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Ttri'! document presents• theoretic•! •nd experiment•! invutig•tlon of the 
tr•nsminlon coefficient of a perlodlc•lly •pertured pl•ne conducting screen 
for •11 •ngles of )ncldence. Equations are formul•ted by v•ri•tlon•l methods 
and equiv•lent circuit concept. Musurernents as well •s c•lcul•tions •re 
made to verify the theoretical analysis. 

Numerical results of the equivalent suscept•nce f~r norNI incidence are 
included and discussed. The results can be important in the further study 

of the design of a fenestrated metal radome and rain erosion met•I cap and 
other app I i cat ions. 

1 
, 

Var lat iona I Method 
Transmission Coefficient 
Equivalent Su1ceptance 

KEY WORD LIST 

Periodically Apert ,red Conducting Screen 
Rectangular Aperture 
Radaaes 
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A. STATEHENT OF THE PROBLEH 
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Transmission of plane electromagnetic {E·M) waves through a periodically 

apertured plane conducting screen is of current interest. 

Applications have recently been made to the studies of• fenestrated metal 

radome 1 and rain erosion cap5. To establish their electri: character· 

istics, the degree of transparency of a periodically fenestrated plane 

conducting screen to microwaves for obi ique incidence, as well as for 

normal Incidence, should be investigated. The purpose of this report Is 

to present the results of these investigations theoretically and experi• 

menta I ly. 

B. RESULTS 

From the Poyf\ling theorem and normal lzed equivalent circuit concept, a 

set of Integral equations in t he variational form were formulated to 

evaluate the impedance of a fenestrated plane conducting screen and were 
2 reported by otht r researchers 

Applying the Integral equations in the variational form to the screen of 

rectangular or square apertures, equat Ions to ewaluate the Impedance and 

voltage transmission coefficient for obi ique Incidence were obtained. 

Numerical values of the impedance and the tra smission coefficient were 

thus calculated for the different aperture spacings and sizes at the 

different frequencies and incident angles. 

The voltage transmission coefficient for normal incidence is a sper.ial 

case of that for obi ique incldcnre, since the angle of incidenc~ is 

zero. C rves of T vs. k a, where Tis the transmission coefficient, k n n 
is w.ve nuaber, and a Is the aperture . pacing along the x-axis (Fig. I), 

were also plotted (Figs. 58-81) for this case to complete the whole 

analysis. 
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Experiment•! me•surements were conducted for both normal •nd obi lque 

incidence. Close agreement was obtained which verified the theoretical 

invest lgat Ion. 

C. CONCLUSIONS 

Equations to evaluate the voltage transmission coefficient of a period• 

ically apertured conducting plane by oblique incident plane E·M waves 

...,-. feca,lated ~ C.· Ma. Ctu• in 1'62 I, 1f11fort11Mlely, ·• r .. ul U 

were &Morr•t-. 

,,_.,. ad111Sh,a ttl•eatcal ,tw, end ..,_1,..ul lnv•tltet ,-, the 

.. ,.... equationi ~re ,.,_,1atetl en4!I were verified~• C11111Mri ... of 
calculated and measured values. 

Some striking phenomena have been observed. For normal incidence, as 

h,s been observed by other researchers 
1
' 3 , there is a peak of transmission 

across a certain fr~quency band. Surprisingly enough , at a certain fre• 

quency the amplitude of the peak will reach its maximum (full power 

transmitting through the apertured conducting plane). This frequency is 

different from the resonant frequency of a single aperture, at which the 

maximum transmission cross section occurs. Wood anomal ies 8 were observed. 

That is, with an exceedingly slight change ~f the incident frequency, the 

peak of transmission becomes a dip. However, this phenomenon is not very 

exp I icit for the apertures loaded with high dielec·rlc constant 

material. 

0 
For normal polarization, as the angle of incidence increases (from 0 to 

5°), ~he amplitude of the peak of transmission decreases (Fig. 1). How· 

ever, as the angle increases further (>,0
), the amplitude increases also 

(Figs. 5·9). The peak of transmission occurs at a higher frequency as 

the angle of incidence is incrused. 

For parallel polarization there are two peaks of transmission across the 

frequency band of 7·11 Gels (Fig. 2). As the angle of incidence increases 

(from o0 
to 5°), freq~ency separation between the two peaks becomes wider 

and the amplitudes of the peaks decrease (Figs. 20·30). With a further 

increase in the angle of incidence (~S
0
), one peak, moving toward the lower 

SHEET + 
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frequency, first increases its amplitude ·(from s0 to 10°) and then de­
creases (>10°), while the other, moving toward the higher frequency 
simply increases its amplitude (Figs. 24·27). At the time that the angle 
of incidence is zero, one peak coincides with the other. A similar 

8-11 6 phenomenon was also observed by R. w. Wood and L. Rayleigh early in 
the twentieth century. 
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I. INTRODUCTION 

II. 

Scattering of plane electromagnetic (E-H) w•ves by an obstacle is• 

classical problem and is till of great current interest. 

A variational method was first introduced by Schwinger7 to evaluate the 

scattering by lossless obstacles in wavegu ide and then generalized by 

Levine and Schwinger4 to certain diffraction problems. Later, the 

method was shown to fol low from t he properti es of a ener~y operato,· !:, y 

R. 8 . Kieburtz, A. Ishimaru and G. Heli , and was applied to evc1luate 

the scattering by an infinite lossless periodically apertured, thin 

conducting plane of s4uare apertures. 

Some applications have recently been made to the study of a fenestrated 

metal radome 1 and ra in erosion cap5 which will increase the strength of 

the nose radome of a jet a i rcraft wi thout degrading the performance of 

a weather radar which resides in the radome. 

The purpose of this study is to investigate the transparency of a 

periodically apertured conducting plane of rectangular and square 

apertures, theoretically and experimentally, which is incident by plane 

E-M waves at all angles (from Oto 90 degrees). Equations are formulated 

by variational methods for the field both perpend· ~ular and para I lel to 

the plane of incidence (norma l and pa,rallel po arizations) in Section 11 

and Section III, respectively. ln Sen ion IV, equations for normal 

incidence are also obtained for the completeness of the analysis. 

Numerical results are presented in Section V, along with comparisons wi th 

measured transmission coefficients and those calculated by this method. 

FIELD PERPENDICULAR TO THE PLANE OF 1"CIDENCE (Normal Polarization) 

A periodically apertured conducting screen of infinites imal thickness 

and rectangular aper tu res is placed in •he xy plane wi th the large 

side of the apertures para I lei to the x-axis (Fig. I). The incident 

plane is the xz plane. 
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From the Poynting theorem, the energy integ ral equation in the varia~ 
tional form is obtained and given below. 

ew ( Wh -We) ---------p 

where w - 2,. f , and f - frequency o f incident waves 

Wh .. total magnetic energy stored in t he screen 

w C, total electric energy stored in the screen e 

p - total power transmissi on through the screen 
E • electric f ield in the aperture - -Kl - real part of the tensor Green' s function K - -K2 - imag inary part of the tens or Green' s fun t ion K 

.,., - conjugate 

A transmission I ine model is set up to show that the eigenvalues o f 
the energy integra l equation can be treated as a s hunt admittance 

• 

(1) 

across the transmiss ion I ine (Fig . 2} . For S i rnp I i c i t 1 K2 is expr essed 
(K +) ~2 

-) below as a summation of a positive and a negative part 2 
which correspond to the evaluation of the positive and negative part s 
o f the shunt admittance, 

-
Assuming the screen is los s less the shunt admittance becomes pur ely 
susceptance . Sine~ half o f the energy is stored on each side o the 
screen, a factor o f 2 has to be introduced into Equation (I ) to evaluate 
the total susceptancy Bt of th e equivalent circu it . 
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Subst i tuting Equation (2) into Equ•t ion ( 1) and replacing the energy 

operator by susceptance, Equat ion (1) becomes 

... 
B • 

The tota l susceptance is then g iven by 

+ -"' 2 (B + B ) 

To evaluate the total susceptance Bt from Equations (3) and (4) , 
s - + - -tensor Green' s functions K1, K2 and K

2 
have to be constructed. It 

is ~ssumed that the only propagat ing mode of the incident plane E-M 

waves in the TEM mode. The wave admittance coef fi c ient for th i s mode 

is given by 

YTEM .: 7 cos 'f 

Where 7 ,... wave impedance 

f == angle between wave vector K'f and z·axis 

K - 2 TC/).... 

-Tensor Gree, 's funct ion K has been de fined as (Append ix) 

- ... ·: t ~·: K "' ~ y (x, y) + ( XI 1 y I) 
m n mn mn ... 

and - .. -K = Kl + j K2 

SHEEl 16 

(3) 

and 

(4) 

(6) 

( 7) 

(8) 



TH■ ... , •• COMl"'&NY 

where field function 

m,n • integers 

NUMBER D6· I 9559 
REV LTR 

The nol"l'MI ized transverse electric field in an aperture is given by 

where i and i are unit vectors along x and y axes respectively. X y 

F'rom Equations (6), (7), (8) and (9), the rea l part of :. ensor Green' s 
funct ion is found to be 

(9) 

j ( I 0) 

where a and bare aperture spacings along x and y a~es corresponding ly. 

S ince i t has been assumed that the TEH mode is the only propagating 
mode , the TE and TM modes have to be evanescent. Jn other words, the 
propagation constant r is real. For the TE mode, the wave admittan.e mn 
coefficients are 

where 

The normalized transverse electr ic field in an apertu , e is given by 

( II 

( 12) 

SHEET 17 

• 0 • • 6 • 7 0 O 



NUMBER D6- I 9559 
REV LTR 

From Equations (7), ( G), (II) and (12) , the positive imaginary part of 
ten sor Green• ~ funct i on is fou .d to be 

~ '(." e - j c > ';" - ~" $ : .. '> < ~ - x , ) e - j C ~ )( ' - '') 
- ," 

~( ... - "fU:"f)a. + 'i•n, 
.a.,, 

For the TM mode , the wave admittance coefficients a r e 

The normalized trans verse e I ec tr ic field in an 

~ ( ... - ~! ~ -, :,nf'_) 
>fl' .c [ ct"'" TM ) Kf 1-,:,. ! )> lf'(."91- ••n• + 

~ 

~ 11' 

j ( >:![ - l(.,~ i"f) 
e 

SHEET 18 
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F'rom Equations (7), (8), ( 14) and ( IS) the negative imaginary part of 
tensor Green's function is found to be 

--
K2 

-j ( ~;"" • Kf-J,nf) ( ')( - ')(') 
~ 

An elec t ric field along the 1-axis in an aperture is assumed under 
boundary conditions, such as 3 

where c and d ~re the dimensions of apertures. 

From Equations (3) , (11) (13) and (17) the positive part of th induct­
ance is found to be 

where jl Is the Bessel function of first order of the first kind. 
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Similuly , from Equation, (4), (11), (16) and (17), the negati v e part o f t he suscep anc e is f ound to be 

c:.. 

1 n. 

Total susc eptance Bt can be f ound from Equations (5) (18) and (1'1) . 

From the transmission l i ne model , the voltage transmis s ion coeffic i ent o f the screen is found to be 

T 2 
2 + jB 

t 

III. FIELD PARALLEL TO THE PLANE OF INCIDENCE (Para I lei Polar i zation) 

I n this case, the plane of ir,ci dence is the yz plane (Fig. 3). Anal ysis here is similar to that in th e precedi 11 g sect i on . -To construe t K 
1, it is aga in assumed that the or, l y propagati ng mode i s the TEM mode. The wJve admi ttance coef icient is given by 

~ - ---- -'t cos 8 

Where 8 is the angle between wave vector Ka and z-axis. and K r..: 2 1t/A.. 

The normalized transverse electr i c field in an aperture is g i ven by 

- ca + • > X y 
- j (K e sin 8) y 
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From Equations (7), (21) and (22), the real part of the tensor Green's -function K
I 

is found to be 

c:: 

KI - -~-.,-'l-c.-~-,- ( J 
(2 3) 

Since the TE and TM modes are envanescent , 

the wave adm it tance coef f ic i ents are 

r i s rea I . 
mn 

For the TE mode , 

'"'" Te = 

whe r e 

The normal i zed transverse elen r i cal field i n an apert ure i s g iv en by 

Frcm E· uat i ons (7), (24) and (25), the posi t ive imagi ar y part of the 

tensor Green's function 

... , " 

is found to be 

- j ( ''i" ) C x - ,<.' ) 

e 
-jt >-,"' -K,~;,.~) ( 'J-'i ) 

e 

For the TM mode, the wave admi ttance coeff i c i en ts are 

- t<, 
J 1- r ...... 

SHEET 22 
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The normalized transv~rse e lectr ic field in an aperture is given by 

From Equations (7), (27) and (2 8), the negative imagi nary part of the ten sor Green•s func ti on is found to be 

- - -jt ~"," - ic,:s : .. e)( !, - ~) 
e.. 

An electric f ield along the y-ax is in an aperture is assumed under boundary cond itions and is given by 

From Equat ions (3), (23), (20) and (30), the p siti ; e pa rt of t he susc cp: anc E is f~und to be 

a. ...... 

SHEET 23 
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From Equations (4), (23), (29) and (30), the ne'3at ive part o the 

susceptance ls found to be 

8 • - L 
,.. I ,., 

lV. NOAAAL INCIDENCE 

lf plane E-H waves are incident normally to t he screen, th e angle tf 
or & shou l d be zero (F i g. 4). Equations to evaluate the susceptances 

of p -- si ~ ive and ne<;ativ e parts for this case ca n be easily bta in ed from 

Equations (18) and (19) or (31) and (32) by setting 'f or & equal t o 

zero. For completeness , these equations are also g i ven below 

and 

SHEET 24 
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Nll\ERICAL RESULTS 

A. Normal ,olarization 

The voltage transmission coefficient, T, of nor al polarization was 
calculated (by comput r) as a function of wave number (or vector) 
kf and aperture spaci ng a for each incident angle f. To compare 
calculations with measurements Twas converted into attenuation 
(-db) and Kfa into frequency f (Figs. 5-18). 

Several inter esting phenomena a re observed from cal cu lat Ions. It is 
seen that the larger the aperture, t he broader is the bandwidth of 
frequency (Figs. ~-18). As t he aperture spaci ngs get smal !er, the 
peak of transmission shifts toward the hi gher f requency. As the 
inciden angle, If' , Is inc reased the peak of transmi s sion also shift s 
toward the higher fr equenc y. In add it ion, t h amp! itude of the peak 
wi I I first decrease ( from o0 to 5°) and then increase ( 5°). 

The Wood .anomalies 8 are noticed (Fig. 5). Tnat is, a peak of trans ­
mi ssion will decrease sharpl y with exceedingly sl lght change ~f the 
inci dent frequency. Surpr isi ngly enough , thi s d ip of transmis s ion 

occ.un at tha ••••••ttl clote to tM •,ec&ng of apertures •• It ltu 
bMII .......... bv WIIN 1 I (,tg& o S•10) .. 

all of the power of the incident waves will not be able to pass 
th rouqh an apertured conducting screen at all in cident angles within 
a certain frequen cy range {for example, from 7 to 11 Ge/) , Ful I 
t ransmission of power occur s on ly at the frequenc at which the 
refl ected power from conducting surfaces is al I can ce lled by the re­
rad iation from the apertures . Thi p enomenon is d if feren t from a 

ingle aperture resonance that will g ive maximum transmission c ross 
sect ion. 

Expe rimental verification for t ~e voltag~ transmission coefficient 
of normal polar ization was obtai ned with th e aid of a tran mitting 

SHEET 26 
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horn and a receiving parabolic antenna placed about 25 feet apart. 

The apertured screen and receiving antenna are shown in F ig. 19. 

It must be pointed out that he apertures of the conducting screen 

were phenolic, while for alculations the apertures were air. It is 

known that the higher the dielP~tric constant, the larger is the 

aperture to E-H waves. As mentioned before, the larger the aperture, 

the broader is the bandwidth of frequency. Th "s explains why the 

s i t of the peak as a function of incident angle and the Wood 

anomalies in the measurements are not as expl lcit as those in the 

calculations (Figs. S-1 8). 

B. Parallel Po lar ization 

The voltage ransmiss ion coeff icient T of parallel polarization was 

also calculated as a function of wave number K
8 

and aperture sp r. ing 

b for each incident angle Convers ion of the voltage transmission 

coefficient and wave number into the attenuation (-db) nd fre.quency 

f was also m de for the purpose of compar ison to that of measurements. 

A striking phenomenon is observed wh ich is sim i lar to that noticed 

by R. W. WoodB-II and L. Rayle igh6 early in the twentieth century. 

That is , there are two peaks o transmission across a certain fre-

uency band (7·11 Gc/s) . As the angle of inci dence decrea ses, the 

two peas approach one another and coincide when the inci dence is 

r•ormal (Figs. 20-30). As the angle of incidence increases (from o0 

0 to 5), the amplitude of the two peaks decreases (Figs. 24-27). With 
0 furth er increas e of the incident angle (>5 ) , one peak moves toward 

the lower frequency band with its amp! itude first increas ing (from 

5° to 10°) and then decreasing ( 10°), while the other moves t<:Mard 

the higher frequency band wi th its amplitude increas ing. Th is 
phenomenon may be cau!ed by the fact that changing the ang le of 

incidence changes the apert ure spac ing and width which dominate the 

amp I itud e and frequency of the peak of transm ission . As the angle 

of incidence increas es , the aperture width becomes narrower and 

spacing smaller, hence the higher order ·mode tends to pass off. In 

other words, a transition of the propagating mode takes pl ace. 
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Figure 19 EXPERIMENTAL MEASUREMENT FOR NORMAL POLARIZATION
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T MI[ 6IIIINS c o .......... 

NUMBER 06-19~59 
REV LTR 

An apertured conduct ing s reen an1 rece :v ing reflector were shown 
in Fig. 31 for experimental verification of the parallel polariza­
t ion calculations. The abnormal energy d istr ibutions (two peaks) 
were obv ious as was expected from the calculations (Figs. 20-30). 
Because of the assumpt ion of a plane wave, inf initesma thickness of 
the screen, and u ir aperture which was not poss ible to achieve in 
the exper ime~t d i fference between calcu lated and measured results 
were expected . However close agreement in the var iation of inten­
s i ty was obtai ned. 

C. Norma l Inc idence 

The voltage tr ns mi ss ion coe ffi c ien t T o f normal inc idence was al so 
ca lc lated to complete t he analysis. Curves T vs . k a i.-, ere obta in ed 

ll 
for different aperture spac ings and d imensions (F igs. 32- 49) wh re 
k is wave number and a i s aperture spacing. n 

~everal interesting phenomena were observed. First, by increas ir,g 
aperture spacing rat io, a/b , (from to 5) wi th constant rat ios of 
c/ a "' 1/2 and d/ b = 1/ 3, the peak of trans rn iss ion is sh i fted toward 
the h igher value of k a and becomes flatter (F igs. 32-36). Second n 
by increas ing the s i de of apert ure c, wh ich is perpend icular to the 
electric field, with constant ratios of a / b 2 and d/ b - 1/ 2 the 
peak {of transm iss ion) is shifted toward the lower va lue of k a, and 

n 
also becomes flatter {Figs. 37-42). Th i rd, by increasing the 
width of apertures d wh ich is para I lel to the electric f ield, wi th 
constant ratios of a/ b u 2 and c/ b a 1/2, the peak is not shifted, 
but does flatten out (F igs. 43-49). 

Experi n,ental measurements were a l so conduc ted t conf i rm th e ca l cu­
lations. A fenestrated conduct ing screen with apertures o phenol ic 
and a receiving reflector foi- normal incidence r>1easur en t s ar e shown 
in Fig. 50. A fe nestrated al umi num f i i wi th aper t ures of a,r was 
also made for th m asurement. When compared, tnes e showed a cl ose 
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Figurt 31 EXPERIMENTAL MEASUREMENT FOR PARALLEL POLARIZATION
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Figur# 49 EXPERIMENTAL MEASUREMENT FOR NORMAL INCIDENCE
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agreement of variation between calculations and measurements 
{F igs. ~l- 54), except that th• calculations exaggerated the varia­
tion more. As mentioned before, the disag reement in the magn i tude 
of transmission between calculations and measurements was mainly 
caused by the limitation of the sensitivity of the equipment . 

It is also interesting to notice the occurrence of a dielectric 
effect on the frequency of peak transmiss ion. It is seen that the 
frequency of peak transm ission is ve y sens itive to t ',e dielectric 
1n apertures. The thicker . the d ie lectric in the aperture, the 
lower is the frequency of the peak transm ission (F igs. 51-54). 
This is true also for hi gher dielectric constantf. Deta i ls of this 
dielectric effect on the transmission should be investigated but 
falls out of the scope of this report. 

Further calculations were made and compared to the calculations 
and measurements which were report ed by other researcher ' 
{Figs. 55-57). Good agreement was obtained between the measure­
ments and new calculations. Errors in the old calculations were 
proba b ly ma de by misuse of Bessel functions. 
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D. Equivalent Susceptance 

NUMBER D6-19559 
REV LTR 

A study of the transparency of a fenestrated conducting sc reen can 
be s i mulated as a tran smi ss i on li ne model prob l em as ha s been 
ment i oned before. I f the screen i s loss l es s , i t can be treated 
purely a s an equ i va l ent usc eptance Bt as shown 1n F i s , 2. To 
ge t f ul I power t r ansmi ss i on throuy h th screen at the inciden t 
frequ ncy, the susceptance has to be zero at that part i cu l a r fr e­
quency. In other v,ords , th e electric enerr1y stored in the screen 
i s complete ly ca ne I l ed by the magnetic energy . 

It is i nteresting to see how the susceptance w i 11 vary with the 
aperture spaci ngs and s i zes at d i fferent frequenc i P.s. Fo r th is 
purpose, the susceptance for normal incidence was calculater4 and 
shown i n four di ffe ren t sets of curves. I n the f irst set (F igs. 
58-63), the aperture spacin9 • , wh i ch is perpend i cular to t h e 
electric f ie l d , i s varyi ng . while the other parameters, b , c and d 
a re cons tar,t. It i s seen t i at a !» the va I ue of a increa ses (muc.h 
g reater than b}, the susceptance w i 11 become zero at h i gher valu«i 
o f a/~. This may su g~est that ,he transi tion from evanescent to 
prv pa gat ion mode take s p l ace for the higher order modes. 

Iri he second set of cu r ves (Fig s . 64-69) , the aperture spac i ng b 
whi ch is para l lei to t he e l ect ri c f i e l d is vary i ng, wh i le t he ot her 
parameters a, c and dare con s tant. It shows t hat, as the r atio 
o f a/b l~ areund one , the susceptance changes rapidly w i th k a and 

n becomes zero at few p l ac es cl os e to one another along k a-ax is 
n ( i gs . 67-68) . This i mplies the Wood anomalies , i . e. , the tran si -

t i on f rom max imum t o mi n imum transmiss Ion takes place w i th i n a s l i gh t chang e of requ enc i es . 

I n the th i rd set o f curv es (F i gs. 70·7 5), the aperture s i de , c, is 
vary i ng w;,; ! e the others a·re constant. Th e sus ceptanc e becomes 
smaller as the velue of c i ncreases , and th e f req uer1cy at ,,h i ch the susceptance Is zero vii 11 be l owered . 
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NUMBER 06-19559 
RE V LTR 

And in the fourth set o t curves (F igs. 76-80) , the aperture width, 

d, is the only "ariable. As the value of d increases, th e suscep­

tance will decrease and he frequenc y at wh ich s usceptance is zero 

w i 11 not be changed. 
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VI. CONCLUSIONS 

The transmission coeffic ient of a fenestrated conducting screen with 

rectangul a r or square aper tures is analyzed by variational method for 

all incident angles of plane E-H waves. Theoret ical calculations are 

made and are verified by exper imental measurement s . 

Numerical results are g iven for a number of cas es from which the 

influence of t:,e aperture s pa ... ing s and s izes on the transm ission 

coeffic ient, and the resonant frequency at wh ich the peak transmis s ion 

occurs is seen. ihe tran.mi ssion coeff ic ient :le~erally increases as 

a function of decreas in 9 the dperture s pac ings and increa si ng t he 

aperture sizes, wh i le the resonant frequency generally increases al so 

as a fu nction of decreasing the aperture spacings but decreasing the 

aperture sizes. 

The susceptance of normal inci dence is also given. Generally s pea k ing, 

wi th Increasi ng aperture spacings (greater than incide~t wavelength), 

the susceptance increases, while .-,ith i· •creasi n .:,pertur e sizes, the 

susceptance decreases. 

The effect of the aperture s pac ings and si zes on the bandw idth o f the 

transmi ssion is also seen from he nl•mer ical results. The l arger th e 

apertur e spacings, th e larger is th e bandwidth. However, al the 

ratio of t he aperture spaci ng s , a/b, clos e to un i ty, t e bandw idth 

wi ll be ve ry narrow and the Wood a nomal y occurs . T:iat is, slight 

change of the w1velen9th will cause a rap id change in the transm1 si on. 

As to the aperture si ze , the la r~ er the size the larger · s the band­
width. 
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