
C H A P T E R  I I I

A N T E N N A  A N D  R E C E I V E R

This chapter is divided in two main sections, antenna and receiver 

respectively. The former sector is provide the basic concepts for general antenna and 

the method how to measure the power pattern. The latter part is dedicated to radio 

receiver in the radio astronomy. The superheterodyne perspective is introduced since 

it was used in our system.

Definitions
An antenna may be defined as the region of transition between a free-space 

wave and a guided wave (receiving case) or vice versa (transmitting case) (Kraus, 

1986). The antenna is analogous to the lens or mirror in an optical telescope.

The response o f an antenna as a function of direction is given by the a n te n n a  

p a t te r n . By the reciprocity this pattern is the same for both receiving and transmitting 

condition (Kraus, 1988). The pattern commonly consist o f a number of lobes as 

suggested in Fig. 3.1a. The lobe with the largest maximums called the m a in  lo b e , 

while the smaller lobe is referred to the m in o r  lo b e  or s id e  and b a c k  lo b e .
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Fig. 3.1 Power pattern of an antenna in polar coordinate (a) and in rectangular 

coordinate (b) (Kraus, 1986).

If the pattern is measured at so sufficient distance from the source, that 

increase in the distant cause no change in the pattern, the pattern is the f a r - f i e l d  

p a t te r n . Measurement at lesser distance yield n e a r - f ie ld  p a t t e r n  which are a function 

of both an angle and distance since the non-uniform of the electric field from the 

source.

The pattern may be expressed in term of the field intensity { f i e l d p a t t e r n ) or in 

term of the Poynting vector or radiation intensity { p o w e r  p a t te r n ) . Fig 3.1a is show a 

power pattern in polar coordinates. To show the minor-lobe structure in more details 

the pattern can be plotted on a logarithmic or decibel scale (decibel below main-lobe
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maximum). Fig 3.1b is an example of the pattern on the decibel scale in rectangular 

coordinates. The pattern in fig 3.1b. is the same as the one in fig 3.1a.

A  single pattern, as in fig 3.1, would be sufficient to completely to specific the 

variation o f radiation with angle if  antenna the pattern is symmetrical. In the 

nonsymmetrical case, a three dimensional diagram is required to show the pattern in 

its entirety. However, in practice the patterns, one like that in fig. 3.1a through the 

narrowest part of the lobe an another perpendicular to it though the widest part of the 

lobe, may suffice. These mutually perpendicular pattern through the main lobe exist 

are called the p r in c ip a l - p la n e  p a t te r n s . The above statement assumed that antenna is 

linearly polarized in one of the principal planes (Kraus, 1986).

Beam Width, Beam Solid Angle, Directivity and Effective Aperture
A  useful numerical specification of the pattern can be in term of the angular 

width of the main lobe at a particular level. The angle at half-power level or the h a lf ­

p o w e r  b e a m  w id th  (H P B W ) is the one most commonly used. T he b e a m  w id th  b e tw e e n  

f i r s t  n u lls  (B W F N ) or the beam width at -10 or -20 dB below the maximum value are 

also useful.

Another way to describe the pattern is in terms of the s o l i d  a n g le . Let the 

relative antenna power pattern as a function o f angle be given by P(9,<{>) [

E(0,<J>) = E(0,<t>) * E(0,((>) where E(9,<t>) is the electric field pattern at long distance ] 

and its maximum value by P(0,<|>)max- The Pn(0,4>) is proportional to the Poynting 

vector ร (0,4>). It may be defined the b e a m  s o l i d  a n g le  or b e a m  a r e a  as

i V 7 1 3 b 2 b 7
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Q a = J J Pn (0,<J>)dQ (3.1)

where Q a = beam solid angle or beam area, sr

Pn (0,<t>) =  P(0,4>) /  P(0,<j))max -  normalized antenna power pattern 

dQ = elemental solid angle, sr.

The beam solid angle Qa is the angle through which all the power from 

transmitting antenna would stream if  the power (per unit angle) were constant over 

this angle and equal to the maximum value.

In (3.1), if  the integration is restricted to the main lobe as bounded by the first 

minimum, the main beam solid angle is obtained. Thus

where C1M -  beam solid angle or beam area, sr

In the pattern for which no clearly defined minimum exists, the extent o f the 

main lobe may be indefinite, and an arbitrary level such as -20 dB can be used to 

delineate it.

The d ir e c t iv i ty  of the antenna may be defined as the ratio the maximum 

radiation intensity (transmitting case) to the average radiation intensity, or

(3.2)
m a inbeam

(3.3)
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where บ (0,4)) = maximum radiation intensity, w/sr 

Uavg = average radiation intensity, w/sr.

The average radiation intensity is given by the total power พ  radiated divided 

by 4 n  , and the total power is equal to the radiation intensity บ  (0,<j)) integrated over 

4 n . Hence,

The directivity of antenna is a fixed numerical quantity. Multiplying the 

directivity by the normalized power pattern yields the d ir e c t iv e  g a in , a quantity which 

is a function of angle. Thus,

D _ U(e,<t>)max 

- -Mju(6,<t>)dQ

Since the radiation intensity is proportional to the poynting vector, thus

4rc 471

D= Jjpn(e,(t»)dQ = ^A
(3.4)

D (0,4») = D Pn(0,4>) (3.5)
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Antenna pattern may be plotted in term o f directive gain, as in fig. 3-2. For a

nondirectional antenna the pattern would be everywhere equal to the level D(0,(j)) =1.

this is called the isotropic level.

Fig 3.2 Antenna pattern plot in terms of directive gain (Kraus, 1986).

The directivity has been expressed entirely as a function o f the antenna pattern 

with no reference to the size or geometry of the antenna. To show that the directivity 

is a function o f the antenna size consider the far-electric field intensity Er at distance r 

in a direction boardside to a radiating aperture, as in fig. 3-3. If the field intensity in 

the aperture is constant and equal to Ea (V/m), the power พ  radiated is given by

w = z  A
(3.6)

where A  = antenna aperture

z  = intrinsic impedance of the medium,



39

Fig 3.3 Radiation from aperture A  with uniform field Ea (Kraus, 1986).

The power radiated may also be expressed in terms of the field intensity Er at a 

distance r by

(3.7)

where = beam solid angle of antenna, sr

In this situation, we have to relate the field intensity in the aperture Ea to the 

field intensity at distance r (Er). We consider a continuous current sheet or field 

distribution over an aperture A. In more general case, we assume that the current or 

field distribution over the aperture as in fig. 3-4. Assuming that the current or field is 

perpendicular to the page (y direction) and is uniform with respect to y, the electric 

field at distance r from an elemental aperture d x d y  is
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Fig. 3.4 Aperture of width a and amplitude distribution E(x) (Kraus, 1986).

Jy = current density 5 A/m2 

E(x) = aperture electric field distribution, v/m 

CÛ = angular frequency 

p = permeability of medium, H/m 

p = wave number, 2 n /x  

X - wavelenght, m

For an aperture with a uniform dimension yi perpendicular to the page and 

with the field distribution over the aperture a function only of X, the electric field as a 

function of (j) at a large distance from the aperture (r»a) is ,from above equation,
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E(4>) = 7-- jE(x)ejPxs๒*dx47irnz  โ,

The magnitude of is then

|E («| = ^ t E ( x ) e - jl”‘ s'“t dx

For a uniform aperture distribution E(x) = Ea and consider when 4> = 0 , we have

|E (« != E aay, = E aA 
2rA. 2rA,

where A  = aperture area (ayi).

For the unidirectional radiation from the aperture (in direction <{> = 0 ) is twice 

the value given from above equation which is

|Er| =
E a[A
rÀ,

We substitutes the result to (3.7), we have
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Since the power radiated at distance r have the same value as the power of 

source from (3.5), we have

In (3-8) the aperture A  is the physical aperture if  the field is uniform over the 

aperture, as assumed, but in general A  is the e f fe c tiv e  a p e r tu r e , A e . It may be 

considered the area of energy collected in the case of receiver

Hence, the directivity of the antenna can be written by replacing the Q a in 

(3.4) with X2/A ç from (3.8), we obtain

Measurement of the Antenna Pattern
It is very important to know the properties of the used antenna if  we have 

intention to evaluate any physical quantity from the observation as discussed in the

tJ2 = A O a (3.8)

D ะ=
4rcA 6

(3.9)

previous chapter.
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Fig 3.5 Measurement for horizontally polarized antenna power pattern (Kraus, 1988).

The parameter of the antenna, such as power pattern and effective aperture, 

are the interesting quantity instead of the physical structure o f the antenna. In fact, it 

may be derived directly from the theoretical analysis but it is only the idealized or 

simplified case o f the actual situation in the real world. So while theory is essential to 

our understanding, experimental measurements determine the actual performance.

The most important characteristic of an antenna is the far-field power pattern, 

Pn(0,(j>). The 3-dimensional pattern have to determine in general case. However, the 

fewer pattern are frequently sufficient (Kraus, 1988).

In this thesis, the used antenna is the wide-band log-periodic dipole as 

discussed in the next section. The antenna of this type are directional and linearly 

polarized. Thus, suppose that the main beam in the x-direction, as suggested in Fig.

3.5 then two principal-plane patterns bisecting the main beam may suffice. If the 

antenna is horizontally polarized then xz and xy plane pattern o f E<(, are measured.
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T h e r e  a r e  t w o  a r r a n g e m e n t s  w h i c h  i s  p o s s i b l e  t o  d e t e r m i n e  t h e  p o w e r  p a t t e r n  

o f  t h e  a n t e n n a ,  o n e  b y  r o t a t i n g  t h e  a n t e n n a  u n d e r  t e s t  a c t i n g  a s  a  r e c e i v i n g  a n t e n n a  

w h i c h  a  d i s t a n t  s e p a r a t i o n  b e t w e e n  t h e  t r a n s m i t t e r .  A n o t h e r  w a y  i s  b y  m o v i n g  t h e  

t r a n s m i t t e r  a r o u n d  t h e  a n t e n n a  u n d e r  t e s t .  A s  t h e  f a r - f i e l d  c o n d i t i o n ,  t h e  s e p a r a t i o n  

b e t w e e n  t r a n s m i t t i n g  a n d  r e c e i v i n g  a n t e n n a  h a v e  t o  b e  s u f f i c i e n t  f o r  t h e  p a t t e r n  

u n c h a n g e d  b y  t h e  d i s t a n t  b e t w e e n  s o u r c e  a n d  r e c e i v i n g  a n t e n n a .

T h i s  c o n d i t i o n  i s  m e t  w h e n  t h e  f i e l d  a t  t h e  a n t e n n a  u n d e r  t e s t  a p p r o x i m a t e s  a  

u n i f o r m  p l a n e  w a v e .  C o n s i d e r  t h e  a n t e n n a ' s  e l e m e n t  w i t h  t h e  p h y s i c a l  s i z e  a  a s  s h o w  

b y  f i g .  3 - 6 .

I f  t h e  p o i n t  s o u r c e  s i t u a t e  a t  p ,  t h e  f i e l d  o n  a l l  p a r t s  o f  e l e m e n t  i s  a r r i v e d  i n  

t h e  s a m e  p h a s e  a t  a n  i n f i n i t e  d i s t a n c e .  I f  t h e  s e p a r a t i o n  i s  f i n i t e  d i s t a n c e  r  t h e  f i e l d  a t  

t h e  e d g e  m u s t  t r a v e l  a  d i s t a n c e  r + 0  . H e n c e ,  t h e r e  a r e  p h a s e  d i f f e r e n t  b e t w e e n  t h e  

c e n t e r  a n d  t h e  e d g e  o f  t h e  e l e m e n t s ,  w h i c h  i s  2 n b / \  . I f  5  i s  c o m p a r a b l y  s m a l l e r  t h a n  

t h e  w a v e l e n g t h  o f  t h e  i n c i d e n t  w a v e ,  t h e  m e a s u r e d  p a t t e r n  w i l l  a p p r o a c h  a p p r e c i a b l y  

t o  t h e  t r u e  f a r - f i e l d  p a t t e r n  ( K r a u s ,  1 9 8 8 ) .  R e f e r r i n g  t o  f i g .  3 - 6 ,

F i g  3 . 6  T h e  l o n g e s t  e l e m e n t  o f  a n  a n t e n n a  i n  t h e  e l e c t r i c  f i e l d  o f  t h e  p o i n t  s o u r c e  .
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r * 2 + 2 r S  +  ô 2 =  r 2 + y

๔__b 
นิ น ิ  2

I f  5  «  a  a n d  8  «  r

T h u s ,  t h e  m i n i m u m  d i s t a n c e  r  a r e  d e p e n d s  o n  t h e  m a x i m u m  v a l u e  o f  Ô w h i c h  

c a n  b e  t o l e r a t e d ,  c.c. C u t l e r ,  A .  p .  K i n g  a n d  W . E .  K o c k *  r e c o m m e n d e d  t h a t  Ô  b e  

e q u a l  t o  o r  l e s s  t h a n  A . / 1 6 ,  H e n c e

T h e  p h a s e  d i f f e r e n c e  f o r  Ô  =  X /\6  i s  2 2 . 5 ° .  T h e s e  v a l u e  i s  s a t i s f a c t o r y  f o r  t h e  

m o s t  c a s e  ( K r a u s ,  1 9 8 8 ) .

W h e n  t h e  a r r a n g e m e n t  a s  d i s c u s s e d  i n  s e t  a n d  t h e  a n t e n n a  u n d e r  t e s t  i s  

c o n n e c t e d  t o  t h e  r e c e i v e r  t o  m o n i t o r  t h e  p o w e r  f r o m  t h e  t r a n s m i t t e r ,  w e  o b t a i n  t h e  

p o w e r  p a t t e r n  b y  r o t a t i n g  a n t e n n a  o r  b y  m o v i n g  a n t e n n a  a r o u n d  t h e  s o u r c e  i n  a n y  

d i r e c t i o n .  A l s o  w h e n  w e  c o m p l e t e  a  p l a n e  w e  c a n  b e  d o n e  i n  t h e  s a m e  w a y  f o r  a n o t h e r  

p l a n e .

Cutler, C.C., King.A.P. and Kock,W.E. Microwave Antenna Meaturemmts. ErocJRE. 35 (December, 1947): 1462-1471 cite in Kraus, J.D. Antennas.

2 ed. Singapore: McGraw-Hill, 1988.

( 3 . 1 0 )
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Log-Periodic Dipole Antenna
A s  t h e  d i s c u s s i o n  i n  t h e  c h a p t e r  I I ,  t h e  e n e r g i e s  d e v e l o p e d  b y  t h e  r a d i o  

t e l e s c o p e  s y s t e m  d e p e n d  o n  t h e  b a n d w i d t h  o f  t h e  s y s t e m .  H e n c e ,  t h e  a n t e n n a  o f  t h e  

w i d e r  b a n d w i d t h  r e s p o n d  i s  o n e  o f  t h e  p r i m a r y  r e q u i r e m e n t  ( H e i s e r m a n ,  1 9 7 5 ) .

Inactive (stop) 
region (/>X/2)

Active r  * '

F i g .  3 . 7  L o g - p e r i o d i c  d i p o l e  a n t e n n a  ( K r a u s ,  1 9 8 8 ) .

I n  t h i s  t h e s i s  w e  c h o s e  t h e  b r o a d b a n d  l o g - p e r i o d i c  d i p o l e  a n t e n n a  a s  s h o w n  b y  

f i g .  3 - 7 .  T h i s  a n t e n n a  w a s  d e s i g n e d  b y  R a y m o n d  D u H a m e l  a n d  D w i g h t  I s b e l l  i n  1 9 5 7 .  

T h e  p h y s i c a l  p r i n c i p l e  i s  t h e  f a c t  t h a t  t h e  c h a r a c t e r i s t i c  o f  t h e  a n t e n n a s  o f  s a m e  t y p e  

b u t  d i f f e r e n t  s i z e  r e m a i n  t h e  s a m e  w h e n  o p e r a t e  a t  p r o p e r  f r e q u e n c y .  F o r  e x a m p l e ,  

t h e r e  a r e  t w o  d i p o l e  a n t e n n a  w h i c h  a r e  d i f f e r e n t  i n  p h y s i c a l  s i z e  b y  t h e  r a t i o  ร .  I f  t h e  

s m a l l  o n e  o p e r a t e  a t  f r e q u e n c y  f ,  t h e  i n p u t  i m p e d a n c e  o f  b o t h  a n t e n n a  i s  t h e  s a m e  

w h e n  t h e  l a r g e  o n e  o p e r a t e  a t  f r e q u e n c y  f / s .  W h e n  t h e  s u c h  a n t e n n a  i s  c o m b i n e d  t o  

a r r a y ,  t h e  b r o a d b a n d  c h a r a c t e r i s t i c  i s  a c c o m p l i s h e d .  T h e  p o w e r  p a t t e r n  o f  t h i s  a n t e n n a

i s  s h o w n  i n  f i g .  3 - 8 .
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0

F i g  3 . 8  P o w e r  p a t e r n  f o r  a  l o g - p e r i o d i c  d i p o l e  a n t e n n a  ( ช ัย ว ัฒ น ์,  2536).

Radio Telescope Receivers
T h e  r a d i o  r e c e i v e r  h a s  t h e  f u n c t i o n  t o  d e t e c t  a n d  m e a s u r e  t h e  e m i s s i o n  f r o m  

t h e  c e l e s t i a l  o b j e c t .  I n  g e n e r a l ,  t h e  m e a s u r e d  s i g n a l  h a s  n o t  t h e  p h y s i c a l  p r o p e r t y  

d i f f e r e n c e  f r o m  t h e  t e r r e s t r i a l  o r  r e c e i v e r ' s  n o i s e .  T h e  o u t p u t  s i g n a l  i s  t h e  c o m p o s i t i o n  

o f  m a n y  p a r t  a s  f o l l o w .

( 1 )  T h e  s i g n a l  i t s e l f . T h e  t h e r m a l  r a d i a t i o n  f r o m  t h e  b l a c k b o d y  c a u s e  t h e  

f l u c t u a t i o n  i n  t h e  a n t e n n a  w h i c h  b e h a v e  l i k e  t h e  r e s i s t e r  o f  t h e  t e m p e r a t u r e  o v e r  t h e  

a b s o l u t e  z e r o .  I t  i s  i m p o r t a n t  t o  n o t e  t h a t  t h e  f l u c t u a t i o n  a t  t h e  o u t p u t  t e r m i n a l  i s  n o t  

o n l y  f r o m  t h e  t h e r m a l  a g i t a t i o n  b u t  a l s o  t h e  n o n - t h e r m a l  p r o c e s s .  H o w e v e r  t h e  

s t a t i s t i c a l  p r o p e r t i e s  a r e  t h e  s a m e .  T h e  s i g n a l  f r o m  a n y  d i r e c t i o n  i s  s e l e c t e d  b y  t h e  

d i r e c t i o n a l  a n t e n n a .  H o w e v e r ,  t h e  s i g n a l  f r o m  s o u r c e  m a y  b e  a b s o r b e d  b y  t h e  m e d i u m  

b e f o r e  r e a c h i n g  t h e  a n t e n n a  a n d  b e f o r e  f e d  t o  t h e  i n p u t  t e r m i n a l  o f  t h e  r e c e i v e r  ( b y  t h e  

t r a n s m i s s i o n  l i n e ) .
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( 2 )  M a n - m a d e  a n d  n a t u r a l  i n t e r f e r e n c e . T h e  e f f e c t  o f  t h e  a n t e n n a  m i n o r  l o b e s  

c a u s e  t h e  i n d u c t i o n  o f  t h e  u n w a n t e d  s i g n a l s  t o  t h e  a n t e n n a .  I t  c a n  b e  c l a s s i f i e d  i n  t w o  

t y p e ,  n a t u r a l  a n d  m a n - m a d e  i n t e r f e r e n c e .  T h e  n a t u r a l  i n t e r f e r e n c e  m a y  b e  c a u s e d  b y  

t h e  e l e c t r i c a l  d i s c h a r g e  i n  t h e  E a r t h ' s  a t m o s p h e r e  s u c h  a s  l i g h t n i n g  o r  t h u n d e r s t o r m s ,  

t h e r m a l  e m i s s i o n  f r o m  t h e  g r o u n d ,  o r  t h e  r e s t  o f  t h e  s k y  i t s e l f .  T h e  i n t e n s i t y  o f  t h e  

a t m o s p h e r i c  d i s c h a r g e s  d e c r e a s e d  a t  t h e  h i g h  f r e q u e n c y  a n d  i n  p r a c t i c e  i t  d o e s  n o t  

p r e s e n t  a  s i g n i f i c a n t  p r o b l e m  a t  t h e  w a v e l e n g h t  s h o r t e r  t h a n  t w o  o r  t h r e e  m e t e r s .  T h e  

m a n - m a d e  i n t e r f e r e n c e  c o m e  f r o m  m a n y  s o u r c e s  s u c h  a s  t h e  a u t o m o b i l e  i g n i t i o n  

s y s t e m ,  e l e c t r i c a l  m a c h i n e r y  ( e . g .  m o t o r )  o r  c o m m u n i c a t i o n  s y s t e m .  T h e  i n t e r f e r e n c e  

o f  t h i s  t y p e  a r e  s o m e t i m e s  c a r r i e d  f r o m  t h e  p o w e r  l i n e  o r  t h e  c o m m u n i c a t i o n  c a b l e  

a n d  c o n n e c t o r .  M a n y  m e a s u r e s  s h o u l d  b e  a p p l i e d  t o  r e d u c e  t h e  e f f e c t .

( 3 )  R e c e i v e r  n o i s e . T h e  v a r i o u s  c i r c u i t  i n  t h e  r e c e i v e r  g e n e r a t e  s o m e  n o i s e  t o  

t h e  o u t p u t .  T h e s e  f l u c t u a t i o n  a l s o  h a v e  t h e  s t a t i s t i c a l  p r o p e r t i e s  a s  t h e  t h e r m a l  

f l u c t u a t i o n  r e c e i v e d  f r o m  t h e  t a r g e t  s o u r c e .  I t  i s  m a j o r  c o n t r i b u t i o n  t o  t h e  h i g h  

f r e q u e n c y  r e c e i v e r .  H o w e v e r ,  f o r  t h e  l o w e r  f r e q u e n c y ,  t h e  s i g n a l  f r o m  s k y  h a v e  s o  

i n t e n s e  t h a t  t h e  r e c e i v e r  n o i s e  b e c a m e  l e s s  i m p o r t a n c e  ( B r o w n  a n d  L o v e l l ,  1 9 5 8  ; 

C h r i s t i a n s e n  a n d  H o g b o m ,  1 9 8 5 ) .

( 4 )  I n s t a b i l i t i e s  i n  t h e  e q u i p m e n t . T h e s e  a r e  t r o u b l e s  d e s c r i b e d  a s  g a in  

va ria tio n , d rifts ,  e t c .  T h e  r e q u i r e m e n t  o f  s t a b i l i t y  i s  v e r y  i m p o r t a n t  T h e  l o n g - t e r m  

r e c o r d i n g  s o  s u f f e r  f r o m  t h e  i n s t a b i l i t y .

R a d i o  t e l e s c o p e  r e c e i v e r  a r e  b a s i c a l l y  s i m i l a r  i n  c o n s t r u c t i o n  t o  t h e  

c o m m u n i c a t i o n  r e c e i v e r ,  b u t  t h e  p u r p o s e  o f  t h e  r e c e p t i o n  i s  d i f f e r .  T h e  r a d i o  

a s t r o n o m e r  i s  i n t e r e s t e d  i n  t h e  a v e r a g e  e n e r g y  b u t  n o t  i n  t h e  a c t u a l  f o r m  o f  t h e  s i g n a l .
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T h u s ,  t h e  m e a s u r e m e n t s  a r e  m a d e  f o r  l o n g  p e r i o d  o f  t i m e  w h i c h  i s  l o n g  e n o u g h  t o  

g i v e  a  s u f f i c i e n t  a c c u r a t e  v a l u e  o f  t h e  a v e r a g e  p o w e r .  S i n c e  t h e  i n s t a b i l i t y  o f  t h e  

r e c e i v e r ,  t h e  c a l i b r a t i o n  w i l l  b e  u s e d  a s  m u c h  a s  p o s s i b l e .

Superheterodyne Receiver and Mixer
T h e  m o s t  c o m m o n  t y p e  o f  r e c e i v e r  i s  t h e  s u p e r h e t e r o d y n e  w h i c h  b l o c k  

d i a g r a m  i s  s h o w n  i n  F i g .  3 . 9 .

T h e  s i g n a l  f r o m  a n t e n n a  i s  f e d  t h r o u g h  t h e  R a d i o  F r e q u e n c y  ( R F )  A a n p l i f i e r .  

T h e  r a d i o  s i g n a l  w i l l  b e  c o n f i n e d  t o  t h e  s p e c i f i c  f r e q u e n c y  w i t h  a n  a r b i t r a r y  b a n d w i d t h  

a n d  a m p l i f i e d  w i t h  t h e  g a i n  o f  t h e  o r d e r  1 0  t o  3 0  d B  ( K r a u s ,  1 9 8 6 ) .  T h e  w e a k  

a m p l i f i e d  R F  s i g n a l  i s  m i x e d  w i t h  a  s t r o n g  L o c a l  O s c i l l a t o r  ( L O )  t o  t r a n s l a t e  t h e  

s i g n a l  s p e c t r u m  t o  t h e  I n t e r m e d i a t e  F r e q u e n c y  ( I F )  w h i c h  p o w e r  i s  d i r e c t l y  

p r o p o r t i o n a l  t o  t h e  R F  s i g n a l  p o w e r .  T h e  I F  s i g n a l s  a r e  a m p l i f i e d  w i t h  t h e  g a i n  i n  

o r d e r  t o  6 0 - 9 0  d B  a t  t h e  I F  a m p l i f i e r  s e c t i o n s  a n d  t h e n  d e t e c t e d  a n d  i n t e g r a t e d  b e f o r e  

s e n t  t o  t h e  r e a d o u t  d e v i c e .  T h e  s i g n a l .  I n  g e n e r a l  t h e  u s e d  d e t e c t o r  t y p e  i s  t h e  s q u a r e  

l a w  w h i c h  t h e  o u t p u t  i s  c o r r e s p o n d i n g  t o  t h e  s i g n a l  p o w e r .

F i g  3 . 9  A  s u p e r h e t e r o d y n e  r a d i o  t e l e s c o p e  r e c e i v e r  ( K r a u s ,  1 9 8 6 ) .
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T h e  r e a d o u t  d e v i c e  d e p e n d  o n  t h e  p u r p o s e s  o f  t h e  d e t e c t i o n .  F o r  t h e  c o m m o n  

r a d i o  r e c e i v e r ,  i t  i s  c o n n e c t e d  t o  t h e  a u d i o  a m p l i f i e r  w h i c h  i s  c o n n e c t e d  t o  t h e  

s p e a k e r s .  T h e  r e a d o u t  d e v i c e  i n  r a d i o  t e l e s c o p e  m a y  b e  t h e  s i m p l y  a s  a  m u l t i m e t e r ,  t h e  

m o r e  c o m p l e x  a p p a r a t u s  s u c h  a s  p e n  r e c o r d e r  o r  c o m p u t e r  c o n t r o l  a c q u i s i t i o n  s y s t e m .

T h e  s e c t i o n  b e f o r e  a n d  a f t e r  t h e  d e t e c t o r  i s  c a l l e d  t h e  p re d e te c tio n  a n d  t h e  

p o s td e te c tio n  r e s p e c t i v e l y  ( K r a u s ,  1 9 8 6 ) .  H o w e v e r ,  t h e  s e c t i o n  b e f o r e  a n d  a f t e r  t h e  

m i x e r  m a y  b e  c a l l e d  t h e  f r o n te n d  a n d  b a ck en d  a c c o r d i n g  t o  t h e  o p e r a t i o n  f r e q u e n c y  

r e s p e c t i v e l y  ( R o h l f s ,  1 9 9 0 ) .  T h e  r a d i o  r e c e i v e r  w h i c h  m e a s u r e  t h e  t o t a l  n o i s e  o f  t h e  

a n t e n n a  i n c l u d i n g  t h e  r e c e i v e r  i t s e l f  i s  c a l l e d  a  to ta l p o w e r  rece ive r .

T h e  s i n g l e  s t a g e  a m p l i f i e r  i s  i m p o s s i b l e  t o  a m p l i f y  t h e  s m a l l  s i g n a l  i n d u c e d  b y  

t h e  a n t e n n a  s i n c e  t h e  h i g h  g a i n  a m p l i f i e r  s u f f e r  f r o m  t h e  l i m i t a t i o n  o f  b a n d w i d t h .  

H o w e v e r ,  i t  i s  p o s s i b l e  t o  b e  r e p l a c e d  b y  m u l t i s t a g e  a m p l i f i e r s ,  b u t  t h e  s t a b i l i t y  i s  

a n o t h e r  c o n s i d e r e d  r e q u i r e m e n t .  W h e n  a  s m a l l  a m o u n t  o f  p o w e r  l e a k i n g  f r o m  t h e  

o u t p u t  f e e d  b a c k  t o  t h e  i n p u t  o f  t h e  a n y  p r e v i o u s  s t a g e s ,  t h e  s y s t e m  w i l l  b e  o s c i l l a t i n g  

v i o l e n t l y .  T h e  s i t u a t i o n  m a y  b e  a v o i d  b y  h e a v y  s h i e l d s ,  b u t  t h e  m o r e  e f f e c t i v e  m e a s u r e  

c a n  b e  a p p l i e d  b y  t r a n s l a t e  t h e  s i g n a l  s p e c t r u m  t o  t h e  b a n d  w h i c h  i s  t h e  p r e v i o u s  

a m p l i f i e r s  c a n n o t  b e  o p e r a t e d .  T h e  s u p e r h e t e r o d y n e  r e c e i v e r  i s  t h e  a p p l i c a t i o n  f r o m  

t h i s  p r i n c i p l e .  T h i s  f r e q u e n c y  i s  u s u a l l y  t r a n s l a t e d  t o  t h e  l o w e r  f r e q u e n c y  s i n c e  i t  i s  

e a s i e r  t o  b u i l d  t h a n  t h e  s t a b l e  a m p l i f i e r  i n  h i g h  f r e q u e n c y .

N o w  i t  i s  u s e f u l  t o  c o n s i d e r  t h e  f r e q u e n c y  c o n v e r s i o n  i n  m o r e  d e t a i l .  T h e  

m i x e r  m a y  b e  d e v i s e d  b y  t h e  n o n - l i n e a r  c i r c u i t ,  b u t  d e r i v a t i o n  o f  i t s  p r o p e r t i e s  a r e  

m o s t  s i m p l e  f o r  a  p u r e  q u a d r a t i c  c h a r a c t e r i s t i c  ( R o h l f s ,  1 9 9 0 ) .  T h e  r e l a t i o n  f o r  s u c h  a

m i x e r  c a n  b e  g i v e n  b y
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V  =  c t ( V s  +  V | ) 2 =  0 ( V , 2 +  V , 2 +  2  V ,  V ,  )

w h e r e  V  =  o u t p u t  v o l t a g e  

a  =  m i x e r  g a i n  

vs =  i n p u t  v o l t a g e  

V i  =  l o c a l  o s c i l l a t o r  v o l t a g e

T h e  i n p u t  v o l t a g e  V s  a n d  t h e  l o c a l  o s c i l l a t o r  V |  m a y  b e  w r i t t e n  a s  t h e  

s i n u s o i d a l  w a v e  w h i c h  a r e

vs =  A s  c o s  ( c o st )

V i  =  A |  c o s  ( c o i t )

S u b s t i t u t e  t o  t h e  m i x e r  e q u a t i o n ,  w e  h a v e

V  =  | ( a ? + a ? )

+ ^ ( A 5 c o s ( 2 c o s t )  +  A f  c o s ( 2 © t ) )

+  o c A s A i  c o s  ( c o s +  C ù |)t  

+  a A s A |  c o s  ( c o s -  C û |)t

W e  c a n  s e e  t h a t  t h e  f i r s t  a n d  s e c o n d  t e r m  o n  t h e  r i g h t  h a n d  s i d e  a r e  D C  a n d  t h e  

d o u b l e  f r e q u e n c y  o f  t h e  i n p u t  a n d  L O  v o l t a g e s ,  r e s p e c t i v e l y .  T h e  f r e q u e n c y  o f  t h e  

t h i r d  i s  t h e  s u m m a t i o n  o f  t h e i r  f r e q u e n c i e s  a n d  t h e  l a s t  t e r m  i s  c o r r e s p o n d i n g  t o  t h e
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d i f f e r e n t .  I f  w e  a p p l y  t h e  b a n d p a s s  f i l t e r  t o  e l i m i n a t e  a l l  c o m p o n e n t  e x c e p t  t h e  l a s t ,  

h e n c e

V 0  =  a A | A s c o s  ( (ช ร  -  ( O i ) t

F r o m  t h i s  r e l a t i o n ,  t h e  n o n - l i n e a r  m i x e r  w i l l  g i v e  t h e  l i n e a r  r e s u l t .  T h e  s i g n a l  

i s  t r a n s l a t e d  t o  t h e  l o w e r  f r e q u e n c y  a n d  t h e  a m p l i t u d e  i s  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  

g a i n  o f  m i x e r ,  a m p l i t u d e s  o f  t h e  l o c a l  o s c i l l a t o r  a n d  t h e  i n p u t  s i g n a l s .

A s  t h e  r e s u l t ,  t h e  i n p u t  s i g n a l  i s  a m p l i f i e d  a n d  i t s  f r e q u e n c y  i s  c o n v e r t e d .  I f  t h e  

L O  f r e q u e n c y  i s  c h o s e n  t o  t h e  b a n d  w h i c h  t h e  R F  a m p l i f i e r  c a n n o t  o p e r a t e d ,  T h e  

v i o l e n t l y  o s c i l l a t i o n  d o  n o t  o c c u r .  H o w e v e r ,  t h e  s t a b l e  o s c i l l a t o r  c a n  b e  d e s i g n e d  

e a s i l y  t h a n  t h e  h e a v y  s h i e l d i n g ,  t h e  d e v i a t i o n  o f  t h e  L O  a m p l i t u d e  c a u s e  v a r i a t i o n  o f  

g a i n  i n  t h e  r e c e i v e r .  T h e  c a l i b r a t i o n  s h o u l d  b e  m a d e  t o  r e c o v e r  i t .

Calibration of the Receiver
S i n c e  t h e  i n s t a b i l i t y  o f  t h e  r e c e i v e r ,  i t  i s  i m p o r t a n t  t o  c a l i b r a t i o n  t h e  s y s t e m .  

T h e  c a l i b r a t i o n  s h o u l d  b e  m a d e  r e g u l a r l y  a s  m u c h  a s  p o s s i b l e  f o r  t h e  l o n g - t e r m  

r e c o r d i n g .  T h e  n o i s e  s o u r c e  c a n  b e  u s e d  a s  t h e  s t a n d a r d  s i g n a l .  B y  s w i t c h i n g  b e t w e e n  

t h e  a n t e n n a  a n d  t h e  n o i s e  s o u r c e ,  t h e  c a l i b r a t i o n  i s  a c c o m p l i s h e d .  T h e  n o i s e  s o u r c e  

m a y  b e  t h e  r e s i s t o r  o f  t h e  s a m e  r e s i s t a n c e  o f  t h e  a n t e n n a  i m p e d a n c e  ( H e i s e r m a n ,

1 9 7 5 ) .
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