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Supplement to Scientific Report No. 20

In Scientific Report No. 20 [1] simple expfessions for the currents on
a finite length thin cylinder illuminated by a uniform plane wave were
presented. 'Recently, howéver, a small error was discovered in the
 ana1ysis. This supplement is intended to provide the necessary‘
corrections to the affected equations and figures and to give the correct
results.

The current on a semi-infinite thin cylinder was given in Eq. (27)

and repeated here,

IeXt(e,’z) = Eg{rs‘m(e,_z) - Isw(e',o)Rs(e,z)Iw.(z)} P | (s1)

which is a valid expression. ' Using this equation, an expréssion for the
current on a finite lehgth thin cylinder ( 34) was developed by Summing the
multiple refleétions from both ends. It was at this point that the

terms Rs(n,h-z)' and Rs(n,h+z), (Rs(e,z) being defined in Eq. 25) were
incorrectly approximated by the term, R, (defined in (36)). As a result,
discontinuity of current occurs when the incident angle is m/2. The

error is usually negligibly small except near the end of the antenna. If
however we do keep the exéct form of R, at 0 = T the correct expression

is given by

. ’ R (TT,h-Z)
190,2) = BglI1,(0,2) + [8,(1-0,h-2) 1, (8,h) +—*p C_(1-0)]1,(h-2)
R (n,h+z) (52)

+-[65(6,h+z)15w(ﬂ-6{h) +—§_.T{~———.CS(6)]Iw(h+z)}

where the terms Gs(e,z) and R are redefined as



[ Rs(w,z)
SS(B,Z) = —_R_- RS(G,Zh) - RSCQ,Z)] . (83)

and
R = R_(m,2h) ’ _ ' (54)

The other terms in (S2) retain their previous definitions. Our previous
expression for the.total external current (34) is easily seen fo result
frqm (S2) and (S3) if Rs(n,h-z) and Rs(v,h+z) are replaced by the
inapplicable approximation R.

The further modification of the total current expression as was done
in (38) is now>unnecessary. Equation (S2) expresses the total external
current on the cylinder for all values of -h <z < +h and 0° < ¢ < 180°
within the accuracy of all of the previdus approximations, specificélly
ka<< 1 and z not close to eifher +h or -h. ‘Since there is no step-function '
involved in the expréssion, the external cdrreht is now continuous every-
where and for every incident angle. In addition, because the current
at the end of a sémi-infinite cylinder (S1) and>(27) goes to zero as
z = 0, then it should be expected that the current at the end of the
finite length cylinder as given by (S2) should also go to zero. To exémine

this situation, the terms of (S2) take the following form as z ==> - h,

I.,(8,2) = I (6,-h) = I__(m-6,h) | - (s5)
R.(6,h-2) = R_(6,2h) . : (S6)
Rs'(e,mz) v ﬁ) (87)
N [Rs(e,zm .

oy (SO 3 e 58



Lim 5s(ﬂ-e,h-z)mo (S9)
z-+~h
gim I (h-z) =1_(2h) : . (S10)
z+-h

and,

gim I_(h+z) 2D 1 (S11)

zo-h n nf2k(h+z)]
“Using (85) thru (S11) along with the following relation derivable from the
equation for Cs(e), (37),

G (10) - g (Co(8) *+ L (n-0,hIR (6,20 } - 612)

The following expression for z=>-h will result,

1im 1°%%0,2) v 0 (513)
z+5h ' ' :
A similar result also occurs for z = +h, as should be expected. Even though
‘the analysis required that the quantity z be away from +h and -h, a
zero current at the ends is a quite acceptable result.
A complete set of graphs to replace those affected by the dis-
cussed revisions in the total external current formula are included in
this supplement. “The basic features remain unchanged with the éxception
that now the éurrenfsvdo reach a zero value at the ends of the cylinder.
This is most readily observed in Figures S2, S3, S5 and S6. The only other
difference between the original and revised gfaph occur‘at some of the
phase reQersals'at near-nulls of the current.
‘The revised current expression (S2) also contains the first sought

after goal of zero current for grazing incidence. To demonstrate this we



repeat the small 8 forms of fhe terms of (SZ), 

T (6 Z)m.;Zﬁ.EiEf. .o (A | (S14)
s 2 %Y Tk Bang \ 6 : |
’ 5 eikz 2
LT . =
Rs(e,z) f\,-éjrnl l:ZCw+Y+1-2- +in(2kz)}0 (0 )] = T (2) + 0(87) (S15)
: ' 2 ‘ 2
R, (7-6,2) ’bflz];[ZCwﬂTr— 75 0 (8 )] Rg(m,2) + 0(6%) (516)
iz 1 .20 2 :
Colm-0)n S g=e 0067 = I_ (8,0)0(67) (517)
. ikh : I_(6,h) ,
i2m 1 e _ 2,1 _  s® 2
C(®) v = 5 [Im(Zh) + 0(0 1] T 1+o;e )1 (518)

Rs(ﬁ,h+z).e12kh e1k(h+z)

2 .
R T_h " e 009 (519)

65(6,h+z) i

and

8,(1-8,h-2) ~ 0(6%) o (520)

Using the small'argument forms (S14) thru (S20) in the total current

expression (S2) yields,

1%¥t6,2) v 0 (I%@) > 0 as 6> 0. _ A ‘ (521)

Similarly for © = m, it can be shown that

1°¥t0,2) o :O(Eﬁ%ﬁgﬁj) =0 as 6= 7 . C(822)

Revised graphs for Figures 5 and 8 are included in this supplement and
show very little change from the original report drawings. This is primarily
due to the magnitude of the error discussed at the beginning of this

supplement being very small for =z near the center of the cylinder, in



these cases 1z = ; 0.039 m. Had a value of z been chosen away from the
center, the original graphs using the original total current expression
would exhibit a discontinuity in the current at 0 = 90°, Figure S7
illustrates this jump in the magnitude of the current calculated from
(38) for a position very hear the end of the cylinder. The abrupt change
is due to the particular construction employing step functions in the
original total current expression, (38). The discontinuity, however,

is now completely’eliminated.

In the case of the current penetration into the end of a finite

length cylinder, the use of either the original current equation (38)

or the revised eduation (S2) to determine the penetration current for-
“tunately yields identical results. Thus the penetration current expres-
sion (47) does state‘the correct solution. The figures 12 and 13 based

upon this expression are therefore also correct.
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Figure S1. Magnitude of current Xt (6,z5) on a finite length
' cylinder calculated from(S2.), with the same
parameters denoted in Figure 5.
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Figure S2. Magnitude and phase of the current, IeXt(e,z),
as a function of 2z calculated from (S2.),
~ with the same parameters denoted in Figure 6.
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Figure S3.
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Magnitude and phase of the current, IeXt(e,z), as a
function of z calculated from (S2.), with the same
. parameters denoted in Figure 7.
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Figure S4. Squared magnitude of the exterior current, IIeXt 6,z )|2,
calculated from (S2.), with the same parameters

denoted in Figure 8.
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Figure S7.

Magnitude of the current, IeXt(e,zo) on a finite

length cylinder at z_ = -0.67m, as a function of
the incident angle 6, demonstrating the incorrect
behavior of the original current formula (38),

ref. [1], at © = 90°. The, other parameters are
2h=1.39m, a = 0.05m, E'=1.0v/mand A = 1.0m.



