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Summary.

The effect of an ice 1a ye r on an antenna reflector i s asses s e e

by eva1uating the phase deviation caused by an ice layer on a

plane metallic ref1ector. The ice is treated as a slightly

1assy dielectric. The calculations are made for an arbitrary

angle of incidence and for both principal linear polarization~

The resu1ts are presented in terms of curves of the phase of

the ref1ections coefficients versus angle of incidence.
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THE EFFECT OF l CE ON AN ANTENNA REFLECTOR

The presenee of ice on a n antenna reflector modifies the antenna

performance in two ways. The phase of the reflected wa ve wi l l

deviate f rom the desired value ; the reflection coefficient will

be l e s s tha n unity if t here is apprec i ab le loss i n the l a y e r .

The f ormer of t hese t wo effects is general ly the more important

since ice c an of ten be t reated as a sliqhtly lossy d i e l e c t r i c .

reflect ion coefficient of aTo assess the effect we c omp ute the

p lane metallic reflector covered by

die lectr ic as s hown in Figure l .

z

a un iform a l o s s y

8 8 'rn =1

(ice) 1 n(l-i Kl
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2 refleclor

F igure l . Lossy dielectr ic s lab on gerfect metallic reflector .

Above t he die l e c tr i c s l ab we represent the fie ld by

F =AOx
- i k O(y -s i n8 - z c os8 ) - iko(ysine+z c os 8 )

e +Be (1 )

wh ere A, B s ign i fy the e lectr ic f ie ld norma l t o o lane of i nc idence

~ the mag netic field in t he x- d i r e c t i o n whe n the nolar izat ion is

o rthogona l .
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In the die lectric medium we have

- i k
O

n (1- i K) ry - s i.n e v- ec o s a " )
= C -e

- i k On (l-iK) (ys1n 8 l +zcos 8 ')
+ O·e

I n med i um 2 the f ields must vanish .

(2 )

Whe n A,B , C a nd D s ignify

incidenc e a nd when A, B,C
p lane of i nc i de nc e .

~

E fie lds , E i s norm a l to the p lane of
~

and D s iqni fy B f ie l ds , E l i e s i n the

Since the y -varia t ion must be ident ical in media (O) and ( l) we

must have :

n (1 - iK)sin8 ' = sin S

We now p ut :

8 ' = 8 1 + Lo

and obtain :

(si n 81Cosha. + i c o s 81S i nh a ) n (1-i K) = sinS

Th e two conditions must be satisfied :

(3)

(4 )

(5 )

A. (6 )

whic h means t hat

"The argument et i s p ropor t iona l to K to fir s t o rder .

(7 )
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To fi r s t order i n K we reCQver Snel l 's law :

( 8)

s ine l
sine

l= n
(9 )

I n the fo llowi ng boundary value cans ideration t he y -var ia tion

can be ignored :

Case l E 1 plane of inc idence

- , ~

E = E · ex x
( 10)

In medium l we must have Ex = O at z = O. This g ive s :

c = - D.

At z = d continuity of Ex gives :

(ll)

i k On (l - i K) zc o s S '
C (e

-ik On ( 1 - i K) zCOS8' )
- e =

ikOzcOS8
A'e when z = d. ( 12)

Co n t i nu i t y of H gives :

ikOn( 1-iK)zCOS 8 '
C(n(1-i K)COS e') · (e

-ik On (l- i K) z c o s S'
+ e )

ikOzcos 8
= cosa (Ae

- i kOzc os 8
Be ) whe n z = d. ( 13 )

S imp l ified system of equa tions fo r B and A:

-l
CI " l

- l
A' "O + B ' " O ~ - "l )

- l T -l
A "flO - B'" ~ CS( " l + " l )O

( 1 4 )
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s = cose

T = n( ! - iK)Cos6 1
-

From which we derive :

nCcos8
l

_ i K )
c o s e l

G
ikOdG+ - i k Od G_

B
e + G+e

= = RlA ikOdG_ - i k Od G+
G+e + G e

where ( to first o rde r in K )

2
In2-s in

2 e Le n
G+ = + cos e --

I n 2 -S i n
2e

Case 2 • E I l plane of incidence

(15)

( 16 )

+ +
B = B °ex x (1 7)

I n med ium l we must ha ve Ey
= O at z = O. This means t hat

aBx
O at OäZ = z =

o r C = D.

The two boundary c onditions at z = dbecome :

( 18 )

( 1 9 )

( 20)

Or :

=

( 21 )
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where G+ and G were defined above and where to first order in

K we have :

Nume ric a l e xamp le :

- i Kn 2 ( ZCOs e :+ (22)

For a n ice- layer K is negligible and n
2 ~ 3 .0 , pass ib ly slightly

la rger . Computations we r e made of Rl and R
1

I for several comb inations

of laye r thickness and angles of i ncide nce . Same r e s u l t s are s hown

i n F igure 2 .
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Figure 2 . Phase o f r e f l e c t i o n coeffic ient of R~ (degrees ) plotted

a gainst a ngle of i ncidence (deq re e s) .
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Phas e o f reflection coe f f i c i e nt of Ry
agains t angl e o f inci dence ( degrees )~
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plotted against ang le o f i nc i de nc e (degrees) .
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