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ABSTRACT '
The backfire bifilar helical hnfenna, consiéting~0f two débosed helicél
" . wires fed‘with'balanced curfenﬁé at dﬁé end;4is‘a new t&pe of circulérly
polarized antepngl When éperated abdQ; the cﬁfoff fréquency‘df tbevpriﬁcipql
éode of the‘helical wavegung;'the‘bifilar helix producgé a beam d;rectéd
alcng the structure toward fhevfged point. The term "backfiré"'is used to "
éeécribe this‘directiod'of radiation in contrast w;tH "eqdfire" which denotes
ra@iatioﬁ‘away from' the feed point.- !
Rdd?étipn patt;rns, measurgd for a wide.range of helix parametérs,f
éhow maxiﬁum‘directivity slightly above the'cutoffufrequency. The pattern
br;adens with frequency, and;"for ﬁiéch angles near forthfive dégrees, the
beam splits and scans toward the broadside directjion.
p Near field measurements show.the current decaying rapidly to a 1evellv
;ggélt twenty decibels below the inp;t‘level at a’réte that ipcreases with }
frequency. Phase measurements in the neéf field show that in the feed region
the direction of phéserprogression is toward the feed point. The oppositely
' directed phase progression and diiection of energy flow i1s characteristic of
‘a‘ﬁackward wave. " The direction of phase progresgion is consiétént witﬁ the
backﬁ&re direction of the main beaﬁ“observed in tPe radiation”patterns;andp
the ingreasing rate of current decay is consistent with thevbroadening of
théﬂmain beam.with iﬁcreasing frequency. ' ”
LA theoreticai‘anglysis 6f“€he bifilar helical antenﬁg is obtalned. It

is based upon” the semi—infinite'mo&él using thin wire assumptidns. These,

\ . ‘ S . .
so=called, linearizing assumptions consist of replacing the current distribu-

©y

tion on the surface of the wire with a line current omithe center line of the
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wire and of :satisfying the boundary condition along one line on the conducting Y
~ surface. The‘Foufier transform of the qurrentudistribﬁtion on the semi-infinitg

helix iq/ﬁé&ﬁéed from, the determ%pan;dl equation of the bifilar helical wave-
- « : B o - '

. S LT
guide -by a Wiener-Hopf techhidﬁé/ The relation between this Fourier transfoim
. . G - R
- and the"radiafion pattern of‘the backfire bifilar helical antenna is shown.
The results predict the patterns of the experimental study and show the effect
of wire size on antenné performance,
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SRR : .. e 1. INTRODUCTION

. K4
'

1.1 Statement of the Problem

The purpose of this study is to provide a mathematical model of the

backfire bifilar helical antenna which contains the esséntiaﬂ{ﬁéatures of
, 1 . lal : es
. - )
' the practical antenna and which is-ameifbie to solution. . This model. has

been solved for the far field radiation pattern of the antenna, and the "g/

results are compared with the fadiation.patterﬁs that haye been obtﬁined
v experimentally. “OnE,bﬁtstanding cha;acteristic of thése pd%ternsfig that
) . .

Q%\princiﬁiﬂ diiection of radiatidn is in the backfire direction. The
backfire di;e;tion of é‘suyface'wavé antenna is alongvthé structure toward
the‘fgeq’pointn Radiation in this direction can-be associgted with a phase ” .  /{*

" progression toward the feed point, while the group velocity must be away ’

from the feed point. This is characteristic.of a bgckward wave of current

on the étrﬁéture. The term "backfire"“is ﬁsed for contrast with the moré

usual endfire surface wave antenna fér which the principal direction of ra-

éiatibn'is away from the feed point of tﬁe'strﬁcture.

The backfire bifilar hglical antenna,téhown in Figure 1, ,is constructed

of two helical wifgs wound in é‘righﬁlgircdlar cylinder with a constant

pitch. The correspon;ing points of the wires are located at the ends of a

diameter of the cross scection of the cylinder. The helical wires are fed

w¥th baiéncgd currénts‘frpm a -source on the axis of the cylinder. A com- o - }
" : 8 . plete deécription gf the antenna includesE“théhradius b,lmeasufed from ) ; e ‘
thexaxis ofnthe gyliqser'tovthe center line';f a conductor; thé;pitch dis-

tance p, measured along a geherator of the cylinder; the wire radids a,

'aﬁd thé tbtgl iength of the antenna. : ~(’

EY
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1.2 Method of Solution b

‘A solution o;}the backfiré bifilar helical anfeﬁna(broblem ig obteined,

r

first, by considering ﬂhe basic helicalugeometry to be extended to infinity

in both directions. This is the helical wdweguide“problem which already has

an extensive literature.. An exact account of the boundary conditions in this
problém involves finding a current distribution over the surface of the

conductor which makes. the tangential electric intensity vanish everywhere‘

"on the surface of the conductor. An ;ppréximation used;by Sensiper} aad

Kogan2 is to' require tﬁét thevtangential electric intgnsity vaﬁish only
along some line‘alogg4the surface. This“approximation is good fpr rela-
tively thin cénductors. Sensiper, in treatipg the tape hélii, makes a
further approximation in assuming a functional depehdenge for the disfr;pution
bé.current ac?oss.the width of fhg tépé. Kogan mgkés a similar apprdkimation
by assuming that,k the surf#ce current distribution may beureplaced by a
cqrrent flowing alohg the c;nter line of the helical conductor. The épf
proximatibns involved 1in replacing a surface current by a line curfénf and
in satisfying the boundary conditions along bqu one line of the surface‘.‘
have been termed 1inedfiziﬁg approximations. A formulation of the helical
wavegﬁide problem; siﬁilar to that‘of Kogan, is used in this study .

Using the above approximations, the desired current distribution
becomes a function of only one variablé. - This v;riable may be either
distance along the helix or disthgce along t?e helical axié. In this.pgper.
the helic#i axis is taken to coincide with' the z;axis~of a cartesi;n
éoordinaté éyst;m, and z ié‘taken as the indépéhdent variable of'thélcu;renf

distribution. The integral equation~f6r the current on the helical waveguide

-

now has the form of a con#olufidn integral. This happy circumstance related .
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Cn . “ . 4
to invariance under a one dimeﬂ;iogalvaelian céﬁgruence”grodp,uShggests,a )
solution by Fourier transformation. The determinantal equation for the o f
Foﬁrier spectruﬁvsf'the current distribution has. threq‘pairs”of réa1”foots
at the lower frequéncies, As the?freaugncy iS’;ncfe'asedJ twg}pgirs of foqts
tend £égether'anq'éodlesce aé‘the critical»irequency,”fc. This frequenéy
darks the lower limit of the %h#ge‘of f?equéncies oflinterest'in this
study, The critical frequgncy‘gépénds, ;n‘a’com;licated way, upon the
radius‘of the helix, its pitch,.%pd t?&uconéuCtér radius, and nousimple-
epressiop is given f9r'it;‘

The second step in'the selution of the backfire 5ffilgflhe£1§a1 $ntenna
problem is to obtain a solution for the current"distribution on a helical "
waveguide extending only along the pésifive z-axis of the coordin*ie sySteﬁ.,” \
This is acComplished'by a Wiénef—quf.factorization of the transfgrmed
solutiog for the helical waveguide. The boundary conditions”oh the factori;
zation are such that‘the current is idenéically zero fér all riegative z and |
approaches a finite non~zero limit as z approaches zero from the righn The
discontinuity in the current at the origin is the source of énerg; in the
problem’and porresponds to a pair of”oscilfating point chargeé‘éeparated
by the»helix diametér. The ;ésult of this‘caiculatioﬁ is .the Fourier
transfarm of the current distribution on a semi-infinite bifil#r helix- fed
by a charge dipole in the plane z = 0,

The solution obtained 15 this way‘is limited by the linearizing approxi-
matioﬁs deécribed above, The"rem;ining éﬁpr;ximatidﬁs in the theofy |
deveioééd here areicontained in equating this solution to the radiatioﬁ

N, P . . R .

pattern of a finite-length bifilar helical antenna fed from,a séurce on its - - l

axis. The practical antenna differs from the mathematical model in'the -

. “ " " . - L f .
" - - ", “ e . B o N T . an o ) l”
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vicinity of the feed point by the addition of a current flowing along a

. diamete; of tﬁé cylindrical crosé section, “Thagjuqd;tianal‘cﬁrrent g1emeét
g e ) Jm'. v ”'is short in the ran;e of hel?#«@}a@?%%fs of"primaryuipferest in ?his study
o and will not contribute nbtiéeabi§ £o'éhe gédiated‘field, _Meésurements
of the current on several mpdels of the. bifilar helix above the critical
frequency ;h¢w that the currenf'decays rahidly wi#h distaﬁcé from the -
feed point, At a level about 20-decibels bflow the’input valge,;ap~un;amped
wéﬁe becoméé dominant, Because.of>tﬁé fapid.attenuation of current 6n the
- ‘ bifilar helix, the radiation p;ttern of the fiﬁité"structure is expected
to be the same except for "end-fire' radiation caused by the residual
"tree~mode" waQeE It is well known that a finite line gurrent.di§tribg£ion
énd'its far field iadiationup;tfe;n are Fourier transform pairs. This is“
extended here £o include the“semi-infinite sfrucfure, and it is shown that
iﬁ this cas; also the radiation pattern is simply relatea to the transfpfm
of the current distribution as a func@ion of z except in tﬁé vicinity of
the current distribution at infinity.

The Fourier tfansform_of the cﬁrrent distribution is obtained by
numerical techniques using”;n autométiCIAigital computer, The computed
patternélbased upon this Fourier trénsfprm show good agreement with
‘measured patterns presénted in this report, This confirms ;he validity

- of the apprpﬁimations used in constructing the mathematical model of the

antenna,

173 Review of Helix Analysisr
, ;. ey The study qi“electromagnetic waveApropgggpioh on ﬁelical qgnductors
through 1955 has been summarized by Sensiper3 and his thesisl contains

-an extensive bibliogtap@y of the literature, He Qbfains'an exact solution

0
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" end against a ground screen, ThE'properfies of this antenna have been

. 4 : . Ty g . S
O S ~ : - : R

" of thé. "tape" helix by expressing its field as a ,sum of sheath helix modes

“

and by.;equiring the tangential eclectric. intensity to be zérblon the tape.’

"The,resultihg'arithmétinis_found to_be iﬁtractable, and he quickl&”obtaihs .

o 0}

a more ‘manageable approximate solution by.requiring only that the tangential

" electric intensity ‘at the center of the tapetbe zero, When the ré§qiting

expression is compared with that obtained by Kogan - from a potential

" integral formulation, they are found fo differ principally in the form.of -

the convergence factor introduééd by the apprdkimation, Kogan treats the:-

helical wire model with the null field boundafy‘oondition satisfied'only aﬁ”

- the points of tangency between the helical conductor and-a cylihdér with

radius equal to the ocuter radius to the helical wire.
The work of these authgrs is directed .toward the evaluation of the

{ : . . : )
”free-mode" propagation constants for undamped traveling waves of current

w PR 1
on the helical conductors, Although Sensiper does devote some space to

the source problem, his formulation of this problem is for the infinite helix,
It is used to interpret the "free-mode" solutions of the source free problem.
Many authors have contributed to the literature on the helical waveguide,

1 ' :
Since théir work has been reviewed by Sensiper ’ a’the bibliography is not

-réproduced here,

1.4 Helical Antennas

"

The helical antenna which most nearly approaches the backfire bifilar
helical antenna in performance is the helical beam antenna introduced by '

Kraus4 in 1947, Kraus's antenna is a monofilar helical wire fed at one
o i ’

" discovered by experimental teChélques. The current distribution on helical . l

structures of this type was studled‘by Marshs, TheAanalysié of a helical

= . * B A

-y a®
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§$f~

aritenna_of this type suffers the saﬁe(difficulties as the analysis ot

~“the usual end-firg/surface wave antenna. ‘Eoribaiﬁ of thesé the feed

region-and the términating reéion are imp@rtant in detéfmining thgir'radigtiqgl i
cﬁaraéféristics. In contiast;‘the char;éteriétics of‘thefbackfipe bifiiar”ﬂ.
hélical antenna are controlledﬁbyrthe input'region. l‘ |
A bifilar-version of the Kraus”helixﬂhas»been r;ppriéd b&iHoitﬁmG.
This antenna is constructed ;f“twq coaxigl helical Wires on the diameters of
the supporting gylihder. Each’ conductor is fég agai;st:a‘ground-screen with
the exéiting currents in phase ,opposition, This différs from the backfire
bifilar helical aﬁtenna in which the conductors ‘are fed at one end,‘one

against the other, without the presence of a ground screen. = It is the

absence of the ground screen that distinguishes the backfire helix from

the Kraus-type helix. This fact is essential to the performance and

analysis of the backfire helical antenna. On the other hand, the number
of helical conductors is not essential to the backfire characteristic
of the antenna. A backfire monofiﬁar helix is shown to have substantially

the same radiation characteristics ‘as the backfire bifilar helix. The

" monofilar helix, however, is more difficult to feed in ‘the backfire mode.

Although both the Kr;us helix and the backfire'bifiiar helix are "
s ; ) .
circularly polarized, éeveral differences in the performance of these
antennas must be noted. The beam width of the Kraus helix a;creaées with
frequency while the backfire heiix beam width increases witﬁ fkgduenoy.
Thé gain of the Kraus helix increases with length"while the gain oi the
backfire heiix is independent 6f'1ength provided theJiength is large

enough. Finally,‘the Kraus helix is an“end—fire‘antenna'in contrast to -

" "the backfire heiix which radiates élong the helical axis toward the feed
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1.5 Organization

"In the présent section, the backfire bifilar,helical antenna is described |

W W,

and compared with other helical antennas of similar character. A description
of.the method used -to obfain a solﬁtion.for the radiation pattern of the

éntenna is given, and a brief review of the literature on/the helical wave~ .
. . " . ,!ﬂ( . o=

- . Ll
guide -1s included. In Chapter 2 the relation between| @5 Z

A2t
i

of a helical_anténnaﬂand the Fourier sbectrum of its current distributidh

radiation pattern

ig discussed. »This'mdtivatGS‘the work.of the thféé'following’chaptefs in
which the Fourier spectrum of the current distribution is obtained.

Chapter 3 describes the approximate determinantal equation for the

“helical waveguide as it is used in this study. This is derived from the "

Tpotential ihtegral with a linear current approximation. The equation

describing the helical Qaveguide is factorized in Chgpter 4 by the mefhod
of Wiene;-Hobf, and the evaluation of thé resulting expression by numeridﬁ;
techniques is described in Chapter 5. The results of the numerical computation
are presented in Chapter 6 along with the experimental results. This Cﬁapter

also indicates the connection between this study and the log-spiral and other

frequency-independent antennas. Chapter 7 summarizes and concludes the work.

"

-y e

—




.ffansformation5 a relation between the radiation pattern and the Fourier

,',', “ . . e | " . 9 ST

H“”»“Tu' 2. THE HELICAL ANTENNA RADIATION PATTERN

2.1 Formulation of. the Vector Potential

Since the purpose of this study is to develop a theory that is capable

of predicting the radiation patterns of the backfire bifilar heiical antenna, -

épd since the geometry of the probiem lends itself to a solution by Fourier

sﬁectrum of the current qistribution for the b;filar helix husf be obtained,
This sécfion is devoted to estabiishing.that relafion.'
The radiation pattern of dh aht;nna will be faken to meap,the ahgglar
distribution 6f electric inténsity in~spheri§al cdordinates at é large”dis—
bfanée fr&m thebantenna. ‘When oniy those terﬂs that vary inﬁersely withudi§~
tance are retained; the electrid inténsity‘is related to‘tﬂe magnetic vector
potenfigl b? |
Bxr = ijg Axd g N (@h) ; ’
whe;; r is a unit radial vector
k = we¢/Hu€ 1is the propagation constant of free space
¢ =1/ET is the intrinsic impedance of free gpadé
Thus the ragiation'pattern is £g1ated‘to the angular distribution of the vector
potential, énd the véétqr potential“is deduced from the current by the well

“

known integfal formula . :
- e P — b
AT =fff 6z, r ) I(r 9 dv (@
where .
' kl. N N — e
_ exp [-jk| r-r |]

) = - 4
4m| r-r |

P}
'r

A
"G(r,
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is the Green's function in an unbounded homogeneous Léotrbpic‘fhree"dimensiénal

"space,

N a,
L . - . .
r is the radius vector to a point of observation and

Fis the radius vector to a source point.

u

By the method of'induced sources, We may replace the conducting boundaries

at the surface of the helicél wires by a surfacé current distribution existing @

u K

in homogeneous space. If this current distribution equals the surface current

on the helical édnductors, the fields external to the conductors are”ﬁnchanged
by reméving the conductors from the space. If the cdnductdrs arey#ufficiehtly
thin, the field pfdducég by the surface current dis&rib tion will not differ much

. : SN .
from that produced by a_ourrent distribution on the center line of the helical

" wire. "This approximation limits the analysis to thin wire helices, but it

has the advanfége of converfing”phe‘volume integfal in Equation (2) to a-line
integral.

The bifilar helix then can be considered as two helical lines of current.

: . ’A Y ] ’ s ' ..
A ‘point on line one with axial coordinate z will have cartesian coordinates

' P1 u.(b cos Tz’,hb sin Tz’ z’)
where
T = 27/p
p = pitch of helix
b % radius to centerline,

and the unit tangent to the helical wire at that point is given by

A A - A s A Tl A
uy = =X cos Y sin TZ 4y cos ¥ cos Tz +z sin ¥

where ¥ is the pitch angle of the helix given by

[iad . B o
seat b EZ—b wTh

e
N
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2.2 Transformation by Parsevalfs Theorem

<\

- ) ) o e o )
» ‘ ‘. L o : 11 -
]I;/ I : . N . " - - " -

‘At the same value of the axial coordinate 2% a point on line two will have

cartesian coordinates

P, = (-b cos 72”7, =b sin 127, 2°)

" with unit tangent
A ) S - A
"32 # % cos Y sin Tz = 9 cos Y cis 17 vz sin Y
The disfance between a remote point (r, 9,W¢D and a point on line 1 is
" givén byx ‘ ]
. o o 7
F-7] . = r, = [}r sin O cos ¢~b cos Tz )2
o : ‘ ’.2 2] Y2
4+ (r sin © sin ¢-b sin Tz )° + (r cos 6-z) :

_or

' — . : - /2
T o= [;z—zbr sin © cos (Tz <9) +b2+z {] '

Similarly, the disfénce'between_the remote point and a point on wire 2 is

T : 1/2
r, = [}2+2br sin @ cos (Tz-¢)”+b2+z %]

The currents on the helical line can be considered to be a function of

given by

the axial variable z” alone. If the currents in the two wires are equal and “

Qppositeiy directed for the same value of z’, Equation (2) may be written

Ko

: - jkr -jkr S

A ’

AX(I‘) = % cosg ¥ . (E—ZT‘TI—‘E— + E4‘n‘r 2 sin Tz I (Z’) dzl
' 1 , 2
: -ik -jkr
-3 e 1 e 2 4 / ¢
- e Lt ., & __ 2 Tz
A (1) = cos ¥ ( Tr s ) cos Tz’ 1 (2) dz (3

" f ~3jkr C ~jkr .

Y
A(T) = sin V- < 1. 2) 1 (z%) az’

z g 4ﬂr1 ,47r2 ‘

A °0
I

In Equation (3), the vector potential at the point (r,

6,. ¢) can be related

W
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to the Eéurier spectrum of ‘the current distribution By Parseval's theorem.

Parseval's theorem states: Given two functionms, F(z) and I(z), of the

‘spatial variable z with Fourier transforms, F(P) and I(PB), in the transform

variable B, ‘ ,
. . . " " " ’ . * . ~
: : fF*(.z) 1(z) dz = 27 f F(B). 1(B) aB
4 ] ' (%) - - -0 i

where I(PB) is related ‘to I(z) by
jp I(z) ejﬁz dz
2 -

This intfoduces tﬁe Fourier trénsformfofithe current distribution into the

1(B) =

5,

calculations for the\vector potential., ’In this”paperwthegfilde (”)vislused
to denote the Fourier transform of a functiqn of z, and the astérisk (*) is

used to denote the complex conjugatekof a function. It is"now’necessary to

find the Fourier transforh of the remaininé factor in the ipfegrana and to
evaluate the transformed integral at a point remOte from the helix. The complex
conjugafé of this factor in the first integral of Equatioﬁ (3) can be written

Jkr, QJkT JTz__-472

=] 2 e
*(z) - : i = S o S E—
F*(z) - (4ﬁr1 + 4ﬁr2 ) sin Tz (gl+g2) SWJ,

where g, and g, are the functions discussed in Appendix A .

_ exp (Jk[AZ;ZAB cos (h+Tz) +Bz+(z-d)zjl/2)
3 B ‘[AZIZAB cos (¢+T2) +B2 +(z-d)2]1(2
where |
A =r sin 9§
B=b
d = r cos 0

Using Equétion (A-5) and the shifting theorem for Fourfer»tréhsforms we obtain

I e
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;‘rn(b[kz-(B-(n?.l)'r)z]l/z) H(l)(r sin O[k2-(B~(n- 1)7)2]‘1/2)- :
: s .
‘ -1 Jj(B-(n-1)7) r cos O +jn¢-
Fx(B)= Tew .e ) ) e
n even ‘
4 - S 1
-3 ([KP= (B- (1)) 11/2) #(r sin O K2 (B- (n41)T) 2 ] /2y
‘éJ'(B_‘—.(Ml)T) r cos eejn¢
In this wéy, using Parseval's'fheorem the first equatién in (3) becomes
T (b[k - (B~ (n~ 1)’!')2]1/2 (1)(r sin e[k —(B (n 1)7)2]1/2

)

: ) \ \, .
A (r)=tS0S Y > 3 : L 'ej(B-(n-l)T) r cos 9éjn¢
x —0 (B) B : : :
n even

—J;(b[kz-(rs—(m,l)nz]1/2}11(11) (r sin O[k%-(B-(1)TY3

le?f(nfl)T) r cos 9éjn¢" K

[

' 2.3 The Far Field Rad1at10n Pattern

The asymptotic estimation of this integral follows that given in Appendix B.
In this case the change of variables (Equatiqn‘B—Q) is " )
B ~(n-1) T = k cos a
or
B -(n+1) T‘z k cos a
Thus we ha&e

A (r)~+J1r cos q; b GOJ;I(kb sin 0)[T(k cos B4(n+1)T)-I(k cos 6+ (n+1)T)]¢Jn¢

"n" even
where
-jkr
C = “amr_
In this way Equation (3) becomes ~ o '
A (-5 ~-33T cos ¥ I GOJ (P)[I(k cos 9+(n-l)T) -l(k cos 9+(n+l)"')]eJn¢ (4)

n even

A (-3 ~'ﬂcos ¢ = Gan(p)[I(k cos 9+(n-l)T) +I(k cos . 9+(n+1)'7')]eJ ¢
n even ‘ . ‘

A, (r) ~ 27 sin ¢ Z GJ (P I(k cos 6+n‘r)ejn¢ _
' . nodd 7. - v ) S e
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P = kb .Siryl‘ 2]
These series are rapidly. convergent if I(k cos 6+nT) is boun ed on n because of
the properties of J (P). The ratio of the first twolof these¢ to Jo(p) is shown
invFigdre 2. In addifiﬁg?.it will be shown later that for the backfire bifilar
helix ITn(k cos“ B+fiT) -| also decreases rapidly with n. Thus the radiation field -
of the backfire bifilgx.helix may be represented by the‘fifst,terms of Equation‘(4)

with little error giving

Ax(?) ~ JT cos ¥ G, Jo(b)[T(k cos GAT)JT(R cos 64T)]
Ay(;) ~ Mcos W»Go JO(P)[T(k cos © +T)+?(k cos 0-T)] (5)
AZ(?) ~ 2T éin ¥ G Jl(P)[?(k cos 9+T)ej¢; T(k cos 9-T)erj¢]

From.Eduation (5) it is obvious that the backfire bifilar helix radiation
pattern is ‘the sum of right-handed and. left-handed circularly-polarized components,
The ratio of these components on the axis of the antenna is given by

Ta-w
T(21-K)

The axial ratio of the polarization ellipse is deduced from this by the

.equation’

AR =X ' ' (6)

Computed values of the axial ratio are described in Chapter 6 of 'this report:
The relation betyeég‘thevradiation pattern of the baékfire bifilar helix
and the Fbﬁrier spectrum of;its cﬁrrent distribgtioﬁ is estabiished. The
spéctrum of the current;distribution oﬁtfhe semi-infiniteqhelix will be dedﬁced
from tﬂe determinantal equation forvfhe iﬁfini?e"heiix.“]The déterminan£d14equafiqn

for the infinite bifilar helix is derived in the next chapter.

>
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E : -- 3. THE BIFILAR HELIX DETERMINANTAL EQUATION

s ' . 3.1 The Complete Circuit Equation
= & " . . . " - H R . . . .
The electromagnetic field in an infinite homogeneous isotropic medium can

fio

be obtained from .the magnetic' vector potential A and the scalar potential V
. .o i : .
using the relations o

. H = VxA : -
K o , : (7)
: ~jkb& A-wv " S

&,
I

\y

’ -
If the divergence of A is chosen to be
) -
VA = -3k v

these potentials satisfy the scalar and vector wave equations,‘

Frxdyv -g
 PadHE= -1

The solution ¢f these edqualtions cah be written in terms of the Green's

i}

function of the medium

éxp[—jk]?:#‘ ]
an |-

aS” | . X
S Y@ = glff;,;(?, 0@ ) av
A, =f ﬂ:;rr‘ ) 13 av : | ®

Using the equation of continuity

'G(?, ?’) =

-
V1 = =jwo

in Equation (8) with Equation (7),'there‘results

veat] e, T v @) a0 (9)
W= -E -3k [ [Jo(x, T 1 dv

which forms‘the“baSis»of the complete“éirpuif equation,
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The circuit equation for the hifilar .helix is obtained by replacing’

the conducting boundaries of thehelicél wires by the current. distribution
) - ]} Y i

- on the surface required to produce #ero tangential electric intensity there.

. ) . .
‘The equation is simplified by linearizing the boundary condition. This is

based on twglthin wire.approximations; first, it is assumed thét the current
diétributiép énﬂfhc sufface‘of the wires can be replaced Qiph a line current
di;éribution at the center of the wire, and, second, it is assumed that, if
the qléctricﬁfield is zero éiong oﬁiy,oﬁe line of"fhe surface, the resulting
Wi " .
solutioﬁ will be a reasonable approximation to the exact solution. These
~agsumptions afe géod if-the wires are sufficiently thin.
In this analysis tﬁe current will be assumed to egist bn;the line

W

defined in cartesian coordinates by

p = (b cos Tz’[ b sin Tz’, z’)
Pé = (-b cos Tz/, -b sin Tz’, z)

"and the null line will be taken as defined by

: (b’ cos Tz

ql = s b’sin Tz, z)
q, = (-p” cos Tz, —b'sin”Tz, z)
where
b/=b-a
' b = dista;ce from helix axis to wire centerline

a = wire radius

Thus, the currents and potentials can be considered a function of the z .

" coordinate al'one_° Because of the constant pitch angle Jf the helix,

¥ = cot ' (2mb/p) .
an elemetitary displacement along the axis is related-'to one along the wire by
dz = sin ¥ dp

= T B .

I —
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" Thus on w{fe one
. b

I@E) = sin ¥ dIfl: ‘)
) N e A dav(z)
vvsr') = sin‘¢ ul(z) P .

fkff)ﬂe u, (%) Ii(u')

<A ) A N - Y
where 4. = —-x cos ¥ sin Tz+y.cos ¥ cos Tz+z sin ¥

In ;hese equations it is aseumed that the pitch angle of"fhe null line ¢’is
equal to the pitch angle Y of tke centerline of the. wire. The cerrect result is’
cot ¢ = E/cot ¥ o= (1-5) cot ¥
where -
8 = a/b
The approximation (¢ =Y) is consieteut with ‘the thin-wire assumption used

throughout this study,

3.2 The Determinautal Equation for the Monofilar Helix

Equation (9) will be applied first to a single wire helix so that the
modification of the determiuental requiied for the balanced bifilar helix
will be made evident.’ The current is confined to the line pl, and the potential
is evaluated on the ;ine 4. Since the electric field strength is essumed Zero’

along this line, Equation (9) becomes
0

) ; . : . o dar ’. o
: ' v(z) = %f&ll(z, z’) sin ¥ —é-z(-z—-)- az”

=0
. av,
sin ¥ —-— = —Jkg G, q (z, z') u (z)» u (z') 1 (z ) az’ ¢

If the first equation is djfferentiated with respect to 2, multiplied by sin ¢

and equated to the second equation; the result is

. .4
4Gy (2 2 yr(pn
dz _ dz

+=0

[sin + k (u (z)'u (z*) G1

(5 2 1] &2

(11)
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