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1. This work was auihorized vy Buresu of dnginecring letter
367/L5(11-24-48) of 2 liovember 1934, reference (a)-
€3430T CF T55T

24 The objsct of the tests was as fellows:

{&) To measure the charscteristic impedarnce and
attenuetion of & transmission line of the
twisted cakle type, at freguencies of 20 and
40 mes, submitted by the TU.3. Forest Service.

ABSTRACT (F T2ST

3. i3 a metter of comparison and fer informaticn, two twisted
cable transmission lines of different construction and composition thran
that of tho submitted line were also measured. Cne of these cables
is that as supplied by the General Zlectric Company with treir cll wave,
noise reducing antenna system. The cother cable is stendard comrercial
type twisted lamp cord. All three types of cables were measured for
impedence at beth 30 and 40 mes., and for ettenuation at 40 mes. The
capac1ty, inductance and power factor were measured at a frequency of
1000 cycles. The attenuation of the Forest Service treznsmission line
was also measured at 40 mes with the outer rubber covering removed.



Conclusions
(a, The average value of characteristic impedance obtained at
30 and 40 mcs. for the Forest Service sample transmission

line is 82 ohns.

{b) The value of attenuation at 4C mcs. for this line measured
with a terminating impedance of 80 ohms is .088 decibels
per foot with rubber cover and .106 decibels per foot
without rubber covering-

(¢) The capacity, measured at a frequency of 1000 cycles is
24.] micro-micro farads per foot.

{d) The inductance, measured at & frequency cf 1000 cycles
is 1.06 micro-henries per foot.

(e) The d.c. resistance is .022 ohms per foct.

(f) The power factor, measured at a frequency of 1000 cycles
is .044%.

mla”



4. “he Ferest Jdervice type itronsmi
and composed of two insulated conductors, tui
“ith 2 rubker comnound. ‘the conductors sre tu
times per inch, the cuter Jdianeter being 1/4 iu

5. tpe condugters =re “””“Ca?ﬂ of 10 stronds cf l.o. 30 BéES
gauze tinnsd copner wire, ccvered by two layers of s5ilk imsulzticn whict
In turn re covered by a cotion sleeve. The conducters are sepcrsoted
by = cotton cord 3/22" in diameter cnd ere exnclosed by & rubber compound

apprcximately 1/16" in thickress.

LITHCD OF TZ3T

45 ol doa

64 The capacity, inductance and povier fzcter were messured at
cycles on & precision impedunce bridge

T The atienustion wes vency of 4C mes. by
terminating the lins with the prope nnedznce, a redio fregquency
r:iilismreter being connected in series vith the termincting impedance.
The current in the lire wes noted, then a kroum length of line wes cut
off ¢nd +the current agein roted; the attenustion was then obtained by
the fermula,

L = 20 log %

where L is the attsnuestion factor in 4db and I is current in line.
Ce Jeveral methels ¢f neasuring charecteris nedsa

emnloved nut only one methed gave cemsistent resuits. 1t shcouid be
ricted that with some metheods, cerrect results were obtained cn parcllel
end concentric lines of &*r dielsciric and known impedarnce; wever,
these sume methods cpplied to twiszied lires, huving rubber hnd otirer
materigls for dielectric specing, gave very inconsistent resulic varying
us much as 2U0j.

9 The metnod decided unpon was that of Rund {nigh rreq
i.easurements, vy August Hund, 1923, Chepter %V, page 287), #hich censists
cof cornecting the unkrevm line eercss & tank circuit which is then tuned
to rescnance; a iength of the line correspending to an electricel length
¢f 1/5 wave lengtn is then cut off and a veriubls cﬂnecify connected
ucrcs, ths shertened length of lines this capacity is varied until thre
circuit is egain in resonurce; the capacity reactance of the capacity
value gt rescnance is then equal to the impedence of the line. The
method is feirly smeothk in cperction; hcwever, care must be teken te
construct & tank circuit which cffers symmetrical input to the line as
the stray capacity nust be equal on each side of the line input. Ths
tuning for resonence afier cut off is feirly breosd vhen measuring e line
cf kigh atienuation such ss were measured, but not treoad encugh to give
gerious errers in results. Tnis is considered in "Discussion c¢f

D
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i'rckatle zrrors". A schematic diagram of the above methcd iz contained
in rlate 1.

10+ The characteristic impedance was alsc measured at 1000 kes.

ard 5000 kes. on a radio frecuency bridge. This was done by measuring

the surge impedance with the line open and shorted; the characteristic
impedance is then 2, = - 5 584',-The use of the values

t= R L '
for impedance obtained at 30 and 40 mecs. is discussed in "Discussion of
Probable -irrors”.

DISZUSSICH OF PROZABLT MRRORS

11. . 1t should be noted that no existing published technique
concerning the measurement of transmission line constants is satis-
factory at super~frequencies.

§ e

12, The error in the measurement of the capacity, inductance
ani power factor at 1000 cycles is less than 0.5k.

13. The error in the measurement of the attenuation at 40 mcs.
is in the order of 55. It is considered, for lines of the measured
attenuation, a mis-match of terminating impedance of 54 would be of
smell importence as compared to the high line losses.

14. ihe arror in the measurement of impedance at 1000 and 5000
res. as measured with a radio Ffrequency bridge is approximately 243
however, these values cannot be considered reliable at any other than
tne frequencies at which measured because of the variation of losses in
the insulation with freguency.

15. The ervur in the measurement of the characteristic im-
pedsnce at 30 and 40 mcs. using the method described is in the order of
104, This error is due to the difficultiy in cutting the line to an
exact elscirical length, due to the twist of the conducters and the re-
duced propagation. Also the tuning of the iaserted capacity is fairly
broad due to the high attenuation of the line. A variaiion of this
capacity of only 2 mmf., or 74 variation of the resonance peak, will
result in a corresponding error of 7,5 of measured impedance.

REULTS OF 2H3T

156. The results of the tests show that the characteristic
impedance and attenuation of the Forest Ssrvice cable is commensuraie
aith that of cables of other like construction and size. The nmsasure-
ments show from the attenuation of this cable (which is -088 db. per
foot) thet a loss of one-half power will occur in a length of 34 feet.

17. Removing the outer rubber covering, the attenuation at 40
mes. is -106 decibels per foot; this increase of 155 in attenuation is
probably due to concentration of field about the conductors and also




nkxase current. A4 l:33 of one-~half power wiil ocour in
t. with the rubwver covering rewsoved.

the change in 1
L length of 2o

a2
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I
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16 tne construstion of this exble is considered inferior to
that ¥ the other lines tested in that the sulation betiwresn conducters
of the Forest jervice cavle is of poosrer guality than thet cf the other
cabies. Tnis practically limits the usas of this type cable to opera-
ticn at low newer when used for transmission purpeses.

19. The cable is considered fairly satisfactory for receiver
cperetion on frequencies up to 40 mes. However, due to the nigh at-
tenustion of the Forest Service cable, satisfactory results will be
attained only with such short lengths that the receiver will not have
to be operated at extremely hizh gain and thus seriously lower the
signal to noise ratio.

20. The cable, when attached to the antenna, should be ar-
ranged or insulated at the cdper end so as to provent water frem reaching
its interior, as the insulation between conductors is such as to absorb
guantities of water and this would ultimately result in noise or comnlete
inoperation of the line.

21. With the removal of the outer rubber covering the line is
act adaptable to use in the open, the insulation arcound the conductors
after reumoval of outer rubber covering being extremely susceptible to
moisture.

SGNSLUSIONS

22 The nverage value of characteristic impedance obtained
at 30 and 40 mes. for the Forest 3ervice samnle transmission line is
82 chus.

23, The vulue of attenustion at 40 mes. for this line measured
with a terminating impedance of 80 chms is .028 decibels per foot with
rubber cover, and .106 decibels per foot without rubber covering.

24. The capacity, measured at & frequency of 1000 cycles is
24.1 microe-micro farads per foot.

25. The inductance, meazsured at a frequency of 1000 cycles
is 1,06 micro=henries per foot.

26, The d.c. resistence is .0Z2 ohms per {ecot.
27 The power facter, mecsured at a frequency of 10C0 cycles
is .044,.



Characteristic Impedance (ohms)

30 mcs. 40 mes. Ave. 1000 Kes. 5000 Kes. Ave.o
Forest 3ervice 34 80 82 105 99 101
General Zlectric 76 70 73 115 104 109
Lamp cord 67 52 64 125 117 121

dttenuation, 40 mcs.

80 ohm terminating impedance.

with outer covering

Line I Db.

Line (Line cut per

I 17 £E.) ft.

Torest 3ervice .053 063 .088
General Zlectric .0%6 .108 .091 .

Lamp cord .048 064 « 145
Capacity Inductiance

(1000 cycles) (1000 cycles)

“ithout outer covering

Line 1 Dh.
Line (Line cut per
Ny - 8.3 ft.) £._
052 «058 .106
Fower Factor d.c.
(1000 cycles) sesistance

Mt . per ft. fhe per ft. /o ohms per ft.
Forest 3ervice - 24.1 1.06 .044 .022
Generzal Zlectric 19.6 1.05 086 =021
Lamp cord 15e8 2350 Q47T .0076



PLATE 1

¥ETECD U3SED FOR ISASURSUEKT OF JHARACTRRISTIC

INPIIANCE

1
- o e j 'l
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C, :
H.F. Rescnance E*Q
source indicator 1Cy
|
Cf e :
10
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The line is tuned for resonance by means of Cj. DMNext, the line is

shortened by a distence d equal to A/B. The line angle corresponding

4 ; ; 204 T e
to this distance is then 3d = = = ?I .« For sinusoidal
excitation and such a short distance d, there is for the recctance
of the short piece d the value g cot T_ = JZ,- Hence,
4

by inserting a condenser Cp at a distance d from the free end and

meking its reactance 1/jwCy equal to xd = J&o we find that

do = _HTB}“ . This is done as described by varying the
(WCy)

capacity Cp until resonance is again established.




