD,0:0) 
0045 	ZUF=CMPLX(1:0Y1.0) 
0046 	L.PUM*U0 
0047 	WRITE(1,130) VCYRirR2yR•rM,L 
0048 150 	FORMAT(/y/7/95X,'VC= ',F4:2, 	Ri= 'YE12:3,, 'R2= 'rE12:5,'RA= ' 

*PE12:5,'H= ',F6.2,' L= ',F6:2y/r/) 
0049 	WRITE(2,150) VCrR1vR2YRAYHyL 
0050 	WRITE(3y150> VC,R1R29RAvHyL 

• EVALUATION CF TRANSMISSION LINE PARAMETERS 

0051 	DO 10 IFREO=ISTART,IFINIS 
0052 	W=2:0*PIFLOAT(IFREn)*1.0E6 
0053 	WLT=W*U0*ALOG(H/2:0/R0+SURT( (I-I/2:0/R0)**2-1.0))/PI 
0054 	WCT=14*PI*E0/AL0G(M/2.0/R0-i-SGRT((H/2.0/R0)2-1:0)) 
0053 	RT=1.0/PI/R0*SIMT(W*U/2.0/00DRAI) 
0056 	GT1..!7-7*:0002 
0057 	AZEZ=SIN(W/CL*M/2.0*SIN(EZANGL)) 
0058 	ZEZ=CMPLX(0:0yAZEZ) 
0059 	ZTL=CMPLX(RTrWLT) 
0060 	YTL=CMPLX(GTWCT) 
0061 	ZO=CSORT(ZTL/YTL) 
0062 	YrCSMT(  ZTL*YTL) 

C 
• EVALUATION or COAXIAL PARAMETER 

0063 	WLC=W*1J0/2.0/PI*ALOG(DC/AC) 
0064 	RC=1:0/2.0/PI*SURT(W*U0/2:0/0000N)*(1.0/Ani:O/PC) 
0065 	WCC=W*CC 
0066 	GC4iCC*.0005 
0067 	ZCC=CMPLX(RCyWLC) 
0068 	YCC=CMPLX(GC,WCC) 
0069 	ZC=CSORT( LCC/YCC) 
0070 	ALPMAC=ALPhA(FLOAT(IFREQ)) 
0071 	BETAC=W/VC/CL 
0072 	YC=CMPLX(ALPHACyBETAC) 
0073 	SKIN0=SORT(2.0/00DRAI/W/U0) 
0074 	ZDD•ZDDF*AD/SKINO 
0075 	NSINH(CEXPUDD)-CEXP(-ZDD))/2:0 
0076 	711,,RDCBR*(ZDD/KSINH) 
0077 	WVM=W*U0*VM/PI**2/(2.0*BC)**2 
0078 	ZW,CMPLX(0:0YWVM) 
0079 	ZT=ZE11....ZM 
0080 	•AMAZT=SORT(REAL(ZT)**2+AIMAG(2.7)**2) 
00 (3 1 	DSINO.W/CL*SIN(EXANGL) 
0082 	ZDSIN0=CMPLX(0•0?-BSIN•) 

• EVALUATION OF LOAD CURRENT SPECTRUM 
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EVALUATION OF BASIS VARIABLE 

0083 	7.A1:=ZA*Z1 
0084 	ZA0=ZA*7.0 
0085 	ZACZA*ZC 
0086 	ZA2=ZA*Z2 
0087 	ZAB=ZA*7.8 
0080 
0089 	7C1.,, Z1* -2C 
0090 	Z.00=ZC*70 
0091 	702=ZO*Z2 
0092 	ZC2=ZC*Z2 
0073 	ZBC,-.7.C*7.D 
0094 	Y21=YT*YT-YC:IXYC 

• COMPUTATION OF IL CONSTANTS 

• CONSTANT OF 7. FIELD 

0095 	REZ1=ZAO*Z1*Y21+YT*Z2*(YT*ZAO-YC*Z.C1) 
0096 	KEZ2ZAO*70*Y214-YT*72*(YTe.Z.A1-YC*7..00) 
0097 	KEZ3=YC*7.1*(YCZA04.YreZ.C2) 
0098 , 	KEZ4..ZCO*Zi*Y214-YT*7.2*(YT*ZC0-YCKZA1) 
0099 	KEZ5=7.CO*70*Y21+YT*Z2*(YT*U1-YC*ZA0) 
0100 	KEZ6=YC*7.1*(YC*Z.004-YT*ZA2) 
0101 	KEZ7,.“ZAO*7.2*Y21-1-YT*7.1*(YT*ZA14-YC*2.C2) 
0102 	KFZ8,..Z.A0*7.0*Y214.YT*71.1*(YT*ZA2-1-Y( *ZCO) 
0103 	KEZ9=YC*7.2*(YC*ZAO-YT*ZC1) 

. C 

• CONSTANT OF X FIELD 

KEX1=YC*ZA01-Yri,QC2 
KEX2'YC*ZA2A-YT*ZCO 
KEX3YC*ZC0-1-YT*Z.A2 
KEX4..YTIQC1-YCUAO 
KEXT*ZCO-YCei..A1 
KEX6YT*ZA1-YC*ZC0 
KEX7..Y1*ZAO-YC*ZC1 

• EVALUATION OD • YPERBOLIC 

0111 	KCHYT(CEXP(YT*L)+CEXP(-YT*L))/2.0 
0112 	KSHYT=(CEXP(YT*L)-CEXP(-YT*L))/2.0 
0113 	KCHYC(CEXP(YC*L)+CEXP(-YC*L))/2.0 
0114 	KSHYC(CEXP(YC*L)-CEXP(-YC*L))/2.0 

0104 
0105 
0106 
0107 
0108 
0109 
0110 
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• EVALUATION OF DENOMINATOR CONSTANT 

0115 	D=C7_01+ ./.(>2)*KCHYTi-(ZO*Z0+2:1* -Z.2)*KSHYT 
0116 	P=(ZAC.U.BC)*KCHYC+U.C*Z.C.U.AD>*KSHYC 
0117 	KEZDIV=Z0*D*Pe(T*YCe(21 
0118 	KEXDIVD*P*Y21 

• EVALUATION OF NUMERATOR CONSTANT 

0119 	KEZ13=( IEZ1*KCHYT.KEZ2*KSHYT+KEZ3)*KCHYC 
0120 	KEZ36., (KEZ4*RCHYT+KEZ5*KSHYT.WEZ6)*KSHYC 
0121 	KEZ79., KEZ7*KCMYT+KEZUKSMYT+KEZ9 

C 

• EVALUATION OF ILZ(W) 

0122 	KILZ=-4.0*ZT*ZEZ/KEZDIV*(KEZ134-KEZ36-KEZ79) 

• EVALUATION OF EX CONSTANT 

0123 	RILX1..M*ZT/KEXDIV*(KEX1*KCHYT.WEX2*KSHYT-KEX1*KCHYC -MEX3*KSHYC) 
0124 	KEX45=(KEX4*KCHYT.WEX5*K6HYT)*KCMYC 
0125 	KEX67 ,.(KEX('*KCHYT+KEX7*KSHYT)*KSHYC 
0126 	KILX2=H*CEXP(ZSINO)*ZT/KEXDIV*(KEX451-REX67-KEX4) 
0127- 	KILX=KILX1-KILX2 
0128 	KILIA4iILZ+KILX 

• EVALUATION OF MAGNITUDE 
C , 
C • 

0129 	A1ILZ=DS0RT(REAL(KILZ)**2+AIMAG(KILZ)**2) 
0130 	AMILX=SORT(REAL(  I\ILX)**2+AIM(GWILX)**2) 
0131 	AMILW,SORT(REAL(KILIA)**2+AIMAG(KILW)**2) 
0132 	BMILZ=20.0*DLOG10(AMILZ) 
0133 	BMILX20.0*AL0010(AMILX) 
0134 	DMILW20.0*AL0G10((MILW) 
0135 	WRITE(1y*) FLOAT(IFREO),BMILZ 
0136 	WRITE(2,*) FLOAT(IFREO)yEMILX 
0137 	WRITE(3,*) FLOAT(IFREO)yDMILW 
0133 10 	CONTINUE 
0139 	GO TO 25 
0140 11 	END FILE 1 
0141 	ENDFILE 2 
0142 	ENDFILE 
0143 	CALL CLOSE( 1) 
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CALL CLOSE(2) 
CALL CLOSE(3) 
CALL EXIT 
END 

Storae Map for Pro5ram Unit  •MAIN. 

SDATA. Size = 002054 ( 

Name 	Tmpe Offset 
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Local Variablesy .PSECT 

0144 

0145 

0144 

0147 
.MAIN. 

FORTRAN IV 

Name 	Te  
AC 	•*4 
AMAZT R*4 
MIL: R*8 

Al 	R*4 
A4 	R*4 

DMILW R*4 

DSINO R*4 

D 	C*8 
EO 	R*4 

H 	R*4 

IN 	I*2 
KC•YC C*9 

KEX1 	C*8 
KEX4 	C*8 

KEX6 	C*8 

KEZDIV C*8 

KEZ2 	C*8 
KEZ4 	C*8 

KEZ7 	C*8 

KEZ9 	C*8 
KILX1 C*8 

KSHYC C*8 

R*4 

C*8 
R*4 

'R*4 
R*4 
R*4 
R*4 

R*4 

R*4 
C*3 

C*8 

ZAC 	C*8 
742 	C*8 
ZDSINO C*8 

ZCO 	C*8 

ZD 	C*8 

ZEZ 	C*8 

ZTL 	C*8 
202 	C*8 

Offset 
000066 
000566 
000164 

000204 
000220 

C.1362 

000572 
000'154 

000012 

000076 
000022 

001166 

001056 
001106 

001126 
001206 

000756 
000776 

001026 

001046 
001266 

001176 

000102 

000144 
000052 

000332 
000042 

000122 
000026 
000326 

000542 
000446 
000736 

000626 
000636 

000576 

000676 
000532 
000346 

000356 
000706 

AD 	R*4 
AMILW R*4 
ANS 	L*4 
A2 	R*4 
DC 	R*4 
BMILX R*4 

CC R*4 
EXANGL R*4 

GO  R*4 
IFINIS I*2 
IOUT I*2 

KCHYT C*8 
KEX2 C*8 

KEX45 C*8 
KEX67 C*8 

KEZ1 	C*8 

KEZ3 	C*8 
KEZ5 	C*8 

KEZ79 C*8 

KILW C*8 
KILX2 C*8 

KSHYT C*8 

00BRAI R*4 
PI 	R*4 
nc 	R*4 
RO 	R*4 
SKIN() R*4 

R*4 
R*4 

R*4 
R*4 

C*8 
C*8 

C*8 
C*8 
C*8 

C*8 
C*8 
C* 13 

 C*8 
C*8 

000132 
001352 
000224 

000210 
000062 

001356 

000056 
000116 

000432 

000236 
000024 

001146 

001066 
001276 

001306 
000746 
000766 
001006 

001246 

001336 
001316 

001156 

000126 

000002 
000422 

000106 
000506 

000006 
000316 

000416 

000230 
000406 

000260 

000616 
000270 
000456 

000666 
000512 
000546 

000376 
000240 

534.. words) 

Name 	Tmpe 
ALPHAC R*4 
AMILX R*4 

AZEZ 	R*4 
A3 	R*4 
BETAC R*4 

DMILZ R*8 

CL R*4 
EZANGL R*4 

GO  R*4 
IFREO I*2 
ISTART I*2 

KEXDIV C*8 
KEX3 	C*8 
KEX5 	C*8 
KEX7 	C*8 
KEZ13 C*8 

KEZ36 C*8 
KEZ6 	C*8 

KEZ8 	C*8 

KILX 	C*8 
KILZ 	C*8 

KSINH C*8 

0000N R*4 

RA R*4 
RDCBR R*4 

R1 R*4 

VO  
WCC 
WLT 

YC 
YTL 

TAB 
ZA1 
ZDC 

ZCC 

7C2 
ZDDF 
Zr 

 ZO1 
Z2 

Offset 
000466 
001346 

000342 
000214 
000472 

000174 

000016 
000112 

000336 
000314 
000234 

001216 
001076 

001116 
001136 
001226 

001.236 
 001016 

001036 

001326 

001256 

000522 

000072 

000046 

000136 
000036 
000310 
000032 
000426 
000322 

000476 
000366 

000646 

000606 
000726 

000436 

000716 
00030 
000556 

000656 
000250 

RD 
RT 
R2 

UM 
VM 

WCT 

WVM 

YCC 
Y21 

WO 

WLC 

X 
YT 

TA  
TAO 

ZC 

ZCi 
Zr' r'  
ZM 

ZO 
Z1 

R*4 

R*4 
R*4 

R*4 

C*8 
C*8 

C*8 

C*8 
C*9 

C*8 

C*8 
C*8 
C*8 

C*8 

' 

C7 

0 

5 
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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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MAIN. RPPL05.FOR FORTRAN V.5A(621) 16—MAR-90 :1 .1: 38 PAGE 1 

0 

• > 

O  
0 
0 

b- 

0 

ni 
• z 

0 
2 
ni 
ni 

• 

REAL*4 X(500)9Y0(500)5, Y1(500)yY2(500)7Y3(500)YYT(2500) 
REAL*4 Y4(500) 
INTEGER TITLX<O)yTITLY1(16)5.TITLY0(16)yTITLY2(16) 
INTEGER TITLY3(16)7POINTSy1ITLY4(16,2TITLE5(16 
INTEGER TITLE1(16)FTITLE2(16)7TITLE3(16)P1ITLE4(16) 
REAL*9 FILElyFILE2yFILE3rFILE4YFILE5 

00007 	C 
00009 	C 
00009 	C 
00010 	WRITE(55, 1000) 
00011 	1000 	FORMAT(/5, ' INPUT FILENAME 'YS) 	• 

00012 	READ(55, 1010)FILE1 
00013 	1010 	- FORMAT(A10) 
00014 	OPEWUNIT=1,, FILEFILElyA( ESS ,..'SUIN'YMODE..'ASCII') 

000 •5 	READ(15, 1020)(TITLX(DyI=15, 8) 
00016 	READ(1y1025)(TITLY0(flyI=15, 16) 

00017 	READ(1y1025)(TITLE1(flyI=15, 16) 
00019 	C 
00019 	C 
00020 	C 
00021 	WRITE(55, 1001) 
00022 	1001 	PORMAT(/y" INPUT FILENAME 2 "YS) 

0002$ 	REAb(5y1010)FILE2 
00024 	OPEN(UNIT..25.FILEFILE25, ACCESS='SEOIN'YMODE='A)CII') 
00025 	READ(271020)(TITLX(I)5, 1=179) 

00026 	READ(291025)(TITLYOMYI=le16) 
000 •7 	• 	READ<25, 1025)(TITLE2(I)5.1=15, 16) 
00029 	C 
00029 	C 
00030 	C 
00031 	WRITE(5y1003) 
00032 	1003 	FORMAT(/v" INPUT FILE:W/111D 3 'ye') 

00033 	READ(55, 1010 )1 LE3 
00034 	OPEN(UNIT=3..,FILE=FILE3yACCESSEOIN'yMODE='ASCII") 

00035 	READ(3y1020)(TITLX(I)'5, I=1y9) 

00036 	READ(3y1025)(TITLY0(1)5, I=15, 16) 

00037 	READ(35,1)25)(TITLE3MyTly16) 
(>0039 	C 
00039 	C 
00040 
00041 	WRITE(5y1004) 
00042 	1004 	FORMAT( /y" INPUT FILENAME 4 '5, $) 

00043 	READ(5y1010)FILE4 

00044 	'OPEN(UNIT=4YFILE=FILE4yACCESS=.'SEOIN'yMODE='ASCII') 

00045 	READ(4e1020)(TITLX(1)5, 1=15, 9) .  

00046 	READ(45, 1025)(TITLY0(1)yI=1.)16) 	. 
00047 	READ(45.1(J25)(TITLE4(I)5, I=1y16) 
00048 	C 
00049 	C 
00050 	C 
00051 	WRITE(55.1005) 

60052 	1005 	FORMAT(/y' INPUT FILENAME 5 

00053 	READ(5y1010)FILE5 	 • 
00054 	OPEN(UNIT.., 15yFILE:=FILE5vACCESS='9UIN /5.MODE='ASCII') 

00055 	READ(155, 1020)(TITLX(I),, I=ly8) 
00056 	RE4D(155, 1025)(TITLY0(DYI=1:516) 

•00001 

00002 
00003 
00004 
00005 
00006 
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00057 	READ(15y1025)(TITLE5(I)pl=1y16) 

00058 	1020 	FORMAT( 8A5) 

00059 	1025 	FORM(TC16A5) 

00060 	DO 10 I=1 y500 
00061 	READ(.11, :eyERR200vEND=20›.X(I)!, Y0(I) 

00062 	10 	CONTINUE 
00063 	200 	STOP 'ERROR DEDECTED IN INPUT' 
00064 	20 	POINTSI-1 

00065 	DO 1F; 1=lyPOINTS 
00066 	READ(.2y*M(I)rY1(1.) 

•00067 	READ(.3v*) X(I)5, Y2<i) 

00060 	READ(4!, *) X(I);;Y3(I) 

00069 	READ(15y*)X(I)?Y4(I) 

00070 
00071 	YT(POINTS+I)=Y1(I) 

00072 	YT(2*POINTS-FI>=Y2M • 

00073 	YT(3*POINTS+I)=Y3(I) 

00074 	YT(.4*POINTS4-I)=Y4(I) 

00075 	15 	CONTINUE 
00076 	PPTN=5*POINT3 

00077 	XMAX=X(1) 	• 

00078 	XMIN4<(1) 

00079 	DO 30 I=2yP0INTS 
00080 	IF(XMAX ,›LT, MI)) XMAX=X{I) 
00081 	• 	IF(XMIN 	MI)) XMIN=X(I) 

00082 	30 	CONTINUE 
00083 	XDA=CXMAX—XMIN)/12.0 

00084 	CALL PLOTS(305, 16.5r10,75y2) 
• 00085 	CALL PLOT(205, 1.›2505-3) 

00086 	CALL SCALE-4(Y .T.., 9..05.NPTN!, 1v0pAYMINyYDA> 

00087 	CALL AXIS4(0,.00,09TITLXy40e-7.,25Y — .:125P12. ,., 0 ,.0XMINvXDAv 

0(j008 	*29.›15.10) 

00089 	CALL AXIS4(00y0,.0:, TITLY0980p,•25y.125y90y90 , yAYMIN 9.YDA 

00090 	*2/ely10) 
00091 	CALL LINE4(XYY0,POINTSy15, XMINrXDAyAYMIN., YD(!., 2707 0 ) 

00092 	CALL LINE4(XyYl9POINTSvivXMINyXDAvAYMIN! , YDAy2e1Y0) 

00093 	CALL LINF4(X../Y2.., POINT13virXMINyXDAyAYMINrYDA: , 2r2:..0) 

00094 ,, 	CALL LINE4(X? )'3vP0INTSs, lyX.MIN!, XDAvAYMINYYDA72y5!, 0) 

00095 	• 	CALL LINE.4(XyY49POINTS1YX.MINyXDAyAYMINvYDA! , 2y10 ,,, O) 

00096 	CALL SYMML(.,35.8.89.,15v05 , 00y ---4) 

00097., 	CALL SY1UL(,690,.8.,,, 2./TITLEly0,0980) 

00098 	CALL SYMDOL(,390,515g1p0,(>y - 1) 

00099 	CALL SYMD0L(.:6Y8.5v.27TITLE270,.0v00) 
00100 	CALL SYMB0L(.378 ,›2y.,15.., 2y0 ,,0? - 1) 

00101 	. 	CALL SYMBOL(.,6p8 ,;2.),.2YTITLE35.0,0.. , 80) 

00102 	• CALL  

00103 	CALL SYMBOL(.›6›.7,.9y,2!..TITLE41 , 0,. (,80) 

00104 	CALL SYMBOLC.,.3Y7.6!, .,15.., 10r0,09 - 1) 

00105 	CALL SYMBOLC.,6;, 7,6.:,2!, "(1YLE5.., 0,0Y80) 

00106 	CALL PLTERR( .0) 

00107 	CALL ENDPLT 
00100 	CALL  i': <I 
00109 	END • 



ENDPLT 
PLOTS 	SYMBOL AXIS4 
LINE4 	SCALE4 

PLTERR EXIT - PLOT 

SCALARS AND ARRAYS U. NO EXPLICIT DEFINITION - "g NOT REFERENCED U*14 

MAIN. 	RPPLOS.FOR FORTRAN V.5A(621) /K1 16-MAR-SO 1t3S 	PAGE 1-2 

SUBPROGRAMS CALLED 

5716 
6707 
7700 
10670 
10676 
11666 
11713 
12760 

.S0020  J. 
 XTITLY2 

YT 	1012 
POINTS 6706 
, 90007 7677 
.S0003 10667 
.S0017 10675 
. 50013 11665 
FILE2 11711 
TITLE4 12740 

TITLYO 2 
g.TITLY3 
*XMIN 
Y1 
.S0006 
.S0002 
X 
,S0012 
TITLE2 
TITLES 

FILE1 
*AYMIN 
*YDA , 
*XMAX 
YO 
.S0001 
,S0016 
.S0011 
TITLE3 
.S0021 

22 
1010 
5717 
7673 
7701 
10671 
11662 
11667 
11733 
13000 

ZTITLY1 
ZTITLY4 
Y2' 
FILE4 
.S0005 
.S0000 
.S0015 
.S0010 
Y4 
TITLX  

5720 
7674 
10665 

672 
11663 
11670 
11753 
13001 

Y3 
*NPTN 
FILE5 

*XDA 
.S0004 
FILE3 
.S0014 
TITLE1 

*I 
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MAIN. 	E NO ERRORS DETECTED :1 

* 	. 
OPR: - (INACT) JOB 20 E100415, 12053 TTY103 WILL BE KILLED-- 02:36:12 

;PORR: - (INACT) IN 5.0 MINUTES IF STILL INACTIVE. 02:36t12 

OPRt - (INACT) JOB 20 E1004111205] TTY103 HAS BEEN KILLED 02t41:15 
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APPENDIX 5.3.3 

"Data for R.G59/U 

'single braid' 

use in 

computer program" . 
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Vc; 	• • Cable 'propagation velocity 	' 	= .67 

R1; Ground impedance 	. 	varies from 	3 ohmsto 00 

R2; . 	Ground impedance 	varies •from 	3 ohmsto œ 

RA; 	Cable termination 	has value of 	75 ohms and 00. 

Rb; 	Cable termination 	has value of 	75 ohms , 

CC; 	Cable capacitance 	• 	- 	= 6.7257 X10
-11 

Farad/meter 

BC; - 	Inner radius of braid 	= .0018542 meter ' 

AC; 	' 	Radius of center conductor 	. 	. . 	= 2.921 X 10
-4 

meter 

Rq); 	Outside radius of braid • 	= .0021717 meter 

00rai; 	Conductance of braid 	• 
	= 2.8613995 X-10 7  ohms/meter 

4CON; 	Conductance of center rod 	. 	= 1.8334349 X . 10 7  ohms/meter 

Rdcbr; - Braid DC resistance 	= 9.1605 X 10
-3 ohms/meter 

AD; 	Thickness of wire . used for shield 	= 1.6 X 10 74. meter 

BROADBAND COMMUNICATION ENGINEERS CY» 
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APPENDIX*5.4:1 

"Computer program to plot" 

Two dependent variables 

versus x on a Dec terminal 

BROADBAND COMMUNICATION ENGINEERS 



Eu
pa

eu
!b

ue
  s

w
ei

sA
se

pe
o  

S
h1

33
N

IO
N

3
 N

O
LL

V
O

IN
M

AI
Vn
1
0
0
 U

N
V

8C
IV

O
I:1

9 

(0 FORTRAN IV 	V02.04 Tue 02Fri -72 014224 	PAGE 001 

0001 
0002 
0003 

0004 10 
0005 
0006 20 

0007 

0000 
0009 

0010 15 
0011 30 
0012 

0013 
0014 40 
0015 
.MAIN.  

REAL*4 K(600)yY(600)77.(600) 

L0OICAL*1 FILE( 10) 
WRITE(7y10) 

FORMAT(/y' INPUT FILENAME '5.1) 

READ(5y2.0)(FILE(PyIly10) 

FOR1AT(10A1) 

C ( LL ASSION(lyFILEylOy'RDO'y'NC'yl) 
DO 15 1...1y601 
READ(ly*yEND=30yERR=40) X(I)5.Y(I)y -L(D 

CONTINUE 
N=I-1 
CALL PLOT(XyYyZyN) 
CALL CLOSE (1) 

CALL EXIT 
• END 

Name 	• mpe 	Name 	TmPe . - Name 

	

" ASSIGN R*4 	CLOSE 	R*4 	EXIT 

Name 	TmPe Offset 
- I 	I*2 	016062 

FORTRAN IV 

Local Variables ,/ .PSECT 

Lodal -  and COMMON Arrams: 

Name 	Tmpe 
FILE 	I...>1< :1  
X 	R*4 

R*,4 
R*4 

Subroutinesy Functionsy Stat,ement and Processor-Defined Functions: 

StorsÉe 

Section Offset 

	

1):I4•A 	016040 

	

SDATA 	000000 

	

1DATA 	004540 

	

ïrpi, 	011300 

•ap for ProÉram Unit ".MAIN. 

SDATAy Size 	016070 ( 3612. werds) 

Name 	•mpe Offset 	Na • e ,  TmPe Offset 
I*2 	016064 

000012 ( 	5.) 

004540 ( 1200.) 

004540 ( 1200.) 
004540 ( 1200.) 

	

Tmpe 	Name 

	

R*4 	'PLOT 

Dimensions 
(1.0) 

(600) 	. 

(600) 

(600) . 

Tmp • 	Name 	TmPe 
R*4 
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SUBROUTINE PLOTCXYYYZOYNPTS) 

0002 	DIMENSION X(600)7Y(600)YZO(600)5, GRAPH(50Y100)5, S(101) 

00•03 	REAL*4 Z(600) 

0004 	DO 10 Jly49 
0005 	DO 10  <=:I. 99  
0006 10 	GRAPH(..iyK)" 

0007 	XMIN= )< (1) 
0008 	XMAX=X(1) 
0009 	YMIN .=Y(1) 
0010 	YMAX..Y(1) 
0011 	ZMIN=7..0(1) 
0012 	ZMAX=Z0(1) • 
0013 	7..(1)=ZOtil) 

0014 . 	NPTS1 ,,.NPTS 
0015 	DO 20 I=2vMPT3 
0016 	IF(X(I) .GT. XMAX) XMAX=X(I) 

0018 	IF(Y(I) .GT. 'M (-iX) YMAX=Y(I) 

0020 	IF(X(I) .LT. XMIN) 
0022 	IF(Y(I) .LT. *MIN) YMIN..Y(I) 

0024 	1F(z0(I) ,LT. zmIN) ZMIN=ZO(I) 

0026 	IF(ZO(I) .GT. ZMAX) ZMAX=ZO(I) 

0028 	Z(I)=ZO(I) 

0029 20 	CONTINUE 
0030 	YMAX1AMAX1(YMAXYZMAX) 
0031 	YMIN1..AMIN1(YMINYZMIN) 
0032 	WMAX=YMAX1 
0033 	YMIW.YMIN1 
00:34 	WRITE(Yy*)XMAXYXMINYYMAXYYMIN 

0035 	IP(XMAX .NE. XMIN .AND. *MAX .NE. YMIN) GO TO 40 
0(i°37 	WRITE (75, 50) XMAXyYMAX 

0038 50 	FORMAT(/7' THE PLOT CONSISTS OF A SINGLE POINT LOCATED AT 
* X='YlPE8.3v' AND Y='YlPE8.3) 

0039 	GO TO 170 
0040 40 	I=50.0+YMIN*49.0/(YMAX —YMIN) 	' 

0041 	J=(—XMIN*98.0)/(XMAX —XMIN)+1.0 

0042 • 	IF(XMIN •GE.0:0) GO TO 28 
0044 	DO 25 KKi ,)49 

0045 25 	GRAPH(KK ,,J)'.'  • 
0046 28 	IFKYMIN .GE. 0.0) GO TO 47 
0048 	DO 30 11=15, 99 

0049 35, 	GRAPH(IYII)='.' .  

00•0 47 	DO 30 JJ=15, NPTS1 

0051 	L=( X(JJ)—AmIN)*98.0/(XMAX—XMIN)+1.0 

0052 	. 	M=50.0—((Y(JJ)—Y1lIN)/(YMAX—YMIN)*48.0+1.0) 

0053 	N=IFIX(50.0—“Z(JJ)—YMIN)/(YMAX —YMIN)*48.0÷1.0)) 

0054 	IF(M—N) 1000 ,/101v1000 

0055 1000 • GRAP11(M9L)='.' 
0056 	GRAPH(NvL)='*' 

0037 	co  TO 30 
0 ('i 58 	101 	GRAPH(MYL)..'0' 
0059 30 	CONTINUE 
0060 	C..(XMAX—XMIN)/98.0 

0061 	DO 70 KK=1 ,:1015, 20 

0062 70 	S(KK) : , XMIN-2.0*C+KK*C 
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• 

0063 	WRITE(7..100)(S(KK)yKK=iy101720) 
0064 100 	FORMAT(1H1y1XylPE12.2y5(1PE20.2)) 
0065 	•D=UMAX-YMIN)/48.0 
00 6 6 	11..YMàX. 2.-D 	 • 
0067 	WRITE(77105)0.yrj 
0068 105 	FORMA .N1XylPE9., 2Y10('+ ---------'iy'+'YlPE9.,2) 
0069 	' 	B=10.0 	 • 
0070 	D0.110 N=13, 49 	. 

0071 	IF(N  E0  D) GO TO 120 
0073 	WRITE(7y130) (ORAPH(NyMyK=1Y99) 
0074 130 	FORW,!T(10XY';'799Aly'l') 
0075 	GO co 110 
0076 120 	T ,YMAX-M+2,,0*D 
0077 	B=B4-10 ,,0 	. 
0078 111 	WRITE ( 7Y140)(Tyi.GRAPH(NYM)IM=ly99leT) 
0079 140 	FORMAT(1XylPE9,.2y'+'y99Aly'+'ylPE9.›2) 
0080 110 	CONTINUE 
0081 	R=YNIN-D 
0082 	WRITE(77105) RyR 
0083 	4RITE(7y190)(8(KMyKK..1Y101y20) 
0084 190 	FOPMAT(2XylPE12,.2y5(1PE20.›2)) 
0005 170 	RETURN. 
0086 	END , 
PLOT 

FORYRAN IV ' Store,:  M2P for Program Unit PLOT 

Local Variabl('sy .PSECT SDATAy Size ',. 054636 (11471. words) . 
• 

Name 	Tape Offset 	Name 	TaPe Offset 	Name 	Tape Offset 
D 	'R*4 	054370 	o 	R*4 	054554 	D 	R*4 	054560 
I • 	I*2 	054526 	II 	I*2 	054542 	j 	I*2 	.054470 
JJ 	I*2 	054544 	K 	I*2 	054472 	KK 	I*2 	054540 
L 	I*2 • 054546 	M 	I*2 	054550 	N 	I*2 	054552 
NPTS 	I*2 @ 000006 . 	NPTS1 I*2 	054524 	i...? 	R*4 	054564 
R 	R*4 	054600 	T 	R*4 	054574 	XMAX 	R*4 	054500 
XMIN ..,R*4 	054474 	YMAX 	R*4 	054510 	YMAX1 R*4 	054530 
YMIN 	R*4 	054504 	YMIN1 R*4 	034534 	ZMAX 	R*4 	054520 
ZMIN 	R*4 	054514 

Local and COMMON A 1 raas5; 

Name 	Tape Section Offset --Size-- Dimensions 

	

GRAPH R*4 Vec SDATA 	000010 047040 (10000.) (50y100) 
R*4 	SD•TA 	047050 000624 ( 202.) (101) 
R*4 	@ SDATA 	000000 004540 ( 1200.) (600) 

Y 	• 	• *4 	•SDATA 	000002 004540 ( 1200.) (600) 
R*4 	SDATA 	047674 004 )40 ( 1200.) (600) 

ZO 	R*4 	P SDATA 	000004 004540 	1200.) (600) 

Subroutinesy Functions:. Statement and Processor-Defined Functionsi.  

Na • e 	7‘..:PQ 	Name 	TaPe 	Name 	Tape • Name 	Tape 	Name 	Tape 
AM1)X1 	R*• 	AMIN1 	R*4 	IFIX 	I*2 

(II 
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SUMMARY and SUGGESTIONS for. FUTURE.STUDY  

There appears to be three different categories of ground 

references. 	• 

. 1) high ground references  (>100K) 

2) medium ground references (=SOO to 1200Q) 

3) low ground references (10Q) 

For the low ground resistance (which is the most common case 

in a C.A.T.V. System), shielding varies with frequency, 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 used. 

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 impedance, the splitting  of  

the fields of a tranSmitting antenna into its radial and angular 

component. The above results should be compared to experimental 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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