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THE EFFECT OF LONG ITUDINAL AND TRANSVERSE LOSSES ON THE rRANS IENT

RESPONSE OF COAXIAL CABLE

G. Helm, KDT and J. plontke, Karl—Ma rx—Stac.t

Re port from th~ S?ction of 1&utomation Technology of the :olleg e of

Science and Technolog y of Karl—M arx—Stadt

Descriptors: Theory of information transmission and oscillation

technology; signal transmission; transmission loss; trsnsit time ;

signal deformation; rise time ; transmission function; 5tep response.

coaxial cable.

The electri:il line is a component of d signal translission link

consisting of trins.itter, line and receiver (Fig. 1). In ever y

actua l line there are losses which cause a deformation ot the pulse
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ed ges during t~~ transmission of digital signals. These losses are

depen dent on frequenc y and increase with increasing freguency.

For stud ying the effect of losses on the shape of tne curve of

digital signals th~ transient response of the voltage at the end of

the coaxial cable in the interva l ~~~~~~~~~ is to be ~al:ulated

taking into account the longitudinal and transverse losses.

1. THEORETICAL FOUNDATIONS

1.1. FUNDAMENTAL RELATIONSHIPS OF TRANSMISSIO N LINE TRE)RT Let

the coaxial cable have the characteristic values Z. L ,(:’j. and the

connecting element between a voltage source ~~ with the resistance

B1 and ~ terliflating resistance B2 in accordance with Fig. 2. With

the simplification B 1 = 0 and R 2 = 0 the following relitionship

results for tha voltage at the end of the cable

(1) ‘ ‘ i . i. 2 J ~ • ~~~~

which is valid in the interval ‘r t~~~:i,, (,, transit time , I
propagation constint of the cable).

(2)

F T D — I D (  H~~) I — 152~l—76
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(3) — I(~ 
-~ ~;I;j (v,•

~

Since the shape of the curve of the voltage is determ ined bY the

high—frequency transient response of the line , there r?sults through

the use of series development

(4)

for ~ the high-frequency approximation

(5) ji ~L’ .’ (1 ± ~

In the case of step—form in put ene rgization

(6) I (1) . I (I~ • k

for the relationship

U (l.p) — 2E .  !..X),(_  fl,,)
(7) .

x (  i.j~~.
l).ezp ( ‘

~ 
• 1

the time f~ ictioa u (  ,t )  is to be determined. The expone n t i a l

expressi om ‘•~~~~~~— p ij) 4oss not a f fec t  the Shape of the :urve , bUt

F T D - I u ( 1~~ )I-15:~~-7(
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Fig. 1. Block liagral Of a signal transmiss ion link. ((KEY: 1)

Transmitt er, e.g.. process computer; 2) Li ne; 3) Receive r , e.g.,
aechine tool.))

~ 1 
~~ 

J c ~,p ~ ~~~~~~ YL,p) ‘2
- 

- I 
- - —

rig. 2. Lime as ~ connect ing element between voltage sources and the

teruilal resistance. ((KEY: 1) Coaxial cable.))



DOC = 1524 PAGE 6

repre sents the sh i f t  operator  vhj c h indicat es  tha t th~ Signal appl iel

to the input at time t = 0 will be at the end of the line after

t r ans i t  t ime ii • The losses are represent ed in Eq. ( 1) by 2’

( long itu i i na l  losses) and  G’ ( t r a n s v e r s e  losses) . T h e r e f o r e  the

freq uency dependence of these values  is to be given n e x t .

1.2. FREQUENCY D E P E N D E N C E  OF THE L O N G I T U D I N A L  R E S I S T A N C E  Z ( 1 ]  [ 2 1

AS ~ result f the skin effect a complex longitu~iinal resistance

appears in the case of a high—frequemc y current flow in the line. The

complex l o n g i t u d i n a l  resistance ( of the coax ial cable is composed

Of the COmpleX resistances of the inner and outer  condu c tors .  For a

coaxial cable wit h flexible conductors as in Fig. 3 after the

introd uction of the complex variable p = ~ w the longitudinall y

related total resistance at high frequencies results to:

(8) — 2 I

/, and /4 are the copper factors of the inner an3 outer

conductots. In tke case of a conductor of solid material the

appropriate space factor assumes the va lue 1. Both the real and

imagiam ry parts ~f the total resistance ~~
‘ increase proportionally

wi th y zu.

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_ _ .._ 

~~~~~~~~~~~ ——-- ---—— -- - — 
._ - — - - -
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pig. 3. C~O~~ Section of a coaxial 
cable with a flex ible inner and

outer conductor.
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1.3. FREQUENCY DEPENDENCE OF FBAN SVERSF CONDU CTANCE G’

The transverse conductance Gi describes the losses of the

dielect ric. In this case according to [3) 2 sources c t  losses occ ur :

losses through o~im ic conductivity of the dielectric and losses

throu gh polarization 3f the molecules of the dielectriz. Losses due

to the  ohmic  con 1u~~t i v i t y  of t h e  d ie lect ric  a re  to be i i s re qar de d

since the  cables su i t ed  for  pulse tra nsmission con ta in  po l y et hy l e n e

dielectric w i t h  a c o n d u c t i v i t y  ,-~~ 
,n -~~‘~~n~

In the tr~ a t i e n t  of i n su l a t i ng  m a t e r i a l  t w o  g roups  are

differentiated: polar and nonpolar insulating materials. In the case

of the  nonpo la r  i n s u l a t i ng  mater ia ls  w h i c h  includ e polyeth y lene,

s t yr o f l ex  and  t e f l o n  t he  point s of concen t r a t i on  of p o s i t i v e  and

negative charges z oincide. The “shift polarization ” which occurs

during the application of an electrica l field takes place almost

without inertia in the entire frequency range.

A measure for the losses is represented by the loss factor tan

6.

(9) I ,  4
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The frequency behavior of tan 6 depends not on the iaterial

itself, but on the manufacturing process so that a gene ral statement

is not possible. In [ 4 )  and [5) a constant tan 6 was assumed for the

calculation. The transmission of ever higher frequencies requires

that the tan 6 be as small as possible at hig h frequencies . Since the

loss factor does not become zero even at low frequencies ~ constant

tan 6 will be assumed for the following observations. The data ~jiven

in [6] and [7] also correspond to this. Thus C’ becom es

(10) • V

It is to be lerived from Eq. (10) that the transverse

conduct ivity value G’ referred to length increases in proportion with

t h e  f r e qu e n cy ,  i.e., that the transverse losses increase in

proportion with the frequency. For most information transmission

cables it is Valid that in the range from 1 GHz to 10 11z the losses

through becom e equa l to the losses throug h G’. At frequenc ies

over 10 GHz the transverse losses are predomin ant and unde r 1 GHz ,

the longitudinal losses.

2. TRANS IENT RESPONSE OF COAXIAL CABLE TAK ING INTO ACC )UNT THE

LONGITUDINAL AND TRANSVERS E LOSSES

By substitution of ~q. (8) and (10) in Eq. (7) there results,
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without consideration of the shift operator , the rela tionship to be

r e t r a n s t orm e d

(11) I I / . ;  -= / I , - I ,,., / V 
~~~~~ Ia / ,,

which is valid in the interval / The n

(12) 
~~

‘ t’~
(13) I 

—I ~ , I. 
‘~

(‘1 4) a
’ = ~~~~~~

An investigation is to be made of how the losses through C’

affect the shape of the curve of the Output voltage and whethe r it is

possible to advocate disregarding the effec t of the transverse

losses.

Eq. (11 ) is composed of the input signal and the product of

three transmission factors. The transient response can thus be

described by a sijnal flow diagram as in Fig. ~. In t hi s  case t h e

frequency—indepen dent attenuation 2 exp (—a~~) effects n. signal

fo rma tion but  on ly  an a m p l i t u d e change. The def o rma t ion  of the  i n pu t

s igna l  is caused b y t h e  2n d and  3rd t r a n s f e r  elements.



[)fl~~ 76~i 1~~~~ 
p~~;L / 0

L~~ 
~~~~~~~~

J

~~~P!

Fig. 4. signal flow diagram for calculating the transient response.
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The transfor m ation of Eq. (11) into the time ranje is not

co m p le te ly  poss ible  using correspondences . An easily un 1~ rstandable

meth od for  o b t a i n i n g  u ( Z ,t) consists of separatel y d e t e r m i n i n g  the

output signal for both cases a 3 = 0 and a 1 = a2 = 0; f i n a l l y o ne

obtains u(Z,t) by using Duham ell s integral. Th e caSe a 3 0 indicates

a disrega rding of the transverse losses and the case a~ = a2 = 0

indicates a disre~jarding of the longitudinal losses.

2.1. DISREGAR DIN3 THE T R A N S V ER SE LOSS ES

The disregarding of the transverse losses means that the

dielectric is considered loss-free so that tan 6 = 0. The

retransformation of Eq. (11) with a3 = 0 is possible through the use

of co r re spondences  f r o m  [ 8 ).  Thus the appropriate time funct ions

result to

(15)

ert(z) represents the Gaussian distribution with the characteristics

erf(0) = 0 and Ifl~~4f(.).r.1dMr. rig. S shows the qualitative levelopnent

of Eq. (15) with th. parameter of line len jth.
a. —~

— - V~ 
V - - —a-i-np,; V
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Pig. 5. Qualitative course of the output voltage of the coaxial cable

taking into account the longitudinal losses and disre;arling the

transverse losses with the parameter of line length.
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2. 2. D I S R E G A R D I N G  THE L O N G I T U D I N A L  LOSSES

Disregarding of the longitudina l losses assumes an i n f i n i t e l y

great conductivity of the inner and outer conductors. thus a1 and a2

become zero. It is not possible to retransfor m Eq. (11) with a 1 = a2

0 using the correspondences in 81. According to [9) using the

Fourier transformation the time function belonging to E~. (11) ,
taking int o account the equal share, results to

(16) ~lQi’(l. t) n.~~2~~~~ (JV~~~J.

- !

Fig. 6 shows the qualitative course .(l.s). E~. (16) cannot be

techn ica lly checked since both types ot losses appear simultaneously.

One can, howeve r , gualitatively prove the correctness of Eq. (16)

through deliberation. At time ~~~ the outpu t signal jumps to the

value E and then according to an arctan funct ion it approaches the

value 2 E. If the longitudina l losses are disregarded then the
/

longitudinal resistance ~ becomes zero and the conductance C’ lies

parallel to C’. Since the calculations refer to an enevjy— free line

all capacitors G’dx are uncharged before switching on. kn uncharged

capacitor represents a short circuit at the momen t of switching ~n.

Since the conductance C’ can •ax imumly become infinite while C’dx at

the moment of switching on represents a resistance of 0. at this

point in time there is no deterioration of the cable properties
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pig. 6. Quali tative course of the output voltage of the coaxial cable

takin g into account the transverse losses and disregarding the

Longitudinal losses.
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through G’, i.e., at the moment of switching on the line with

tra nsverse losses behaves  l ike a loss— f ree li ne. Since t h e  voltage

jumps at the beginning of the line there is a l so a jump at the end of

the line after transit time . Following this j u m p  t h e  t r a n s v e r s e

losses take effect and cause deformation of the signal rise.

2.3. CONSIDERATION OF T H E  LONG I T U D I N A L  A N D  T R A N SV ER SE L OSS E S

The calculation of the output signa l U(j,t) taking into account

the longitudinal and transv erse lOsses is accomplishel Using

Duhamel’s integral theorem. It is used if the input value has a

complicated temporal development and it one knows the output value

for the special case that the input value is equal to the step

funct ion.

The point of departure for the considerations is Fig. 4. At the

input a step function ot height E is in effect. Following the 2nd

transfer element the time function has a development in accordance

with Eq. (15). For the 3rd transfer element the output value is known

if a step function is in effect at the input. In the present case,

however, the output voltage of the 2nd transfer element functions as

the input Voltage for the 3rd so that the output voltaic of the 3rd

transfer element can be calculated using Duhamel’s integral theorem.

The same result f3llows with the transpositio n of the triasfer 

.V,* ~~~~~~~~~~~~~~~~~~~~~~~~ •_ 
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eleme nts in Fig. 4•

The ca lc u l a t i o n  of the  o u t p u t  v o l t a g e  fo l lows w i t h  t h e

relat ionship

1) ~~- 
2
’
A ~~~~;‘ (l.I~;. ~j v (1.

(17) . L J % ~~(1 1) 
diiqy( 4~~_.

The calculation takes a simple form if the integral in Eq. (17)

is transformed into a summation representation . The integration

variable r is separated into subintervals Ar . The calculat ion of the

integral takes place with the tra pezoidal rule using the

relationships

(18)

and

(19) ,
~~~~•. 4,

Th us
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~ i1q~ (&O~
.uLr (l,n1,) f. Z’ ii,r ( l ,a~ 4 r )

(20) . dvqy U~*4r—ius4 . )  ~- - ~V~V j

~ Lr (~, n 4t) . 4~.!Q!~
;°~. ih}

The att a i n a b l e  accuracy  depends on t h e  lengt h of the subinterval

A r.

2. 4. OUTPUT SIGNAL OF THE CABLE 50— 2— 1

Us’flg cable 50—2— 1 of the VEB Cable Work s, Vacha , an analytical

study was made of the effect of longitudinal and transverse losses on

transmittance wit h line lengths of 1 = 1 in and Z = 10 i. Fig. 7 shows

the calculated curves taking both losses into account. The

subintervals were chosen at Ar = 1 Ps for 2 = ion and Ar = 10 PS for

The calculations took place up to 1%Of the transit tim e,

i.e., up to o.oi~ . It can be derived from Fig. 7 that the curves

taking into account the longitudinal and transverse losses initially

show less rise than the curves in which only the longitulina l losses

were taken into account. With increasing time t the curves according

to Eq. (20) approach those of Eq. (15) since the transv~ rse losses

have no effec t on the stationary final value.

2.5 CONCLUSIONS

Using the calculated curves several conclusions can be drawn for

t 
______
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1,5 -- -

0,5 — - - — - -

(.2)
1 Vei’nochIoss~gurg ~~ Quet~e~Iu~t~(3)
5 ~! ur ks-Ct t Q.~r.~’ ~~~,‘ / -~f7~ ’

o -

t - 1•

rig. 7. CalcULa t,1 courses of the output voltage for the cable

5O~21. ((KEY: 1) Parameter: line length; 2) Disregarding of

transverse losses ; 3) raking into accou nt lOngitudina l anl transverse

losses.

FI’~~— I D ( R S ) 1— 15 2 ~~--76

L_~~~. -
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the handling of transverse losses:

1. The effect of transverse losses is alwa ys present.

2. The stren gth of the etfect depend s on the dielectric used and

the geometry of the cab ]ee

3. FOt testjag it is not possible to separat e the longitudinal

and transverse losses as can be done in the computational treatment.

4. The transv erse losses affect the cour se of th~ cUr Ve only

nea r the source s

5. With oscil.Lographs available at the present tine it is not

possible to physicall y check the calculated values.

6. The calcul ations were made for an ideal jump. With the

appear anc e o f 3V C~ the smallest rise tines (< I ns) the effect of the

transverse losses is decreased due to the changed freguency

comp os it ion of the controlled signa l. Since with the control of the

line by integrated circuits rise times of less than 1 ns cannot be

expected in the near future, the contribution of transverse losses to

signal deformation is to be disregarded.

FTD .-ID( rd ;) I—152’I—7 6
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Since the transverse losses affect the course of th~ curv e on l y

near the sour:~ , jt is immaterial which approximation is used for tan

6 (w)

3. SUM M A R Y

The o u t p u t  s i g n a l of a coax i a l  cable jS ca]cu l a te l  a p p r ox i m at e l y

on the basis of trans.ission line theory and taking into account the

longitudinal resistance z’ and the conductance C’ durinj the effect

of a step function . The calculation takes place separately for

longitudinal and transverse losses with the final use of Duhamel ’s

integral theorem for taking bot h losses into accoun t. rh~ ev a l u a t i on

of Duhamel ’s integral is accomplished through a summation

representation . the calculated courses of curves are jivan for the

cable 50— 2— 1. Submitted 20 Sep i97i
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