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A V.H.F. fuze would be cheaper than a microwave fuze and would
need a shorter time to warm up. The length of an aerial to produce
the directional radiation needed for a fuze would be of the order of
a wavelength, and it would be difficult to incorporate a V.H.F. aerial
of this size in a small missile. One solution is to divide the
missile case fore and aft and use it as its own fuze aerial. This
paper describes calculations to determine the pattern of radiation
that could be obtained in this way. It appears that it should be
possible to obtain a satisfactory pattern, " But since the calculations
assume e parallel body without wings or fins, and are for the far field,
whereas the fuze would have to operate at close range, this conclusion
needs to be confirmed by tests with a rig.

SCPTELBER, 1966,
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POLAT DIACRANLS CALCULATED 10R SYLINDERIC.L AZZTALS

he ocloulation of the radiation from a general missile shape
feasible. The approach sdopted here is to calculate tie
rallel sided hollow cylinders of the same diameter
e iissile case. The electrical raosistence of the case wall
should be exiremcly smell, and the c*lindﬁrs ere aszsune e
ctors. The current distribution is calcu
voltage a2t an infinitesimal gap which mey be
lengtihh of the cylinder. With a finite gop 1
current 2+ any distance from the gap is not cppreciably af
the widsh of the gap, ond polar diagrems for different gep widths
are obuained by integrating the same current distribution as for
an infinitesimal gap over the length of t‘c OO?ddCulnb seetions of
the cylinder only, The method is due to Hallen end is deseribed
in Appendixz I, It should be very accurcte for cylinders less than
25 wovelength in diameter. For e cylinder Fé wavelength in
dirmeter tuken here to represent the missile it is llLe1 to give
the current to an accuracy of about ZI».
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An alternative metihod dus to Synge (Refs. 14 and 12) gives an
equation for any closed body of revolution with e gap, wherses
Haller's method gives an equation for oan open cylinder. Hallern's
method vias preferred because of the difficulty of solving Synge's
ecuation to a y reasonsble degroo of accuracy for a thicl eylinder,
and because of the body of already computed results available with
Hollen's method.

~

The results of the calculations are presented in the figures
as polar diagrams for the field at o distance. The radiation is
symmetrical about the axis of the cylinder end the polar diagranis
show the redistion in any plane conteining the axis. For centre-
fed acrials the radiation is the same fore and aft,and only the
first gquadrant need be shown. The d1"~* g are on a logorithmic
scale anéd ezch is normalized to the direction of maximum rodiation.
They arc 'one way' diagroms, representing the tronsmitted power,
'"Dyo way' diegrams roprosenting transmission and reception would
show twrice the attenuation.

For comparison,pclar diagrems o thin wires are
shown in Figs. 1 - 4. The a i
Appendix 2,  The number of
wire. A centre--fed wire less than o wave
two lobes altogether (Fige. 1. d
are obtzined when the length is betvcen 1% and 2 wavelengths
(Figs. 2 ond 37 dditional forverd and rearwerd lobes appear if
the length is increased further (Fig. 4). A length of rather less
than 2 wovelengths gives the desired sort of polar diagram, if the
lobes can be made to point in the right directicn.
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Figs. 5 - 8, 10 and 15 show the effect or the polar diagrams ©
increasing the thickness. In 2ll of these the width of the feeding
gop is 4z wevelength.  When the totel length is £ wavelength,
thickness does not have much effect, (Figs. 5, 7, 10) but when it is
2 wavelengths it can be seen that the lobes become wider as the
thickness is increased, so that there is an increasing amount of
radiation &t angles of 10 — 207,

Figs. 5 - 20 are all for & cylinder radius of g5 wavelength.
A typicel missile has a ratio of length to diameter of 15, a ratio
which is obtained with a cylinder of this radius when the length is
2 wavelengths, giving a four lobed pattern of the type desired.
Figs. 9 end 10 show polar diagrams for a length of 1 wavelength with
gap widths of 4y and gy wavelength. In this case the width of the
gap has no cppreciable efiect. Figs. 11 and 12 show polér diagrams
for a lengtin of 1.9 wavelengths and gap widthe of =% and 45 wavelength,
Figs., 13 — 416 show diagrams for a length of 2'wavelengths and a
renge of gep widths, while Figs. 17 and 18 show diagrams for a
length of 2.1 wavelengths and gap widths of 45 and g5 wavelength.
It can be seen that as _the length is increased through 2 wavelengths
bumps appear around 20° in the forward lobes, and that these become
more pronounced when the width of the gap is reduced (Figs. 13 - 16).
This is because for thick aerials resonance occurs when the length
is slightly less than 2 wevelengths, instead of 2 wavelengths as in
the case of 2 thin wire (Fig. 3), and the bumps are in fact the
new lobes vhich appecr beyond resonance (Tiz. iy, blurred over
because of the thickness. It would be easier to design a structure
with a narrow gep, and to prevent toec much radiation in a forward
directicn it would be necessary to use a length of rather less than
2 wiavelengths.

Finally, Figs. 19 and 20 show the effect of moving the feeding
gap back 45 wavelength from the centre when the total length is
2 wavelengtihs, for gap widths of 5 and o wavelength.  The bumps
in the forward lobes are now suppressed and the forward lobes are
slightly narrower than for a centre~fed aerial with a length of
1.9 wavelengths. This could be the most favourable configuration
for the design of the fuze, though it might be difficult to
arrange the other components to accommodate such a position for the

gap.



TELICR ST Y IDTYITITORTA TICTIT Ma
TGN SUFDAIIDRTAL RESULTS

.

The 2a2dio Research Laboratory at Herward measured the radiatio
of = nusber of ¢ylindricel aerials during the Second Vorld Viar,
The recults are given in Ref, 14, Unfortunately the polar
diagrans are printed on a very small (linear, scale, and it is orly
possible to read them to a low accuracy. They do, however, agree
qualitativelry with the results of the calculavions.
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CONCLUSION

It appeers from the calculations that it mey well be possible
to use the missile case as the fuze aeriel and obtzin a satisfactory
pattern of radiation, provided that the frequency iz chosen so that
the total length of the missile is two wavelengths or a little lecss.
Some adjustments can be made by moving the gep away {rom the centre.
The width of the gap will not have mwuch affect on the pattern of
radiation, but the calculations show a singularity in the out-of-
phase compmonent of the current at an inlinitely narrow gap, &nd one
may therefore expect the width of the gap to have a substantiel
effect on the capacitance of the aerial., A centre-Ted aerial
about two wavelengths long will heve a node in the in-phase
component of current at the gap, and will therefore present a high

impedance to the source.
o -

-]

These provisional conclusions are subjedtsto tw
provisos:

(1) They do not zilow for the effect of wings, fins, and topering
of the nose, Some tests at B.1i.I. suggest that the effect of
these mazy be appreciatle.

(2} The calcuicted pattern of radiation is for the far field, it
being assumed that the distance is 2 large number of
wavelengtiis. In fact with a V.H.T'., fuze targets might pass
within a renge of two or three wavelengths. The near field
will be modified by two effects. First,the dipole field
assuzmed in the calculations will be modified by near field
components. The most important of these is the ordinary
component of magnetic field due to a steady current

Ho ds|sin6l

IB¢nearl = I 2

The nmain component of magnetic field at a distance from a
dipole 1is

Ho®  dslsing
Lae r?

|B¢Tarl =

whence for a dipole

2 2
i F a2 B ( 27T >
, B¢nearl A y



Dvidently this effect will not be impoertant at distances of

more than & wavelength. The second effect is that at close
renge it is no longer valid to replace the distance vectors

from different parts of the aerial by vectors in a parallel
direction. If one regards a cylinder as composed of a set

of parallel thin wires distributed around the circumference,

one can see that by vector addition of their far field components
of E, vhich are in the § direction, there will be some radiation
straight ahead. From the polaer diagram of a thin wire

2 wavelengths long, (Fige 3) cne can estimate that, 2 wavelength
zhezd of e cylinder of & wavelength radius,tiie amount of forward
radiation due to this efrect should be small.

) M .
Because of these uncertainties, it would be unwise to progeed
with the design of a missile using its case as a fuze aerial, Without
first constructing a rig and measuring the rodiatikon from a body with

wings and fins at ranges typical of engagements. - |

'
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HALLEMN'S ETHOD

The radiation of a cylindrical antenna remains a partially

solved problem, and has been the subject of gome controversy.

The leading worier in the field is Erik Hallen of the Reyal Institute
of Technology at Stocid:olm, Hie originel treatment of the problem

Ref. 1) was published in 1938. In 1941 Schellunof™ published
another and more physical methog (Ref. G, which he claimed to be
more accurate (Ref. 10). Hallen showed that Sclielllunoff's method

is egquivalent to a varietion of his own (Ref. 2;. Since that time
he has developed a more advanced method deseribed,in a series of
papers (Refs. 3 — 6, and in his booi (Ref. 75 :T%is,is the method
used here. I+ leads to a solution as an infinite series which would
converge to the exact answer were it feasible to evaluate it.
In practice some apprcitimations have to be made.

Since by symmetry the current in a parcllel cylinder is parallel
to the axis, the only component of the vector potential A will be a
component 4, parallel to the axis. Also wit: @ sinusoidel variation
in time at an angular frequency w

(grad div £ + 8%4;

s}
1
L.
?Jo

where f = =.

If the oylinder is o perfect conductor the tangential component of E
venishes at its surface. On the surface of the cylinder Ay therefore
satisfies

'\2[
goax 2 =
aX2 -+ ﬁ Ay = 0

and must consist of a sum of sine and cosine terms. The coefficients
of these will generally change &t the gap. TFor a centre-fed antenna
there will be symmetry about the gep,and on the surface Ay will
therefore take the forn

A, = (A cospx + 4, sinﬁlxl)ejwt

-13 =



But

JuVv = —c”

[te

so the condition that there will be a step in voltage,

VvV = #g at x =0,
gives
/ Vo ~inlx N L dwt
Ay = KT e J')l I + A cospx \eeJ v

[l i

- l ! . .
When Ay is expressed in terms of the current,lellen's integrel equation
is obteined. Tor a centre~fed cylinder of 1eng§b 21 and radius a

i

1 dn v ’

7 a4 - 1 i e_d. §) gl - :'5. |-~

[eme) & | S = £ 0o 4 coms) (1)
-1 c

where Z 4 is the impedance of free space, ¢ is the angle rounc the
cylinder, and

r = . (x - &% + L4a® sin?%¢

The term L cos?x represents the effect of reflections off the ends of
the cylinder and the constant A has to be determined so that T =0
when x = #1. lallen's original method treated equation (1) in terms
of standing waves; his new method treats it in terms of travelling
waves.

The outgoing wave in the zbsence of any reflections is the same.
as for an infinitely long antenna and is treated by setting 1 =
and A = 0O, The kernel of equation (1) is a function of (x - &)

27 sap
K(x - &) = —[ e 0
% - ¢ =
o]



For en infinite interval it ic therefore possible to obtain a sclution
by expres ;sing the kernel as a Fourier treonsfor: in tae vurlable

(x - &)
E(x - &) = .;.;: [ Gialx = &) ’/ o345 (1 )as
[ |
~co -0

and transferring the term ed%s 1o give an eguation for the Fourier
transform of the current, The current mey then be obtained by the
inversion formula. This proceaure yiclds

s

g o =dalx,
I(.>*£’-r_J_’ g e - 4 ‘
: B Z0 © 277 j 2‘) (n'/—Q e B
T (a - p=) Io I‘“O R (N

where I, and K, arc Bessel functions,and T i1s a2 path in the complex
plane which avoids z = and must be chosen to eliminate wave-guide
terms in the current. If ¢ is defined by

1) = v,y a(e) ¥

This solution mey be reduced to

= P+ Q(x)
where
P = % tan " L
" ; L
) L
Lk}og 2T y>
i
2
) 1 :
—L—Z- l . T 2 . N ¥4 . \
™ | sind[J,2(a Bsing) + Y,2(a Bsing)]
o

1

s[1 + —(y + log —“'9‘2]

- 15 -
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s P ; —JS}zloosg —JS!X!
Q(»\‘, = :*—’i"“‘l J e - a0
-7 - 2 7 a ' r * it v
" / 51n¢Lu02(a Gsing) + 102(a Bsing) ]
c
=
_—
+J
!
c
i) 3
and y denotes Tuler's constant 5772, ;

The use oi the Fourier transformetion in this ﬁqy is only
effective in the cese of an infinite,interval. To overcome this
difficulsy for 2 finite antenna Hallen separates equatiion (1) into
equations for outgoing and reflected waves, each valid over an

infinite intervel, by writing the coefficient A and the current as

series
cc
L = ;;j'\—.,i Vn 9%l
-qJ
and
o2
1) = do(x) + Y (=1)° o328 - 1) (1,01 + %) + i (1 - %))

/

1

Each successive reflected wave

- [
c2 T

. =Jfr iq,

(Dar = | & as = HLy gTE 0 2)

/ ip\0)4ag 2“_} . o zZ, B € s 2> (2)
o]

-16 -



Unce eguation (2, haos teen solved the reflsction coefficient
Vn
7
Vi

can be determined Tor each reflection from the condition that

1. (0) = o9t g (o)

. AN\ - . L. .
Bguation (2) can be solved in turn for each ip os a complex integral
involving ip-7, (Ref.A6) but it is not practiceble to eveluate this
solution. If ¢n is defined by
1)

-5 .

i(z) = z. Vy, 4,(fz) e I3z . .

it may be expected that ¢, differs very little when n > 1 from the
limiting form ¢, for reflection of a wave approaching from an infinite
distance, The replacement of ¥n by ¢, leads to a substantial
simplification, because the reflection coefficient then becomes a
constant and the series for the current is reduced to & geometric
series. Yo, can be expressed as an integrel which again has never
been evaluated for general vealues of z. Hellén has, however, evaluated
the exect velue of gcn(o),which gives the exact value of the reflection
coefficient. TFor other values of z it is necessary to fall back on

a solution by iteration of the linearised integral equation for de s
This leads to a series in negative powers of the parameter

23 . T
Q, = log(gpz) -1(2pz) -2 logBa -y -373
where
co
( N r e-J(f:' - U—)

1(u) = ag

,/ ¢

u

Hallén end his associates have tabulated the coefficients of this
series, which igvclve iterated sine and cosine integrals, as far as
the term in ),  for cylinders of varying diameter (Refs. 4 and 8).
Unfortunately the series begins to oscillate violently when z
approaches zero, and it has been found best to interpolate in the
amplitude and phase of g, between the exact velues at zero and the
values given by the series at a distence z depending on the diameter.

-17 -



When ¢, is substituted for yp, the expression ior the current in a
cylinder fed at the centre by a voltage 27, becomes

I(x) = —7?“— s (5%) e

R

, . —~JRx .. . NETN o0
{ Goo [+ 2) 17 4 g [ (1 2 %) Je? ‘},

-
*

” -
An advantege of the method of travelling waves is that it yields the
solution for an off—centre feed without any additional calculation,
If the lengths of the two sections are 1; and 1l; it is only necessary
to remember that the outgoing waves travel distances 1; and 1, before
their first reflections. If both are followed separately the current
is found to be

. y
1x) = 222y (px) eI
<o

)e—jzﬁll

(Vg
N

Wilo  _3g1, Ye(0) ¥(Ble) - ¢ I8 +12)] ¢(FLy
¢ —323(1, + 1
° 5o ?(0) = 4?1y + 1) ] eI 12

4

{ ¢oo[ﬁ(12 + %) ] e“jﬁ(lz + x)]

/ ,/ ol o —‘.255’12
LV 551 "ﬁoo(O) 5/’\}311) = fas % (11 -+ lz)] ‘r”(P]-z)e Jed o
- CLTdPL N N
Ty ~528(3, + 1z )

P o2(0) = 6 2[3(1 +13) e

{pr[ 5(1, - x)] e B - }:)}
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Once the cuV1 ent hes been found the dectermination of the distent
field is relatively simple. The only component of magnetic Tield is

T( * -
v oy HE-3
B = To /I sinf dxdd
¢ hiwe | 2 :
Iy
where r is the @istance from o point on the c¢ylinder, € the angle
between the direction from this point and the axis, and the integral
is evaluated over +the surface of the cylinder. At & sufficient
distance it is possible to substitute
r = ry — x cosd — a cosd sind ‘
;
. - ) ” -
shere r, is tihe distonce from & fixed point. Then
rok
. ~Jwlt - =% .
Lo e 9 c/ N JBzzosh ] dd jla cos
By = ar I(x)
Larer, ) 2m
-1 o)

where the seconi integrsl mey be recognized as the Bessel function
\
Jo(Be sind) (Ref. 13 p 149).

These formulae have been computed on Pegasus.

-~19 -



2

I-
1=

NDIx 2

APP 2

IADTATION FROM AN IMPINIGTELY THIN WiRL

He O

t the current distribution
ther side of the gap is

ch
in a thin wire with lengths 1; and 1, e

It is shown by Synge in Ref. 12

-

sin{l; - x)
I(x) = Sigf:-f— , x> O

sin{1, + X)
sind, > ¥ <

Integrating alonz the length of the wire one obtains for the far
field

(o] . 1 3
. . r sin(ls + x) jxcosé . . gin(l; - x) jra0s6
= sind ;| g dx + / - e
| sinl, | sinly
\..._._12 o)

4 [ cos(1, cosd) - cosl;  cos(l; cos@) - cosly |
= — . + "
amu[ sinl, sinly

- 20 -
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Since the current is everywhere at the same phase, & reversal
of direction malies no alteration to the phase differences of the field
from different parts of the wire, and hence no alteration to the
field strensth. Since there is also rotational symmetry about the
axis of the wire, it follows that the field strength is equal at
&, -6, 7 -0, 2 - 7.

I the totel length of the wire is equal to a whole number of
half wevelengihiz,a shift in the feed point does not in general alter
the distribution of current, since the condition that the current shall
be equal on eivier side of the fsad point continues to be fulfilled.
If, however, the lengih is equal to an even number of half wavelengths
there is a different distribution when the feed point is exactly at
the centre, the phase of the current in one half of the wire being
reversed. : ‘ ‘

s
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