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Thin report gives the results of a theoreticsl ard axperimsntel
investigatin: of the properties of 2 zhiclded helix when used as a trans-

i ‘ ” » - .
#ission line. 3uck a structure is aispersive and bacause cf the presence

[¢]

of both ™A and T& eodes it cannot ¢ 33id Lo have a true charactaristic
inpedarce., However, such an impedance {4 defined in terms of a distridbuted
capacitance and inductance. These parimeters, the capacitance and the
inductance, are determined 7or the case of infirnite wave lengtn for round
wire helices, The equations are developed for a uniform dielectric insiace
the sh’ield and for two dislectrics, one inside the hslix and the other
between the helix and si:deld, These analytic resulte are shown to ajree
very well with the experimental results obtained by the aulnur ana by other
investigators.

As = chack, an atteppt {5 made to solve the wave equation for &

tape nelix, the tape being sssumed to be anisotropic to the axtent that it
can conduct oni, in the helix direction. The results of this wrk show
that the phase velcocity vuries as the freguency variee. In addition, thnis
work shows the pnase vaiocity and characteristic impedance of a narrow tape
helix ~~mmere very favorably with these 2am properties of a wirc helix, the

wire diameter being equel to the tape widih.
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Chapter I.

L roducti

A vrief descriptiorn i1a ziven herein of the various asvects of the
protlem of the shielded Relical transmission iline, followed &y a discussion
of the thecreticel and experimental results wich have veen presented alse-

where. This s followed by a discussion of th: results of the present

investigition.
I1-1. The hHelical Transmssjion Line Probles

Helical structures have long been used in varicus ways as electro-
magnetic devices. In perticular, they occur ir the windings ol core tyre
transformers, videc delsy lines, traveling wave tubes and as antenna structures,
As a result of the interest in this structure, nuaercus reports have appeared
descriving the effarts made L0 analyze and measure the properties of a helix
used as an elecirumagnetic device,

A helical structure can take maxy foima, Some of these are: &
Yelix of infinite extent existing in an unbounded uniform medium; a helix of
infinite extent in which the medium ingside the nelix radius (s different from
that outside; & snielded helix vdth either a unifore medium inside the snieid
or as in the zrevicus situation, twc media present. The greatust effort has
been confined, in the past, to the first one of these forms, namely, the in-
finite helix ir an unbounded uniform medive. The problem, in this case, is
one 2! fimding those solutions of the homogensdous Maxwell ejustions which
ecatiefy the boundary conditions st the N2iix and at infinity. From these
sciutions, the warious modes of operstion of the helix caa L+ evaluated,

In the case of a snfeldad helical tranesiszsion line. the probles is
one of findiz, thme nolitiane cf the homtgwnesus Naxwell eguations which

palisfy the houndary eongitions zt the fielix and at thy shield. When used as

S A emm e e bl S D GTERR WU Spee o viae e ey o
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a transeicslon lie, i~ greatest iuterest 1s csntersd upoa the characet ~clsct
izpedance an2d chase constant of the helical lirme. 3triclly speaking, the
impedince concept 13 not a correct one w.m applied to 3 helical transmissicn
line, aince ine wives present ale a xzixture of toth tranaverse magetic and
trarsverse eiectric wves, Any imredances so developed apply oniy to rela-
tively low fregusncies, and L hey couzpletely break down at a frecuency where
the circumfer=nce of the helix is ecu3l to about one to two wave lengths.

Beyord this frecuency, the helix cperates in many different modes, each with

B

i{ts owvr phase velocity. It has also been shown™~ that {f the wava length is
less than twice the piteh, no free mouea of any sort can exist on a helix
irmersed in an unbounded uniform medium. This probatly applies alsc to the

shielded heiix {f the shield is not toc clo=a to the helix.

I-2, Previous Work

A3 has been noted above, most of the work decne on the helix concerned
a helix irmyzersed in an unbounded unifomr medium. Very little has been done
Mt reguard 10 tha ahielded helix used as & transmission line. These analyses
vhether on the snielded or unshielded helix can, in genemal, be classified
into four classifications. These are the infinitasimally thin s re approxi-
ma%ion, the exact approack, the sheath or butt helix approximation, and the
vari~us approximations to a8 round wire or narrow tape heiix. These various
nelices are {llustrated in Pigure 1. In the tnin wire approximation, iv is
assumed that the current flows along ¢ iina helix and that the alectriz
field in the helix direction ie zero aiong this line. JSuch an approecs

inevitakly ileads %0 a phase velocity {5 the helix direcilcon aGusl ic Lhe

11 ~ Superacript nusters refer to the Bibliography and raferences at the end
of thie repors.
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;:,' vasncity of Z{a@s. Since wndz wark will show that tne wire dimenzions nave
E a significant 2fiect upon the phass veloclty, such a sadel is unsuitabies.
5-‘ Furihermore, the charactsristic impedance of such a shislded line helix is
E infinite,
E The exact approach was used by Nicholson.’ He used s coordinate
£ system which desacrited the surface of a8 helical wire and derived the form of F
Maswell's equations {n <hat syste=. His resulls are of doubiful velidity
E since he assumed his ccordinate system tc be orthogoral, which it is not, as
shown by Bagbylo. Purtherzors, he assumed rather than determined the phase
velocity., An exact approach 5f Lhis sort in which a helical coordinate
cystes is used offers o advantages in the case of a2 shielded helix since, 3

ir this case. the shield dces not form a zoordinate surface. As an added
complization, Maxwell's equations in such & ccordinate system cannot be solvedby
oo methods snd an appraximste sciuticn must bhe found, Smsipern also used

an exaci. approach for a tape helir and fomni that the propagstion constant

was determined by an infinite detsrminantal transcendenta! equatior.. He ‘
abandonied this method in favor of an appraximale approach. i
6,12,13 3

Various authore have studied the propagation of electro-
magnetic @ves on shielded and unshielded helices by assuming the helix to be
replaced by an anisotropic conducting saneet which could canduct ir the helix
direction only. Such a sheet actually forms & butt wound nelix. By its very
nature, such 4 madel i3 not 5 sat'sfactcery approxization to & wire or narrow
tepe helix except in cases where the helix pitch is 30 samall that the turme
butt together. The sain feature of attraction which the tutt tape model
presents {3 the Zact that it can be solved exactly.

The sppraxiastlion %o & a2tusl wire halix was uced vy ':?u:..“..*:clz]'s

in cdralrping tne {nductance of ¢ twin helicei iine insice a shielding sheath.

ne used an integral ecustion spproch to Sl the vector notential caused

R @S TN 2 e ay S axy e Wy BEw W b G ENE NP W
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by equal and (pposite direct currents flowing 1= tw parallel heiices., Prom
this, he delermined the flux linkages wWdth an actual rourd wire from which
followed the inductance. i
Senniparn very completely anslyszed tns various aodes with which
& thin taze unshielded helix car propagate slectromagnetic waves., HRHis approxi-
mation consisted of satisfying the boundary condition with regard to the
electric field on the center line of the vape only, and satisfying the boundary
corriitions «dth regard tc the magnetic field over the entire tape surface. In
order to satisfy the latter condition, he assumed & uniform distribution of

current dersity acrcss the tape. However, he did not consider the effect of

Py

a shield or the sffect of two dfferent dielectric media, ons inside the

helix and one extermal to it.

T1anl® carried forward a similar analysis in attempting to essluate |

R

the effect of dielectric material outside the heiix. His results were inteided
for application to traveling wave tubes, and he assumed ths phase velocity was
that for a butted tape helix,

Various authers carried on experimental work on helices. Only those
whcse work concerned shielded helicees at low frequencies are discussed in
Chapier 111 on experimental results.

This section is not intended as a detaliled reviev of all the perti-
pent literature. However, the references am:tioned will serve as a guide to

stili other work on the helix in genersel.

=2, Results of the Presge Inveatigation

This investigastion trestz the shielded hciix a3 a distriluted

ESIROE MRS I MY #(7.£7T 3 A 2 BAS AN AR O°% St e it 1y a0

circulit trenamission iine. The inductancé and capecitance parametere are de-
rived for & quasi-round wire helix for infinite wave length. While these

paraseters have real meaning for direct current only, they shauld jrove useful
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up to falrly nign frecuencies as ia ahown later by the work on the Lutted
tape helix. Thece induciance and capacitance paramelers are usad Lo Jerive
expressions for the characteristic impedance and phase velocity of a
shielded helix,

The wmve equation is sclved for a %hin tape and the low frecuency
characteristic impedance and phase velocity are cerived. These are shown
Lo agree closely with thore obtlained from the distrituted inductance and
capacitance parameters for a round wire.

The results of the analytical work are coopiared with experimental

results cttained ty this author and others, and shown to agree vary closely.
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Chapter II.
Analytical Resultp

Because of compleity invcived in the develcpment of the trans-

mission line parameters, these derivaticns have been placed in two Appendices.

These are Appendices B and C. In this section, a brief description will dbe
glven of the sechods used to develop the expressions for the transission

iine pirameters along with the final results, This will be fcllowsd by

an application of ipese resilts to the problem of determining the characteristic

impedus.ce of the helical transmission line &xd alsc itz phase velocity. These

results arc compzred in Chapter III with experimental results performed by
this authcr ang other investigators,

The resul’s of a wave eguation solution are also presented for
helical tapas, the solutiors being derived for & butted tape helix and for

>

2 very namv’:;elix. It 12 showe also that the phase velocity is 2 function
sl frequency.

Pinally there is a brief discussion of the losses in the wvire
ard sheath,

Two of the emameters with which the behavior of a transmiseion
1‘ne can be dsacrited are the distributed capacivance in, say, farade
per neter of line length and the 4istributed inductince in, say, Lenries per
srter of line leasttis 3ince the L:wwoaission .ine of this repcrt consiste
of & helix formed of rount vire surrcunded by a perfsactly conductizg sheath,
thare are twn posaible definitions of line length. The first of these
Right te measured in the acial dirsction. The sscond might be measured

in the helix drection., Since the propajation of energy along such 3 line
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is actusily i. uie axial dUrecticon; the forasr definition of iine length
is preferred. The capacitance and inductance paremeter: Are developed
per aeter in the helix direction and then written in terms cof line length

in the axial direction.

IZ-1. The Distributaed Capacitance

(a) Doscription of che Helir

The transmission line wdth which this report is oconcernsd con-

siste of & lielix of rowd wire formed by winding it upon a supporting

tube or rod cf dielectric muteriail, The return conductor consists of a
comiucting sheath which is outside the helix and coaxial with the axdis

of the helix. The space between the helix and the sheath may be free space
or may be filled with scme dielectric such as oil, polystyrene, etc. For

the purpcses of detsmining the capacitance per unit lengti, the transmission
line 13 azsumed to be infinitely long.

(c) Zormulation of the Problem

Ir Appendix B a rather complete formulation of the prollem of
the capacitance s presented., It dll suffice here to present some of
the amore salient features of the cderivation. The method of auproach used
14 %0 disregard the 2stual houndary at the surface of the wire and to re-
place 1t with a2 bcundary that closely approximates the surface of the wdre,
The neceasity for doing this lies in the intractability of Laplace's equation
when written in a coordinate system which will describe the surface of
the fhellcal wirg. Furthermore, any such coordimte system would not contain

tha yheath 23 2ne 2f 122 ccordinate surfaces,

.
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Laplace's equatian is solved in a circular cylindrical coortinate
aystem, A potential function is the derived which satis=fise Laplace's
rquation and which also satisfies certain boundary conditions. These boundary
condicions are: that the potential at the sheath is zero and that ihe
dizcontinuity in the rudial componet of the displacement vector, a% the helix
redius, be equal to the surface charge density on & very narrovw tape helix.
Nren the wddth of this tape iz allowed to approach zero, the tape helix
degenerates into a line helix of infinitesimal cross section having & unifom
charge of (Q; coulambs per meter in the helix direction. The potential

function so derived approaches infinity as one approashes ine iine nelix,

Corsiiering anly 8 region in the immediate vicinity of the
line, the squipotential surfaces arv very close to right cirzular cylinders
formed into the shape of a helix. This is the case since, as the line
charge is approsched very closely, “he helical line appears tc approach an
infinitady long straight line of chiarge and it is known that the equi-~
potential surfaces around such a line of charge are right circular cylinders.
One of these squipotential surfaces is chosen as the surface of the wire.
Although such & surface does not coincide with the actual wire surface,
the agreenent between it and the wirs for very ewall wires i3 sufficiently
close for practical applications. The potential of this equipotential
surface \hen dividad by the charge in coulombs per neter yields the reciprocal

uf the distributed cajpicitance.

(¢) Ihe Apalrtical Results
The procedure outiine ir section 1I1-1(b) is carried ocut {n detail

in Apgendix B. The resulls cf this work are given ca the neat page in

soveral fcres,
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m=|

where C is the capacitance per meter in the heiix direction and Cg 18 the
capacitance per neter in the axial direction. The I, and Ky functions are
aocdified Besasel functions of order m and of the first and second kinds,
respectively. Their prorerties are discussed briefly in Appendix A. The
other dimensions are iefined in Pigures 2 2nd 3. Any cscnsistent sysiem of
length units may be used since all lengihs enter ss dimensionless ratios.
The permitivities €, and & are those of regiors i and 2 defined in Pigure
3. Normaliy €, s greater thar &g , but in the case where they are

oqual, (2) reduces to
: L.(52, ¥ 0P, 1
7 ":ir‘re;‘t‘h%i‘* 2) [ ~E by (bR 2
M J

If the Mlix piten T is sufficiently small, 'he sumeation i the pair of

Srackets car te repliced by a clcee? form, A complete discussion of this

L B Sea”t DARAME e I



(]

B EF B WE e ewm e S BE W B AW EF - Ee m een s

MR PRI D A I O P FI SES v emmprntastt G IOBTIICY K DR P TR 1 T T Y M TSR D S S (R0 e roh e SRR AT

W I e I o e et - T BEA T 2 ra R W (e e i

11

eI

DEFIMITION OF REGICK] 1 and &

s 2 | BRI L9 S OCwlY TRV W € X E00 I 7 hl TR B A B B 5 SO0 St T i Bt e S AR AP S CA A i



3

oo pnd CSREEEX 1R

o 22 3

T 12 o e ol remm———wwr=— T 4 et bl b sl s bl B s L SRR

M BN WS NAN e Sk sey BB GHD GNB OB I IR R EE e Pww e W

TR e S T P L BRE T N  aLTE -

is given in Appendix B-4. For this case, (2) vecomes,

(4

i
c, zn'e, {l Lo&% zc; = Sin - Log,.lZSm(r@'] (W)

Pigure 4L shows appruximately the renge of %—- for which (4)
can be used and stiil be within a specified ;mrcent.age of (3). This
figure sctually shows the error to be expected in the characteristic impedance
resulting from the uge cf {i) and & similar expression for inductence. Since
the capacit&nco, inductance and impedance expressions are very similar, the
curves in Pigure 4 give & good indication of the ranges of helix dimensions
for vhich (4) is applicadble.

If on the other mand the helix pitch T° approaches infinity, the
inner conductor becames & straigh: vwire parallel to the axie and displaced

by a distance R}. Xithin the radius B the permittivity is €, ,

-

from 4¢
and betwoen K) and Ry it 18 €, . For very long pitches the capacitance

tecomes approximately

(s)

B S | {%—%‘4- (KP] Cos(‘%f
Cz 2n€, I € t+€;
L mal n* 6: Ml}

¥or the case in whica & = €, this becomes,
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This can be written in clcsed form by applying formula 4L18 on page 85 of

reference (4). Upon doing this,

- 2 + (201
2(1-cos &) ]

1 !
C | 2m& L%% +% Log,

For very small -i— as compared with uniiy, this bscomes,

%" zne.{bs. \"%)}

The ex=ct expression for the capacitance between two parallsl
eylinters which are not coaxis; ia given in raference (13) page 76. Aihe

capacitance there dorived, in the notation of this author, s,

(6)

(7)

(s)

-

- a
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This exrression will approact (B) as ( TRy ) becomes very small., Depem-
ing upoc tnhe range of applicability, 2ny cne of the capacitances prcsented
above m<y be used wiil tie inductincs per meter tc arrive at a characteristic
ispedence and phase velocity for the transmission lire. Since this report
is concerned mainly with characteristic impedance and phaze velocity, no
calculatione of capacitance as such were macde. In the sections on impedance
and phase velocity, the above expressions were used, where applicable, to
determine a family of impedaance ind phase velocity curves.
11-2, The Distributed Inductance,

(a} Pormulation of the Probles

In Appendix C, a rather complete formulaticn of the problem of tha
distrituted inductance is given. It will suffice here to presemnt scme of the
more salient features of the derivation which appear in Appendix C. As in
the case of the capacitance, the actual wire is not used to form the boundary
of the helix. Instead, 2 different surface which closely appr-oximatas the
actusl wire is used in rlace of the wire. It iz shown in Appendix C that the
irductarnce of the helix can be arrived at by knowing completely the vectior
sotential in the region surrounding the helix. This inductanca neglects
any internal flux {n the wire. This assumption is based upon the fact that
at the frequencies at which this structure is usel, the current in the wire
will be confined to the surface of the wWdre., This vector potential e
arrived ol by soiving in cylimdrical coordinates what might ove called the
vector equivalent of larlsce's equa’ion, along with rthe requiresent that
the ddvergance of tha vecior potential be rerc. These ¢wT eguations,

which aus! te satislied iu Lo =3gmctostatic ca3e, are,

Vv VIXA =0 (10)
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VA =0 (11)

S

Where i i« the vector potential in the current f{ree region surrounding the
helix. Thnis vector pcotential and the magnetic field which can be derived
froe i: =ust satisfy certain boundary conditions. The mosti important of
these is, that the magnetic field outside the sheath be zoro and that the
discontinuity in the tangential component of ¢he H vector at the helix radius
R} be nuxerically squsl to the current density in a very narrcw tape helix
at Rj. When the width of the tape is allowed to aApproach zers, the tape
degenerates into a line helix of infinitesimal cross asection carrying a
current of 1 asperes. The vector potential so derived approaches infinity
as one approaches the helical line. If one approaches the line sufficiently
close, the distance tetwean the line cnd the observar becomes small cowpared
with the adius of curvature of the lire. In this case the helical line
aay be apiroximated by an infinite straight line carrying currect. The
surfaces of equi-vector-potential which surrcund such a straight line of
current are mown to be right circular cylinders. A round wdre carrying
current in which the current density in the wire is a function of the radius
only, has ecul-vector-potential surfaces which are right circular cylinders.
In fact tre wire surface i1tself is an egui-vecter-potentiel surface. Thers-
fore, as an approximaticn, oniw of the equi-vector-pctential surfaces which
sur;ounds the 1lino helix is used as the surface of the wiirs. This approxi-
sation apfrroaches ;erfection &3 the wirs radjus approaches gero, As is
shown in Appendizx C, the magnitude of Lia wvactor pieutisl in the helix
directiun at the wire aurfate when mulitiplied cy (M ) ylelds the in-

ductance per neter in tre helix direction. In “Hs report A4/, s the permea-

Blizty ©f free apace exirres:ed in rAationalized M. 5.3, unics,

-
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(b) Ine Apalytical Hesults
Ihe procedure cutlired ir section 1l-2(a) is carried cut in detail

in Appendix C. The rescits of this wurk are given balow in several forms.

.
I
”ZZ n.(bmx.(-z)]iuv(bﬁ)wb&) cosfR J‘ (12)

where L i3 the inductance in henries per meter in tne helix direction.
The other dimensians are defined in Pigure 2. Any consistent system of
length may b= used since all lengths enter as dimensionless ratios. The
primes cn the Bessel {urctions denote Cifferantiation wdth respect to the
argument ( bp Jo If Lp 1is used to dencte the inductance per meter in

the axial direction, (12) becomes
Lo= zw.(—'é‘f{ - %)+ tas"p- Log,
l
) VKRR 1t (v (1o cosi b
-‘;{1 acenllecimaidiz) o

If the heilx pitch is sufficiently small, the summation in the brackete
can bve re;laced by & closed [orm, A complete discussion of trie is given

in Appendiz C~6. For this case (1}, becomes,

il
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Ly = 2matob ) 12{1- g’ /.[L“L% 'L;Z %{:"%)X (k)

Figure 4 shows the range of %— for wnich (14) can be used with reasonadble
accuracy. Although this figure is strictly applicable to the characteristic
impedance, it i esufficiently accurate to indicate for what range of
good results can be expected from (14).

For a very close wound helix of small vire, the second term within

the bracket becomes negligibie and tue above expression reduces to,

< 2
Ly = Tirels] (i— %r) (1)

2

This checks previcusly derived resulis for very close wouy’ helices in
shielding cans. (See reference (19

On the other hand, if the pitch of the helix becomes very laige it
approaches a straight 'dre psrallsl to the axis of the sheath and dispiaced
from the axis by a di«*~nce «f Rj. Hence for & very iong pitch the imduct-

ance beccmes approximately,

P mr ‘
;‘_’_‘"_;Tﬂ (16)

i M
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This can be =xpiressed in closed form >y applying formila 4L18 on page 85 of

reference (4). Upon doing thas,

( A (A
' X (-20%)wsm + l
“2 = 2¢ L"i’%‘* 7l RJasr, * (%) ]J

Por very maall L as coapared wdth unity, this becones,

R

2 )
T .fl_'j R /___'._\'

when this expression i3 used along with (8) to compute the
characteristic impedance of this degmerate helix (T =09 ), there resulte
an expression which is in agreement Wdth the acccp'.edzl iz=padance for this
structure. This validates equation (l4) for the case of infinitely long
pdten,

The expressions in tnhis section for the inductance and in the
previous section for the capacitance are based upon very small vdire radii.
However, 1{ the pitch of the helix becomes of the sams order of magnitude
a8 the wire diameter, the wire r.dius,milo still very ®ml) compared to
Ry, can hardly be said to be small compared with the pitch. In this case
the equipotential surfaces do not satisfactorily approxizate the surface
of the wire. This difficulty is vitiated by noting that for very small
pitches all terms Yut 2t first dthin tae braces of equation (1)) become
negligibly small, 3ince the first term is independent <f the wire diameter
it =y te concluted thnat for very close wourd samall wice hellces the dis-

trituted inductance {g inieperaert cf the wire snape, The name miy also

19

(17)

(18
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ve said ¢to Lte trie of the distriduted capacitance,

Jepencing ujicn the range of arpii-ability, any ome cof the abcove
inductances may te used with the appropriately choszn capacitance to arrive
al a cheracteristic ipgpedance and phasze velocity for the transmission line,
Since tnis report 48 concerned mainly with the characteristic impedance and
phase velocity of a helical transaission line, no calculations of inductance
as such were made, In the section on impedance and phase velocity, the above
expressions were used where applicable to determine a family of impedance

and phase velocity curves,

11=-3. Charactcristic Impedsnce ard Phase Velocity

(a) Definitions
When a distributed circuit trensaission line which has an inductance

L-a per unit length and a capacitance Caz per unit length is studied, it
is found that it can sustain traveling waves of current amxd voltage. In the
abaence af losses, it is found that thesé waves travel unattenuated with 2
velocity N/p which §s independent of fregquency. At any point the ratio of
voltage to current {s also a constamt Zo whicn is independent of frecuency.
These two canstants, the phase velocity and characrteristic impedance are re-

lated o Lthe inductance and capacitance parameters as fcllows:
T

Zo"' e A8 (20)
Ce

(U; L 3 ,....——..l:-.:.— (Zl)

J la L

P -2 -2

The (nfuclance and 2A[aC.lal<e paramelsra were Zerived .pon Lhz ssouzption
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of irfirite wave lengtt. Ccnaequently these constants heve meaning only

s8¢ loug as the wave length is quite long compared wdth the pitch of the
lwlix. The baszis for thnis assertion is the fact that the mutual effect of
the turns of the helix upon any one given turn become ssaller 2s the distance
betweer them increases. Therefore, it is the tums closest a given one timt
teve the greatest effect upon its inductance and capacitance. If ths wave
length is long, the turns in tne vicinity of any one given tura are
essentislliy at constant potential and carry essentially constant current and
the above paramsters have real meaning.

In Afpendix D an attempt is made to sclve the wave cquation in order
tc find the phase velocity. Intractable difficulties are sncountered in
trying %o satisfy the boaundary conditions. However, a helix is studied for
which the wave equaticn can be solved appraximately =nd although this helix
is nct & very good model for a wire helix, its behavior sheds some light on
the renge of applicability of the above parameters wWith respect to {requency.

This wWll be discussed ... a later ssction.

(b) The Charecteristic Impedance
By using (27 and (13) in (20) one obtains for the characteristic

impeadance,

Z, -2 [ FR (22

r
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where,
f 2o [ LAe)Ka k) -
R T- P.-TI‘T Yg}“.’.kf?) ‘;L. oR: jfom (bR, \w<§~—s—z—7 ]
" LOQ‘EHZZ_-*: O zoe , (23;
&' .é I' g ln \ / j
A 4"}‘1‘4/&&: é\h”p&)l'.&k K.\oR)),
| " '
F’g'l%‘é_?,; D‘IMG'R‘: -2 ", L—J——'{ IR R,‘ l:‘.(\»% ,(b&)(bsg___,)l ‘o)
J

The expression given by (22) is of course very general and for certain ratios
of ( R/7 ) stmpler results can be used. FPor (R4 ) suffictently large, the

factors ¥; and ¥, become,

]
1!
= .{L%% —t‘f:z S L%z Sin (S ww,’.*z (25)
"]
I )
5 lH—%)-&-t&»‘ 'wg, my/ -.og‘(zsﬂn%)‘; (26)
)

R,
On the other hand for = sufficiently smsall, using (5) and (18),

R,) I TCVR,
R 2€ Nac
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§ (¢) 4o Example
g ! As an example consider a helical transmission line for which
3 the dimensions are tabulated in Table 1.

i
P Jablel
f i Bimssions Of Helical Iragemiseion
| R Lines Used in Ruample

u

0 Ry = 0.285" €= 2.6€,
b By 0.750° & 5= 1.06,

r = 0,010 €, = 8.854x10 2td/m.
T == variatls

i
pu

i} These dissnsions were chosen since they correspond to those for

: a series of helices tested by the author,
;_ ;‘ Pigure 5 shows the impedance as calculated froe the close wound

helix approximstion which is emtodied in equations (22), (25) and (26).
Tais approximation wes appiied over the -ange of % from 0.02 to 10,0,

! i Of course, at the lower end of the range the lhielix can hardly be said tc

be closs wound. Also in Figue S (s plotted the exact impeda.ce as sabodied

on
e o

ta (22), {(23) snd (24). It is interesting to note that &t Baz_-: 0.02 they
di ffer by only &F.

ang

(4) lapedance Curves Por Wire Helices

P

By applinie the atove equations in appropriste regions, furiliee

IE s LTI AP L PSS A
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25
of ixmpedance curves hive been prepared. They cover the case where K, <K,
a0d Wsere Ky = 2,8K), k) and K; bsing ihe relative permittivities in rsgions
1l and 2 respectively. The laSer chvice was made aince the relative dislectric
constant of polystyrene is 2.6,

The first group of curves give the impedance of a helical transmission
line for K} = K7 and -;% from 4.0 down %0 1.25. Thess curves covsr ihs
range of \.g- from 9,20 up to that value of % st which the turns butt
together. These are Figures 6 to 9,

The second group of curves are for K} = 2.6K; a1} other dimension-
less ratios being ths same as for the first group., These are Pigures 10 to *
13.

(e) Prase Velocity

By using (2) and (13) 1n (21), one obtains for the phase velocity

in the axial directiom,

an =
g = F?f—‘h? (30)

vhere F) and ¥, are given by adther (23) and (24) or by (25) and (26) above.
The latier pair are for close wound helices. On the other hand if B,i,l-

13 sufficiently zmail, using {5) and {18),

? !
P L%. (31)
2 W. i s E

where Gy and G, are given by (28) and (&9). In the event €, = €3  equation
(1)) retuces tn the velocity of lignt in & meciuz charecterized by the

verneatility s, s»od the permeiliivTie f.‘
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