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Summary. 

This report daals with the provisional electrical design of an 

antenna suitable for satellite communications in the frequency band 

of 3.700 - 1,.200 Mcls for receiving, and 5.900 - 6,400 Mcls for 

transmitting. 

It is shown that with respect to noise properties an antenna 

according to the cassegrain principle is more favo~rable than the 

focal point fed paraboloid. 

In chapter 3 the properties of the cassegrain antenna are discussed 

in detail. Much attention is paid to the blocking and diffraction 

problems. Analytical expressions are deduced to calculate the decrease 

in antenna efficiency caused by blocking and diffraction. A measuring 

arrangement is set up to measure the diffraction effects at the sub­

reflector. It appears that the angular aperture has practically no 

influence on the performance of the antenna. 

A theoretical treatment is given of the loss of energy due to blocking 

and means are discussed to minimise this blocking energy by introducing 

some irregularities in the surface of the subreflector. The noise 

properties of the cassegrain antenna are also studied in detail. 

In chapter 4 the requirements are explained with regard to the feed. 

Various patterns of feeds that could be used in the final antenna 

system are shown. 

Chapter 6 deals entirely with shaped reflector systems. Analytical 

expressions and solutions are given. It is pointed out that with shaped 

reflectors low spillover losses and high aperture efficiencies can be 

obtained. 

In the last chapter a provisional design of an antenna suitable for 

satellite communications is proposed. It appears that the diameter of 

the main reflector should be at least 27 metres to meet the 

specification. 
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1. Introduction 

An antenna for a satellite communication groundstation has to meet 

very high standards. Apart from the required antenna gain, which 

can only be realised by apertures of 25 meter diameter or more, 

the need for low noise is essential as well. Noise is introduced 

by the microwave receiver itself and further contributions arise 

from losses in the waveguides, diplexers, etc. Moreover the noise 

is increased by thermal radiation from the sky and also via side 

lobes and back radiation from the ground. Especially the contribu­

tion due to ground radiation is critical, as the ground can usually 
o be regarded as a thermal source of 290 K, while the sky radiates 

o at an average temperature of only]O K. 

It has bevome common practice in satellite communications to intro­

duce the "figure of merit", which is defined as the ,ratio of antenna 

gain G and the system noise temperature T. This G/T ratio therefore 

depends not only on the reflector system and feed but also on the 

environment in which the antenna operates, the elevation of the 

antenna and the noise in the rest of the receiver system. 

The remarks above apply not only to the use of the antenna for 

reception purposes but to some extent also to that af transmitting 

purposes. As a matter of fact, a high antenna gain is also wanted 

ih the latter case, while the radiation in unwanted directions must 

be low, to avoid interference with stations operating on the same 

frequency. Low side lobes are therefore essential as well. In case 

the antenna gain is too low for transmission, the transmitter power 

can be increased to some extent, so that the antenna gain is not 

so critical for transmission as for reception purposes. 
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2. Possible approaches for satellite communication ground station 

antennas 

The simplest solution to meet the very high requirements of antenna 

gain in the frequency band of 4,000 - 6,000 MC/s is found in para­

boloid reflectors with a diameter of 25 meters or more. 

A possible arrangement is what is known as front-fed paraboloid 

with the primary source at the focus. This arrangement was selected 

for satellite communication in Goonhilly (lit. 1, 2), but the aperture 

illumination had to he sacrified to low noise operation. Moreover, it 

is found inconvenient to locate low noise receivers at the focus, 

and long waveguides have to be used, resulting in losses. These losses 

form a major contribution to the system noise. 

A means of overcoming the difficulties is found in the cassegrain 

arrangement (lit. 3, 4, 5, 6), where a second focus is introduced 

near the main dish by a secondary hyperboloid reflector. The primary 

feed and low noise receiver can thus be placed near the vertex of the 

dish, keeping the waveguide losses as low as possible. The spillover 

from the primary feed along the secondary reflector is now mainly 

directed towards the cold sky, reducing the antenna temperature. 

Systems with two reflectors offer various possibilities. Instead of a 

hyperboloid subreflector an ellipsoid subreflector can be used 

(gregorian system); other arrangements where slight modifications in 

the cassegrain principles are introduced, are discussed by several 

authors ( lit. 7, 8, 9). 

All these antennas can meet the G/T specifications for satellite com­

munication of 40.7 dB at 4,000 Mc/s. However, great difficulties are 

being met in the keeping the spillover low along the subreflector 

and at the same time in obtaining high aperture efficiency. 
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Better results may be expected by a two reflector system with shaped 

surfaces. This system is very similar to the cassegrain system but the 

main reflector and subreflector are no longer true paraboloid and 

hyperboloid, respectively (lit. 10, II, 12). 

Theoretically the latter modified cassegrain arrangement enables an 

aperture efficiency of 100% to be obtained as the main reflector is 

illuminated uniformly. Moreover, it is permissible to have a subre­

flector edge illumination in excess of -20 dB, thus reducing the noise 

attended with spillover to a considerable extent. Further details and 

the electrical properties of existing or planned antennas for ground 

stations can be found in a recent report (lit. 13). 

The antenna design discussed in the present paper is based on the 

modified cassegrain antenna. Moreover, the report contains several 

calculations and recommendations which apply to the true as well as 

to the modified cassegrain system. 
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3. The classical cassegrain antenna system 

3.1. Introduction 

In 1672, the french optician Cassegrain invented a telescope consis­

ting of two reflectors. This type of telescope has been used by 

astronomers for a long time, and even very recently a new telescope 

was built according to his principle (lit. 14). 

The application of the cassegrain system to microwave attennas is, 

however, of only recent date (lit. 3). 

The classical form of the cassegrain system is shown in Fig. 3.1. 

The system employs a main dish which is a paraboloid and an auxilary 

reflector, or subdish, with a hyperbolic contour. One of the foci, P1' 

is the real focal point of the system and is located near the main 

dish. The other focus, P
2 

is a virtual focal point located at the fo­

cus of the paraboloid. When the primary feed is situated at the focus 

P
1 

and the secondary reflector is illuminated, the waves are reflec­

ted in accordance with ray optics. 

On reaching the main dish, the waves are again reflected in accordan­

ce with ray optics, and because of the antenna geometry employed, the 

rays emerge parallel, with a plane wave front, forming a collimated 

beam. 

At radio frequencies, however, a theoretically analysis of the scat­

tered power from the hyperboloid subreflector may not be carried out 

using rays optics, because spillover and diffraction effects are 

unexplained by optical approximations. A further limitation of casse­

grain systems is the blocking of the aperture by the subdish and the 

subdish support legs. 

It is the purpose of this chapter to explain and calculate various 

effects with regard to antenna efficiency (by means of analytical 

expressions) and to outline the design principles. Moreover., its 

advantages and limitations will be discussed and compared with 

front-fed paraboloids. 
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3.2. Geometrical and optical relations 

The equation of the paraboloid (Fig. 3.1) in polar coordinates is 

2F F 
2 

cos t 1jJ2 
• 

Also from the geometry of Fig. 3.1. 

sin 

so that Eq. 3.1 con be written as 

r = 2F tant 1jJ2 • 

The equations of the hyperboloid in polar coordinates are 

p1 = 

and 

2 fee -1) 

2e(e cos 1jJ2 + 1) 

Combining Eq. 3.2 with Eqs. 3.3 we obtain 

and 

r = 
S 

r = s 

2 -fee -1) 

2e(-e COSljJ1 + 1) 

2 
-fee -1) 

2eCe cos <1>2 + 1) 

A well-known relation in a hyperboloid is 

tan t 'l1 = e-1 
e+1 tan t IjJ 2 ; 

where e is the hyperboloid eccentricity. 

• 

sin IjJ 1 

sin IjJ 2 

<3.1 ) 

C3.4a) 
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Another relation can be found by combining Eq. 3.4b and Eq. 3.5 

and eliminating the eccentricity, giving 

cot ':1.'1 + cot 
2f 

'l!2 = D 
s 

0.6) 

where 'l!1 and 'l!2 are the maximum angles from the horizontal axis 

to the rays from the feed and paraboloid focus respectively. 

Potter (lit. 15) indicates the relationship between the gain function 

of the primary feed and the hyperboloid gain function 

0.7) 

where G1 ( ~1) is the gain function of the primary feed and 

G2 ( ~2) the hyperboloid gain function, both functions being 

circularly symmetrical. Eq. 3.4b, Eq 3.5 and Eq. 3.7 are 

represented graphically by the figures 3.2, 3.3 and 3.4 respec­

tively. 

3.3. The antenna gain 

Silver (lit. 16, p.192) has calculated the secondary field pattern 

of a radiating circular symmetrical aperture obtaining 

at unit 

J (~ OAr 

tD 
E( 6 ) = j2

1t

A 
f E( r) • J (~ r sin 6) r dr 

o A , 0.8) 

o 
distance, where E(r) is the 

sin e) the Bessel function 

aperture illumination and 

of zero order. This expression 

is only valid for small angles 6 • Afifi (lit. 17) has found 

3.8 holds should not exceed 5°. The 

that 

the angle for which Eq. 

maximum intensity of the main lobe is found by substituting 6 = 0 

in Eq. 3.8. See also Fig. 3.5 for the coordinate system employed. 

To obtain a better insight in the relationship between the secondary 

field pattern and the gain function of the primary feed,the aperture 

illumination function E(r) in Eq. 3.8 is replaced by Gl(~l) or 

G
2

( 't'). It makes no difference which gain function is used. as, ac­

cording to Eq. 3.7, they are interrelated. Silver (lit. 16, p. 419) 

has found that 
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2 (~) 
+ PT + 

E(r) = 1i1i c 

PT being the total power radiated by 

and 3.7 we obtain 

+ PT 
1 

( 1:) 
2' 

E(r) 2 = 10< c 

or 

E(r) = 

1 a 
{G

2
( <jJ2) } 

• P2 

the feed. By 

1 a 
{G 2 ( <jJ 2) } 

F 

F 

, C3.9) 

Eqs. 3.1, 3.5 

2 
• cos 

2 
• cos 

1 
2' <1'2 

e-l t ~ --. l'e+l 

C3 .10) 

From Eq. 3.10 it will be recognised that a cassegrain reflector sy­

stem can be replaced by a front-fed paraboloid having a focal length 

of .. 
F = F 

e+l 
• e:I C3.11) 

substituting Eqs. 3.2 and 3.10 in Eq. 3.8 this equation becomes 

E( e ) = j [2(~) :- ~ ] + . ~.cot 
<1>1 

• tan~ • sin e). tan + 

'1'1 

f[Gl ( <1'1)] 
o 

+ 
.J (~ 

o 

• C3.12) 

The maximum intensity for e = 0 is now found to be 

E( a) = j [ 
t 

2(~) . 

The power per unit solid angle p(a,o) radiated in the forward direc­

tion is now given by 

p(a,a) 

and the antenna gain by 

G = 4Jt • p(a.a) 
PT 

2 
I E(a,a) 1 

• C3 .14) 



An equation for the antenna gain is now found similarly to Silver's 

calculations ( lit. 16,p. 

2 

425) 

2~ cot 2 
'1'1 

f 
2 o 

2 

tan 1- <I> 1 d<P 1 • (3.15) 

The factor G 
o = ('f ) is the gain of a uniformly i~luminated constant 

phase aperture; the rest is the antenna efficiency 
\ 

• (3.16 ) 
'¥1 [ ] 1 f G 1(<1> 1) '2 tan 1-

2 '<1 = cot -
'0 2 

2 

J 

For cassegrain reflector systems Eq. 3.15 has to be modified de-

creasing the antenna gain and efficiency (Sec. 3.6) • 

3.4 Aperture Blocking 

A limitation of cassegrain systems is the blocking of the aperture by 

the subdish and support legs. These limitations are less severe in 

front fed paraboloids as the feed which causes blocking in this case 

as well, is mostly much smaller than the subref1ector. Moreover, the 

subref1ector support legs can be made much thinner. Usually, the sha­

dows of the obstacles on the aperture are determined by ray optics, 

not taking into account the effects by diffraction. Corrections due 

to diffraction are mostly introduced afterwards as they play an impor­

tant part in determining the antenna temperature. 

In a cassegrain system plane and spherical wavefronts are found. It 

is explained in Sec. 3.4.2. that each of these wave fronts gives a 

different contribution to the shadow of the obstacles on the aperture. 

Consequently, these parts of the aperture are not illuminated, resul­

ting in the following effects: 

(a) Decrease of the antenna gain; this effect can be expressed by the 
'lB 

relative blocking coefficient ,where T) is the efficiency of the 
o 

unblocked aperture. 'e 
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(b) Increase of the side lobe of the antenna pattern. 

Different contributions are introduced by the obstacles. 

The contribution by the subreflector will be circularly symmetrical, 

while the contribution by the subreflector supnort legs is more 

typical the radiation of a rectangular aperture distribution. 

(c) Increase of the noise temperature of the anten~a, as energy is spread 

from the main beam to the side lobes, if these side lobes are directed to­

wards sources with a high noise temperature. 

3.4.2. Calculations of aperture blocking 

Fig. 3.6 shows a half cross-section of a two reflector system with 

one sup~ort leg. In this figure ~2 is the angular aperture and P2 

is the distance, between the focal point of the parabOloid and the 

edge of the main reflector. Fig. 3.7 is obtained by constructing a 

tangent plane to a cone formed by main dish and subdish and with the 

vertex in the focus. The shadow length 1 on the main dish and the 

width w of the support legs are small compared with the dimensions 

of the two dishes.Therefore, the tangent plane will contain bith w 

and 1. 

Fig. 3.8a shows shadows on the aperture obtained by projecting 

the subreflector and support legs on the aperture by a plane wave, 

perpendicular to the aperture. 

The shadow in Fig. 3.8b is formed by projecting the support legs 

on the aperture by a spherical wave. The fase centre of this spheri­

cal wave is the focus P2. The shadow length 1 can be found from Figs. 

3.6 and 3.7, thus 

= 

D 
s 

2 sin ~ 2 
(3.17) 

P1 being the distance between the focal point and the edge of the 

subreflector. Further, 

w 
tan CJ. = 2p 1 f = w 

D s 
sin 

The angle CJ. is also determined by 

1 
tan CJ. = 2p 2 • 

~2 • (3.18 ) 

(3.19) 
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Combining Eq. 3.18 and Eq. 3.19 we have 

1 
2 = 

w. P2 sin '1'2 

Ds 
• (3.20) 

Substituting Eq. 3.20 in the equation for the paraboloid, Eq. 3.1, 

we obtain 

or 
1 2F.w 
2 = D 

s 
• 

sin '!'2 

1 + cos '1"2' 

tan t'l' 2 • (3.21) 

Substituting Eq. 3.2 in the preceding relation we obtain finally 

the working formula 

1 = w. D 
D 

s 
• 

If the support legs are fixed to the main dish at a distance 
D 

(1-t)'2 from the axis of the cone, the angle ~ is found in Fig. 

3.8c. 

tan t ~ = 
w 
t.D • • 

(3.22 ) 

(3.23 ) 

The projection of the support legs by the spherical wave is very 

similar to a trapezoid. However, Wested (lit. 21) has found that the 

non parallel sides are not straight lines but circular arcs. In spi­

te of this very small inaccuracy Wested used the trapezoid approxi­

mation, as it simplifies the calculations considerably. 

3.4.3. The power balance of the blocked aperture 

If there is no spillover around the edge of the subreflector and 

all the power P
T 

which is radiated by the feed is intercepted by 

the subreflector, the power reradiated by the aperture is found 

by substracting the power blocked PE by the obstacles frorr. the 

total power PT • 
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Let the coordinates of a point in the aperture be ( ~, ~) 

and the electrical field over the aperture F( ~, ~) • The total po­

wer radiated by the non-blocked aperture is according to Silver 

(lit. 16, p. 177) 

2 
IF(~, ~)I dt;.dT) • (r.s). 

z (3.24) 

In this equation s is the unit vector along a ray and 1 the unit 
z 

vector perpendicular to the aperture, along the z-axis. For ~=O 

the rays are parallel to the z-axis so that (1 .s) = 1. z 

If the aperture is blocked by a number of obstacles (Fig. 3.9a 

and b) totalised by 

n=m 
B = L 

n=1 
B 

n 

the blocked power becomes 

, 

f IF( I'; , ~ ) I 
B 

2 

(3.25 ) 

• 

This part of the total power PT is radiated by the primary feed 

but it cannot be reradiated by the blocked aperture in the proper 

way, as it will be scattered by the feed support and the feed cone. 

The gain function of a lossless antenna is expressed by G( e,~ ), 
where e and ~ are spherical coordinates illustrated in Fig. 3.5. 

The gain function must also satisfy the relation 

dQ = 4" 
(3.27) 

d Q being the element of solid angle. 

If P( e ,~) is the power radiated by the antenna per unit solid 

angle in direction e , ~, and PT the total power radiated, the gain 

is defined as 

GC e , <i> ) = 4n PC e ,~ ) 
PT 

• (3.28) 
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The power reradiated by the aperture less the blocked areas will 

now not be equal to Eq. 3.24 but to 

J 
A-B 

IF(/!, ~)I 2 dl; • d~ 

This equation shows that the surface integral extends over the 

• <3.29) 

aperture surface A 
pI 

G,(e,<p)=4 11 

less, the blocked surfaces B. A new gain function 

(e ,<p) '11 b f d d d' th P w~ now e orme epen ~ng on e power 

pI (e ,<p ) radiated p~r unit solid angle whereas 

<3.30) 

Compared with Eq. 3.27, the gain of the antenna where in the produc­

tion of which the blocked power is not transported to the aperture, 

is now determined by 

or 

or 
J 
4 

J G I (e , <p ) dJt I 4n 
411 

J G'(e,<p)dQ = 4n . l1 -:: J 411 

G'(e,,,,)dQ = 411 211 C t I - P T (v:) 1 F( ~,~ ) 
2 

1 d~ d~ • <3.32) 

The power PB is scattered by the subreflector sup~ort legs, feed and 

feedcone and adds new contributions to the antenna pattern G'( e,<p ) 

so that the power balance restored. This scattered power radiates 

in various directions which are difficult to predict. Isotropic 

scatter seems a practical assumption. Practically no scatter will 

be found in direction e = 0 so that the influence on the aperture 

efficiency can be ignored. The modification of the antenna pattern 

by the support legs is even more difficult to estimate. Trentini 

(lit. 8) makes some introductary remarks on this subject, while 

an experimental study at M.I.T. recently carried out gives some more 

detailed information (lit. 20) • Also Wested, too, (lit. 21) studied 

this effect and states the problems clearly. 
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The antenna pattern G' (e,~) with supplementary contributions from 

the scattered power FE will increase the noise temperature of the 

antenna if these contributions are directed towards noise sources at 

high temperatures. Apparently, the blocked power increases the side­

lobe level and the antenna noise temperature as well. This contribution 

has to be added to the contribution already mentioned in Sec. 3.4.1. 

Therefore, the total influence of blocking part of the aperture 

results in a double effect, viz. 

(1) a decrease of the antenna efficiency ~/ ~O and an increase of 

the side lobe level, with the possibility of higher antenna tempe­

rature, as the blocked power FE is not available for reradition by 

the non-blocked parts of the aperture; 

(2) an increase of the side lobe level and, therefore, higher noise 

temperature by the scatter of the blocked energy PE • 

3.4.4. The blocking efficiency 

Let A be a non-blocked aperture and the coordinates of a point in the 

aperture be (~,~). Let the aperture field be F(~,~) • According to 

Silver ( lit. 16,p. 177) the maximum value of the gain function is 

found to be 2 
! I F(~,~) d~ d~ I 

GA= 411 A 0.33) 
A2 

! IF(~,~)12d~ 
• 

d~ 
A 

If the aperture illumination is uniform, F(~,~) will be a constant. 

From Eq. (3.33) the gain in that case is 

G o • 0.34) 

The efficiency ~ of this non-blocked aperture will ~ow be defined by 
o 

the relation 

or 

• 0.35) 
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The integral fIF(~,~) /2 d~.d~ 
by primary fe~a and intercepted 

is a measure for the power radiated 

is present. The integral 

the field intensity. 

by the main reflector if no spillover 

/ F(~,~) d~ d~ , however, is proportional to 
A 

Let the aperture be blocked by a number of obstacles B1 ' B2 ' B
3 

•••••. Bn 
(Fig. 3.9b) and let GAB be the maximum gain of the aperture A containing 

the blocking obstacles B. The efficiency ~B of the blocked aperture is 

now found to be 

~B = 
GAB 
G 

0 

2 or I J F(t;,TJ) d~d~ 
I 

~B = 1 J\:-B (3.36) A • 2 • 

s IF(~,~)I d~ d~ 

A 

Comparing the efficiency of the blocked and non-blocked apertures we 

obtain the relative efficiency 

~ = 1 X· ~o 

or 

I AIB F(~,T])d~ d~ J 
{ IF ( ~,~) I 2 d~ d TJ 

= 

2 

• A • 

2 

• 

The integral f F(~,~)d~ d~ is equivalent to 
A-B 

J F(~, ~)d,; d~ - J F(~, ~)d~ d~ 
A B 

2 
so that J F ( ~, ~) d,;d TJ 

1 _ =B _____ _ 

JF ( ~, TJ) d ~ d ~ 
• 

A 

2 

2 
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In case of uniform illumination, F(~,~) is a constant, therefore, 

= • 0.40) 

In the following sections it will be proved that the blocking effi­

ciency ~B/~O can be further increased to a maximum of 

= /1- ~ , 0.41) 

if the aperture is illuminated uniformly. 

3.4.5. Optimising the blocking efficiency 

In Sec. 3.4.3. it was already found that part of the total power P
T 

radiated by the feed will not be reradiated by the blocked aperture in 

the proper way but scattered in all directions by the feed support and 

feed cone. This chapter will deal with a possible solution to transport 

the blocked power to the aperture in the correct direction and phase 

so that it will contribute to an increase of the blocldng efficiency. 

Let F(~,~) be the field over the aperture A and F'(~,~) the field over 

this aperture after the blocked power is properly spread over the aper­

ture. We want F'(~,~) and F(~,~) to be of the same form. Both fields 

are then related to each other by 

FI(~,'1) = c.F(~,~) 
where c is a constant. 

The power P
T 

radiated by the non-blocked aperture is 

PT = t (~) t {IF(~'~)12d~dT) • 
This power should be equal to 

0.24 ) 

0.42) 

as the total power radiated by the feed will now be reradiated by the 

aperture. Eq. 3.42 is not valid in Sec. 3.4.3, as in that case the block­

ing power P
B 

was lost by scattering. 
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constant c can now be determined by 

= 
!IF(~,TJ)I 
A 

2 d~dTJ 

!IF(~,TJ)I 2d~dTJ - IIF(~,TJ)I 2 d~ dTJ 
A B 

2 

2 £ IF(~,TJ)I d~dTJ 
c = 

I IF(~,TJ)I 2d~dTJ· 
A-B 

FT 
= FT - FB 

0.43) 

0.44) 

Since the illumination is now increased by a factor c, Eq. 3.38 
can be written for the new blocking coefficient 

2 

d~dTJ 
2 TJ B 

= c TJ 
o 

0.45) 

It will be clear that in the demoninator of Eq. 3.45 the field re­

mains unchanged, otherwise the non-blocked aperture would radiate 

too much power. 

Substituting Eq. 3.44 in Eq. 3.45 we obtain 

2 2 

TJ B A£B 
F(~'t'TJ) d~dTJ 

X.£.. 
IF(~tTJ)1 d~dTJ 

(3.46) (-)max = 
2 TJ F(~,TJ) d~dTJ IF(~'TJ~ d~dTJ 0 { A£B 

Comparison of Eq. 3.46 with Eq. 3.37 shows only a difference in the 
demoninator. In Eq. 3.46 we find the expression 

2 

0.47) 

compared with 

0.48) 

in Eq. 3.37. 

Eq •. 3.47 can be explained as being the power radiated by Lle blocked 

aperture with the original aperture field F(~,TJ). This power is less 

than the power radiated according Eq. 3.48. This also means that the 
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~B 

blocking efficiency /~o will increase as compared with the blocking 

efficiency discussed in Sec. 3.4.4, Eq. 3.38. 

In case of uniform illumination, F(~,~) is a constant. 

Hence Eq. 3.46 is written as 

~B 
(-) 
~ max o 

B 
= 1 - A 0.41) 

which expression was already predicted in Sec. 3.4.4. and which also 

shows that gain and surface are in proportion to each other. 

In Eq. 3.41 the term B can be subdivided in contributions due to 

spherical and to plane waves. The present study indicates that by pro­

per shaping (lit. 11) of main and subreflector the shadow on the aper­

ture caused by spherical waves can disappear entire:y. This idea will 

be worked out more in detail in chapter 7. 

3.4.6. Some calculations of blocking efficiency 

3.4.6.1. Uniform illumination 

Fig. 3.10 shows a calculation of the blocking efficiency of a casse­

grain antenna with uniform illumination. It was proved in chapter 3.4.2. 

that the relative blocking coefficient~B/~ is independent of the an-
o 

gular aperture ~2' It was also proved that the long side of the trape-

zoid shaped shadow was equal to wD/D • All shadows have been determined 
s 

by geometrical optical relations. The greater part of these shadows is 

due to the suhreflector supports and particularly the trapezoid shaped 

shadows. The calculated blocking coefficient was 0.91. This figure may 

be improved upon if the illumination is tapered instead of uniform. 

Trentini (lit. 8) has used a different method of calculating the block­

ing efficiency by introducing an average width of the supports. The 

disadvantage of this method lies in the fact no clear insight is avail­

able as to which part of the shadow is formed by spherical waves and 

which part by plane waves. 
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3.4.6.2. Tapered illumination 

In dealing with circular aperture problems polar coordinates (r',~) 

are often used which are related to the usual coordinates (~,~) by 

~ = r'cos~' , and ~ = r'sin ~, 0.48) 

r' being normalised to unity so that r = 1. The aperture field max 
distribution is now denoted by F(r', ~,). 

Doidge (lit. 23) has calculated the relative blocking coefficient of 

a circular symmetrical aperture using the field distribution 

2 p 
F(r') = q + (1-q) (1-r') 0 < q <1, 

where q is the edge illumination taper and p a shaping factor of the 

aperture illumination. Uniform illumination is obtained for q = 1. 

The blocking efficiency is 

~B 

~o 
= 
[ (,-, ) [( +1) + (1- ) (1_6 2)] p 

q(p+1) 

where 6 is the ratio DiD. s 

2 

, 0.50) 

Fig. 3.11 shows the blocking coefficient as a function of the edge 

illumination, where 6 = 0.1. This figure shows that blocking reaches 

a minimum when the illumination is uniform. Attention has to be paid 

to recent work done by Wested (lit. 21). He used an aperture illumina­

tion field 

F(r')=1- a. • r' 
o 

2 
, 

where a is a tapering constant. He has introduced very useful in-
o 

formation by calculating the blocking effects caused by plane and 

spherical waves, although the projection of the supports by the spheri­

cal wave has been approximated by a trapezoid (see also Sec. 3.4.2.). 
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Gray (lit. 22) too, has carried out calculations on the blocking coef­

ficient; however, Wested (lit.21) has pointed out a few inaccuracies 

in Gray's work. Finally Gillitzer (lit. 7) should also be mentioned 

here as his approach is somewhat different from "he others. Following 

his method, calculations were carried out of the blocking effect on 

the antenna efficiency and sidelobes (Sec. 3.4.7.2.). 

3.4.7. The influence on the antenna pattern 

3.4.7.1. Calculation by means of aperture functions 

If the aperture of a circular symmetrical antenna is illuminated uni­

formly the secondary pattern becomes 

g(u) , 

where D is the diameter of the aperture, J 1 (u) a Bessel function of 

the first order and 

TTD 
u = T sin e • 

The angle e constitutes a part of a spherical coordinate system 

(Fig. 3.5) and the antenna-axis is found e = o. 
According to Afifi (lit. 17) this method of pattern calculation is 

only valid for small angles e. Afifi (lit. 17, p. 20) has found 

that the maximum angle 

valid is determined by 

e at which the aperture method is still 
max 

~ 2F 2 e ",4. (width main lobe). ~. 
max I\. 

If for example D = 25 metres, A = 7.5 cm and F/D = 0.33 the width of 
o 60. the main lobe is 0.2 ,therefore e max is approx. 

The effect of a blocking obstacle can be regarded as an 1800 out of 

phase field superimposed on the original distribution, to obtain zero 

illumination over the blocked parts of the aperture. This principle is 

often called the "zero field concept". See also Silver (lit. 16, p.191). 
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The pattern of the subreflector can be represented by 

where 

nD 
g(u') = 

u' = 
nD 

s 

s 
2 

2 

• 

sin e • 

The modified pattern is now (Fig. 3.12) 

g(e) = g(u) - g(u') • 

In this way Potter (lit. 24) has calculated the gain of the blocking 

aperture as a function of subreflector size and frequency for an 85 ft 

antenna with an aperture efficiency of 55 percent. The gain of the 

blocking aperture is also shown. Moreover, a figure is given with the 

location of the first side lobe maximum, as a function of subreflector 

diameter. It can be seen from these figures that the first side lobe of 

g(u') comes nearer to the mainlobe if the subreflector diameter in­

creaseS. Noise contributions of the ground can therefore be kept small 

even at low elevation angles. 

It is easily found from Fig. 3.10 that for uniform illumination the 

intensity of the first sidelobe of the aperture increases accordi:lg to 

the following table 

intensity ratio uniform illumination 

First side lobe of unblocked aperture 0.1318 (-17.6 dB) 

Contribution of subreflector 0.0100 

Contribution of supports 0.0350 

First side lobe of blocked aperture 0.1768 (-15 dB) 

The effect of tapering the illumination down towards the ed';e of the 

subreflector can also be illustrated by aperture distributi~n functions. 

Silver (lit. 16, p.194) has carried out calculations using the fol­

lowing aperture field distributions 
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p;:;; 1,2,3, .... 

and 

F(r',<p ') 
2 2 = 1-r' cos <P' • 

Sciambi (lit.25,26) has carried out calculations with an aperture dis­

tribution already mentioned before 

• 

The results of his work are shown by a great number of very clear 

graphs. The paper of Doundoulakis (lit. 27) is worth mentioning. He 

uses a method in which the distribution over the aperture can be 

characterised by its moments J" m ( Silver lit. 16, p.184). It is found 

that the gain function of a circular reflector possessing a circular 

symmetrical field distribution F(r') can be written as 

2 2n )In 
g(u) 1tD 

=2 

Eq. 3.59 is found by substituting the Bessel function 

J (ur) = .L 
o 

n 
(-1 ) (ur' )2n 

n==o 

in the equation 

where 

and 

g(u) = 

)l = n 

o 

1 
!F(r') J (ur')r'dr' 

o 

1tD 
u = r- sin e 

1 
! F(r') r,2n+1 dr' • 

o 

U.59) 

U.60) 

U.61) 

A great number of calculations have been carried out by aperture field 

distributions such as 
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F(r' ) : (1_r,2)q 

-kr' 
F(r' ) : e 

and 2 
-pr' 

F(r' ) : e 

where k, P and q are constants describing the order of taper of the 

aperture illumination. 

Afifi (lit. 17, p. 49) has also carried out calculations with the cir­

cular rotational symmetrical function 

F(r'):1- n 
a r' 

and for different values of n. 

0< a< 1 

The contribution of the supports to the radiation pattern of the main 

aperture is different from the circular symmetrical contribution of the 

subreflector. The supports can be regarded as rectangular radiating 

apertures so that according to Silver (lit. 16, p. 180), the radiation 

pattern of the supports at uniform illumination will be 

g(e ,<p ) : A. [_:_:_n_::":~_ea_)_s_l._' n_e_c_o_s~<p_l [s;: ~ b sine sin<p 

r- Sl.n cos<p :- sine sin<p 
O. 4) 

where A is the aperture and a and b are the dimensions of the aperture • 

A number of examples are found in Silver (lit. 16, p, 187). 

The work of Gray (lit. 22) should also be mentioned here. He approxi­

mates the contribution of the supports to the radiation pattern of the 

antenna. 

It has been mentioned before that in addition to the above calcula­

tions the contributions of the blocked and scattered power should also 

be taken into consideration. Very little is known about this phenomenon. 

A survey of the effects mentioned above is found in Trentini's work 

(lit. 8.) • Fig. 3.13 shows these effects. Curve 1 shows the pattern 
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of an aperture with a tapered edge illumination of -20 dB corresponding 

to 

F(r') = 1 - t;1 r,2 <3.65 ) 

where t = 0.11. Curve 2 shows the pattern of a uniformly illuminated 

aperture. The blocking effects of subreflector and supports are found 

in curve 3, where the edge illumination taper is -20 dB and curve 4 

the blocking effects at uniform illumination. 

It may be concluded that no purpose is served by tapering as the side­

lobe level is mainly determined by the blocking effects. 

3.4.7.2. Calculation by means of gain functions 

According to the zero field concept already discussed in Sec. 3.4.7.1. 

the obstacle field should be superimposed on the original field so that 

over the blocking aperture the illumination is zero. For the subreflector 

this means that the aperture field between 0 and t D should be sub-s 
tracted from the original field. 

Apparently all radiation between 0 <~2 < ~B (Fig. 3.1) from the feed 

is blocked and scattered in all directions. Using the same constants 

as in Sec. 3.2. the pattern to be subtracted from the main pattern is 

ltD 
s 

A 

~2 
tan - 2 d~ 2 

"2 s 

J
' ltD 

) J 0 (-A-

<3.66) 

Generally, Ds is small compared with D, hence G2~2) is constant for 

o <~ 2 <~ B' Confined to this small region, the angle ~ 2 will be so 

small that ta,n t ~ 2 = t <I> 2 • 

As 

I x J (x) dx = x J (x) 
o 1 

<3.67 ) 
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Eq. 3.66 can be written as 

and after filling in the integration limits 

• 
nD 

s sine 
A 

Considering that in the region 0 < 0/ 2 < Y B 

tan i ," ... '+' 1 tan t "'2 ' 

and using Eqs. 3.1 and 3.2, Eq. 3.69 becomes 

and for e", 0 

["Zl ' 
3.5. Diffraction 

nD 
A 

D 2 
t'l' 1'(D s) 

nD 
2J

1
(T)sine ) 

',,;0 
s sine 

A 

D 
(2./ • 
D 

3.5.1. Diffraction phenomena introduced by the subreflector 

0.68 ) 

, 0.70) 

The cassegrain system was originally designed for use at optical fre­

quencies. At radio frequenties, however, the dimensions of the sub­

reflector may often be in the order of a few wavelengths. Diffraction 

effects will now arise, which cannot be explained by geometrical optics. 

The diffraction effects play an important part in the determination 

of antenna noise temperature, so that methods are to be found to calcu­

late this phenomenon. A very good approximation can be obtained by cal­

culating the field by optical methods and adding a correction term 

found by means of· the principle of stationary phase, according to Sil­

ver (lit. 16 p. 119). By this method it is found that under certain 
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circumstances only stationary points yield contributions to the elec­

trical field. The integrals used can beextented to infinity as the 

effects of a whole surface differ to a negligible extent from the 

areas about those points on the surface which have a stationary phase. 

If the domain of the surface is not infinite, one of the variables in 

the field integrals should not be extended to infinity. 

Calculations following this method have been carried out by Gillitzer 

(lit. 7). It has been found that the field reflected from the subreflec­

tor is partly characterised by small oscillations, which are explained 

by fresnel integrals. Near the edge of the subreflector, however, the 

field decreases monotonically; this decrease continues even for the 

region where ~ 2 >p 2(Fig. 3.14). The total field reflected from the 

subreflector is found from the sum of the variations discussed above 

and the field found by using geometrical optics according to Eq. 3.7 

and Fig. 3.4. 

An accurate method determining diffraction effects has been carried 

out by Rusch (lit. 18). According to Silver (lit. 16, p.149), in this 

method, which involves very complicated calculations, the field scat­

tered from the subreflector is found from an integration of the indu­

ced current over the surface of the subreflector. Comparing the two 

methods, it appears that the approximation with the stationary phase 

principle gives very good results if the subreflector 

field G2 ' (~2) reflected from the D > > A. The total 
s 

can now be split into two parts 

and 

diameter 

subreflector 

The field G2(~2) is determined by geometrical optics according to 

Eq. 3.7. The field in Eq. 3.73 expresses the monotonic decrease of 

the amplitude of the reflected wave near the edge of the subreflector 

by an exponential term. 
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From calculations already carried out by Gillitzer (lit. 7) it is 

easely found that 

0,65 ~ A 
sin 'I' 2 

'I'D = '1'2 - D <3.74) 
s 

and 

1 '07::-~ A 

D 
Y 

s 
<3,75 ) = sin '1'2 

• 

In these equationsY D is the angle from where the monotonic decrease 

of the field scattered from the subreflector begins. This decrease 

reaches a value of -6 dB at the angular aperture 'I'20f the paraboloid 

~ig. 3.14). This value is in accordance with the computer results pu­

blished by Rusch (lit. 18). Also Potter (lit. 19) has found this value 

by a totally dif:'.,Ient method. Summerising, the total field G' (,<I> 2) 

is equal to the field found by geometrical optics for <I> 2 < 'I'D and has 

to be multiplied by an exponential term between 'I'D and '1'2 resulting 

in a decrease of -6 dB at <I> 2 = 'I'D. 

For values <1>2 >'1' 2 Eq. 3.73 rapidly becomes very inaccurate compared 

with the Kirchhoff integration over the subreflector surface such as 

made by Rusch. If the field for <I> 2 > 'I' 2 has to be found, the cal­

culations of Rusch offer very good possibilit~es. 

In connection with Eq. 3.12 the radiation diagram has to be corrected 

by 

In 

• J (~ 
o A 

the forward 

Es(nl=j r ?(~ 1 t 

'1'2 
cot 2" 

'I'D 

'1'2 <1>2 <1>2 
cot 2 tan 2" sin 6) tan 2" d<l>2 • 

direction, where 6= 0, we obtain 

t '1'2 '"'Y (<I> 2-'1'D) 

:_T 1 1t D 'I' 2 r fG _ (4' 11t r_, 
" 

,-~C':otT ., 
1 



3.5.2. Diffraction and scattering of the subreflector supports 

The scatter problems of the subreflector supports have been discussed 

in principle by Trentini (lit. 8), who, however, used geometrical op­

tical methods. The discussion is completed by some radiation patterns 

which have been measured including the influence of the supports. 

Potter (lit. 6) also discusses this matter as being a very important 

factor in the design of a cassegrain antenna. A short introduction 

into the problems is found in one of Wested papers (lit. 21), but he 

could develop no complete theory. 

Experimental work on this problem has been carried out at M.I.T. and 

published by Sheftman (lit. 20). The summary of literature above makes 

it clear that this problem has the attention of several designers but 

that a conclusive theory has so far not been found. Apparently, here 

lies a problem for further study. For the moment we assume that half 

of the scattered radiation is directed towards the ground the other 

half towards the sky. 

In practice, some measures have been taken to suppress noise contri­

butions due to scattering of the supports. In Goonhilly only 3 sup­

ports are used instead of the conventional 4. The supports are situated 

in such a wa~ that the greater part of the scattering surface of 

the supports is directed towards the sky if the antenna axis makes a 

small elevation angle with the horizon. A decrease of noise tempera­

ture was found (lit. 1). The design of the antenna in Raisting (lit.8) 

contains a ring around the main reflector to give protection against 

noise contributions from the "hot" earth. It seems better, however, 

to use only a ring for the bottom half of the main reflector, to pre­

vent the top half from introducing scatter directed towards the earth. 

By omitting the top half, at low elevation angles of the antenna, scat­

ter will be directed towards the sky instead of towards earth. 

3.5.3. The diffraction efficiency of the subreflector 

Let ~ be the efficiency of an antenna system without blocking and, 
o 

according to Silver (lit. 16, p. 425), be represented by 



Z '¥Z 
'1 = cot -

o 2 
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2 

• 

The relative diffraction efficiency ~D is found from 

= for e = 0 

0.16) 

where ED(e) is found from Eq. 3.77 and E(e) from Eq. 3.13. 

As the integration region is limited, Eq. 3.77 can be approximated 

by the equation 

<1>2 
tan "2 = 

'¥Z 
tan 2 . 

Ar~;er some calculation Eq. 3.77 can be written 

"C' ).0. ,8 j rC~)' J r- ~D . [,,(V,) .'"::V .2 ] , ;0" ,.0 (3-.80) 

Substituting Eq. 3.16 and Eq. 3.80 in Eq. 3J 8 we find 

0.81) 

A sin" t 

~2J 
'10 .Ds • 0.82) 

where 

3.6. The antenna gain as a function of system parameters 

Using the equations 3.13, 3.71 and 3.77 it is possible to obtain in 

one equation the effects of blocking and diffraction of the subreflector 

(lit. 52) 

Z '¥ 1 
• cot 2 

'¥2 
-cot Z 

'¥1 

J [G 1 ( <I> 1 ) It tan ~ 1 
d<l> 1 - [ G 1 (0) ] 

'¥2 

~/1 D 2 
tan .-(-'!!) , D 

Z 

d<l> 2 • 0.83) 
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2 

The factor (~) is the gain for a uniformly illuminated constant phase 

aperture, the rest is called the antenna efficiency ~. This efficiency 

will always be lower than 1. In Eq. 3.83 a great number of parameters 

are present influencing the gain of a cassegrain system. Calculations 

have been carried out to find out the relationship between the anten­

na efficiency ~ and 

( 1) the ratio F /D or angular aperture 'I' 2; 

(2) the diameter of the subreflector D ; 
s 

(3) the tapered illumination towards the edge; 

(4) the radiation pattern of the primary feed G
1

( ~1)' 

The feed patterns considered belong to the class 

These feed patterns are very similar to the main lobes of most availa­

ble feeds. The chosen valus of n. are 60, 40, 24, 16, 12 and 10; the 

higher the value of n, the smaller the main lobe of the feed pattern. 

The edge tapers were -6 dB, -8 dB, -10 dB, -15 dB, -20 dB and the 

diameters of the subreflector 2lh , 24A , 27A , 30A , 33A , and 36A • 

The diameter of the main reflector was kept constant for all calcula­

tions (D=333A). These time consuming calculations could only be carried 

out by a computer. The results of these investigations have been laid 

down in a number of figures (Fig. 3.15 to 3.18, page 3.33). Some very 

important conclusions can be drawn from these figures. Using the cosine 

shaped feed pattern, it is in the first place clear that the maximum 

antenna efficiency that can be reached is about 74%. Comparing this va­

lue with Silver (lit. 16,p. 426) who used similar feed patterns as pri­

mary radiators for front-fed paraboloids, the antenna efficiency is a­

bout 8% lower. This difference is entirely determined by the influence 

of the subreflector. Figs. 3.15 and 3.16 answer the question if the 

antenna efficiency is a function of the ratio F/D ( or angular aperture 

'I' 2)' It is clear from these figures that there is practically no re­

lationship. Using a subreflector diameter of 33A , it appear.s that the 

highest efficiencies are found at F/D = 0.25, the efficiency decreasing 

very gradually at at increasing F/D. As the curves are very ~lose to 

each other only curves for F/D = 0.25 and F/D = 0.48 are given. 



-3.27-

If the subreflector diameter is changed, it is possible to obtain a 

slight increase in efficiency. A maximum was found of 74.2% at an F/D 

ratio 0.25, an edge illumination of -10.5 dB, and a sub reflector 

diameter of 24A • 

The maximum efficiency at an F/D ratio of 0.48 was 73.3% at an edge 

illumination of -10 dB and a subreflector diameter of 27A • Although 

the differences are very small, a low F/D ratio seems slightly favourable. 

Fig. 3.17 shows the maximum efficiency that can be reached with different 

primary gain functions. These curves show that the primary feed pattern 

G1(~ 1) is not critical, as for practically all values of n from 10 to 60 

in the gain function G1(~ 1) = 2(n+1) cosn~ 1 an efficiency could be 

reached of about 74%, although this figure is reached under slightly 

different circumstances, such as edge illumination and subreflector 

diameters. In Fig. 3.18 using the primary gain function mentioned above 

with different values of n as parameter the efficiency is found as a 

function of the subreflector diameter. It appears that an optimum value 

of the efficiency can be reached. A maximum may be expected if it 

realized that the losses due to blocking increase at increasing D , while 
s 

conversely, the losses caused by diffraction decrease if D is increased. 
s 

The maximum in the curves, however, is very flat; therefore, the choice 

of diameter D of the subreflector often depends on other circumstances s 
such as the influence of the noise temperature (see chapter 4). 

3.7 Conclusion 

If a comparison is made between the front-fed paraboloid and the 

cassegrain antenna it appears that in the latter the primary feed is 

much better located. In this way the waveguide connections between feed 

and low losses in the antenna system. Location of the feed near the vertex 

and low noise receivers can be kept short introducing only low losses in 

the antenna system. Location of the feed near the vertex of the paraboloid 

is found very convenient for service purposes. 

The noise properties of the cassegrain antenna can also be expected to be 

better than those of a front-fed paraboloid, as in the latter case the 

greater part of the spillover is directed towards the "hot" earth, while the 

cassegrain system has no such contribution. There is spillover around the 

edge of the subreflector of cassegrain antennas; ~l:"ever the greater part 
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of this spillover is directed towards the cold sky. Further, the sub­

reflector blocking causes side lobes centering around the main lobe. 

Spillover and blocking sidelobes will therefore only contribute to the 

antenna noise temperature at very low elevation angles, while the front­

fed paraboloid receives radiation from the ground at every elevation angle. 

A disadvantage of the cassegrain system is no doubt a decrease in an­

tenna efficiency by blocking and diffraction introduced by the subre­

flector. Diffraction occurs if the dimensions of the subreflector are 

no longer much greater than the wavelength. It appears that a decrease 

of 8% in antenna efficiency caused by these effects may be expected. 

The investigations carried out so far indicate that the subreflector 

supports are very important as well. The aperture surface blocked by 

the supports is even greater than the part blocked by the subreflec­

tor_ 

It has been proved theoretically that blocking results in a double 

effect. A decrease in antenna efficiency may be expected not only be­

cause parts of the aperture are blocked, but also because the blocking 

power PB is scattered (Sec. 3.4.3.). Both effects increase the sidelobe 

level and the antenna noise temperature. The effects of blocking can 

be decreased by shaping the subreflector surface. 

Interesting conclusions can be drawn from calculations carried out by 

a computer. It appears that by blocking and diffraction of the sub­

reflector the antenna efficiency ~ decreases from 82% to 74%, ~ o 0 

being the product of aperture efficiency and spillover efficiency. It has 

also been shown that an efficiency of 74% can be obtained with almost 

every primary gain function. The calculation on diffraction of the sub­

reflector shows the important contribution of this effect to the noise 

temperature. Diffraction at the main reflector also contributes to 

some extent to the noise temperature. 
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4. On antenna noise temperature 

4.1. Introduction 

The antenna noise temperature is becoming a very important feature 

nowadays, owing to the application of antennas for satellite 

communications. These satellites mostly operate in the frequency 

band of 4 to 6 GHz. Earlier, the noise temperature of microwave 

receivers was high compared with the antenna noise temperature. Special 

compo~ents like masers and parametric amplifiers have now reduced the 

receiver noise temperature in this frequency band to about 5 to 30oK. 

In designing antennas for satellite communications great care has to be 

taken to keep t"e antenna noise temperature on the same level. 

This paper pays much attention to the environment of the antenna 

seeing that the earth acts like a full-absorbing medium as well as a 

partially reflecting surface. 

The antenna temperature is calculated for the case that the radiation 

pattern a( e,~ ) is known either analytically or by measurement or by 

calculation. Detailed computations have been carried out for an isotropic 

antenna, an antenna radiating isotropically in one hemisphere, and a 

cassegrain antenna system with a pattern known by measurement. A theory 

is developed for the calculation of the ''Jise temperature in case the 

antenna radiation pattern G( e,~ ) is not known precisely. It appears 

that the noise temperature can be found by adding a great number of small 

contributions. In a two-reflector system these contributions can be: 

spillover along the subreflector, diffraction at the subreflector edge, 

back radiation of the feed, etc. 

The influence of the reflection losses and ohmic losses of the antenna 

system have also been examined, and the surface inaccuracies of the 

main reflector and the corresponding noise contribution have been studied 

as well. 

Finally, the figure of merit of the antenna G/T is discussed together 
s 

with the part played by the system components not belonging to the 

antenna. 

! 
1 
I 
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4.2. Physical background 

An antenna receiving a signal in a frequency band with a bandwidth 

of B Hertz will also receive noise power in that frequency band in 

accordance with the relation 

':1 = k • TA • B 

8 -23 0 where k = Boltzmann's constant = 1.3 .10 Joule/ K, and TA = the 

antenna temperature. 

Therefore,the noise power delivered to the antenna terminals is charac­

terised by a number TA in degrees Kelvin. Apparently the antenna noise 

power is calculated in the same way as the noise power of a resistor 

at a temperature of TO K. 

The bandwidth B is mostly kept small, so that the antenna temperature 

is kept constant within the frequency band. In satellite comminications, 

however, the antenna temperature should be known over a wide frequency 

range (3700-4200 MC/s). 

Noise power received by an antenna may be radiated by any hot body at 

all frequencies. The distribution of this energy as a function of the 

frequency for an ideal black body is given by the Planck's radiation 

law and the approximation of Rayleigh-Jeans which holds reasonably 

well at microwave frequencies. To derive an expression for the antenna 

temperature discrete thermal sources are replaced by equivalent black 

bodies everywhere in the field of view of the antenna (lit. 33). A 

single discrete source radiates thermal energy according to the Rayleigh­

Jeans law through a small cone of solid angle at all parts of the 

antenna. An integration has to be carried out over the whole antenna 

to find the total power available at its terminals from the single 

discrete source. A second integration has to be carried out over the 

entire antenna pattern to add the contributions from all the discrete 

sources to the power at the antenna terminals. When the derivation 

is completed the equation for the noise temperature is: 
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G( e, IP) .T( e ,IP ) sine (4.2) 

where 

T( e,,!> ) = distribution of the temperature over all angles 

about the antenna; 

e,'P = spherical coordinates according to Fig. 4.1 
and G( e , ,!> ) = the gain function of the antenna defined by 

(4.3) 

where P( e,,!> ) = the power radiated per unit solid angle in the 

direction ( e, '1'), 

and PT the total power delivered to the lossless antenna. 

It is convenient to write P( e, 'I' ) as the sum of two orthogonal 

.:omp1etely decoupled components (lit. 16 p. 90) 

P( e, 'I' ) = p ( O,tp ) + P (e ,<P ) 
P c 

P being the principle and P the Cross polarised component. p c 

We noW introduce the normalised gain function 

G ( 
n 

) = p( 6 ,sp ) 
6, 4' 

P( 0, ° ) 
=GC8,p) 

G( 0,0 ) 

(4.4) 

(4.5 ) 

where P(O,O) is the power per unit solid angle in the direction (0,0), 

and G(O,O) the maximum gain of the antenna. 

Therefore 

G ( e,'I' ) = G (6,4') + G (6,'1'). n np nc (4.6) 

The gain function of an antenna is thus split into two orthogonal 

components defined by 
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p ( 8,'1' ) 
G ( e,'I' ) E 

np p (o,o)+p (0,0) 
p c 

(4.7) 

and 

p ( 8, 'I' ) 
G ( 8, 'I' ) 

c 
nc P (O,O)+p (0,0) p c 

We assume that in the far field the antenna is surrounded by a sphere 

with an absorption coefficient of 1 and temperatures T ( 8,'1' ) and 
p 

Tc( e,'I' ) on the sphere. Moreover, vacuum exists within the sphere so 

that there is no atmospheric influence. 

We can now write Eq. 4.2 

G(O,O) n 2n ["I T - I r 8,'1' )G ( "., )., 1 "., ), 1 ".,)] • A 4n J np c nc 
8 =0 'F 0 

.si18 d'l' d8. (4.9) 

This expression is useful for radio astronomy where the radio sources 

are not always randomly polarised. 

For the determination of the noise temperature in a satellite communi­

cation system it is sufficient to assume that the noise temperature of 

the sources is indepedent of the polarisation so that 

T ( 8,'1' ) = T ( 8,'1' ) = T( 8,'1' ). 
p c 

(4.10) 

Eq. 4.9 is now written 

= G(04~) ! 
8=0 

2n 
I 

'F 0 

T( 8,'1' ) • [G (8,'1' )+G ( np nc sin8 d'l' de • (4.11) 

An antenna design usually contains very low cross polarisation components, 

but if these components are present, they must be taken into consideration, 

because the total noise temperature mostly consists of a great number of 

very small contributions. If the cross polarisation component can be 

neglected, Eq. 4.11 can be written as Eq. 4.2. Now Eq. 4.2 can also be 

written 

T( e, 'I' ) p( 8 , P ) 
1 P

T ~. 

dO 



or 

TA = II T( 6,'1' ) • P ( 6,'1' ) dQ 
n (4.12) 

41\ 

where 

p ( 6,'1' ) P( 6 1 '1' ) 
= PT 

n (1+.13) 

Calculating the antenna temperature it is often possible to indicate a 

solid angle 6Q in the direction ( 6,'1' ), where the temperature is a 

constant. If the power P( 6,'1' ) radiated within that solid angle is also 

constant the contribution to the antenna noise temperature of that solid 

angle can be written 

T( 6, 'I' ) • P ( 6, 'I' ) • 6Q 
n • (4.14) 

If the power P( 6,'1') is not a constant, it is often possible to substitute 

in Eq. 4.14 the average normalised power P
n

( 6, '1') instead of 

P ( 6, 'I' ). The term P ( e, 'I' ). 6Q can also be explained as being the total n n 
relative power radiated within the solid angle 6Q in the direction 

( 8,'1' ) and presented as the coefficient ~:r. • If the total "antenna volume", 

41\ , is divided into a number of solid angles having an average temperature 

of T., the antenna temperature will be 
1. 

n 
TA= I ~ .• T. 

i=l 1. 1. 

where 

n 

L ~i = 1-
i=l 

(4.16) 

If, for example, 1% of the power of the antenna is radiated in the 

direction of a full absorbing medium with a physical temperature of 

300
0 

K, the contribution of this quantity to the total noise temperature 

of the antenna will be 0.01 x 300 = 3 0 K. 
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4.3. The antenna noise temperature and the atmosphere 

Let us consider a theoretical antenna radiating all the power into a 

small solid angle i\Q where the temperature T( e,<p ) is a constant. 

Eq. 4.15 now becomes 

TA = T( e,<p ) , (4.17) 

Since in Eq. 4.15 ~. = 1 and n = 1. Apparently there is only one Con-
l 

tribution to the noise temperature. As long as the temperature T( e,<p ) 
is constant within the solid angle i\Q, the antenna temperature TA will 

also be constant and independent of the antenna gain. 

If this theoretical antenna model is located in vacuum, the atmosphere 

will have no influence on the antenna temperature. Only galactic noise 

will be received no':: (lit. 30,37), resulting in an antenna temperature 

which depends on the frequency (Fig. 4.2). Work carried out by Dicke 

(lit. 38) has shown that the galactic contributions of Fig. 4.2 should 

be increased by 3.5
0 

K. This increase is caused by cosmic blackbody 

radiation finding its origin in the expending universe. 

If the theoretical antenna model is now located in the atmosphere, 

absorption takes place by oxygen and watervapour. Therefore, the 

atmosphere acts like an attenuator with a certain physical temperature 

and will have its contribution to the noise temperature TA• The 

atmosp~Jre should be described near the location of the antenna. For 

calculating purposes, however, mostly standard pressure and temperature 

condi tions are tal<en from the "In terna tional Hodel Atmosphere". Fig. 4.:; 

shows the dependence of temperature, pressure and water vapour as 

functions of the height, where the normalised radio radius of the earth 

is 8500 km. No significant differences are found comparing the standard 

atmosphere with the real atmosphere (lit. 32). 

Oxygen has magnetic di~ole resonance at 60 GHz (lit. 39). This effect 

causes absorption within the frequency band of 1 - 10 GHz, which is 

nearly independent of the frequency but strongly dependent on the 

antenna elevation (lit. 30). 
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The water vapour causes two different absorption phenomena; first, 

there is electrical dipole resonance at 22.5 GHz and secondly the 

absorption of the water vapour in the infrared region has its influence 

also in the frequency band 1 - 10 GHz. If the total absorption coefficient 

ex = ex + 0. is known (lit. 35, 1+0) the antenna temperature can be 
o w 

calculated (lit. 41) 

where a = 
ao = 
ex = w 

T(r) = 

T 
A 

= la • T(r) exp (­
o 

r 
ladr) 
o 

dr, 

total absorption coefficient, 

absorption coefficient of oxygen, 

absorption coefficient of water vapour, 

the temperature at any point in the atmosphere at a 

distance r from the antenna. 

(4.18) 

Calculated curves of TA are found in Fig. 4.2 carried out by Hogg 

(lit. 30) He also made several calculations with different concen-

trations of water vapour in the atmosphere. A great number of investigators 

have measured the atmospheric noise temperature. A graphical survey of 

the results at 4 GHz is given in Fig. 4.4. 

Analytical approximations of the average atmospheric noise temperature 

can now be made as follows 

= ( 2,2 
cos e + 0,8) oK for 0 < e< 87.50 

90 < e < 180
0 

(4.19) 

4.4. The antenna temperature and its environment 

The discussion has so far been limited to a theoretical antenna 

radiating all its power in a small beam 6$1 surrounded by an absorbinG 

medium. In practice, however, the earth will partly reflect the incident 

energy. The earth will therefore not act as a black body rr diator at a 
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temperature of 2900 K but its contribution will depend on the Fresnel 

reflection coefficient, assuming the earth acts as a smooth surface. 

The Fresnel coefficient should be known for both horizontal and ver­

tical polarisations. If the earth acts as a rough surface its scattering 

behaviour is predominantly diffuse and cannot be prescribed by one 

reflection coefficient. In this case a number of scatter coefficients 

have to be defined (lit. 42). Various calculations and measurements are 

found .in the literature (lit. 42,43). It appears that the noise 

temperature depends on the polarisation and the roughness of the terrain, 

but only to a very small extent. For calculation purposes, therefore, 

the earth is often considered not to reflect so that in practice the 

antenna temperature, after inspection the terrain, will always be some­

what lower. 

An expression for the antenna temperature TA is found below for the 

assumption that the earth is a smooth reflector with a reflection 

coefficient R (lit. 42). Let us consider the antenna shown in Fig. 4.5. 

This antenna has a very narrow beam 6Q • Further, the antenna is assumed 

to be loss less and mounted at a height h above the ground. Beamed at 

various angles e with respect to zenith this antenna sees the true 

brightness temperature T(e), independent of 4' because the location is 

circula .. · symmetrical. The sky noise from the angle It-eo 

at point P according to the reflection coefficient of the 

The antenna located in 0 will therefore see a temperature 

is reflected 

earth at p. 
2 IR \.T(e). 

Between 0 and P noise due to loss in the atmosphere also contributes 

to the antenna temperature. The atmosphere can be characterised by 

the loss factor 

L(h) = exp (-0,2303 • CL .h.sec e ) 
o 

where h = height of the antenna, 

(4.20) 

CL = attenuation per km; at 4 GHz, ~ = 0.0058 dB/km. 

The reflection of the sky noise due to absorption between P and 0 

will contribute to the total noise temperature an amount of 

I R 1
2 

• Te • L( h) • (4.21) 
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The earth also generates noise that enters the antenna directly and 

will contribute to the antenna temperature in 0, this contribution 

being attenuated as well, namely 

" = ( 1 - T 
s 

(4.22) 

o where T is the temperature of the earth, assumed to be 290 K, and 
o 

T the temperature of the sky. 
s 

The total antenna temperature measured in ° is therefore 

2 2 
• L(h). Te + {l- IRI } T L(h)+ 

o 
(l-L(h)} 

4.5. Noise temperature calculations 

T • 
s 

4.5.1. Calculation procedure if the gain function of the antenna 

is known 

In Sec. 4.2 an equation was found to calculate the antenna noise 

temperature 

1 
= r- J J G( e 

'+ll 411 
,,+, ) • T( e,,!,) dQ (4.2) 

This equation can be used if the functions G( e,,+, ) and T( e,'+' ) 

are known. Another expression has been derived for the antenna 

temperature being 

n 

TA = I ~i·Ti 
i =1 

• (4.15 ) 

Eq. 4.15 can be used succesfully when it is known to what solid angle 

the various parts of the total power of the antenna are radiated. It 

should be kept in mind, however, that Eq. 4.16 still holds. In all 

subsequent calculations in this paper the function T(e , '+') is chosen 

according to the three analytical expressions in Eq. 4.19 found in Sec. 

4.3. 

We shall first consider an isotropic radiator where G( e,,+, )=l. 

Therefore, Eq. 4.12 is written 



-4.10-

11 211 
1 J T( e, '1') Tj, = n J • sine d<p d 8 

8=0 '1'=0 

or 

11 
TA = t J T(8 ) sin8 d8 . (4.24) 

0 

Substituting Sq. 4.19 in 4.24 and carrying out the integration it is 

found that the antenna temperature of an isotropic radiator at 4 GHz 

is 

4.5.2. The temperature of an isotropic antenna radi~'ing in one 

hemisphere 

We will consider an antenna radiating isotropically in one hemisphere. 

The antenna is located in the origin of a threedimensional coordinate 

system x, y, z, where e and 'i are spherical coordinates (Fig. 4.1). The 

antenna gain is now only defined right of the xZ plane and will be 

zero left of the xz plane. The gain of the antenna is G(e ,'I' ) = 2 

for 0 < 'I' < 11 and 0 < 8 < 11 • The temperature of this antenna can 

be easely calculated if the antenna axis points along the y-axis, 

where 8='1' = ~ • The procedure is similar to that carried out in Sec. 

4.5.1. Indeed, the antenna gain is 2, but 'l'is only integra ted over 11 

rad. It is therefore no suprise that the antenna temperature is here 

as well. 

If the antenna axis points to zenith, where 8=0, and the integration 

is carried out, it is found that 

211 
11/2 

1 f 2.T( ) d'l' d8 10 0 K. TA = Tt1if 8.'1' sin6 = 

'1'=0 8=0 

If the antenna axis is directed to 8 • ~0(Fig.4.6) the a: tenna temperature o 
is a function of 6

0 
and ~o therefore 
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• (4.25) 

Using the expression for an antenna radiating isotropically in one 

hemisphere we find 

e - 11/2 11/2 

! 2T( e,'I') dQ. (4.26) 
e ~, 

o 
By means of spherical trigonometry it is found (lit. 36) that 

~, = arc sin ( cot e. tg 8
0

) • (4.27) 

A calculated curve of TA as a function of 80 is found in Fig. 4.7. 

4.5.3. The temperature of an antenna with a measured pattern a( e ,'I' ) 

If the radiation pattern of an antenna is known by measurement it can 

be found what part ~. of the total power is radiated by the antenna 
~ 

in any solid angle. Therefore 

'1'2 e2 
1 ! £1 G ( e ,'I' ) sine d<p de 

~ = 4il ~l (4.28) 
i • 

2Tl 11 
1 ! ! G( e,'I' ) sine d'l' de 

1j:ir 0 0 

The solid angle is defined by '1'2 - '1'1 and e2 - e l while it is easely 

found that the denominator of Eq. 4,28 is equal to 1. As most radiation 

patterns show circular symmetry the integration over 'I' may be carried out 

from 0_ 2 Tl • Eq. If.28 becomes 

e 
i+l 

! 
e. 
~ 

G(e). sine. de • (4.29) 

)!lostly the measured antenna patterns are very erratic so tl:'3.t ~i 

cannot be found analytically. The problem can still be solved by 
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graphical integration using a planimeter. In that case the 6 axis has 

to be weighted according to 6'6 = sin 6 • 66 • 

Fig. A.l of the appendix shows the radiation pattern of a conical 

horn antenna. Figs. A.2 and A.3 also show the radiation patterns but 

now for the weighted 6 axis. An example of calculation is given to find 

the quantity of the total power radiated between the -10 dB points of 

the main lobe. 

Reed (lit. 44) divides the antenna pattern in seven portions: main lobe, 

first order sidelobes, near sidelobes, forward spillover in cassegrain 

systems, far sidelobes, rear spillover, and blacklobes. In all the~e 

portions the relative power content ~i has to be calculated or 

estimated keeping in mind that 

~. = 1. 
). 

Although Reed does not indicate how to choose the seven different 

solid angles the tendency of his work is clear. If the relative powers 

are known by numerical integration or by the planimeter method, the 

contribution to the antenna temperature of each portion is found by 

(4.30) 

and the total antenna temperature 

TA = I ~ i • Ti • (4.31) 

i=l 

For his 4 GHz cassegrain antenna Reed found the following power 

contents 

450 
• 

o 0 
and antenna temperatures for elevation angles 5 , 20 , an': 
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temperature contributions o K 

relative elevation angle 
power content 
in % 

50 200 450 

1. Mainlobe 80 23.8 6.2 2.7 

2. First order side 

lobes 5 1.4 0.4 0.2 

3. Near side lobes 1 0.7 0.1 

4. Hyperbolic 

spillover 10 10.5 1.2 0.3 

5. Far side lobes 2 2.8 2.6 2.0 

6. Parabolic 

spillover 1.5 2.2 2.4 3.0 

7. Back lobes 0.5 0.7 1.0 1.3 

Total antenna temperature 42.1 13.9 9.5 

4.5.4. Temperature of an antenna with an unknown radiation pattern 

4.5.4.1. Introduction 

It is often required to calculate or estimate the antenna temperature 

of an antenna without knowing the exact radiation pattern. Calculation 

of the radiation pattern of complicated antennas is often not possible. 

In this case however, it is still possible to calculate the power 

radiated in some solid angles. The solid angle Q., however, is 
~ 

defined by one coefficient ~i (Eq. 4.28); we assume therefore, 

coefficient ~i to consist of a number of contributions 

•••• Ym. so that Eq. 4.15 can now be written as 
~ 

n m 

not 

the 

[ I y .. • 
J~ 

(4.32) 
i=l j=l 



-4.14-

The coefficients y can be explained by realising that the antenna will 

radiate in one solid angle power contributions caused by subreflector 

spillover, subreflector diffraction and scatter owing to the blocking 

effects. It is therefore, convenient to write Eq. 4.32 

n n n 
TA = I T .• Yli + L T .• Y2i + ... I T .• Y mi ~ ~ ~ 

(4.33) 

i=l i=l i=l 

or 

m n 
TA = I L T .• Yji • ~ 

(4.34 ) 

j=l i=l 

Thus the noise contribution from a solid angle is determined first by 

one particular cause (e.g. spillover) after which all these contributions 

are added over all solid angles. In this way it is possible to estimate 

the noise contribution from several causes. 

We shall now calculate the antenna temperature from a practical example 

of a two-reflector system shown in Fig. 4.8. 

The radiators in the double reflectorsystem (lit. 34) of this figure 

are: 

1. The primary feed and feed pattern Gf ( e,~ ). It is possible to 

distinguish between a theoretical feed pattern and a feed pattern 

measured from an existing feed. 

2. The main reflector feed system comprising the subreflector and 

feed Gs ( e,~). In general, the shape of the subreflector need not 

be defined and may be hyperbolical, elliptical or may have a special 

shape. 

3. The pattern of the complete antenna G( e,~). This comprises the 

patterns of feed, subreflector and main reflector. 
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4.5.4.2. The primary feed pattern 

Fig. 4.9 shows the primary feed pattern combined with the subreflector. 

It is found convenient to coincide the origin of the coordinate system 

of Fig. 4.1 with the phase centre of the primary feed. If the gain 

function of the feed is Gf ( e,~ ) , the relative power radiated into 

a solid angle 

P ( e,~ ) 
n 

is 

de • (4.35) 

This integration can be carried out numerically or graphically (Appendix). 

We shall now divide the radiation pattern of the feed into 5 circularly 

symmetrical solid angles, assuming the pattern to be circularly as well. 

Therefore, in the equations below the integration over ~ has already 

been carried out. 

1. The relative power lost owing to blocking of the subreflector and 

the supports, is scattered in various directions. Its value is 

eB 

Pnl = + J Gf(e) sine de 
o 

• (4.36) 

2. The relative power radiated to the subreflector and reflected to the 

main reflector by optical laws. 

de • 

3. The relative power lost by spillover along the subreflector. 

lt/2 

(4.37) 

P
n3 

= + J Gf(e) sine de • (4.38) 
e 

4. The relative power which is radiated backward. 

It 

Pn4 = + J (4.39) 

lt/2 



-4.16-

5. The relative power radiated by the cross polarisation component 

of the feed pattern. 

1 n 2n 

Pn5 = 4n I I G ( 6,~ ) sin6 d~ d6 
6=0 ~=O 

c (4.40) 

where G ( 
c 6,~ ) is the cross polarisation gain pattern. 

If a theoretical feed pattern is used, e.g., 

and substituted in Eqs. 4.36 to 4.39, the integration over 6 leads to 

p 
n 

n+l = cos 

where 6
1 

is the lower integration limit and 62 the upper 

integration limit used in the Eqs. 4.36 to 4.39. 

(4.42) 

In the Figs. 4.10 and 4.11 calculated curves are given showing the 

percentages spillover of the theoretical feed as a function of nand 

the edge illumination. The spillover from a measured feed pattern can 

be determined using the methods in the Appendix. Fig. 4.12 shows the 

angle 6 1 subtending the subreflector as a function of the edge 

illumination. 

4.5.4.3. The main reflector feed system 

Fig. 4.13 shows an arrangement of a feed and subreflector. The field 

radiated by the feed is constant within the solid angle subtended by the 

hyperboloid and zero elsewhere (lit. 18). A calculated radiation pattern 

is represented in the same figure. According to optical laws all power 

radiated by the feed should be captured and reradiated by the subreflector. 

If this pattern is integrated numerically, it appears that only 79% of 

the total power is captured by the main reflector and that 21% is lost 

by diffraction effects along the edge of the subreflector. Rusch' method 

has the drawback that complicated computer programmes have to be used. 
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The diffraction effects can also be prescribed using the principle 

of stationary phase (lit. 5) Core also chapter 3). Using this it is 

also possible to approximate the relative power lost by diffraction. 

Using the arrangement shown in Fig. 4.9 the power lost by diffraction, 

assuming circular symmetry is, 

I " P diff = P P , n n n 
(4.43) 

where 

8
2 

pI = 1- / G( 6
2

) sin 6
2 

d 6 
n 8

D 
2 

(4.44) 

and 

8
2 -2 Y (6 -8 ) 

P" 1- / G( 6 2) e 
2 D 

sin e 2d e 2 = ,(4.4.5) n 

with 

and 

8D 

~ A 
8 D= 8 2 -0.65 

y = 1.07 ~ J :-, _-:~.:::s...,,,,,,.-_ 'f" Sl.n u 2 

. 2 
Sl.n 

sin 

D 
s 

, 

. 2 
Sl.n 

e 2 
(4.46) 

(4.47) 

(4.48) 

With the aid of a computer the relative power lost by blocking 

could also be calculated. The results are shown in Fig. 4.14 as a 

function of the edge 

= 122 
. 2 

Sl.n 

60 cos 

illumination. A theoretical feed pattern 

6
1 

was used, in accordance to the relation 

e 2) sin2 62 , the angular aperture a2 or the 

F/D ratio being a parameter. This method has the drawback that it is 

possible to say in what directions the diffracted power is scattered. 

From the results of Rusch (lit. 18) and the measurements carried out 

in Chapter 6, however, it is expected that more information will be 

ready soon for publication. 
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If only a measured pattern of the feed system including the 

subreflector is available, the ideal pattern discussed before has 

to be completed by back radiation and spillover of the primary feed. 

The same procedure as discussed in Sec. 4.5.4.1. is now followed, 

i.e., the contributions of back radiation, diffraction, spillover, 

and cross polarisation are added in any solid angle in order to find 

the antenna noise temperature. 

From the calculations carried out so far it can be concluded that low 

losses due to spillover, blocking, and diffraction form the most 

important features reducing ground noise. This is one of the reasons 

for the good results obtained 

- 20 dB. 

by the Raisting antenna, where the edge 

The power lost by diffraction and illumination is only 

spillover is still 5% (lit. 6). The aperture efficiency, however, is 

low. Possibilities to increase the aperture efficiency combined with 

a low edge illumination taper are obtained by shaping main and 

subreflector (Chapter 8). 

4.5.4.4. The main reflector 

The main reflector is illuminated by the available power within the 

angular aperture 6
2 

(Fig. 5.15). By means of the current integration 

method (lit. 47) it is possible to calculate the radiation pattern of 

the main reflector without considering the blocking effects. The pattern 

near the main lobe can also be found by means of the aperture method. 

The power distribution over several solid angles can be calculated with 

both methods (lit. 25,26). 

If the aperture is illuminated uniformly it appears that 95% of tlle 

power intercepted by the main reflector is reradiated within the main 

lobe and the near side lobes within 0.50 of the antenna axis. Accordin~ 

to the methods discussed in Sec. 4.5.4.3 the relative power lost ~~ 

diffraction at the edge of the main reflector can be calculated. 

Computer programmes based on the current distribution methods will 

give more information on the relative power radiated into vari_()tl~. 

solid angles. 
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If the aperture of the main reflector is blocked by some obstacle, 

the power supplied to the main reflector is decreased (Chapter 3). 

Power from the main lobe is now spread to the sidelobes (lit. 24). 

If the size of the subreflector is increased, the side lobes caused by 

this blocking will come nearer the main lobe and have little effect 

on the antenna temperature. The noise contribution, however, from the 

scattered blocking power can be significant (Sec. 3.4.5). This 

contribution can be made much smaller if the blocked power is supplied 

to the aperture by shaping main and subreflectors. Davidson (lit. 1) 

gives an equation for the increase in noise temperature caused by 

scattering at the subrefleetor supports. 

Losses can also be expected by surface deviations of the paraboloid 

reflector from an ideal reflector. Shin (lit. 46) has shown that at 

a reduction of gain of 0.2 dB, 4.5% of the powercontent of the main 

lobe will be spread to the near side lobes of the radiation pattern. 

The increase in antenna temperature is, the refore, very small. Some 

information on the average sidelobe level caused by surface deviations 

is given by Dragone and Hogg (lit. 45). 

4.5.4.5. Survey of noise temperature calculation 

The previous section has shown the possibility of calculating the 

antenna noise temperature by adding the following contributions: 

1. Contributions from the feed 

where 

liT sp 

liT : contribution by cross polarisation, 
c l 

IITb : contribution by black radiation, 

liT : contribution by spillover. sp 

2. Contributions by the subreflector 

+ (4.50) 
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where ~TD ; contribution by diffraction on the subreflector, 
1 

~TB ; contribution by the scattering of the subreflector 
1 blocking power against the feed support, 

~TB ; contribution by the scattering of power against the 
2 

subreflector supports, 

~TC ; contribution of cross polarisation effects 
2 

introduced by the subreflector. 

The above may be further explained by mentioning that the power lost 

by subreflector diffraction is calculated according to the Eqs. in Sec. 

4.5.4.3. It is assumed that the diffracted power is radiated isotropically 

in one hemisphere. The blocking power is also assumed to scatter 

isotropically in one hemisphere as well as the backradiation. The 

calculation is simplest if the antenna axis points to the horizon. 

If the antenna noise temperature has to be specified at any elevation, 

Fig. 4.7 can be used. 

3. Contributions by the main reflector 

where ~Tml; contribution of the main lobe with near sidelobes 

(Sec. 4.5.4.4.). This contribution is found by 

calculating the relative power contained in this 

(4.51) 

part of the pattern. The latter part also contains 

distributions caused by surface inaccuracies and 

blocking, where power from the main lobe is spread 

to the near side lobes (Sec.4.5.4.4). In literature 

it is mostly assumed that the antenna radiates its 

power within a small solid angle so that the antenna 

temperature only depends on the antenna elevation angle 

(Fig. 4.4). 

; contribution by diffraction effects. This contribution 

can be calculated in the same way as done for the sub­

reflector. (Sec. 4.5.4.3). 

~TC = contribution by cross polarisation at the main reflector. 
3 

If the antenna is assumed to have no ohmic losses, the antenna 
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tiT b + su 
tiT 

m. 
(4.52) 

4.5.5. The antenna temperature and the reflection coefficient of 

the primary feed 

If accurate calculation of the antenna temperature is required 

allowance must be made for the reflection coefficient of the primary 

feed. If the V.S.W.R. amounts 1.22, 1% of the power supplied to 

the feed will be reflected. If we study Fig. 4.16, it is found that 

the noise power received in reference plane II will be 

If the voltage reflection coefficient PI is introduced we shall 

receive in plane I only part of this noise power viz. k TA B(l-IP
I 

1
2 ). 

The feed is adapted by a line f to the receiver. The physical 

temperature, however, of this receiver is not 00 K; therefore, the part 

of the noise power emitted by the receiver and reflected in plane II 

has also be taken into consideration. If the noise temperature of the 

receiver is TR, the part reflected will be Ip 112 k TR B. The total 

antenna temperature which we shall find in plane II now becomes 

2 2 
T A = (1- 1 P 1 1 ) T A + 1 P 1 1 TR , 

so that the increase in antenna temperature caused by the reflection 

coefficient will be 

2 2 
tI TA = - 1 P liT A + 1 P 1 1 TR • (4.54) 

If the total system temperature has to be calculated, the reflection 

coefficient of the amplifier should also be to considered as well 

as the length of linef (lit. 48). 

4.5.6. Ohmic losses within the antenna system 

The antenna system will contain several ohmic losses viz, 
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(1) losses in the primary feed, 

(2) losses in the melinex window which protects the feed opening 

against influence of the weather, 

(3) losses in main and subreflector. 

We assume that all the power radiated is attenuated by these effects. 

The increase in antenna temperature is therefore,assuming TA < < I, 
T 

o 

where gl' g2 and g3 are attenuations caused by feed, window and 
o reflectors, all calculated at the temperature T =290 K. A useful 

o 
approximation is the rule to increase the noise temperature by 70 K 

for each 0.1 dB attenuation. Davidson (lit. 1) presents a calculation 

of the increase of antenna temperature due to absorption by the reflec­

tors. Painting the reflector usually increases the noise temperature. 

4.5.7. Noise caused by sun and weather 

o Observed from the earth, the sun is subtended by angle of 0.5 • If 

an ideal antenna of the same beamwidth points to the sun, the noise 

temperature measured will be (lit. 31) 

T = sun 
290 x 675 

f 
, 

where f is the frequency in GHz. This equation is an approximation 

of the sun's noise temperature. More accurate relations are shown by Hcgg 

(lit. 31) and Salomonowich (lit. 35). According to Potter (lit.24) 

the contribution of the sun to the antenna temperature is given by 
, 

s 
8n k 

where S = solar flux density in W/m2 • Hz., 

A = wavelength, 

A = the average effective aperture, 
s 1 )~ where 6Q 0 G = ~! G(e,~ , = 0.5 • s 6Q 

k Boltzmann's constant = 1.38. -23 
= 10 Joules /0 K. 

It appears that the contribution by the sun will be 20 K at a 

(4.55) 
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frequency of 4 GHz and an average side lobe level of + 10 dB above 

isotropic. Hogg and Semplak (lit. 32) have carried out experiments 

to determine the influence of clouds and rain on the antenna noise 

temperature. 

A clear increase of the antenna temperature at recent antenna 

measurements at 8.6 GHz in the Dutch radio station Kootwijk was 

demonstrated during periods of rain and increasing clouds. The 

I.C.S.C. requirements for satellite communications are specified 

at dry, bright weather so that they can be left out of consideration 

for the time being. 

4.6. The figure of merit G/T 
s 

4.6.1. Introduction 

The figure of merit is the ratio of the antenna gain G, measured 

at the terminals of the noiseless receiver, to the system noise 

temperature T of the system. 
s 

Figure of merit is 10 log G/Ts = G(dB) - Ts(dB) • 

The requirements of the I.C.S.C. demand a figure of merit of 40.7 dB 

or more for an antenna for satellite communications operating at 

4 GHz at elevation angles at which the satellite is seen in dry 

bright weather. This specification is graphically shown in Fig. 4.17, 

where the maximum permissible antenna noise temperature is shown 

as a function of the antenna diameter, the antenna efficiency being 

a parameter. Figures of merit of various existing and planned 

satellite groundstations are found in a recently published report 

(Ii t. 13). 

To find optimum ratios G/T it is necessary to derive an analytical s 
expression containing this ratio. Davidson (lit. 1) has found such 

an optimum for a front fed paraboloid using the theoretical gain 

function 
l!. ) 2 • 
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Similar work is now carried out at Eindhoven for cassegrain systems. 

For shaped reflectors as discussed in Chapter 8, it appears that 

noise temperature and antenna gain are practically independent of 

each other so that each of them can be optimised separately. 

4.6.2. The figure of merit and the sys_tem components. 

As explained in the previous section it should be mentioned in which 

reference plane all the quantities are to be calculated or to which 

reference plane all the quantities should be reduced. The I.C.S.C. 

clearly specifies that the reference plane should be found at the 

input terminals of the parametric amplifier. In detailed computations 

the influence of reflection at these terminals has to be considered 

as well, therefore, the reference plane in the following will be 

defined to be situated at the input terminals of the parametric 

amplifier after reflection has taken place. 

The entire antenna system (Fig. 4.18) can be devided into the following 

components: 

(1) the feed and reflectors. Reference plane I is situated in such a 

way that the feed is separated from the waveguide components. It 

is assumed that the reflection coefficient in plane I is equal to 

P1 and that the antenna noise temperature inclusive the contribution 

of the feed, attenuated by G1 , is equal to TA in reference plane I 

before reflection takes place. 

(2) the receiver, located to the right of reference plane II with 

reflection coefficient P
2 

and consisting of a parametric amplifier 

P.A. with a noise temperature of TpA and a gain of GpA ' arranged 

in series with a tunneldiode amplifier T.D. (noise temperature TTD 

and gain G
TD

) and a travelling wave tube T.W.T. (noise temperature 

TTWT and gain GTWT )' 

(3) the connection between feed and receiver, comprising all components 

between the reference planes I and II. It is further assumed that 

P1 and P
2 

are the only reflection coefficients. Several components 

like duplexer, circulator, tracking coupling device and crOss guide 

directional coupler are located between the two reference planes, 

with a total attenuation of G2 at a physical temperatur-e of To=290
0 

K. 
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The tracking system contributes to the total system temperature an 

amount of Ttrack and the crosS guide directional coupler To/g3 , g3 

being the coupling ratio. (G
3 

= 10 log g ) 
. 3 

The antenna gain left of reference plane I (before reflection) is 

equal to G • Reflection will take place at the two planes with an o 
attenuation of G2 • The antenna gain Go at the input terminals of the 

parametric amplifier has therefore to be modified according to 

= g (1 o 

As the reflection coefficients are nearly equal to unity, the effect 

of mUltiple reflections can be neglected. 

The total system noise temperature consists of contributions of 

several noise sources not being correlated, therefore, they may 

simply be added together. In one single case there may be some 

correlation such as the noise from multiple reflections introduced 

by the reflection coefficients f1 and f2' but this fact can only be 

taken into consideration if the electrical length between plane I 

and II is know exactly. 

The system tempera.ture T now found to the right of plane II appears 
s 

to be a function of a great number of sources modified by the system 

parameters: 

Expression 4.57 can be split up into a number of interrelated terms 

In Eq. 4.58 f 1 (TA;P1,P2,G2 ) represents the contribution to the system 

noise temperature of source TA modified by the system parameters P1' 

P2 and G
2 

at the input terminals of the parametric amplifier shown to 

the right of reference plane II in Fig. 4.18 or 

2 2 
f1(TA;P1,P2,G2) = TA(1-lp1 1 ) (1- lp2 1 ) g2" (4.59) 
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The function f2 

modified by the 

II or 

is the contribution of the source T (ohmic losses) 
o 

system parameters ~, P2 and G2 to the right of plane 

222 
f2(To;P1,P2,G2,G3) = {(1-g2 )T o ) (1-lp 2 1 ) +(1-g2 )T o ) {1-lp 2 1 ).lp 1 1 ·g2' 

(4.60) 

suggesting that 

planes I and II 

a noise power flow is available at the reference 

caused by T and equal to (1-g2)T • 
0_0 

The noise source TpA contributes according to 

• (4.61) 

This contribution is essential as the feed is not matched ideally to 

the duplexer. 

or 

2 2 2 
g2(1-lp2 1 )+(Tig3+Ttrack)' IP1 I ,g2(1-lp21 ) 

2 
f4 = (To/g3 +Ttrack) , g2 (1- I P2 I ) (4.62) 

being the contributions from cross coupling and tracking, suggesting 

that these components are located immediately behind the feed. 

The total system temperature T expressed in the noise sources and 
s 

parameters discussed is, therefore, neglecting multiple reflections 

and correlation of noise 
2 2 

T s = T A ( 1 - I P1 I )( 1- I P2 I ) g 2 + 

2 2 
+ (1-g2 ).To ·(1-lp2 1 )(1+ IP1 I g2 )+TpA IP1 

2 2 2 
2 I ·g2 (1- I P2 I ) + 

+ TpA + TTD/gPA + TTWT/(gPA·gTD) + 

2 2 
+ (To/ g3 + Ttrack)(1-lp21 )(1+ IP1 I ) g~. (4.63) 
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The table below shows a worked out example where 

2 
I P1 I = 0.99 [v. S. IV. R. = 1.2] 

2 
Ip2 1 = 0.96 [V.S.W.R. = 1.5 ] 

T = 0.7
0 

K' T = 290 0 K' TpA = 16 o K' TTD = 627
0 

K(5 dB), track 
, 

0 
, , 

TTWT = 11640 K(7 dB) , G1 = (neglected), G2 = 0,2 dB; GpA = 25 dB; 

GTWT = 35 dB; G
3 

= - 23 dB; GTD = 15 dB. 

Table: 

~haracteristics 
decrease of ef!. Increase of 

dB T) noise temp. oK 

1 • Noise temp. paramp. + receiver 

TpA+TTD/gPA+TTWT/(gPA-gTD)=16+2.10K - - 18.1 

2. Reflection loss paramp. (V.S.W.R.=1.5) 

Paramp.noise by reflection of feed(f
3

) 0.15 0.960 0.14 

3. Ohmic losses 0.2 dB (f2 ) 0.20 0.955 12.65 

4. Losses by mode conversion - - -
5. Noise by cross coupler (23dB) and 0.995 2.16 

tracking system (f4) 0.01 0.998 

6. Ellipticity losses 0.056 0.987 -

Totals 33.05
O

K 
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4.7. Conclusion 

(1) It is possible to determine an analytical expression for the 

noise temperature of the environment T( e,~ ). This expression 

can be investigated in practice by an antenna concentrating all 

i ts radiated power in an infinite simal solid angle dn. 

(2) Knowing T( e,~ ) analytically, it is fairly siple to calculate the 

noise temperature of an antenna with a radiation pattern G( e,~ ) . 
The calculation of the noise temperature of an isotropic antenna 

radiating in a hemisphere is very important. The same method can be 

applied to the calculation of the antenna noise temperature in case 

the radiation pattern is not known. 

(3) It appears to be possible to divide the radiated power into parts, 

such as spillover, backradiation, diffraction,blocking power, and 

the power contained within the main lobe. Since antennas obey the 

reciprocity theorem it is possible, the noise in case the antenn~ is 

used for reception purposes, to calculate from the power flow 

within the antenna system used for transmitting purposes. 

(4) Detailed information is given about the influence of imperfections 

of various components on the noise temperature such as reflection 

losses, ohmic losses, surface inaccuracies, etc. 
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5.The feed 

5.1. Feed requirements 

In classical cassegrain systems it is always assumed that the sub­

reflector is illum~nated by a point source. The equiphase planes 

of such a point source are spherical. It is shown in Fig. 5.1.1. 

Fig. 5.1.1. 

\/ 
\ 

plane of equiphlle 

reflector 

that spherical wavefronts propagate towards the subreflector. Point 

sources cannot be applied in actual practice since mostly horn 

antennas are available only. At large distances from the feed, in the 

far zone, the equiphase planes are spherical, which makes the horn 

antenna very suitable as a feed system for the subreflector. The far 

zone is found at distances R}) 2d2 , where d is the aperture diameter 

of the feed. The centre of cur~ure of the equiphase planes in the 

far field is called the phase centre. This point is found somewhere 

within the horn feed. The subreflector will be better illuminated if 

the pattern of the feed is circularly symmetrical. 

In classical systems it is advisable to illuminate the centre of the 

subreflector as uniformly as possible to increase the antenna efficiency. 

The illumination of the edge should be low so as to decrease spillover 

and diffraction losses. The pattern of the feed in this case should be 

in accordance with Fig. 5.1.2. 



0 

., ... 

o 

20 

40 

Fig. 5.1. 2. 

Losses by spillover and diffraction should be limited as much as possible 

as otherwise the antenna noise temperature will be to high. 

The feed has to be used in the frequency bands of 3,700-4,200 MHz and 

5,900-6,400 MHz. It will be shown further in this paper that these 

bandwidths are obtainable by a horn feed with d=: 6~(Sec. 5.4). To 

fulfil the far zone requirements it will be clear that the distance 

R from the phase centre of the feed to the subreflector should be now 

2 
R \ ~ h ' H 1\ ,were" = 8.1 em, therefore, R» 5.83 metres. 

Therefore, the distance between feed and subreflector will be fairly 

large. This large distance has some advantages: 

(1) The cone on which the feed is mounted can be made small. 

(2) The first stage of the low-noise pre-amplifier can be fitted within 

te cone. The amplifier can then easilybe reached in case of service 

or repair. 

(3) Extra blocking of the feed can now be avoided in accordance with 
Ds ) d the relation ~ f; see also Fig. 5.1.3. 

I 
( 

.. 

¥t ~--l '" -- - 0 

\. t .. 

\ 
• 

f 
Fig. 5.1.3. 

F 
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The requirements for the main beam of the feed pattern and the distance 

phase centre to subreflector hold for the whole frequency band. 

A classical cassegrain system is shown in Fig. 5.1.4. 

o 

If we assume 
o 

'¥ 1 = 15 , we 

eccentricity 

It is easily 

of the feed. 

be very small 

f 

-t---------'1', - ---

Lr 

F 

Fig. 5.1.4. 

the following geometry - F/D = 0.33, D = 25 m., D = 2.5 m., s 
find that L = 4.17 m., L = 0.85 m., and the hyperboloid r v 
e = 1.425. 

seen that the subreflector is not located in the far zone 

However, it is evident that the phase errors will still 

and tolerable. Also, a choice of '1'1 = 150 will lead to 

an acceptable -geometry. In a final design the true angle '1'1 may deviate 
o a few degrees from 15 • This difference is easily compensated by a 

subreflector with a different eccentricity. 

Summarising the feed should meet the following requirements: 

(a) The feed should have a main beam corresponding to Fig. 5.1.2., 

although this requirement does not hold for shaped reflector 

systems (chapter 7). 

(b) The energy of that part of the main beam intercepted by the sub­

reflector should be at least 98% of the total power radiated by 

the feed. 

(c) The feed should be suitable to receive and transmit circularly 

polarised waves. 
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(d) The mean beam of the feed pattern should be equal in E and H plane 

(Fig. 5.2). 

x 

xy plane - H plane 

Xl plane - E plane 

z 

Fig. !0.2. 

/ 

/ 
/ 

(e) The phase centres of E and H plane patterns should be the same point. 

(f) The cross polarisation energy should be smaller than 1% of the 

total power radiated by the feed. 

(g) The feed must be used for the frequency bands 3,700-4,200 MHz and 

5,900-6,400 MHz; the phase centre and beam shape should be independent 

of the frequency within the frequency bands. 

(h) The feed should be well matched: VSWR , 1.2 over the frequency bands 

mentioned under (g). 

5.2. Short survey of the properties of a conical horn antenna 

The feed should receive and transmit circularly polarised radiation. 

This can be realised in the simplest way by a conical horn antenna. 

Using a horn already available some measurements were carried at the 

frequencies 7.6 GHz and 11.4 GHz. The choice of these frequencies is 

motivated in Sec. "5.4. The dimensions of this feed are found in Fig. 5.3. 
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Fig. 5.3. 

III .., -

Dimensions in mm 

The choice of the diameter of the diameter of the waveguide coupled 

to the horn antenna should be such that apart from the TE11 mode the 

TM01 mode can propagate as well. In that case the TM01 mode can be 

used for tracking purposes. The measured patterns are found in the 

Figs. 5.4 to 5.7. From these figures we may conclude that 

(1) the radiation pattern in the E plane does not correspond with the 

radiation pattern of Fig. 5.1.2. 

(2) the beamwidth depends on the frequency. The same conclusions may 

be drawn from other horn antennas. Therefore, these kind of horn 

antennas cannot be used as primary feeds. 

5.3. Possibilities of realising the reguirements 

5.3.1. Multimode horn antennas 

The radiation pattern of a conical horn can be improved by applying 

two modes. Somewhere in the feed the TM11 mode is generated, apart 

from the TE11 mode (Fig. 5.8). 

Fig. 5.8. 
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The improvements can be obtained by seeing to it that the two modes 

have the correct amplitude and phase relations. The two modes in wave­

guide 3 (and also in the horn antenna) have different phase velocities. 

-

1 

Fig. 5.9. 

2~--33----::-_J aperture 
4 -. 

1: circular waveguide for TE.mode. 

2: transition. 

3: circular waveguide forTE" and TM" mode. 

4: conic.al. horn. 

Therefore, the bandwidth of such a system is only 5%, and does not meet 

the requirements. 

Foldes (lit. 49) has found another solution for this problem by using 

a multimode-multihorn system. Using special broadband components, the 

system can be made suitable for a feed in an antenna for satellite 

communication. The feed system has been developed by the "hit and miss" 

method, and is very complicated. The present knowledge of feeds, however, 

offers the possibility of a simpler solution (Sec. 5.3.2.). 

5.3.2. Modified conical horn antenna 

If the field distribution in the aperture of a conical horn antenna is 

similar in the X-Z plane and the X-Y plane it may be expected that the 

beamwidth in H- and E-plane will be equal. Moreover, the phase centre 

for the E- and H-plane will be the same. Applying the TE11 mode and 

TM11 mode (or other modes) such a field distribution in the aperture 

can be realised. 
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This goal can also be reached by modifying the inside of the horn 

antenna in such a way that other boundary conditions than the usual 

ones, have to be introduced (corrigated surface). Moreover, the black 

radiation can be kept low. Such a horn antenna will henceforth be 

called the modified conical horn antenna. An objection still exists as 

for the present moment the radiation pattern cannot be found by 

calculation. 

The bandwidth problem 

geometry (Fig. 5.10). 

can be solved by a correct choice of the antenna 

An 

conical horn antenna, in 

experimental 

which A)P, 
investigation has proved that a 

possesses a beamwidth almost 

independent of th~ frequency over a frequency band of 1:1.7 •• This means 

that the aperture will be no equiphase plane. Combining the two principles 

above mentioned it appears possible to design a feed which meets the 

requirements of Sec. 5.1. If such a feed cannot be designed by calculation, 

all the necessary information has to be collected by experiments on 

models. A great number of measurements have been carried out to see 

whether the principles mentioned can be utilised. To decrease cost all 

measurements have been carried out with small-scale models. A survey of 

the results is found in Sed. 5.4. 

5.4. Modified conical horn antenna measurements 

An antenna for satellite communication with stationary satellites must 

be suitable for the frequency bands of 3.7 - 4.2 GHz and 5.9 - 6.4 GHz. 

To keep the model dimensions within reasonable limits the measurements 

have been carried out in the X-band. The table below shows the frequencies 

in the above mentioned S-band and the corresponding frequency in the 

X-band. 

receiving transmitting 

S band X band S band x: band 

3.7 7.0 5.9 11.16 

3.8 7.19 6.0 11.35 

3.9 7.38 6.1 11.54 

4.0 7.56 6.2 11.73 

4.1 7,75 6.3 11.92 

4.2 7.94 6.4 12.10 
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Various models have been investigat~d. Every model has been given a 

distinguishing letter. The results obtained with some models will now 

be discussed. The models A and B already proved useless at the beginning 

of the research. The bandwidth theory was tested on model B (Fig. 5.11). 

The 10 dB points of the main beam are represented as a function of the 

frequency in Fig. 5.12. It appears that the beamwidth in the H-plane is 

more or less independent of the frequency. The beamwidth in the E-plane, 

however, dep.,nds strongly on the frequency. Model A and B have similar 

dimensions. However, special boundary conditions have been introduced. 

The 10 dB points of the main beam as a function of the frequency are 

found in Fig. 5.13. The main conclusion which can be drawn is that the 

10 dB points of the E and H plane are less far separated. Moreover. 

some frequency independence can be observed. However, the beamwidth 

is still too large. 

The next step is an attempt to reduce the beamwidth. Model E was 

constructed for this purpose, with special boundary conditions and 

the following dimensions: a = 28 mm, 1 = 67mm, d = 113 mm, e = 400
• o 

The results are collected in Fig. 5.14. The frequency dependence is 

like that of model A. The beamwidth of the 10 dB points, however, 

appeared to be smaller. Further reduction of the beamwidth was 

realised with model F, also containing special boundary conditions, 

and the following dimensions: a = 28 mm, 1==150 mm, d = 105 mm, e 0 =15
0

• 

The results of model F in Fig. 5.15 show a 10 dB beamwidth which is 

equal in its E- and H-planes. There is, however, a strong dependence 

of the frequency. The dimensions of the conical horn antenna discussed 

in Sec. 5.2 are nearly the same as the demensions of model F, measured 

at two frequencies both in E- and H-plane. Comparison with Figs. 5.4 

to 5.7 shows not only that the 10 dB points in the E- and H-planes are 

equal but also that the main beam in the E- and H-planes are of the 

same shape. 

Beyond the region _720 to + 720 the radiation is at least 40 dB lower 

than the radiation in the main direction. This is not so when using the 

common conical horn antenna of Sec. 5.2. 

The following attempt concerned the design of an antenna with a 10 dB 

beamwidth of about 300 and independent of the frequency (conventional 
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boundary conditions). The aperture diameter is 6 A for the lowest 

frequency and 10 A for the highest. Some results can be found in 

Fig. 5.16; moreover, Figs. 5.17 to 5.20 illustrate some radiation 

patterns. The results are very promising. If special boundary conditions 

are introduced, it is expected that the E-plane pattern can be further 

improved. 

An important question is2where the far zone of model H begins. Starting 

from the relation R ~ ~d the table below can be calculated 

frequency 

3.7 GHz 
6.4 GHz 

d R 

72 A =5.83 metres 

100 A =4.68 metres 

It may be further expected that it is possible to design a conical 

horn antenna combining the desired properties of models F and H and which 

is very suitable as a feed in an antenna for satellite communication. 

Discussing the properties of various models, so far attention has only 

been paid to the similarity of the beams in the E- and H-planes and the 

independence of the frequency. Hany other measurements indicate that 

the other requirements mentioned in Sec. 5.1 can be met as well. 

5.5. Conclusions 

(1) All present descriptions of feeds used in antennas for satellite 

communication with stationary satellites are very concise. 

(2) Designers of such ground station antennas should design and measure 

the feeds themselves. 

(3) To meet the requirements of Sec. 5.1 a modified conical horn 

antenna will be applied. 

(4) The measurements described in Sec. 5.4 show that such a modified 

conical horn antenna can meet the requirements of Sec. 5.1. 
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6. The measurement of scattered radiation from a hyperboloid subreflector 

6.1. Measurement 

If a subreflector is illuminated by a horn antenna only part of this 

energy will be intercepted by the subreflector and reflected towards 

the main reflector, in accordance with optical laws. 

Part of the energy intercepted by the subreflector is not radiated 

towards the main reflector but scattered in all directions by diffraction 

of the subreflector edge. 

Fig. 6.1. shows the measuring arrangements. The combination of horn 

antenna and subreflector is rotated "ith the rotation centre in B. 

At the same time this system will be ill'.,;ninated from a fixed direc­

tion by a plane wave. A photograph on the next page gives more details 

of the measuring arrangement. 

The pattern which is measured in this way is also the pattern by which 

the main reflector is illuminated. The measuring frequency is 9500 MHz. 

The subreflector was made of synthetic material and plastered with 

aluminium foil. 

The subreflector dimensions are found by calculation, the following 

date being known. 

(1) F/D = 0.33 

(2) The width of the main beam between the dB points is 300
• 

(3) The edge illumination is -10 dB. 

The further geometry is found in Fig. 6.2. Model F, discussed in the 

previous chapter, is taken as illuminator for the subreflector. The 

beamwidth of this model between the -10 dB points of the main beam is 

about 300
, while at 9500 MHz the beamwidths of E and H-plane main beam 

are equal. Measurements are now carried out at edge illuminations 

of -7, -13, -17 and -20 dB, by moving the feed towards the subreflector. 
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Measuring arrangement of subreflector and feed 
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Exact measurements could only be expected by using subreflectors with 

eccentricities adapted to the edge illumination. To reduce costs, only 

one subreflector was used; therefore, the measurements are only of 

quantative val~e. Some valuable conclusions may, however, be drawn. By 

graphical integration it was found which part of the energy radiated by the 

feed is intercepted by the subreflector (Table 6.1). 

Table 6.1 edge illumination percentage of intercepted power 

----------------------------------------------------------------------------

7 dB 79.3 % 

- 13 dB 87,9 % 

- 17 dB 92.7 % 

- 20 dB 97,4 % 

----------------------------------------------------------------------------

If the total radiation by the subreflector is meascred it can be found in 

accordance with Fig. 6.3, which part of this power is lost by forward 

radiation and side radiation, and is, therefore, not intercepted by the 

main reflector. 

The results are collected in Table 6.2. 

----------------------------------------------------------------------------
Table 6.2. radiation between side radiation forward 

- 'I' and + 'I' radiation 

7 dB 740 68.73 % 2.66 % 28.61 c! 
/0 

- 13 dB 81°.40' 89.80 % 1.08 % 9.12 % 

- 17 dB 850 .40' 93.85 % 0.62 % 5.53 % 

- 20 dB 89°.50' 97.23 % 0.01 % 2.76 % 

----------------------------------------------------------------------------
6.2. Conclusions 

(1) At a -7 dB edge illumination the power lost by forward radiation and 

side radiation is inadmissibly high. 

(2) At an edge illumination of -20 dB the side and forward power loss is 

only a few per cent of the total power radiated and will contribute 

only slightly to the noise temperature at low elevation angles. 

(3) It is not possible to interpret clearly the measurements at -13 dB' 

and -17 dB • 



-6.4-

E 

I 

~-s ~ 
H 

I f .. dhorn. 

2 hyporDoloid subrefloctor. 

A • B hyperboloid foci. 

Fig. 6.1. 

----1 
Ar------------- Ie ~ 

: I __ ~ ___ J 
L --------L

r
- - - - - - - ~ z.-J 

D • 32,' " e 

L • 50,5 ~ 
r 

L~ c 8,7 ,.. 

Fig. 6.2. 

forward radial ion 
I ~--hyperboloid 

side rad iali!n / . 

I. 
If 

i-I 
;' '" I 

I 

\ / 

FIg. 6.3. 

\ / 
\ I / . , . 
\,/ 

1 '¥~eedhorn 

",Side radial ion 

\ 
\ 

\ 



-7.1-

7. The modified cassegrain system 

7.1 Introduction 

Silver (lit. 16 p. 198) already reported the possibility of obtaining a 

specified pattern by modifying the reflector surface. The study of this 

subject has been continued by Kinber (lit. 12) especially on dual 

reflector systems. Others (lit. 7) also indicate the possibility of 

deviating from the standard hyperb~J.oid and paraboloid of cassegrain 

systems to improve the reflected wavefront. A recent publication of 

Jet PropUlsion Lab. (lit. 9) gives the impression that their present 

solution, providing the subreflector with a rim to decrease spillover 

losses, is not found ideal. Apparently other solutions are in preparation, 

proposing more radical modifications of the reflector surfaces. The 

problem of obtaining a dual antenna system with a specified amplitude 

and phase distribution in the aperture can be tackled in two ways; 

(a) An arbitrary primary feed with a known radiation pattern illuminates 

a subreflector. The surfaces of main and subreflector must now 

meet certain requirements in order that the required aperture field 

may be obtained. 

(b) An arbitrary main reflector is available and a arbitrary aperture 

field is required. The feed must now possess a dictated radiation 

pattern and the subreflector needs modification. This paper only 

deals with possibility (a), as feeds with prescribed radiation 

patterns and large bandwidths (Sec. 5.2) are very difficult to 

realise or not at all (lit. 9). Pioneering work as to possibility 

(a) has been carried out by Galindo (lit. 11). 

In this paper his methods of calculating the reflector surfaces are 

mainly applied. Calculations proposed by Green (lit. 50) and Williams 

(lit. 10) are also followed but only partially. 

By modifying the reflector surfaces great advantages can be obtained· 

over classical cassegrain antenna systems. First of all, uniform phase 

and amplitude distribution can be produced in the aperture, by which, 

theoretically, an aperture efficiency of lO~~ is obtainable. Secondly, 

the edge of the subreflector may be illuminated much lower than in 

classical cassegrain systems, as all the power radiated from 
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feed to subreflector is reflected by main and subreflector in such a 

way that uniform constant phase aperture distribution is obtained 

(Fig. 7.1). 

Two clear advantages over the classical system are obtained by low 

edge illumination. First spillover at the subreflector edge will be 

very low. In Fig. 7.2 it is seen that a spillover efficiency of 99% 

is reached when illuminating the edge at -20 dB with the theoretical 

feed pattern 

An actual feed, however, will have a spillover efficiency which is 

slightly less due to minor side lobes in the feed pattern. A classi­

cal cassegrain system demands an edge illumination of about -10 dB 

to obtain the maximum overall efficiency, but the spillover efficien­

cy, will be only about 92%. Naturally, the antenna noise temperature 

will be affected unfavourably in the latter case. 

A second advantage of low subreflector edge illumination will be the 

large decrease in diffraction losses. Calculations carried out by a 

computer using Eq. 3.83 shows this clearly. Curves are found in 

Fig. 7.3 where the diffraction efficiency is shown as a function of 

the edge illumination. This calculation has been carried out for clas­

sical cassegrain systems; however the strong similarity between clas­

sical and modified cassegrain systems and the work of Rusch on systems 

of Cassegrain and Gregory (lit. 51) make this approximation for modi­

fied systems plausible. 

In the following sections analytical expressions are derived which 

can be used to calculate, the final shape of main and subreflector, 

if the primary 

pattern G( If' 1) 

feed pattern is 
60 

= 122 cos If' 1 

known. An example with a primary feed 

is demonstrated later. 
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The radiation pattern, however, of an actual feed cannot be expressed 

in analytical form. The calculation should then be carried out by the 

computer with numerical methods using the feed pattern measured. The 

present computer programme available already takes this possibility 
into account. 

7.2 The system's geometry 

The design of a two-reflector system utilizes optical principles as 

(1) Snell's Law applied to each reflector. 

(2) Conservation of energy flow in any solid angle bounded by ray tra­

jectories (SI1~er lit. 16 p.112) 

(3) The surfaces of constant phase are normal to the ray trajectories 

even after a number of reflections (Theorem of Malus). 

The application of these laws leads to a number of equations of 

constraint for the system. 

Snell's law applied to the subreflector (Fig. 7.4) leads to the equa­

tion: 

where 

dy 1 

dx 1 

tan <jl 2 = • 

Snell's law applied to the mainreflector leads to the equation 

dY2 
- = - tan t <jl2 • dX

2 

If we assume that the antenna system is circularly symmetrical, the 

) 

relative power radiated by the primary feed between 0 and <jl1 is equal 

to 

21l 
<jl1 

! G 1 ( <jl 1) sin <jl 1 d <jl 1 
o 

, 

where G1 (<jl 1) is the gain function of the primary feed. 
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According to the principle of energy conservation this power should be 

equal to the power radiated by the corresponding part of the aperture, 

viz. , 

X2 
21l f F(r). r. dr. , 

o 

where F(r) is power density flow normal to the aperture. If uniform 

amplitude distribution has to be produced in the aperture, the func­

tion F(r) must be a constant. If both expressions are normalised by 

the total radiated power we obtain: 

[2 r dr 
f~1 

G1 ( ~1) sin~ 1 d~1 
0 = 0 

= 

]1 

• (7.4 ), 
x f2 max 

r dr G 1 ( ~ 1) sinl> 1 dI> 1 

0 0 

In the aperture plane constant phase of all rays is required, The path 

length for each ray is therefore, given by 

• 

It is assumed that all rays are coming from one common point and are 

in phase. If measured patterns show otherwise, Eq. 7.5 has to be ex­

tended by a term«(~ 1) and the computer programme altered accordingly. 

With the geometry of Fig. 7.4 we write Eq. 7.5 

+ Y2 + 
cos~1 

(7.6 ) 

K being a constant. By means of Eq. 7.2 is easely demonstrated that 

Eq. 7.6 can be written as 
~-y 

K = 
1 

Y2 + -
cos<j> 1 

Directly from Fig. 7.4 is found 

tan~ 1 = 
x 1 

~-Y1 

x 2-x1 
+ 

sin~ 2 • 

• (7.8 ) 
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The boundary conditions are also found in Fig. 7.4, viz., 

D 
tan l' s 

1 , 
2~ 

D-D 
tan l' 2 

s = 
2(Cl+~) 

K = 
cos l' 1 = cos l' 2 • 

After choosing l' l' l' 2 and the ratio Ds/D the whole system is deter­

mined. 

7.3 The solution of the equations 

We shall choose the quantity <I' 1 as a single independent variable. The 

remaining dependent variables will be considered as functions of <1'1. 

Therefore, we shall derive two differential equations 

and 

= f 2 ( <1'1 ' Y 1 ' Y 2 ) • (7.13) 

Upon solving these equations all the remaining dependent variables can 

immediately be found as functions of <I' 1. From Eqs. 7.1 and 7.8 we find 

dY1 
tan t ( <1'1- <P2 ) 

dX1 
d<l'1 

= 
d<l'1 

, 

and 

dX1 dY1 
tan<l' 1 (\3-Y1) 

1 
d<l'1 

= d<P 1 
+ • 2 • 

cos <P1 
(7.15 ) 
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Substituting Eq. 7.15 in Eq. 7.14 we find 

= 

dY1 tant( ~1- ~2 ) 
-+ 
d~1 2 

cos ~ 1 

• 2 
{ 1 + tan + ( ~1- ~2). tan ~1 } cos ~ 1 

(7.16) 

Using the well-known 

of Eq. 7.16, 

sin 0( 
formule tan +'" ~ ."....=----1+cos c< 

we obtain, instead 

• 
cos ~1 (cos ~1 + cos ~2) 

As will be explained in Sec. 7.4 the lower integration limits of the 

aperture integrals in Eq. 7.4 are 

Eq. 7.4 is then written as 

replaced by + D instead of zero. 
s 

X 2
2 = f {Ds 

2 
+ 

.1 I G1 ( ~1) sin ~1 d ~1 
(D-D ) 2}. "'-0-;;;-________ _ 

s ji'1 G 1 ( ~ 1) sin~ 1 d ~ 1 
o 

or, if D ID = ds 
s ~----------------------------------------

2 2 (ds) + (1-ds) • 

~1) si~ 1 d ~ 1 

• 

• 

or 



From Eq. 7.18 we find 

1 
8x

2 

2 (1-ds) • 

and by using Eq. 7.2 

dY2 
d'" = f2 ( <l>1'Y1'Y2) 

"'1 

sin<l> 2 1 
= - 1+cos<l>2' 8x2' 
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2 
(1-ds) • '¥ 

~1G1(<I> 1)sin<l> 1d<l> 1 
o 

(7.20) 

If a subreflector edge illumination of -20 dB is chosen, the compu­

ter programme is built up as follows: 

( 1 ) Calculate '¥ 1 from n 
cos '¥ 1=0,01 

(2) Choose the angle '1'2 and the ratio Ds/D = ds 
0) Calculate ~ from Eq. 7.9 
(4) Calculate a. from Eq. 7.10 
(5) Calculate K from Eq. 7.11 
(6) Calculate l 1G

1(<I>1) Sin<l> 1 d<l> 1 
0 

(7) Calculate x2 from Eq. 7.19 
(8) Calculate x 1 from Eq. 7.8 
(9) Calculate <1>2 from Eq. 7.2 and substitute in Eqs. 7.17 and 7.21 
(10) Solve Eqs. 7.17 and 7.21 
( 11) Check solutions with Eq. 7.6 

7.4 Realisation of the maximum blocking efficiency 

In chapter 3 much attention has been paid to the blocking efficien­

cy in duel reflector systems. In conventional cassegrain antenna sy­

stems realisation of the maximum blOCking efficiency is not possible; 
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however, both mainreflector and subreflector can be shaped in such a 

way that all the blocked power is properly intercepted by the aperture 

of the main reflector. In this way the relation (3.41) is theoretically 

obtainable, as 

TlB 
(-Tl-) max 

o 

1 _ B 
= A • (3.41) 

The areas indicated by B will only comprise the parts in the aperture 

blocked by plane waves, as by correct shaping no parts of the aperture 

will ~e blocked by spherical waves any longer. Both mainreflector and 

subreflector will have to be provided with grooves and rimples (as shown 

in an example for the subreflector in Fig. 7.5) to utilise the power 

blocked by the subreflector supports. 

Mathematical expressions to calculate the surface shape of mainreflec­

tor and subreflector are still subjects of further study. To utilise 

the power blocked by the subreflector itself, this should have a eone 

shaped protuberance in the middle (Fig. 7.6), which can be aleulated 

in a very simple manner. For this purpose it is sufficient to replace 

the lower integration limits of the aperture integ~als in Eq. 7.4 by i D 

instead of zero. 

Therefore, i X 2 
cjJ1 

f tDf r 
dr G 1 (<I> 1) sin cjJ 1 dcJ> 1 

s 0 (7.22) = • 

fi
D

r 

'I' 

dr f1 G 1 (cjJ 1) sin cjJ 1 d cjJ 1 

iD 0 
s 

Using the well-known theoretical feed pattern G1 (cjJ 1) 

Eq. 7.22 is written as 

n = 2(n+1 )eos <1>1' 

2 2 n+1 
4x2 

_ D 
1 - cos cjJ 1 s (7.23) 

n+1 • 
D2 - D 

2 
s 1 - cos 'I' 1 

s 
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The cone shaped protuberance is clearly demonstrated in the calculated 

example of chapter 8, Fig. 8.1 • 

It is expected, however, that some scattering will occur as the grooves 

and rimples will act as radiating line distributions. In the case of 

antennas for satellite communication, the dimensions of main reflector 

D;::: 350;1. and subreflector D ;::: 35;1. 
s 

are sufficiently large to keep the 

influence of diffraction small. The protuberance of the subreflector 

comprises only one singular point which will have little effect on the 

total radiation pattern. 

The increase of the blocking efficiency obtainable is not important, 

however, the decrease in noise temperature will be very noticeable. 

The example of Fig. 3.10 shows that 1% and 3.5% of the power radiated 

by the feed is blocked by the subreflector and subreflector supports 

respectively. If the antennas points towards the horizon it may be 

expected that half of this power is scattered into the sky and the 

other half into the "hot" ground. The increase in noise temperature is 

therefore 0.5x3 0 K + 1.75x3 0 K = 6.75 0 K. Also Potter (lit. 9) explains 

the great importance of these noise contributions. 

7.5 Conclusion 

By modifying the surfaces of main and subreflector these can be adapted 

to any arbitrary primary feed pattern according to the mathematical 

relations of Sec. 7.2 • In this way it is possible to achieve a constant 

phase and amplitude distribution at the antenna aperture. Theoretically 

an aperture efficiency of 100% can be realised although some diffraction 

effects will take place as the ratio D/A is not unlimited. 

At the same time it is possible to illuminate the edge of the subref~ector 

at -20 dB. This value is much lower than with the usual classical 

cassegrain antennas; a spillover efficiency of about 98% can now be 

r~alised. The product of spillover efficiency and aperture effiecency of 

classical cassegrain antennas is mostly of the order of 74% (chapter 3). 



-7.10-

The increase in antenna efficiency by shaping the reflectors can there­

fore be considerable. The antenna gain can be increased by about 1 dB. 

This means that a modified cassegrain antenna with a main reflector 

diameter of 27 metres will have the same gain as a classical cassegrain 

system with a main reflector of 30 metres diameter. 

The low spillover losses have no doubt a favourable influence on the an­

tenna noise temperature. The losses by diffraction at the subreflector 

edge will also be much lower by decreasing the edge illumination, con­

sequently the antenna noise temperature will be lower. A disadvantage 

is the fact that by illuminating the aperture uniformly, diffraction 

effects at the edge of the main reflector have to taken into account. 

In classical systems this contribution can be neglected as the illu­

mination is tapered towards the edge. It is possible, however, to aban­

don the overall uniform illumination and leave a 1 metre ring along 

the main reflector edge under illuminated. The aperture efficiency 

will decrease, but on the other hand the contribution to noise tempe­

rature by this part of the scattered power also becomes less. Optimising 

this problem is now a subject of further study. 

In an antenna system designed for satellite communication valuable 

advantages can further be obtained by having the power which is blocked 

by subreflector and supports, intercepted by the main reflector. This 

results in 

(1) higher antenna efficiency 

(2) decrease of the noise temperature. 

Further theoretical and experimental study will be required to calcu­

late the difficult diffraction effects of the grooves and rimples and 

to see whether this solution offers practical possibilities. 
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8. Proposal £or an antenna system for satellite communication in the 

Netherlands 

8.1. Introduction 

The previous chapters have proved that a modified cassegrain antenna 

system should be proposed for sateJ.lite communication with stationairy 

satellites. The great advantage of this system as compared with the 

classical cassegrain system is increased aperture efficiency and a 

lower antenna noise temperature, because the power is spread over the 

aperture to obtain uniform illumination and because the edge of the 

8ubreflector is illuminated at a low level, resulting in low spillover 

losses. The calculations carried out by the computer indicate that in 

classical systems the angular aperture ~2' i.e. the ratio F/D, and the 

maximum antenna gain are practically not related to each other. 

If the reflectors are modified the antenna gain and antenna noise 

temperature can be calculated and optimised independently of each other. 

For the time being, an F/D ratio of 0.33 has been chosen, while the 

investigations carried out so far indicate the possibility of taking 

a higher F/D ratio without much loss in performance. The design 

proposed includes a modified conical horn antenna with properties 

specified elsewhere. 

8.2. The feed 

A feed has been prescribed in Sec. 5.4 (model H) which meets the 

specification with regard to the bandwidth. The aperture diameter is 

6~ for a frequency of 3.7GHz. The shape of the beam in the H plane is 

very good, that in the E plane still needs some improvement. Judging 

from the experience met so far with special boundary conditions 

improvement may be expected by their introduction. 

It is proposed to use a modified conical horn antenna, with the same 

dimensions as model H. The radiation pattern in the E plane is expected 

to be very similar to the pattern of Fig. 5.17. 

The beamwidths in the E and H plane are expected to be similar to and 

slightly larger than those of Fig. 5.17. At the -20 dB points a beam­

width of about 44 0 is expected. 
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8.3. The shape of the reflectors 

Chapter 7 gives detailed information as to the methods of shaping 

main and subreflector to obtain uniform constant phase aperture 

illumination at a given pattern. The results of a computer programme 

are shown in Fig. 8.1., where the coordinates of the reflector system 

are indicated. The function G1(~1) = 122 cos60~1served as primary 

feed pattern. This pattern corresponds very well with the pattern 

recommended in chapter 5. The diameter of the subreflector is 0.1D. 

The angle ~2 corresponds with an F/D ratio of 0.33 if the cassegrain 

system had been classical. It will be clear that when the main 

reflector has been shaped no focus can be defined. 

Apart from showing the shaped contours of main and subreflector, 

Fig. 8.1 also represents a true paraboloid with an F/D ratio of 0.33. 

By causing the edges of the two main reflectors to coincide, the 

differences are clearly demonstrated. Computer calculations indicate 

that the maximum deviation of the shaped paraboloid from the true 

paraboloid is about 0.01D. It is also possible to compare the shaped 

paraboloid with what is popularly known as a best-fit paraboloid, 

also called regression paraboloid, which can be found by the least 

square method. 

The maximum difference between true and shaped paraboloid now reduces 

to about 0.0005D. 

8.4. Calculation of the G/T ratio at 4 GHz and the antenna gain at 6 GHz 

8.4.1. Power losses and noise contributions 

Let us consider the antenna in transmitting condition and examine the 

power radiated outwards. We shall establish in succession all the losses 

that are found, and tabulate them in Table 8.1. It is possible to 

classify the contributions to loss and noise from Table 8.1. in three 

more or less independent groups. In this way, it is possible to 

distinguish the influence of each group. 

Group I: The ideal mechanical antenna; containing all contributions 

affecting the ratio G/T in a quiet environment (without wind, no surface 

inaccuracies, etc.). These contributions will affect the electrical 

antenna properties. 
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Group II: contributions by mechanical imperfections of the antenna 

system and by the weather. 

Group III: contributions of the components such as paramp. duplexer, 

polariser, etc. 

Tables 8.3 and 8.4 show these contributions in more detail. Before 

explaining the figures given, however, the power balance within the 

antenna system should be determined. This power balance is tabulated 

in Table 8.2 (see also Fig. 8.2). 
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Table 8.1 

Characteristic 

(1) micro'Nave receiver 

(2) transmission between 
receiver and feed 

(3) coupling of noise by cross 
coupler 

(4) polariser 

(5) feed + window 

(6) subreflector 

(7) main reflector 

(8) various 

Table 8.2. 
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cause of power loss 

reflection 106s 

reflection loss 
ohmic 10s6 

coupling hole 

ellipticity 

reflection loss 
ohmic loss 
cross polarisation 
backward radiation 

spillover loss 

diffraction 10S6 
ohmic loss 
cross po13risation 
surface tolerance 

aperture efficiency 
phase efficiency 
surface tolerance 
cross polarisation 
blocking effects 
ohmic lOsses 
diffraction lOBS 

loss by mispositioning of subreflec-

tor 
loss by pointing errors, paraboloid 
deviation by own weight 
1065 by feed offset, wind shears, 
mode conversion, rain and clouds 

cause of noise contribution 

reflection (decrease of noise) 
amplifier noise temperature 

reflection 
ohmic 10s6 

radiation by coupling hole 

reflection 10s6 
thermal noise by losses 
sky noise by cross polarisation 
sky and earth noise by scattered 
backward radiation 
sky and earth noise by spillover 

scattering of diffraction power 
ohmic 1056 
cross polarisation 

sky noise by main beam and sidelobes only 

cross polarisation 
scattering of blocked power 
ohmic losses 
scattering of diffraction power 

A. Power equilibrium of feed t if feed delivers 100% of the total power. 

Characteristic Power lOBS relative 
relative absolute efficiency 

(1 ) loss by cross polarisation Zil Zil 
(2) loss by back radiation 1% 1% 0.95 
(3) loss by spillover 2% 2% 

Total lOBS by feed 5% 0.95 

Conclusion: 95% of tbe total power supplied to the feed is captured by the Bubreflector. 

B. Power equilibrium at the subreflector _hen 100% power is supplied to the subreflector. 

(4) 10SB by diffraction 1,.5% 
1

0.95 X1 .5 

= 1.425% 1 

Conclusion: 93.575% of the total power supplied by the feed is captured by the main reflector. 

C. Power equilibrium at the main reflector when 100% power is supplied to the main reflector • 

(5) scatter of the blocked by • 
according Sec. 7.4 power . • if shaped 

subreflector 1%(nihi ) 0.936%(.1.il) 

(6) scatter of the power blocked by • the subreflector supports 3.5% 3.275% 0.935 0.945 
(7) scatter at the main reflector edge 

and contributions in far sidelobe~ Zil 1.872% 

Conclusion: 87.49% of the power supplied to the feed is radiated effectively by the 

main reflector, or 88.43% if the aubreflector is shaped in accordance with Sec. 7.4 



Table 8.3. 

Antenna efficiency and noise of the feed, feedsyatem and antenna syatem. 

4 GHz 6 GRz , i-Loaaea 'a . INoiae Noise Losaes 
Feed (modified conical horn) • ower 1°° 10° °K~ • .B OK 

oaa % elev. elev. 

i 1. 
i: 

Reflection 10SSeB of feed VSWR!=1.2 0.044 0.990 see alsO 25 0.044 : 0.990 I ---+------
1

2
• 

--~- 11--
Ohmic 10&8e6 of feed + window 0.009 0.998 0.5

0 I 0.5
0 

I 0.009 0.998 

I I 
I I 

I 
3. ode conversion I - - - - - - -

i 4. 
Croea polarisation max. 2JI, 

0.088 0.980 2.0 0.75 0 0.088 0.980 (Bee alBO 8 and 13) 3.0 I 
-----,-, ,I, 

I 5· Back radiation max. 1~ 0.044 0.990 1.0 1.5 1.35 0.044 0.990 
- --

Subreflector D ., 0.1D • 
Relative spillover efficiency at - 20 dB 

6. 
edge illumination 0.088 0.980 2.0 3.0 J 2.7 0.088 0.980 

7. Relative diffraction efficiency 0.132 0.970 1.425 2.14 1.92 0.132 0.970 

8. Croea polarisation (see 4) - - - - - - -

9. Surface tolerance and ohmic losses - - - - - - -
(see table 8.4) 

Main reflector 

10' I Aperture efficiency (a~pli tude) 0.269 0.940 - - - 0.706 0.85 
I 

" . Aperture efficiency (phase) 0.223 0.950 - - - 0.458 0.900 I 
12. Edge diffraction and fa, sidelobes 2. 0.088 0.980 1.872 2.81 2.53 0.088 0.980 

13· Cross polarisation (see 4) - - - - - - -
Blocking. ohmic lOBseB. eurface tolerahce. 

14. (Bee table 8.4) - - - - - - -pointing errore, etc. 

Noise con tri bu ti on from main lobe and near 
'5· (_5 0 <&< "'5°) - - - '5° 13·5 - -sidelobtls 

16. Radiation by sun and starB (not in main lobel) - - - 1.0 1 ~O - -

Totale 0.797 24.25 1.657 0.683 
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Table 8.4. 

Loases by mechanical imperfections. blocking and weather. 

4 GHz 6 GHz 

10.~~ 
-

II 108888"[ '~--r---b •• INoise Noise 
power 00 

0 10° Cell dB ' " dB ' 
1088 % ielev• K alev. K 

, 

:1 

-- --+---------1---------_ 

,.,0,b,:+-

17 Surface tolerance of aubrefleetor 0.3 ~ r.lII.a. . • •• ected. · · ! 
18 SUrface tolerance main reflector 2 mm r.1l106. 0.487 0.894 · · ~ -_ .. , 

subreflector 1% 0.044 
, T-- ,--

0·99 · · , 
19 Blocking supports 3.5% 0.315 0.93 3.2]~ 

4.9 1 4.42 ~ 00.362 I O.';l20 1 
Los see by felltd offset. pointing errors, I 

---i ~t--t-,-
I -i_-_1 _tO~~955~ ___ 

20 
deviation paraboloid by own weight 

0.101 0·977 

21 : 20 at wind sheara clllcul "~··r,,-r""~t··: '--Incresse noise temperature in rainy and 
22 

cloudy weather not im ortant ',r I.C.5.t .• p.,i [,.tiOO. 
.. - - - . - ~ . --

I 
i 

23· Ohmic 108S8S of the renee tora 0.5 0 0.5 0 
0.0 17 0.996 

-- ~~ r- --~-

0.6,,1 
I 

Totale ~ 0.804 5.41 4.92 I 1.680 

Loeeea and noiee contributions of the system components. 

--~-~ 

4_~z 6 Gh 

LOllllell 
ab.,. NOiae Noiae . loase., , 00 100 , 
power 

dB dB 101111 " elev. elev. 

TpA + TTniGpAz16+2.1 

24 Noise temp.paramp. + 2na 
+ 3ra stage . . 1e.10 1f:.10 · · 

Reflection loas paramp .. 4% -VSWR,,1.5 
0.14 25 Paramp noise by reflection of feed ( f3) 0.177 0·960 . 0.14 · · 

Ohmic lossee~ wave guide duplexer, circulator 
26 

coax. filter ( f
2

) 0.20 0.955 12.6.') 12.65 0.301 0.933 
~-,--

27 Losses by mod. conversion in the wave guide 
. avstllm 

----iN~iae by croaa coupler (23 dB) and 0.022 0.995 2.16 2.16 i 28 I · · __ ._ .Jtrac~iDg syatelll (fit) 0.01 0·998 i , 

~iPti,itY I I 

loaa.a 0.056 0.987 . . . 0.056 i 0.987 
, 
I 

-

I I 
! 

I 
Totals 0.39:'\ 33.0~ 33.05 0.357 0.921 

... 
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Explanation 'of Table 8.3. 

(1) The maximum VSWR of 1.2 introduces a power loss of 1%. Noise 

power increases and decreases also, if the power flow is 

considered from receiver to feed and from space to feed. In 

this design both contributions are nearly accidentally the same. 

(2) The ohmic losses in feed and window are average values of an 

internally gilded feed closed by a melinex window as a protection 

against weather influences. 

(4) The total amount of cross polarisation is ~~. It is asnumed that 

the cross polarisation power is radiated into a small solid angle 

centred around the antenna axis (lit. 16, p. 423). 

(5) The model discussed in Sec. 4.5.4.2. is used for the calculation 

of the noise contributions by spillover, back radiation and 

diffraction. 

(7) The figures in the third columm are the power losses with respect 

to the total power supplied. These figures are important for 

calculating the noise temperature. 

(10) Uniform illumination is proposed in this design except for a ring 

of about 1 metre width around the aperture edge. The field over 

this ring is tapered towards the edge to -10 dB to avoid that high 

diffraction losses occur around the main reflector edge, resulting 

in a decrease of antenna temperature. The value of 1 metre can be 

found by the principle of stationary phase. The aperture efficiency 

found will be 0.98 according to the method explained by Fig. 8.3. 

A figure of 0.94 has been put down in Table 8.3, as ray optics, by 

which the shaped reflectors have been calculated, can only be used 

to a certain extent. Moreover, the fact that the radiation of the 

feed is not be truly circular has been taken into account as well. 

(11)Generally speaking, it is not possible to define an efficiency 

caused only by phase errors. Silver (lit. 16, p. 186), however, has 

shown that the problem can be approximated by a small quadratic 

error. In the design proposed a maximum quadratic error of about 20 0 

is expected resulting in an efficiency of 0.95. 

(12) The model of Sec. 4.5.4.2 has served again to calculate noise 

contributions of far side lobes and scattered diffraction power. 
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(15) According to Table 8.2, only about 87% of the total power 

supplied to the feed is radiated by the aperture. How this 

power is distributed is not exactly known as, it is difficult 

to predict what part of the power scattered by subreflector 

and support contributes to the main lobe and near side lobes 

(solid angle with flare angle of 50). In this calculation it 

is therefore assumed that 9~~ of the total power supplied is 

radiated by the main reflector. The noise contribution by the 

main beam at an elevation angle of 100 will be 13.50 K as for 

an antenna without losses the average of this contribution 

would be 15 0 K (Fig. 4.3). 

(16) The noise contribution due to radiation of the sun is 10 K at 

an average sidelobe level of -50 dB. 

Explanation of Table 8.4. 

(18) Considerable losses are introduced by surface inaccuracies. 

The loss in efficiency can be calculated by Ruze's formula 

(lit. 55) 

2 
= exp (- ~) c = rms error 

(19) Calculation of the blocking coefficient can be found in section 3. 

The model discussed in Sec. 4.5.4.2 has served to find the noise 

contributions by scatter from subreflector and supports. 

(20) The losses by feed offset and subreflector mispositioning are 

estimated to be 0.1 dB. Additional calculations will be required 

after the mechanical designer has finished the strength 

calculations. 

(23) According to lit. 13, for alluminium reflectors an additional 
o noise contribution of 0.5 K has to be taken into account by 

absorption. 

(24-29) 

The data mentioned in this table have been placed at our disposal 

by third parties and are independent of the electrical antenna 

design. However, they place an important rule in the design of 

the complete system. More details of the contribution of these 

components are found in Sec. 4.6.2. 



8.4.2. Final. results 

Noise contribution at 4 GHz in 0 K at 10 0 elevation 

( 1 ) main lobe 

(2) ground noise 

0) radiation of sun 1.-

(4) ohmic losses 1.-

Total noise TA = 

'rhe noise TA is measured at the input terminals of the feed. At the 

input terminals of the parametric amplifier (Sec. 4.6.2) this noise 

will be 
2 2 

= T A • g2 ( 1-1 p 1 1 ) (1-lp21) = 26.48
0 

K. 

(5) noise paramp + 2nd and 3
rd 

stage 

(6) noise due to components 

Total noise temperature 

Table 8.5 Antenna efficiency 

characteristic 

electrical antenna efficiency, table 

blocking efficiency 

aperture efficiency main reflector 

component efficiency 

feed offset and ohmic losses 

Total efficiency 

Total efficiency 

Maximum antenna gain 20 
nD 

log T 

D = 25 m. at 4 GHz G = 60.40 dB 
max 

D = 25 m. at 6 GHz G = 63.92 dB. 
max 

(Table 8.4) 

relative to 1
0
K. 

4 GHz 6 GHz 

8.3. 0.797 0.683 

0.920 0.920 

0.894 0.776 

0.898 0.921 

0.977 0.955 

0.575 0.429 

in dB 2.40 3.67 
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Net gain at .4 GHz at· terminals of parametric amplifier 

(60.40 - 2.40) = 58.00 dB. 

Net gain at 6 GHz at transmitting terminals of duplexer 

(63.92 - 3.67) = 60.25 dB. 

Figure of merit 

(58.00 - 17.75) 

GfT at 
s 

= 40.25 

4 GHz at 10 0 elevation 

dB. 

8.4.3. Expected antenna gain as a function of the frequency 

So far it has been assumed that the beamwidth of the feed is independent 

of the frequency.In calculating the aperture efficiency a factor taking 

that the main beam is not exactly circularly symmetrical has been 

introduced. The (ideal) frequency-independent radiation pattern of the 

feed will give the same aperture efficiency over the entire frequency 

band. 

The gain of the antenna as a function of the frequency is 

f 
G = 20 log. 4" (f in GHz) 

This relationship is shown in Fig. 8.4. There will be no problem for 

frequencies higher than 4 GHz but at a frequency of 3.7 GHz the gain of 

the proposed antenna will be 0.66 dB lower. As the antenna dimensions 

relative to the wavelength will decrease with decreasing frequency, the 

diffraction effects have the tendency to increase. The noise temperature 

is, therefore, expected to increase by about 1
0 

K. 

The feed proposed will have a beamwidth slightly dependent on the 

frequency (Fig. 5.16). Generally speaking the beamwidth tends to increase 

at decreasing frequency. Therefore, spillover will increase at lower 

frequencies resulting in a higher noise temperature. The phase 

characteristics of the feed will not be entirely frequency independent 

either; the final computer programme will, therefore, be based on an 

average phase characteristic. 

At higher frequencies the aperture efficiency will be somewhat lower 

as the beamwidth of the main lobe of the feed tends to decrease. This 

factor has already been taken into account when calculating the antenna 

gain at 6 GHz, indicating an aperture efficiency of only 85%. 

ics 



The gain is expected to 

in respect of 6 GHz and 
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6 
be 20 log (5.9) = - 0.14 dB lower at 5.9 GHz, 

> 60 dB at frequencies higher than 6 GHz. 

The figure of merit G/T will be higher than 40 dB at frequencies 

higher than 4 GHz, and 0.8 dB lower at 3.7 GHz. 

8.5. Conclusion 

The calculations carried out so far indicate clearly the great 

difficulties in obtaining the required figure of merit. Most the 

stations existing at the moment (Jan. 1968) do not meet the 

specifications. A recent investigation (lit. 13) shows that most 

designers increase the antenna diameter to 27.5 metres for future 

stations; probably the specification is too severe for a 25-metre 

paraboloid, especially with the present parametric amplifiers as 

these have high noise temperatures. 

It is recommended for the Dutch ground station to increase the antenna 

diameter likewise to 27.5 meter. The gain will increase by about 

0.84 dB (Fig. 8.4), giving some margin in the figure of merit. 
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Appendix 

To determine the power radiated into a solid angle the procedure to be 

followed should be: 

(1) Redraw the radiation pattern (Fig. A. 1) on the special sin e pa­

per (Fig. A. 2 and A. 3). 

(2) Determine the surfaces of the various parts of the pattern. 

(planimeter). 

(3) The proportion of the surface of the required part to the total 

pattern surface is the relative power radiated within the specified 

solid angle corresponding to the required pattern surface. 

In Fig. A. 1 the total surface is 0.3115. We want to know which part 

of the total power radiated, is contained within the -lOdE points of 

the mainlobe of the pattern. We find a surface within the 10 dE points 

of 0.2715. Therefore: 

Relative power = 0.2715 

0.3115 
x 100% = 87.1% 

Further we find that the relative power radiated within the -20 dB 

points is 94.9% and within the -30 dE points 97.~~ • 
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