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1 . Thi5 vrcrk '."lU"J aut.hori zed i..~-· 3urt)U.U of j.~ngi1:o ,3 r in.0 letter 
JG7/L5lll-24-,'/8) of 2'/ Iiove:~:::er 193?, reference (ai . 

., .. . 'n,o object of tl:.e tests ,7~.s e.o fcllo\'1s : 

(a) To ::ioc.:rnre the cr..c.rc.cteristic ir:1podm,ce and 
attenuation of a. t ra.r.sr:ii s sion line of the 
t~isted cable typ~at frequencie s of 30 a nd 
40 mes, submitted by the 1.;.s. ~·orest Service . 

3 . h..s a oa.tter of comparison and f or inforn-.atic:n, two t'f."isted 
cable transr..i ssion lines of different constri;.ction and cor..posi tion than 
that of tho s ubmitted line ,7ere also r:;easured. Cne of these cables 
is that as sup;-llied by the General E::le~tric Company with their t:.11 ·mive , 
noise reducing antenmi system. The other cable is standard c omr.:ercial 
type twisted hunp cord. All three t ypes of cables were measured for 
i mpedance at both 30 and 40 mes., and for attenuation at 40 r::ics . The 
capacity, inductance and po,·1er factor r,ere meas ured at a frequency of 
1000 cycles. The attenuation of the Forest Service t re.r.s!:',issior. line 
~as also measured at 40 mes with the outer rubber covering removed . 
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Concluuions _ ....... 
te.; The e.vere,ge value of characteristic impedance obtained at 

30 and 40 mes. for the Forest Service sample transr_1is$ion 
line is 82 ohms. 

(b} The value of attenuation at 40 mes. for this line measured 
'!lith a ter!:linating iripedance of 80 ohr:ls is .088 decibels 
per foot with rubber cover and .106 decibels per foot 
without rubber coveri ng" 

le) The capacity, measured at a frequency of 1000 cycles is 
24.1 ~~cro-~icro farads per foot. 

(d) The inductance, measured at a frequency of 1000 cycles 
is lo06 micro-henries per foot. 

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

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



4.- ,~·h13 F'crest l.Jc~vi-:e ty~c t!:'C.t;s:::is:-;ion J1nc i :, v~.:ry f ] '3:i:i l>1e 
and ~0~~0sed ~f tuo in3ulate J coni~:t ors , t ~i ateJ t ~;eth0~ ~~1 ccvereJ 
.:i th ri :·i..Lber CO!!i;)Otmd. '1h'3 conductor:::; :-.r·c t ;i :::;t ed ~-r•~- r c ;~:::r,e.te l y 5i :<: 

-.:i::te::, 1:or inch, the outer .Jiur.,eter tei:1~; 1/.;, iuch. 

5 . 1he co!i-J~ic:cr$ :>.re :c~~1o s ::d of 10 ~tr~rds cf :.o. 3Q nc:-.3 
gau6e tinn~d cop~er ,ii.re, ccvc:red by t·:;o l.;yer;:; ->f ::: : 1~ :.n;;i~i::: t ie,n ':J?,ic:: 
i.n turr, ~-.re cove1·ed by a c:otton sleev0. 7he ccnduc-tor~: :u·e se:1:;r·1;.ted 
by r::. cotton corrJ 3/32" in diameter r:nd ero er:c l oscd ·oy a rubber co!:!pou nd 
e.ppr oxir::o.te l y 1/15" i n t hickr.ess . 

15 ~ ?he capaci t y, i nductance and 9O,-;er f e.ctcr v1ere r~,t:ia"J 1l re1i o.t 
lG00 ,::ycles on e. precision i l!l;1edo.nce brjdge. 

7 . ~10 attenuation ~~D ~eesurc1 at~ freq~ency cf 40 mes. by 
t c:-::-i:.ne.tirig t he 1 ine ·::i th t.he pro~r:r i ~pe1o.nce , a re.dio froq1.H:r.cy 
: .i ll ie.tt.?::eter being com1ecte-:l in aeries -:ith the t err.15.n£':.ting i ::i,c::c.!'l(:e o 
7i:e current in tr.e lir1.c ·,re.::, no tc::J. , +,hen F-.- l< r.c,,.m len;;th of 21ne ·:1c.s cut 
-:: ff end ~re current a.gei n r~oted; tee attemw.tion \'ie,s t hen obtained by 
the fcrr.1ula, 

20 l og 
I 
I 

W:'.cre I:... is the s.ttenw,.tion f actor :in :lb e.nJ I i3 ct..:rrei~t fr1 l ir,c. 

8. .:ieveral r.1ethc:i,:; cf r.:e::!.s1.;.::-in£ char acteristic ir.:~Jed.anco 'i'er~ 
e r:i!1J 0ye:i !';ut on) y one r:1ethod r:;e:.vE: consi :::;tent. res u i ts o .!t s hc,ui.d be 
noted that wi i:h soDe :-:iethoJs, correct rcsul ts were cbte:.incd. e-n rx:.r:::11 e l 
end concentric lines of e..ir dicl~~tr:i c e:r,(t knc~m ii:ipe-:irtr: co; l·,owever, 
these :.,;amc ~:.citho::3 t:.p,.)ltod to t ·:t::. c:t cd J i r.ez , i1~~·1i nc rubber o.nd otter 
c~terial9 fer dielectric spacinG, gave very inconsistent results varying 
us r::uch t'l.G 2u0fa. 

9 . The 1:1ethod je~ided u-::.,on ~-1e.s that oi:' Eur.cl t ::i gh irer;uency 
; .. ea:n:re:::ent.5~ cy Aui;t~st nu!1::l , 1923 , ::hcpte:- :(~/ , i=uic 387); ·.::hich ccns:ists 
c f cc,.nectir.g t ae un:<:r.c,\·m J.ine c.crcss a tan}-. circuit ,:hi ch is tl:en t urie·J 
to rescnanc0; a l ength of tho l ine corr·espG:nding to an electr:i ce.l !ength 
c f l /8 r,o.ve l ~nr:;th ::.s then cut off and a ve.rfoble ce.!)e.city com1er.:ted 
~crc s ~ the sho!·t ened l ength of line ; thi s capacity i s vc:. rie::! u11til t:he 
ci r cuit i:. e.gain i n rooon:~nce; tho cc.paci ty re,actance of the ce.[.!e.c i ty 
value et_ rescmu1r~<3 i~ then equal t o the ir:ipe::lar.c:e of the line o 'i'he 
!!'.ethod is fairly sr:;octh in c~erc.tio:r.; hcv;ever, ca.re !!lutit be ta.~en to 
con~truct ':. t ank ci r cuit •f hich cffers sy?:1.r:1e t!'ical input to the line as 
the stra.~, capacity r,!ust be e qual on ea.ch side of t he lir10 i nput o rl'h'3 

tuning for rc5onunce after cut off is f airl y broad \~1en ~o~suring a lino 
cf l~iEh c.tt::muo.tion $uch c.c \'lor e !".:eO.$ur ed , but not tread enough to give 
serj~ns err-crs in r o::;ultJ. This i s ~onsi:iered in ''Jiscussion of 
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i'rcLaLlo :~r1·ors''. .;. schematic diagram of the a::iovc :netto:l is contained 
in f'late 1. 

10. 7he characteristic i!!1pcdance ·::an al!.>c ~,oa su:re:l at 1000 Kcs . 
ar.tl 5000 r:cs. on a radio frequency br idge . This rras doi'le by measuring 
the sur50 impedance with the line open an::i shorted; t h e churactori;c;tic 
impedance is then Z0 "' Vz

5 0 
zsc • · Th e us e of t he value:J 

fo1· im_:Jedance obtained at 30 and. 40 mes. is disct:3sed in ·· 9iscus:,ion of 
Probable irrors". 

11. It should be noted that no edsting published technique 
concer ning the l'!leasure:nent of transT!lission line constants ~s sa.t 5.s­
factory at super-frequencies, 

12. The err:ii· in the :nea:11lre1~ent of the capacity, inductance 
o.n:J power factor at 1000 cyc.l~s is less t han Oo5/o. 

13. The er1·or in the r!leasurement of the attenuation at 40 mes . 
is in the order of 5.'~. It is consi:iered, for l i!'leS of the r.1easured 
attenuation, a mis-:natch of ter1aine.t :in8 i mpedance of 5)~ would be of 
small import ance as col!lpared to the high line losses. 

14 . '.i'he '3rroi.· in the r.1easurement of impedance at 1000 and 5000 
i<cs. as measured with a radio frequency bridge is approximately 2)~; 
ho•;1ever, these values cannot be consi ,jered reliable at any other than 
tne frequencies at which measured because of the yariation of losses in 
t he insulation with frequency. 

15. '.i.'he error in the measure12ent of the characteristic i~n-
peda.nce at 30 antl 40 mes. using the method desc1~ibed i s in the order of 
10~. This error is duo to the difficulty in cut tin~ the lino to an 
ex.act electrical length, duo to the t·:list of the conductors and the re·­
d.uced pro:1e.g<:1tion. Also the tuning of t he inser ted cu.pa.c i ty is fairly 
broad :iue to the high attenuation of the line ~ A variation o: this 
capaci ty of only 2 mrnf., or 7;o variat ion of the resonance peak, will 
re:Jul t in a corresponding error of 7,~ of measured -i.mpedance . 

16. The resi;~ -ts of t.he tests s h Oi'l that the characteristic 
impedance an,l attenuation of the ?orest Service cable is comr:iens uro.te 
,"Jith that of cables of other like construction and size . The J'jeacure~ 
ments sho·:; from the attenuation of t.his cable (,1hich i s .,088 db. per 
f'oot) that a loss of one- half power ·,,ill occur in a length of 34 feet , 

17. ?.emovins the outer 1·u'bter cover-ing , the attenuation at 40 
mes. is . 106 decibels per foot; this i ncrease of 15;,-; i n attenuat i on is 
probubly due to cortcentration of field about the cortductors and also 



the ~i1.:J.t1g,; :n : ~1=tkai.:;e cur!'·ento A l ~·S d l1r =?n~-helf pcrlcr ·:,:.11 0~ 1-;ur in 
11.. l13ngth of 26 ft.. ·:1ith the ruhi.ler coverin::i; ro:ni:,ve .. i o 

1a. :~e constru~tio~ of th~s c ~ble :.s co~sider~i i!'l f erio r t ~ 
t,imt ·, f the other lin,:i s te'iteri h1 th'lt t \:e :.!1::;ul~t:.or. bct r,ear. con:11-1 ::tcrs 
c, f the 7ore$t .ierv .:.r.:e cab.le is of poorer quttl i. ty than tht•.t cf ~ho other­
cable!l. ':;.'riis practically li..!c.its the t!S'3 :, f th:.s tyµe cable to operu­
t i.cn at lo\'1 pc•:1er ,·,hen used eor t?"ans:::is5ion purposes. 

19 . The cable i.s consi::iered fo.~rly satisfactory for receiYer 
cpere.tion on frequencies up to 40 r::,;e. Ho0uever, due to the h:.gh at~ 
tenuati.on of the !i'orest Serv ice cable, satisfactory results \'li..l l be 
attained only ,rith such short lengths thut the receiver v1ill not huvo 
to be operated at extre.r.1ely high gain and thus s<?riously lower the 
sizne.l to noise ratio. 

20. The cable, when ·attached to the antenna, shoul:i bear-
ran5ed or insula.te-i at the oper end so as to proverrt ,mter frc1"'.I r-ea.chi nB 
its i.nterior, !l.S the insul ation l>et·.rnen con:1uct-::,r::; iu such o.s t o a.be orb 
qu!:.ntities of water anj +,h", s ·,,ould ultin-.ately result in n-::,i3e or comr)lete 
inoperation of the line. 

21. .ii th the re1-:1oval cf the outer rubber covering the line is 
not adaptable to use in the open, the insulation around the conductors 
after rer:ioval of outer rubber coYering being extreoely susceptible to 
moisture. 

2:~. 'i.'he 11vera3e vulue of chnracterist ic impedance obtai ned 
at 30 aml 4-0 mes. for the Jore st 3ervice sa!".1:'.)le transr:ri ssion 1 i.ne i s 
82 olms. 

23. 7he vi.1.lue of attenuation at 40 ocs. for this line neasured 
with a ter?ninating i:=ipe:irmce of 80 ohrnu is .088 decibels per foot with 
rubber cover, and .106 decibels per foot without rubber covering. 

24. The c~pacity, measure::l ate. frequoncy of 1000 cycles is 
24.1 ~icro~nic~o farads ~er foot. 

25. The in::luctance , ~e1;.sured at a frequency of 1000 cycles 
is 1.06 rnicro-honries per foot. 

'!6. The <i.e. !'eSt.$te.nce is .0?.2 oh;.1s per fcot. 

.'-?.7. 
is . 044-~~. 

'i'hc r0·;1er facto r, ir1ec..,u:-01 ~t a frcquunc~, of' 1000 cycles 
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?ore~1t 3ervi.(:e 
General Electric 
Lamp cord 

Characte:-istic Impodo.nce (ohms) 

84 
76 
67 

4-0 mes. Ave. 

80 
70 
152 

82 
73 
64 

Attenuation, 40 mes . 

1000 Kcs. 

105 
115 
125 

80 ohm ter~inatine impedance . 

5000 Kcs. 

9'/ 
104 
117 

101 
109 
121 

·;Ji th out er covering ::ii thout outer covering 
Line I Db. 

Line ( Line cut per 
I _ _17 ~ ft •. 

i>ine 
I 

i.ine I Db . 
(Line cut per 
a.3 rt..~l rt._ 

Forest Service .053 
General ~lectric .096 
Lamp cord .048 

.063 

.108 

.064 

.088 

. 091 

.145 

. 052 .058 .106 

Forest Service · 
General 3lectric 
Lamp cord 

Capacity 
{ 1000 cycles) 
µ,JJ;f. per ft . 

Inductance 
(1000 cycles) 
,lhh. per ft. 

Pov,er Factor 
(1000 cycles ) 

/o 

d.c. 
.1.e:Jistance 
ohms per ft. 

·•··------------------------- ·-•"•'"--------------
24- .1 
l,9.6 
15.8 

1 .06 
1 .05 

.350 

.044 

. 086 

.047 

.022 

.021 

.0076 



H.F. 
source 

?LAT:: 1 

' I 
I 

~ ,z 

The line is tuned for resonance by rr:eans of G1. Next, the line is 

shortened by u. distanced equal to A/a. The line angle corresponding 

to this distance is then 3d Fo1· sinusoidal 

excitation and such a short distanced, there is for the reactance 

of the short pieced the value i ., lfr-c cot 7f • Hence, 

by inserting a condenser c 2 at a di.stance d frm:i the free end a.nd 

making its rea.cte.nce l/jwC2 equal to xd: jZ0 we find that 

'l 
""O = This is done us de3cribed by varying the 

capacity c2 until resonance is again established . 


