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EBSTRALT

This work wes done in an effort to develop & method for encurately
determining the cherecteristic impedance and attenuatlon of flexible
twisted tvre tranfmission lines having other than air dielectrie, at high
frecuencies.

ks flexible trensmission lines are being used in the higher
frequency bends, and thus may be of value in the Heaval Service, it is

. importent that the electrical values of these lines be known before belﬁg o

emrloyed as part of any communication installation.

The two values to be determined are the characteristic impedance

and attennation, as the efficiency of the energy treansfer depends upon the . . -
impedance matching, and the lines attenuation or losses particulsrly 1f 5 e

the lines length is in the order of several bhundred fect.

is no existzng'data are obtainsble &t the present time, .this work
becomes of a pioneer attempt to develop & method for determining the
electrical velues of this type transmission line.
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LEORLZATION

", This work was su*hori"ed by the Bureml of’ Ehpineering 'iet.te.r
F"r‘ [7-6-TR) of 22 July 193A.

..gfmmu_-m OF PROBLEY

2. The problem is to esteblish & method for zccuretely determining
the characteristic impedance and attenuation of trensmission lines of the
twisted pair type, having other than air dielectric, at high freguencies.

KNOWE_FACTS BEARING OK THE PROBLEK

3. At the present time there are few known fects concerning this
work and no existing publications of any importance.

THEORETICAL GONSIDERATIONS

4o The theoretical operation and epplication of transmission lines
is well known; however, this estebliched knowledge concerns only transmission
lines of which the perameters sre known.

5. In the case of lines having varlous dielectric materials there
is 1ittle, if any, definite dete upon the changes in dielectric constent and
losses &t very high frequencies, :

6. It is to be expected that the capacity, dielectric constent and
leakage losses change with variation in frequency; to what extent would be
guess-work to say at the present time.

7 In order to c&lculste the impedance of these type lines it
#oulé be necessary to messure the dielectric constant and losses at the high
requencies at whiech they are to be used. This in itself is &s great an
derteking as the measurement of the direct ilmpedance, so it 1s obvious that
to measure the impedance direct 1s the shortest and most plausible method of
solving the problem. ;

NARRATIVE OF ORIGINAL WORK DONE
&T THIS LABORATORY ON THE PROBLEM

a, Seversl methods were employed, the simplést being the so-called
Z method; that is, by messuring the surge impedance with the line open and
closed. The line impedence is then equal to \/ZoZs.

9. This method is believed to be fuirly accurate at the higher
frequencies provided that &1l redio frequency current indicating meters have
keen calibrated in the higher frequency bands.

10. h method for eelibrating the commercial type rudio frequency
current meter st frequencies zbove 5 mes. is being developed at this
Laboratory &t the present time. & report of this work will be forwarded
at a leter date.

an % Cothade Ruy Wettmetor wes emploved to sake these meusurements,

the voltege and eurrent legs being carefully calibrated with i <iwa
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recistonee load. The Tine was thea connected in place of the resistance
and the current and voltaze mexsurad with the line open ol closed, and
the impadance then celeuluted. :

2. The length of the line with respect to frequency is & deciding
actor upon the accurescy of the result; that is, if the line length is an
exunct half-wavelengin, its impedance for a zero loss line would be zero,’
and an infinile lmpedan-e for & querter wavelength. Thus for lines having
high attenuation the impedzn-e for & lencth one-half wavelength would be
sometiiing more than zero and for one-quarter wavelength would be someth,’mg
less then infinite.

1.3. " It is necessary then, for accurate results, to first cut the
line to a length terminsting between one-quarter und one-half wavelength .
or between one-half and three-quarter wavelength.

--14. 1t should be noted that In the case of twisted peir lines the -
electriecal length does not agree with the physieal length due to the -
degrec of "twist" of the conductors and the dezree of attenuztion. -

'15. ' - Probsbly the best, method of determining the exact electrica.l .
leanut.h is to-explore the leangth of line with 2 resonance indicating deviece -
nnd thus locate the current loops vhich will of course occur at mtervals ¥
of one-halfl wavelength ' St

_ 16. 'I'he ratio of the drivin:' frequency to the me&sured electriml
1eng*t.h in the cable m.ll g:lve the per cent propegztion.

17, - The Gat}*or“e Ray Wa*ﬁneter method being developed at this
Laboratory presents an ideal method for determining the 1m')sdanc'e and
attenuation with one operation._

18. - The cur“ent and voltaae lege of the cathode tube are first
corrected for phase, then a load of known non-inductive resistence is
shunted across the tube and accurate readings taken. From the watts _
lozd and the corresponding area of the cathode tube figure & calibrated or
reference i thus obtained. ;

19, . The line is then eonnected through the cathode ray wattmeter a.nd
terminated with a known non-inductive resistance in series with an
accurately cu.l_ibr_ated current meter. The ratio of watts input to output’ :!.B
thus the line sitenuation.

20. = For a number of terminating resistances a curve of the outpﬁtv-
input rstio is drown with the ocutput-input plotted zgainst the t»miue.ting
resistances.

21. For lines of feirly low attenuation & smooth curve with well
defined peak of lowest ettenuation will result; for lines of hiph .
attennation the curve will be lecss peaked at the lowest attenuation but
of such charaecter thet the terminzting resistance giving the lowest
attenuation in readi.ly observed.

22 ‘The securacy of this method will depend upon the react.ive
com'm;esu of Lic tzrminctinc rasiatsnees st the freaquency used, the
ealibraetion of bhe current indi c&tin-r meters and the symmeciry of u;n.au.

g
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23. An apprcx;mate symmetrical circuit wes used, a more precise
set~up is now under construction whish, when completed, will present &
auu‘k and accurcte metbod for measurinv twisted pair lines. .

2L Fiﬁh thls method, by terminating the line, the length of tue
1line is not a factor in the sccurscy except that for z line one—quarter:
wivelength long or multinles of odd quarters, the sttenuntion rises
rapidly with termination mismateh. This resvl*s in & sharply defined
curye. For a line length of one-half wavelength or multiples of even
quarters the attenuation rises slowly with termination mismatch and
results in & somewhat flzt curve. The minimum attenustion will occur
with proper. termlnaﬁxon however with &ny length of line.

25. The mPtbod employed to measure the 1mpedanna at 45 mes. is
that as described by Hund, (High Frequency Messurements). This method-
was used on lines of air dialectric whose impedaqce was readlly calculated’
by existing formulae. Modifirations were necessery in order to produce
results within +10% of colculated valuss. These modificstions consisted’
‘meinly of maklnr the line input symmotriesl. 5

26. The prooedure is to first determine the electricel length -~
of the line and tune to resonance & length of line one-half wavelength o
or multiples of even quarter wavelengths long, then cut off the open end
& length of one-eight wavelength, substitute & variable mir condenser
for’ the cut off piﬁcp and retime line to resonance. At rescnance the
resctance of the resonating capacity is equal to the lines impedance.

'27. . The disadvantage of this method is appurent. The use of &
resanating capacity practically limits the measurements to lines whose
impedance i’ lower than 100 ohms, as & canacity whose reactance at 45
mes is 100 ohms is no emall that the accuracy of measurement is severly "_
reduced, as for 100 ohms at 45 mes the capacity velue is 35 uuf; thus.a .
10% error in measured inpndanve is only & capecity variation of 3.5 wuf..

28.  The cathode ray wattmeter method is considered the most -
relizble system of obitaining the impsdance of high attemustion lines at -
the higher frequencles. By this method practically all types of lines
may be measured and the correct teraminating impedence value determined
with such accuracy as to eliminate any serious loss in efficiency due
to mirmatéhing.

29. The velue of cttenuation of any line is slso an important
factor in the efficiencv of the line transfer of energy.

30. By perfect impadence matching with & zero loss line & transfer
of encrgy of 100% could be achieved; however, even with perfect matching

- transfer efficiency may be reduced to & low velue with high attenustion

lines, particularly if the lines length is.in the order of sever&l

hundred feet or more as may be necessary.

31.  Thus, in the case of twisted pzir lines 1t 1s as necessary
‘1o determine the nttemnstion as *the imnedance. Referrine to the commercial
type lamp cord we find that at 30 mecs. the correct metching impedsnce is
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&7 ot end the etteduation ic .097 db per foot. 4 loss of 50% in vower
or 2% in voltage is effectad in this line for & lenzth of onlv 30 feet.

32. If" this perticular line were employed %o f-ouple an antenna
to n receiver and » length of 100 feet was used, then- the voltage at the
receiver input would be down 9 decibels with respect to the voltage at
the antenna, and the receiver would necessarily heve to be used at higher
gsin with subsequent incresse in local noise level. ,

HETHODS

33. The use of any radio frequency current indicating meter at -
- frequencies above 5 mes. necessitates the careful calibration of such
meters at these frequencies before their use in meusuring circuits or
apperctus. - It has been determined that at frequencies zbove 5 mes. theqe
neters reed in error ar great as fifty percent.

34. The non-inductive resistore employed shall have & reactive
_ Pomponent of zero if possible. Their physicel lensth must be small
compared with the frequency used.

: .35 ° The circuit conditions should be such zs to insure symmetry and
thus eliminate stray capacity and leakage.

DETA OBTAIHEU

36;- Several: lines of varying constructional dstazls have been
neasured. MKensurements were made on commerciul lamp cord, several
shielded cables. and the products of A.H. Lynch,Inc., which concern featurqa
the “G;ant Killer" line on the commecrcial market.

37. The results of these tests ars tabulated below. Al of thééé' 
cables are non-metallic covering. i~

Characteristic Impedance {Ohms)

' 4.6 15 30 45 2L
Cgble . : : Kcg Mes  Mec  HMes c
Lynch Giant Killer 98 92 85 77 84 88
Lynch Super Giant Killer - 97 9 90 81 . 88 95
Lynch Stendard 34 72 60 52 54, 69
Commereiel Lemp Cord 95 84 72 60 72 109

Attenustion {decibelz per foot)
Cable _ 4.6 mes 15 mes 30 mes _ 45 mes
Lynch Glant Killer .0082 ° .019 .04 .091
Lynch Super Giant Killer .0066 .023 044 .097
Lynch Stendard 014 .06/ 097 -127
Commercial Lamp Cord .015 054 .097 .128

38. Following are tcbulated vualues obtained on metallic covered
or shielded lines of the twisted puir type having other than air dielectric.

—.-L—



Impsdanae {ohma) Attenuutian \db ggg font:

R T 4. 6 mes 1L mas
Quble . | s 28 mes " C . St ASANAS
Lznrh Heavy uty . 125 110 133 022 329
Iomeh Bxtes Dutr © 120 100 125,028 124
Hirh Ynltere Coble /BX) 100 - 90 84 .01/ 040
i1izh Volinre Cuble . .
{iznision) 84 76 72 .020 _ .060

Triple Armor 100 © 90 34 047 .094

39. Following are tebulated valuer obtained on metallie covered
singie condustor lines of other than air dielectrie.

Impedance {obms)

Gaﬁle ) ;_ T 5 mes 30 mes 45 mes e

hestcrn HElectric’ (706) 72 68 61

High Voltage Csble . . - 120 108 . 95

Hizh ‘.’olt,.:fe Cab e {oiled} =~ 109 97 - 84 '
: Attenuation (db per ft)

Testern Slectrlr' {700} 008 D3, 046 :

High Voltage Cable . 024 - -050 130

High Volt&&e cable (oided; 016 .052 .065

4P, As & point of reference to the sbove values of attenuation

for ‘hase lines it should be noted that the attenuation of a well designed
concentric line of zir dielectriz has an attenuation at 1 mc of less than-
001 db per foot.. -

Al. . The degree of error in mersurenenis 5 of the above values is - B
considered to be in the order of +10% for impcdance values and +10% for
att.en'mt.ion. v T

SOt -J‘:LO‘I&: AND REGOHJE&!D ATIONS

' 42. . Prom the results of the work done s= described on *his probl&!n
it is evident that impedance messurements cun be accomplizhed with a fair
denree of sccureey et frequencies sbove 45 mer. It is possible that
ma-surements may be_nadc up to 100 m2r. and higher. e

55 That thiz should be done ic evident from the reculic obtsined
Mn 0 45 mes. &8s the resulis show that the impedence of these type lines
heve & negative change with respect to freouenry. Consequently, 2 line
heving » known impedance at, say, 30 mes. when used at 100 mes, may have an
inpedance variction of lurge proportions. It iz shown in the above
trbulated velues that the Lynch "Giant Killer® line hes en impedance of
9& ohnz at 4.6 mos. end 77 ohme at 45 mes. This is a 21% decrease of
impedance, If the same ratio was appliecsble to a higher frequency, then
at 100 mes. the impedance would be in the order of 26’ less than at 4.6
mes. or sbout 71 okms.

L. Thue, considervble loss in effisiensy in eviu=nt if we uce
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these type lines at the higher frequencies and simply assume the impedance
to be in the order as known at a lower frequency as in the case of air
dielectric lines. The efficiency, of course, will not only be affected by
tne impedance mismatching at the higher frequencies but also, and probably
to a larger extent, by the increase in attenuation. It is evident, then,
that data should be obtained on lines having other than alr dielectric at
the higher frequencies universally used today.

45, In consideration of the impedance characteristics and the high
attenuation of these type lines, it is recommended that wherever possible
trensmission lines of air dielectric be employed at the higher frequencies.



