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S u m m a r y .  - -  The response of a gravi ta t ional  cilindrical antenna depends, 
besides on the values of the intensi ty of the wave and the sensit ivity of 
the antenna, on the angle between the direction of the source and the 
axis of the antenna and on the polarization angle of the wave. In  this 
paper  a device (gravitat ional  astrolabe) tha t  can roughly compute the 
angular par t  of the response is presented. I t  gives the zone of the sky 
toward which a given antenna is (~ directed >) at  a certain time, the angle 
of polarization tha t  is best (~ received ~> and solves easily a number of 
similar problems. 

1 .  - I n t r o d u c t i o n .  

The  p r o b l e m  of l oca l i z ing  on t h e  s k y  t h e  sources  of g r a v i t a t i o n a l  w a v e s  

can  be  so lved  b y  m e a s u r i n g  w i t h  a d e q u a t e  a c c u r a c y  t h e  t i m e  of a r r i v a l  of t h e  

s a m e  s igna l  a t  t h r e e  (or more)  d i s t a n t  s t a t i o n s  a r r a n g e d  to  fo rm a v e r y - l o n g -  

ba se  i n t e r f e r o m e t e r .  Mos t  p r o b a b l y  m a n y  y e a r s  ] lave to  pa s s  be fo re  t h e  de- 

t e c t o r  t e c h n i q u e  r eaches  such  an  a d v a n c e d  s tage .  I n  t h e  m e a n t i m e  t h e  lo- 

c a l i z a t i o n  of g.w. ( g r a v i t a t i o n a l  w,~ve) sources  can  be  m a d e  b y  m e t h o d s  t h a t  

wi l l  be  d e s c r i b e d  in  ,~ f o r t h c o m i n g  p a p e r .  

Th is  a p p r o a c h  is b a s e d  on a d e t a i l e d  a n a l y s i s  of t h e  c o n s t r a i n t s  i m p o s e d  

b y  t h e  r a d i a t i o n  p a t t e r n  of a s ingle  d e t e c t o r  to  b o t h  t h e  p o s i t i o n  on t h e  s k y  

of a p o i n t  source  a n d  t h e  p o l a r i z a t i o n  of t h e  c o r r e s p o n d i n g  r a d i a t i o n .  Th is  

(~ g e o m e t r i c  a p p r o a c h  ~) u n a v o i d a b l y  has  a. r a t h e r  poo r  r e so lu t ion ,  also b e c a u s e  

of t h e  low s igna l - to -no i se  r a t i o  (SbTR) of a n y  g.w. de t ec to r .  As wi l l  a p p e a r  in  

t h e  fo l lowing,  i t  can  s t i l l  t u r n  ou t  v e r y  useful .  
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This pape r  contains the  first step in this direct ion (1), i.e. a rough es t imate  
of cer ta in  pa rame te r s  of the  source (celestial co-ordinates and  polarizat ion) 
t h a t  can be  ob ta ined  b y  means  of a s imple analogic device, the gravitational 
astrolabe, in the  case of a single detector .  The discussion is carr ied on for a 
cylindrical resonant antenna (CRA), which is the  k ind  of de tec tor  mos t  widely 
used t o d a y  (2). As will appea r  below, the  same device can be used also for any  
other  t y p e  of g.w. detector ,  b y  s imply  redesigning the  lines drawn on its t rans-  
pa r en t  over lay  discs (e) in subsect.  2"1) according to the  corresponding ra-  
diat ion and  polar izat ion pa t te rns .  

We consider a g rav i ta t iona l  wave  p ropaga t ing  in the  direct ion @ wi th  a 
Four ier  componen t  a t  the  same angular  f requency ~o of the  CRA. The  direct ion 
@ forms the  angle ~ wi th  the  direct ion ~ of the  CRA's  axis (fig. 1) 

( la)  ~ . ~  = c o s ~ .  

I 
[ 

.4 / J,; 

y/ 

Fig. 1 . -  Interaction between the gravitational wave and a cylindrical antenna 
(see the text). 

The  wave  can be  e i ther  unpolar ized or l inear ly polar ized wi th  one of the  
a sympto t i c  lines of its lines of force in the  direct ion ~3 {~ .~  ~ 0), which forms 
the  angle 9 wi th  the  p lane  defined b y  @ and i:  

(lb) P "~ • ~ lt~x~[ - - s i n g .  

(1) The first to take this problem along similar lines was NITTI of this laboratory. 
(2) E. AMALDI and G. PIZZELLA: The search ]or gravitational waves, in Relativity, Quanta 
and Gosmology in the Development o] the Scienti]ie Thought o] Albert Einstein (New York, 
N.Y. ,  1979). 
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The most  general state of polarization of a g.w. can always be decomposed 

into two parts,  one polarized ( i . e .  of this type),  the other  unpolarized. 

For  the radiat ion and polarization pa t te rn  of the CRA we adopt  the CRA's  

cross-section which, for a wave with the fraction e of the energy in its linearly 
polarized part ,  can be wri t ten in the form 

(2a) 

where 

(2b) 

and 

(2e) 

a(0 ,  of, ~) = ag.. . /(e,  cf) s in '~ ,  

/(E, ~ )  ---- �89 (1 - -  ~) + ~ c o s  ~ 2 ~  

8 G ( v , ~  2 
a~.,,. - -  - M - ~ -~ \--~/ 

is the max imum value of the cross-section corresponding to e = 1, ~ ~ 0, 
v ~ = 90 ~ 

Expressions (2a) and (2b) are conveniently cast  in the form 

(3) 

which shows the different dependence of the CRA's cross-section on the va- 
riables v~, e, ~ for unpolarized and linearly polarized radiation. 

I n  table I ,  I have collected for comparison the angular resolution Ar as 

well as the number  N of resolved points on the whole celestial sphere for de- 
tectors of different types  of radiation. As appears from expression (2), for 

TABLE I .  

Ar N Note 

Optical astronomy 0.02" 4.25. l0 I' 
(Mount Palomar) 

Radio astronomy 2' 1.18. l07 radiotelescope 
(Arecibo, 21 cm) 

0.01" 1.70.1015 long-base 
(Intercontinental Net) interferometer 

Gravitational 30 ~ 2 circular zone 
astronomy (single antenna) (see the text) 

I0 ~ 66 ambiguity 
(net) (see the text) 

Gravitational 1 ~ 6600 ambiguity 
astrolabe (see the text) 

IIuman sight 2' l0 T 
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fixed values of e and ~, the angular  resolution Ar of a CRA is the angular width 
of a circular zone of the sky. I n  all other cases listed in table l, Ar represents 

the linear dimensions of a spot. Fur thermore,  the information provided by a 
single (IRA '~lways contains an ambigui ty  bctween two opposite spots on the 

sky, which will be eliminated in the ease of a set of CRA's,  only when the  t ime 

of .trrival of the salne signal will be measured with adequate resolution at a 
few stations. As a consequence of this ambigui ty  a CRA or a set of CRA's 

sees the northern 'rod the southern celestial emisphere superimposed to each 

ol her. 
The use of a gravi ta t ional  astrolabe for providing the solution of a number  

of problems is justified by two types of considerations: 1) the angular res- 

olution of any reasonable set of CRA's  is always ra ther  low, and 2) the de- 
pendence of the radi,~tion and polarization pa t te rn  (2) on the variables 0 and ~0 

is rather  involved, as c 'm be seen by expressing the angular factor 

(~) F = sin 4 ~-cos"-2q: = ~]o'~,  

in terms of the celestial co-ordinates of the source, the geographic co-ordinates 

of the CR.A and Univers'~l Time (3): 

(5) 

F = (2x" -I ]'~ - - ] ) 2 ,  

x = sin 5,0" cos ~o[sin (lat) �9 cos H.  cos 0 - -  sin ~. sin H] -t- 

+ sin ~p. [sin Oat)- sin H .  cos ~ -!- sin ~. cos H] -[- cos ~o- cos Oat)" cos 5,,. 

iI." =- cos ~5,,,[cos Q. cos H- sin (lat) - -  sin (~. sin H] - -  sin Ow" cos 9" cos Oat).  

The simple device described below does not replace these exact  but  complex 

formulae, which should be used in any final analysis. The astrolabe is designed 
only for providing a quick and intuitive first help in solving a number  of prob- 

lems. I t  provides two kinds of information:  

1) :For unpolarized radiation, it gives the zone of tile sky from which 

g.w. sources are received, by the C]4A "~t a certain time, with an intensi ty 

reduced with respect to its max imum response by the factor 

(6) ~,~ = s in4  ~? 

in certain preassigned ranges 

(7) ~ V o ~ ,  ~ > V o ~ I ,  �88 

(3) J. A. TYson" and D. II. DOUGLASS: 1)hys. Rev.  Let t . ,  28, 99I (1972). 
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2) For  l inear ly polarized radiat ion,  i t  gives the  ranges of values of 
for which a source in a cer ta in  zone of the  sky  is bes t  received. A possible and  

significant choice for the  bounds  of the  ranges of ~ values  is 

(8) 

corresponding to 

(9) 

0 ~ , 22.5 ~ , 45 ~ , 67.5 ~ , 

U ---~COS22q9:l, �89 O, �89 

The bounds  (6) and  (9) have  a ve ry  s imple phys ica l  meaning.  I f  E~ is the  
in tens i ty  (~) carried b y  the  wave in the  v ic in i ty  of the  CRA and Eu. is the  

i n t e n s i t y  (( u s a b l e ,  by  the  CRA, we have  

Eus 
(10) E-~ = v~ 

for unpolar ized waves,  

(11) E-~ = ~]a'~]v 

for waves  polarized l inear ly in the  ~ direction. 
A few examples  of the  k ind  of problems t h a t  can be solved b y  the  use of 

the  grav i ta t iona l  as t ro labe  are the  following: 

a) de te rmina t ion  of the  or ienta t ion of a single CRA which allows the  
con tempora ry  recept ion of signals emi t ted  b y  sources located in different pa r t s  
of the  sky  (for example ,  the  centre  of our galaxy,  Andromeda ,  Magellanic 

clouds, etc.), 

b) de te rmina t ion  of the  or ienta t ion of a single CRA which allows the  
bes t  possible dist inction between two sources located in different pa r t s  of 
the  sky,  

c) de te rmina t ion  of the  or ienta t ion of a single CRA which allows the  
recept ion of the  signals of a given source in a cer ta in  p a r t  of the  year  during 
the  mos t  favourable  period of the  day  (for example ,  during the  night,  because 
of local disturbances) ,  

d) choice of the  or ienta t ion of the  CRAs of different s tat ions for the  si- 

mul taneous  detect ion of a given source, 

e) choice of the  or ienta t ion of a few an tennas  for the  identification of the  

polar izat ion s ta te  of a given source. 

(4) The expression intensity has here a different meaning for periodic and burst 
sources. For periodic sources E~ is a power density (erg/s em2), for burst of radiation E w 
is a spectral energy (erg/Hz era2). 

1 6  - I I  Nuovo  Cimenta C. 
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I n  sect. 2 we describe the  astrolabe and give a s imple  example of its use; 
in sect. 3 we describe its construction.  

2.  - T h e  g r a v i t a t i o n a l  as tro labe .  

2"1. Descript ion o] the ins trument .  - The astrolabe consists of (at least) 
four par ts  (fig. 2) and two formulae (see table I I ) :  

a) A base with a circular map of the  sky wi th  the nor thern  and southern 
emisphere superimposed~ because of the ambigui ty  already ment ioned in sect. 1. 
The :North (and South) pole is at the centre. The map is obtained by  stereo- 
graphic project ion (see fig. 3). 

lock knob "~1 

overlcLy OLISCS 

bcLs( 

Fig. 2. - Scheme of the gravitational astrolabe, exploded view. 

The circular scale (Sb) around the map gives the  right ascension ~ (in hours). 
The net  of parallels and meridians divides the  emisphere in 97 sectors, which 
will tu rn  out  ve ry  useful for the s tudy of gravi tat ional-wave sources by  means 
of a set of stations. 

The location of a few presumable g.w. sources is also shown on the  map. 

b) A disc, the  holder, made of t ransparent  rigid plastic, which can ro ta te  
around a p ivot  placed at the  centre of the  map (pole). I ts  edge is graduated 
(scale Sh) in months  (12) and days (365). 
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II 12 13 

Fig. 3. - The sky map for the gravitational astrolabe. Around the map is the scale Sb, 
in hours (see the text). , X-ray binaries or pulsars, �9 globular clusters, o galaxies 
and systems, Q centre of our galaxy, (~ clusters of galaxies. 

c) A few thin and t ransparent  overlay discs, which can be interchanged 

and/or superimposed. They are different for different values of the declination 
~a of the axis of tile CRA, but  independent of UT (Universal Time) and ~= 
(right ascension). 

A few lines are drawn on each overlay (disc) which are of two types (see 
fig. 4-8). 

cl) Radiation pattern overlay (RPO) with lines of equation 

(12a) % ---- sin* 0 ~ const 

with 

(12b) Ta-~ l ,  �89 �88 
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TABLn I I .  - Antenna orientation. Values  of t h e  dec l ina t ion  (first row) a n d  of t h e  r i g h t  
angle  of t h e  C R A  axis  (hor i zon ta l  scale). 

ascens ion  

0 5 10 15 20 25 30 35 40 

- - 9 0  0 0 0 0 0 0 0 0 0 
Sep. 23 Sop. 28 Oct.  3 Oct.  8 Oct.  13 Oct,  18 Oct.  23 Oct.  28 Nov.  2 

- - 8 5  5 5 5 5 5 5 4 4 4 
Sep, 23 Sep. 28 Oct.  3 Oct.  8 Oct.  13 Oct.  18 Oct.  23 Oct. 28 Nov.  2 

- -  80 10 10 10 10 9 9 9 8 8 

Sep. 23 Sep. 28 Oct.  3 Oct.  8 Oct.  13 Oct.  18 Oct.  23 Oct. 28 Nov.  3 

- - 7 5  15 15 15 14 14 14 13 12 11 
Sep. 23 Sep. 28 Oct.  3 Oct. 8 Oct.  13 Oct.  19 Oct.  24 Oct. 29 Nov.  3 

- - 7 0  20 20 20 19 19 18 17 16 15 
Sep. 23 Sep. 28 Oct.  3 Oct. 9 Oct.  14 Oct.  19 Oct.  25 Oct.  30 Nov.  4 

- -  65  25  25  25  2 4  23 23 21 20 19 

Sep. 23 Sep. 28 Oct.  4 Oct.  9 Oct.  15 Oct.  20 Oct.  25 Oct. 31 Nov.  5 

- -  60  30 30 2 9  29  28 27 26  2 4  23 
Sep. 23 Sep. 28 Oct.  4 Oct.  10 Oct.  16 Oct.  21 Oct.  27 Nov.  1 Nov.  6 

- -  55  35  35  34  34  33 31 30 28 26  

Sep. 23 Sop. 29 Oct.  5 Oct.  11 Oct.  17 Oct.  23 Oct.  28 Nov.  3 Nov.  8 

- -  50  4 0  4 0  3 9  38 37 36  3 4  32  2 9  

Sep. 23 Sep. 29 Oct.  6 Oct.  12 Oct.  18 Oct.  24 Oct.  30 Nov.  5 Nov .  10 

- -  45  4 5  4 5  4 4  43  4 2  4 0  38  35  33 
Sep. 24 Sep. 30 Oct.  7 Oct.  t 4  Oct.  20 Oct.  26 Nov.  1 Nov.  7 l~Tov. 12 

- -  40  5 0  50  4 9  48  46  4 4  42  39  3 6  

Sep. 24 Sep. 30 Oct.  8 Oct.  15 Oct.  22 Oct.  29 Nov.  4 Nov.  10 Nov .  15 

- -  35  55  55  5 4  52  50  4 8  45  42  39  

Sep. 24 Oct.  1 O c t .  10 Oct.  18 Oct.  25 Nov.  I b$ov. 7 Nov.  13 Nov.  18 

- -  30  6 0  6 0  5 9  57  54  52  4 9  4 5  42  

Sep. 24 Oct.  3 Oct.  12 Oct.  21 Oct.  29 Nov.  5 Nov.  11 Nov.  17 Nov .  22 

- -  25  65  65  63  61 58  55  52  4 8  4 4  

Sep. 24 Oct.  4 Oct.  15 Oct.  25 Nov.  3 Nov.  10 Nov.  16 Nov.  21 Nov.  26 

- - 2 0  70 69 68 65 62 58 54 50 4 6  

Sep. 24 Oct.  7 Oct.  20 Oct.  31 Nov.  9 Nov.  16 Nov.  22 Nov.  26 Nov.  30 

- -  15 75  74  72  6 9  65  61 57  5 2  4 8  

Sop. 24 Oct.  12 Oct.  27 Nov.  8 Nov.  17 Nov.  23 Nov.  28 Dec. 2 Dec.  5 

- -  10 80 79  76  72  6 8  63  59  5 4  4 9  

Sep. 25 Oct.  20 Nov.  8 Nov.  19 Nov.  27 Dec. 2 Dec.  6 Dee. 9 Dec.  11 

- -  5 85  83  79  74  69  65  6 0  5 5  50  

Sep. 26 Nov.  7 Nov.  26 Dec. 4 Dec.  9 Dec.  12 Dec. 14 Dec.  16 Dec.  17 

0 90 85 80 75 70 65 60 55 50 
Dec.  23 Dec.  23 Dee. 23 Dec. 23 Dee. 23 Dec.  23 Dee.  23 Dee.  23 Dec.  23 
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(second row) of t he  CRA axis as a func t ion  of t he  s ta t ion  l a t i tude  (vert ical  scale) and  the  az imutha l  

45 50 55 60 65 70 75 80 85 90 

0 0 0 0 0 0 0 0 0 0 
:Nov. 7 Nov.  12 Nov.  17 :Nov. 22 Nov.  27 Dec. 2 Dec. 8 Dec. 13 Dec. 18 Dee. 23 

4 3 3 2 2 2 1 1 0 0 
Nov.  7 Nov.  12 :Nov. 17 Nov.  22 Nov. 27 Dee. 3 Dec. 8 Dec. 13 Dee. 18 Dec. 23 

7 6 6 5 4 3 3 2 1 0 
Nov.  8 Nov.  13 Nov.  18 Nov.  23 Nov. 28 Dec. 3 Dec. 8 Dee. 13 Dec. 18 Dec.  23 

11 10 9 7 6 5 4 3 1 0 
Nov. 8 Nov.  13 Nov.  18 Nov.  23 Nov.  28 Dec. 3 Dec.  8 Dec. 13 Dec. 18 Dec.  23 

14 13 11 10 8 7 5 3 2 0 
Nov.  9 Nov.  14 Nov.  19 Nov.  24 Nov.  29 Dee. 4 Dee. 8 Dec. 13 Dee. 18 Dee. 23 

17 16 14 12 10 8 6 4 2 0 
Nov.  10 Nov.  15 Nov.  20 Nov.  25 Nov. 30 Dec.  4 Dec. 9 Dec. 14 Dec.  18 Dec.  23 

21 19 17 14 12 10 7 5 2 0 
Nov.  11 Nov.  16 Nov.  21 Nov.  26 Nov.  30 Dec. 5 Dec. 10 Dec. 14 Dee.  18 Dec.  23 

24 22 19 17 14 11 9 6 3 0 
Nov.  13 Nov.  18 Nov.  23 Nov.  27 Dec. 2 Dec. 6 Dee. 10 Dec. 14 Dec. 19 Dec. 23 

27 24 22 19 16 13 10 6 3 0 
Nov.  15 Nov.  20 Nov.  24 Nov.  29 Dec. 3 Dec. 7 Dee. l I  Dec.  15 Dec. 19 Dee. 23 

30 27 24 21 17 14 11 7 4 0 
Nov.  17 Nov.  22 Nov.  26 Nov.  30 Dec. 4 Dee. 8 Dec. 12 Dec.  16 Dec. 19 Dec. 23 

33 29 26 23 19 15 11 8 4 0 
Nov.  20 Nov.  24 Nov.  28 Dee. 2 Dec. 6 Dec. 9 Dec. 13 Dec. 16 Dec. 19 Dec. 23 

35 32 28 24 20 16 12 8 4 0 
Nov.  23 Nov.  27 Dec. 1 Dec. 4 Dec. 8 Dec. 11 Dec. 14 Dec. 17 Dee. 20 Dec. 23 

38 34 30 26 21 17 13 9 4 0 
Nov.  26 Nov.  30 Dec. 3 Dec. 6 Dec. 9 Dec. 12 Dec. 15 Dec. 18 Dee. 20 Dec. 23 

40 36 31 27 23 18 14 9 5 0 
Nov.  30 Dec. 3 Dec. 6 Dec. 9 Dec. 11 Dec. 14 Dec. 16 Dee. 18 Dec. 21 Dec. 23 

42 37 33 28 23 19 14 9 5 0 
Dec. 4 Dec. 7 Dee. 9 Dec. 11 Dec. 14 Dec. 16 Dec. 17 Dec. 19 Dec. 21 Dec. 23 

43 38 34 29 24 19 14 10 5 0 
Dec. 8 Dec. 10 Dec. 12 Dec. 14 Dec. 16 Dec. 17 Dec. 19 Dec. 20 Dec. 21 Dee. 23 

44 39 34 29 25 20 15 10 5 0 
Dee. 13 Dec. 14 Dec. 16 Dec. 17 Dee. 18 Dec. 19 Dec. 20 Dec. 21 Dee. 22 Dec. 23 

45 40 35 30 25 20 15 10 5 0 
Dee. 18 Dee. 19 Dec. 19 Dee. 20 Dec. 20 Dec. 21 Dee. 21 Dec. 22 Dec. 22 Dec. 23 

45 40 35 30 25 20 15 10 5 0 
Dec. 23 Dec. 23 Dec. 23 Dee. 23 Dec. 23 Dec. 23 Dee. 23 Dec. 23 Dee. 23 Dec. 23 
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TABLE I I  (continued). 

0 5 10 15 20 25 30 35 40 

5 85 83 79 74 69 65 60 55 50 
Mar. 21 Feb .  6 Jan .  18 Jan .  10 Jan .  5 J an .  2 Dec. 31 Dec. 30 Dec. 29 

10 80 79 76 72 68 63 59 54 49 
Mar. 22 Feb.  25 Feb.  6 J a n .  25 Jan .  18 Jan .  12 Jan .  9 J an .  6 J a n .  4 

15 75 74 72 69 65 61 57 52 48 
Mar. 22 Mar. 5 Feb.  17 :Feb. 5 Jan .  28 Jan .  21 Jan .  16 Jan .  12 Jan .  9 

20 70 69 68 65 62 58 54 50 46 
Mar. 22 Mar. 9 Feb.  24 Feb.  13 Feb.  5 J an .  29 Jan .  23 Jan .  18 J a n .  14 

25 65 65 63 61 58 55 52 48 44 
Mar. 23 Mar. 12 Mar. 1 Feb .  19 Feb.  11 Feb.  4 Jan .  28 Jan .  23 Jan .  19 

30 60 60 59 57 54 52 49 45 42 
Mar. 23 Mar. 14 Mar. 4 Feb .  23 Feb .  15 Feb.  8 Feb .  2 J an .  28 Jan .  23 

35 55 55 54 52 50 48 45 42 39 
Mar. 23 Mar. 15 Mar. 7 Feb .  27 Feb .  19 Feb.  12 Feb .  6 Feb.  1 J an .  27 

40 50 50 49 48 46 44 42 39 36 
Mar. 23 Mar. 16 Mar. 8 Mar. 1 Feb .  22 Feb.  16 Feb.  9 Feb.  4 J an .  30 

45 45 45 44 43 42 40 38 35 33 
Mar. 23 Mar.  17 Mar. 10 Mar. 3 Feb .  24 Feb.  18 Feb .  12 Feb.  7 :Feb. 1 

50 40 40 39 38 37 36 34 32 29 
Mar.  23 Mar. 17 Mar. 11 Mar. 4 Feb .  26 Feb .  20 Feb .  14 Feb.  9 Feb .  4 

55 35 35 34 34 33 31 30 28 26 
Mar. 23 Mar. 18 Mar. 12 Mar. 6 Feb.  28 Feb.  22 Feb.  16 Feb.  11 Feb.  6 

60 30 30 29 29 28 27 26 24 23 
Mar. 23 Mar. 18 Mar. 12 Mar. 7 Mar. 1 Feb .  23 Feb .  18 Feb.  12 Feb .  7 

65 25 25 25 24 23 23 21 20 19 
Mar. 23 Mar. 18 Mar. 13 Mar. 7 Mar. 2 Feb .  24 Feb .  19 Feb.  14 Feb .  9 

70 20 20 20 19 19 18 17 16 15 
Mar. 23 Mar. 19 Mar. 13 Mar. 8 Mar. 3 Feb .  25 Feb .  20 Feb.  15 Feb .  10 

75 15 15 15 14 14 14 13 12 11 
Mar. 23 Mar. 19 Mar. 13 Mar. 8 Mar. 3 Feb .  26 Feb.  21 Feb.  16 Feb .  10 

80 10 10 10 10 9 9 9 8 8 
Mar. 23 Mar. 19 Mar. 14 Mar. 9 Mar. 3 Feb.  26 Feb.  21 Feb.  16 Feb .  11 

85 5 5 5 5 5 5 4 4 4 
Mar. 23 Mar. 19 Mar. 14 Mar. 9 Mar. 4 Feb .  27 Feb.  21 Feb.  16 Feb .  11 

90 0 0 0 0 0 0 0 0 0 
Mar. 23 Mar. 19 Mar. 14 Mar. 9 Mar. 4 Feb .  27 :Feb. 22 Feb.  17 Feb.  11 
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45 50 55 60 65 70 75 80 85 90 

45 40 35 30 25 20 15 10 5 0 
Dec. 28 Dec. 27 Dec. 26 Dec. 26 Dec. 25 Dec. 25 Dec. 24 Dec. 24 Dec. 23 Dec. 23 

44 39 34 29 25 20 15 10 5 0 
Jan .  2 Dec. 31 Dec. 30 Dec. 29 Dec. 27 Dec. 26 Dec. 25 Dec. 25 Dec. 24 Dec. 23 

43 38 34 29 24 19 14 10 5 0 
Jan .  6 J an .  4 J an .  2 Dec. 31 Dec. 30 Dec. 28 Dec. 27 Dec. 25 Dec. 24 Dec. 23 

42 37 33 28 23 19 14 9 5 0 
Jan .  11 Jan .  8 Jan .  5 J an .  3 Jan .  1 Dec. 30 Dec. 28 Dec. 26 Dec. 24 Dec. 23 

40 36 31 27 23 18 14 9 5 0 
J an .  15 Jan .  12 Jan .  8 Jan .  6 Jan .  3 Jan .  1 Dec. 29 Dec. 27 Dec. 25 Dec. 23 

38 34 30 26 21 17 13 9 4 0 
Jan .  19 Jan .  15 Jan .  11 Jan .  8 Jan .  5 J an .  2 Dec. 30 Dec. 28 Dec. 25 Dec. 23 

35 32 28 24 20 16 12 8 4 0 
Jan .  22 Jan .  18 Jan .  14 Jan .  10 Jan .  7 J an .  4 J an .  1 Dec. 29 Dec. 26 Dec. 23 

33 29 26 23 19 15 11 8 4 0 
Jan .  25 Jan .  20 Jan .  16 Jan .  12 Jan .  9 Jan .  5 Jan .  2 Dcc. 29 Dec. 26 Dec. 23 

30 27 24 21 17 14 11 7 4 0 
Jan .  27 Jan .  23 Jan .  18 Jan .  14 Jan .  10 J a n .  6 J a n .  3 Dec. 30 Dec. 26 Dec. 23 

27 24 22 19 16 13 10 6 3 0 
Jan .  30 Jan .  25 Jan .  20 Jan .  16 Jan .  12 Jan .  8 J an .  4 Dec. 31 Dec. 27 Dec. 23 

24 22 19 17 14 11 9 6 3 0 
Feb .  1 Jan .  27 Jan .  22 Jan .  17 Jan .  13 Jan .  9 Jan .  4 Dec. 31 Dec. 27 Dec. 23 

21 19 17 14 12 10 7 5 2 0 
Feb.  2 Jan .  28 Jan .  23 Jan .  19 Jan .  14 Jan .  9 J an .  5 J an .  1 Dec. 27 Dec. 23 

17 16 14 12 10 8 6 4 2 0 
Feb .  4 J an .  30 Jan .  25 Jan .  20 Jan .  15 Jan .  10 Jan .  6 J an .  1 Dec. 27 Dec. 23 

14 13 11 10 8 7 5 3 2 0 
Feb .  5 J an .  31 Jan .  26 Jan .  21 Jan .  16 Jan .  11 J a n .  6 J an .  1 Dec. 28 Dec. 23 

11 10 9 7 6 5 4 3 1 0 
Feb .  5 Jan .  31 Jan .  26 Jan .  21 Jan .  16 Jan .  l l  Jan .  6 Jan .  2 Dec. 28 Dec. 23 

7 6 6 5 4 3 3 2 1 0 
Feb .  6 Feb .  1 J an .  27 Jan .  22 Jan .  17 Jan .  12 Jan .  7 J an .  2 Dec. 28 Dec. 23 

4 3 3 2 2 2 1 1 0 0 
Feb.  6 Feb .  1 J an .  27 Jan .  22 Jan .  17 Jan .  12 Jan .  7 J an .  2 Dec. 28 Dec. 23 

0 0 0 0 0 0 0 0 0 0 
Feb .  6 Feb .  1 Jan .  27 Jan .  22 Jan .  17 Jan .  12 Jan .  7 J an .  2 Dec. 28 Dec. 23 
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F i g .  4. - T h e  r a d i a t i o n  a n d  p o l a r i z a t i o n  p a t t e r n  c u r v e s  d r a w n  on  t h e  o v e r l a y s  for 
~a = 0~ B e c a u s e  of  t h e  b i l a t e r a l  s y m m e t r y ,  b o t h  t h e  p a t t e r n s  are  s h o w n :  r a d i a t i o n  
p a t t e r n  on  t h e  1.h.s. ( - # = 9 0  ~ , V ~ =  1; - - - - - -  # = 5 7 . 2 3  ~ , ~ / # = � 8 9  " . .  # = 4 5  ~ , 
~a = �88 p o l a r i z a t i o n  p a t t e r n  on  t h e  r .h .s .  ( - -  r = 0 ~ ~ = 1 ; - -  - -  - -  ~ = -4- 22 .5  ~ 
% = � 8 9  . . .  ~ = 4 5  ~ , ~ = 0 ~  

F ig .  5. - T h e  r a d i a t i o n  a n d  p o l a r i z a t i o n  p a t t e r n  c u r v e s  d r a w n  on  t h e  o v e r l a y s  for 
~ = 22 .5  ~ B e c a u s e  of t h e  b i l a t e r a l  s y m m e t r y ,  b o t h  t h e  p a t t e r n s  are  s h o w n :  ra~t iat ion 
p a t t e r n  on  t h e l . h . s .  ( # = 9 0 ~  T o =  1; - - - - - -  # = 5 7 . 2 3  ~ , 7 o = � 8 9  "'" # = 4 5 ~  
~ = �88 p o l a r i z a t i o n  p a t t e r n  on  t h e  r .h . s .  ( - -  - -  ~0 = 0 ~ ~ = 1 ; - -  - -  - -  r = ~: 22 .5  ~ 
~ = ~ ;  . . .  ~ = 4 5  ~ , ~1 ==0~  

c o r r e s p o n d i n g  t o  

02c) # = 9 0  ~ , 5 7 . 2 3  ~ , 4 5  ~  

c~) .Polarization pattern overlay ( P P O )  w i t h  l i n e s  o f  e q u a t i o n  

( 1 3 a )  ~/~ = c o s  2 2 q  ~ c o n s t  

w i t h  

03b) %=J, �89 o, �89 
c o r r e s p o n d i n g  t o  

( 1 3 e )  q = 0 ~  2 2 . 5  ~ , 4 5  ~ , 6 7 . 5  ~ . 

A s c a l e  (So)  i n  d e g r e e s  f r o m  J 8 0 ~  t o  1 8 0 ~  i s  m a r k e d  a l o n g  t h e  e d g e  
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Fig.  6. Fig.  7. 

Fig. 6. - The  radia t ion and polar izat ion pa t t e rn  curves  drawn 
6~ = 45 ~ Because  of the  bi lateral  symmet ry ,  both  the  pa t t e rns  
pa t t e rn  on the  1.h.s. ( - -  0 = 9 0  ~ ~/o= 1; - - - - - -  # = 5 7 . 2 3  ~ , 
~ a =  ]) ,  polar izat ion pa t t e rn  on the  r.h.s. ( - -  ~p= 0 ~ ~ -- 1; 
~ / r  ' ' '  ~ = 4 5  ~ , r~q,=-0~ 

Fig.  7. - The  radia t ion and polar izat ion pa t t e rn  curves  drawn 
$, = 67.5 ~ Because  of the  bi la teral  symmet ry ,  both  the  pa t te rns  
pa t t e rn  on the l . h . s .  ( - - - -  v a : 9 0  ~ # o =  1; - - - - - -  0 = 5 7 . 2 3  ~ , 
r/o = }), polar izat ion pa t t e rn  on the  r.h.s. ( . . . .  ~0 : 0 ~ ~ = 1; 
~ - -  ~; - . .  q 0 : 4 5  ~ , ~ =  0~ 

ls w pE 
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on the  over lays  for 
are shown:  rad ia t ion  

7 o = � 8 9  " ' "  # : 4 5  ~ , 
_ - - - - ~ :  ~ 2 2 . 5  ~ , 

on the over lays  for 
are shown:  radia t ion  

~o=~; " ' "  0=45~ 
_ - - - - ~ =  ~ 2 2 . 5  ~ , 

of  e a c h  o v e r l a y .  T h e  z e r o  of t h e  sca le  is a t  t h e  p o i n t  of  c r o s s i n g  w i t h  t h e  s y m -  

m e t r y  a x i s  d ( i n t e r s e c t i o n  w i t h  t h e  v e r t i c a l  p l a n e  c o n t a i n i n g  z) on  t h e  s ide  of  z. 

I t  is u s e d  in  c o n n e c t i o n  w i t h  d i f f e r e n t  t i m e  sca l e s :  L o c a l  T i m e  o r  U n i v e r s a l  

T i m e .  

Local Time: t h e  zero of S o is s e t  a t  

(14) a :  --= a s - -  l o n g  = a r c o s  [ - -  t g  ( l a t ) - t g  b,] 

r e a d  on  Sh, m e a s u r e d  f r o m  S e p t e m b e r ,  23. 

Universal Time: t h e  v a l u e  of  t h e  l o n g i t u d e  of  t h e  ( i R A ,  r e a d  on  So, is s e t  

in  c o r r e s p o n d e n c e  of  t h e  v a l u e  of  ~ g i v e n  b y  (14), r e a d  on  S h. 

d) T w o  f o r m u l a e  p r o v i d i n g  t h e  r i g h t  a . scens ion g :  a n d  t h e  d e c l i n a t i o n  

(~ of  t h e  d i r e c t i o n  of  t h e  C R A  ax is .  T h e  f i r s t  is e q u a l i t y  (14) g i v e n  a b o v e ,  

w h i l e  t h e  s e c o n d  is 

(15) ~o = a r c s i n  [cos ~. cos  ( l a t ) ] ,  
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where  ~ is t he  a z i m u t h a l  angle defined as the  angle be tween  the  local  mer id ian  

and  ~ (9 = 90 ~ for  s in t he  E a s t - W e s t  direct ion) .  
The  ~'a o b t a i n e d  f r o m  (14) gives the  angle  of se t t ing  of the  ove r l ay  (C~) 

and  (C~) w i t h  respec t  to  t he  holder  as a func t ion  of t he  l a t i tude  of the  CI~A 

and  t he  va lue  of Q. The  values  of 5~ and  a '  vs. t he  vMues of Q and  l a t i tude  

are  g iven  in t ab le  I I .  

l sw o l~e 

g /.../.. ............. 

11) (15 
" ' ~ " . . .  .......... 

~ 211 

180 

Fig. 8. - The radiation and polarization pattern curves drawn on the overlays for 
( ~ 9 0 %  - - v  ~ = 9 0  ~ ~ =  1; - - - - - -  ~ 57.23 ~ , ~ = � 8 9  . . -  ~ = 4 5  ~ , ~ .  All 
points have ~o = 0. 

2"2. Example o /use  o] the astrolabe. - Suppose  we have  a C R A  in a cer ta in  

locat ion,  for  exa m p l e  ]~ome, w i t h  a cer ta in  a z i m u t h a l  or ien ta t ion ,  for example  

= 90 ~ and  we ask  its response  to  signals f r o m  a few sources at  a preass igned  
va lue  of t he  Loca l  Time,  for e xa m p l e  J a n u a r y  16~ 17 h 45 min.  

The  ope ra to r  proceeds  as fol lows:  

] )  H e  chooses the  I~PO a nd  P P O  cor respond ing  to  the  va lue  of (5 

deduced  f r o m  tab le  I I  for t he  chosen  s t a t ion  and  t he  va lue  of ~ cor responding  
to  t he  chosen  o r i en ta t ion  of the  C]~A. 

2) H e  places the  two over lays  on the  holder  w i th  t he  m a r k s  d r a w n  near  
the i r  edges in cor respondence  of J a n u a r y  0 on S~. 

3) H e  screws the  lock knob at  t he  cen t re  of t he  as t rolabe.  

The  i n s t r u m e n t  is now ready for  a n y  ope ra t ion  (in Loca l  Time) concern-  
ing t he  chosen  s ta t ion.  

4) The  holder  is r o t a t e d  un t i l  t he  local  t ime  m a r k e d  on the  scale S b 
coincides wi th  t he  da y  of t he  y e a r  m a r k e d  on scale S~. 
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The opera tor  can now read the  as t rolabe:  the RPO allows an es t imate  of 
the reduct ion factor  % int roduced by  the  CRA of the energy carried by  un- 
polarized waves due to sources located in any  point  of the sky;  the P P O  pro- 
vides a similar  es t imate  about  the  reduct ion U~ due to the angle of polarizat ion 
of l inearly polarized radia t ion originat ing f rom sources located in any  point  
of the sky. 

3.  - T h e  c o n s t r u c t i o n  o f  t h e  a s t r o l a b e .  

The m a p  of the sky  appear ing  on the base of the as t rolabe is obta ined by  
s tereographic  project ion,  i . e .  by  project ing the  celestial sphere f rom the South 
pole on a plane parallel  to the celestial equa tor  (fig. 9). The main reason for 
the  choice of this project ion is the  following well-known p rope r ty :  any  circle 
on the  celestial sphere is projected into a circle, the radius of which becomes 
infinite whenever  the celestial circle crosses the  South pole. 

equatorf~L 
plane 

ceLestiaL sphere 

5 

Fig. 9. - Stereographic-projcction scheme. 

OP=r 

On the  contrary ,  the  complicat ions encountered by  this method  for the 
celestial hemisphere containing the  project ion pole are i r relevant  in our case, 
since we use o n l y  the  opposi te  hemisphere.  

Tile basic equat ion of s tereographic  project ion is (fig. 9) 

90 ~ _ (~ 
(16) O P '  = r tg -2 

The direction of the  CICA's axis ~ is fixed with respect  to the E a r t h  and  forms 
the angle ~ta ( - -dec l ina t ion )  with the celestial equator ia l  plane. The angle 
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8~ remains constant during the motions of ro ta t ion and revolut ion of the  E a r t h  
(we neglect,  as usual, the  variat ions of 8. due to precession). For  a complete 
description of the mot ion of the  intersection of the  direction s with the  plane 
of the  map,  we need a second angle eta ( ~  r ight  ascension) which gives the  po- 
sition at Greenwich sideral t ime t. ---- 0. We have 

(17) 

(18) 

8 . ( t  = 0) = arcsin [cos #. cos Oat)], 

aa( t  , = 0 )  = long q- arcos [--  tg Oat)- tg 8 a ]  . 

~ot ice  tha t ,  in constrast  to 

(19) 

we have 

(20) 

8o(t.) = 8 o ( 0 ) ,  

~ ( t )  = :%(0) q- t ( in  degrees).  

Because of (19) the curves corresponding to eqs. (12a) and (13a) are com- 
pletely defined by  the value of 8a, apar t  f rom a ro ta t ion around the  pole cor- 
responding to (20), i.e. the  var ia t ion of :r with the Sideral Time t s with the 
appropr ia te  initial conditions. 

~o t ice  tha t  all curves (12a) and (13a) have at least one bilateral  symmet ry  
axis (d) (two for 8a ---- 0) which passes through the  pole at an angle ~a on the 
scale S h. 

Radiation pattern curves. Equat ion  (12a), expressed in terms of the equa- 
torial  co-ordinates (r 8), becomes 

(21) ~(~,  8; aa~ 8 a ) = { 1 - -  [cosS"cOS8a'COS(~--a~) +s inS.s inS~]2}  ~, 

where (aa, 8~ define the  direction of the CRA's axis. The reduct ion factor  
takes its max imum value ( ~  1) along the max imum circle perpendicular  to the  
CRA~s axis: I t  is equal to an assigned constant  value (between 0 and 1) along 
two circles, equal to each other,  parallel  and placed symmetr ical ly  with respect 
to the  m a x imum circle defined above. In  the stcreographic project ion these 
circles remain ei ther  circles with the  centre on the  axis d, or straight  lines per- 
pendicular  to d (fig. 10). 

For  the  max imum circle (r = OF) we have 

(22) 

[ OA'=rtg~,  

OB' = rtg 1 8 0 - -  8a 
2 
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A 
For  a circle of (~ he igh t , /~  ( =  C O A )  with respect to the max imum circle (fig. 10) 
we have 

(23a) 

5~ 
O C '  ---- r tg '- 

2 

~ 8 o  - -  (ao + fl) 
O D '  ---- r tg 2 

for f l >  ~ - - 9 0 ,  

(23b) 

180 - -  ( 6 ~ - -  fl) 
O C '  ---- r t g -  2 

18o - -  (~o + p) 
O D ' =  r tg 2 

for f l < 5 . - - 9 0 .  

l~'otice tha t  f l>0  means the hemisphere opposite to the projection pole, f l < 0  
the hemisphere containing the pole. 

f~rct l lel 
C circle 

A Z 

E" 

\ ', ~ /"~-A /_.-" \ \ \ / / / 
\ '. t ,' /"-~/--" \ \ ~ / / 
\ ',, ', ,'./..-70 / I x \ 1  I i r 

\ 111.. 

S equato~r 

Fig. 10. - Stcreographic projection of circles on the sphere. 

P o l a r i z a t i o n  p a t t e r n  curve s .  The variables involved are 1) the equatorial  
co-ordinates ( ~ ,  dta) of the CRA, 2) the direction of the incoming wave (ct, (~) 
and 3) the direction of its polarization ( : t ,  5~). The last direction forms the 
angle ~o with the celestial meridian of the source (:t, 5). In  terms of these quan- 
tities eq. (13a) becomes (appendix) 

(24)  

where 

V~= [2(cos 5 . e o s ~ . c o s ( a , - -  ~') + sin ~ . s i n ~ ) ~ - -  1] 2 , 

c o s  ~ 
(26) ~ = a r c t g  - -  t-g--~} 

cos (~a" tg 5 - -  sin 5.. cos 
(25) ~ = arctg sin 5a . s ina  ' 



254 s. rRASCA 

and  a , ,  6~ can  be expressed  in t e rms  of a, 6 a n d  yJ 

{ a ~ =  ~ -L arcos (--  t g 6 . t g 6 ~ ) ,  

(27) 6 ~ aresin (cos ~v.cos 6).  

] w a n t  to acknowledge  Prof .  E .  A~AL1)I for his e n c o u r a g e m e n t  and  the  

m a n y  adviccs  ; I a m  also i ndeb ted  to  Mr. E.  Sl.:m:h~I for the  p rac t i ca l  rea l iza t ion 

of the  p r o t o t y p e .  

A P P E N D I X  A 

Der iva t ion  o f  eqs. (24) to (27) .  

In  equa to r ia l  co-ord ina tes  we have  

(A.1) ~ = (0, 6~), 

(A.2) ~b = (~,o~ ~,,,) , 

where  we have  set  (x a = 0 w i t h o u t  loss of genera l i ty  because  of the  s y m m e t r y  
of r o t a t i o n  with respec t  to  ~,.  

I n  these  co-ord ina tes  the  angle  be tween  two versors (~1, 61), (~2, 6.) is 

(A.3) cos O12 = C O S  ( ~ I ' C O S  ( ~ 2 " C O S  (0~ 1 - -  (X2) -~ sin 6~. sin 62 �9 

Therefore ,  the  m a x i m u m  circle o r t hogona l  to  a versor  (~, ~5) has the  e q u a t i o n  

(A.4) cos (of - -  a) -~ - -  t g  0 .  t g  6 ,  

where  (% 0) are  the  co-ord ina tes  of a var iab le  po in t  on  the  celestial  sphere.  
Thus  the  versor  (~, ~) o r t hogona l  to  ~ a nd  @ satisfies the  equa t ions  

cos~  = - - t g ~ . t g 5 , ,  
(A.5) / c o s ( r  - - - - - t g ~ ' t g 6 .  

F r o m  these  expressions we der ive  

C O S  
(A.6) t,,,,. ~x - -  

tg  6~ ' 

t g  5 
(A.7) cos ~ ' cos  ~ -i- sin ~. sin a = ~.g ~ cos ~ ,  

cos 6~. tg  6 - -  sin 5o. cos 
(A.8) t g  ~ . . . .  sin 5o. sin a ' 

f rom which eqs. (25) and  (26) are  easi ly deduced .  
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The  ang le  b e t w e e n  13 a n d  ($, ~) is 90~  (see fig. 1) und,  t he re fo re ,  

(A.9) cos ( 9 0 - -  ~v) ~ s i n 9  : cos ~J~.cos$.cos ( ~ - -  $) + sin ~ . s i n $ ,  

f r om which  we d e d u c e  (eq. (24)) 

(A.10) cos~ 2~ ---- (1 - -  2 sin" ~ ) " .  

F u r t h e r m o r e ,  t he  t a n g e n t  to  t h e  m e r i d i a n  a t  t h e  p o i n t  (a~, 6~) has  t he  d i rec-  
t i on  (~,~ + 180, 90 - -  ~,,). There fo re ,  t h e  ve r so r s  ( ~ ,  6~) fo rm wi th  th is  d i rec-  
Lion t h e  ang le  

(A.11) y~ : a reos  [ - -  cos 5~.sin (~w.eos (r162 ~ )  + sin ,5~.eos 5~] .  

The  o r t h o g o n a l i t y  o f /~  a n d  & is e x p r e s s e d  b y  

(A.12) cos ( ~ , -  ~ )  =: - -  tg  5~ . tg  5w, 

which  l e a d s  to  

(A.13) cos ~, ---- s in ~,- (sin ~,o.tg (~,, - i  cos ~/,~) s in b~ 
: :  } 7 o s - ~ , /  

F r o m  eqs.  (A.12) a n d  (A.13) eqs.  (27) qre  i m m e d i a t e l y  o b t a i n e d .  

�9 R I A S S U N T O  

La risposta di un 'antenna gravitazionale eilindriea dipende, oltre ehe dall ' intensitg 
dell 'onda e dalla sensibilit~ dell 'antenna,  dall 'angolo t ra  la direzione della sorgente e 
l 'asse del l 'antenna e dall 'augolo di polarizzazione dell 'onda. In quest 'art icolo si pre- 
sca la  uno strumento (astrolabio gravitazionale) the  pub calcolare approssimat ivamente 
la par le  angolare della risposta. Con esso si possono faeilmente ealcolare la zona del 
eielo verso cui 5 (~ diretta,~ una da ta  antenna a un dato istante,  l 'angolo di polarizza- 
zione che b meglio (, ricevuto )) e si possono risolvere molti  simili problemi. 

AHa~oronbtfi npafop  ~ a  upy6ofi ~oga.rm3aunn HeTOqHMKOB FpaBHraunonHh~x BO~n. 

Pe3mMe (*). - - OTK~HK rpaBnTatltlOHt~Oi~ ~H~nH~pn~lecroR aHrenu~I 3aalaCttT, IIOMHMO 
3HaqeHH~ HHTeHCHBHOCTH BOIIHbl tl ~IyBCTBIeleYlbHOCTH aHTeIIHbl, OT yrna Mex)ly Hanpa- 
BJtermeM Ha HCTO~HrtK r[ OCbiO aHTeHrtbl H Or yrJaa no~apH3aunH BOnHbl. B 3TOni CTaTbe 
Npe~J]araerc~I npH6op (rpaBaTaUHonHaa acTpo~a6Ha), ~OTOpbIfi noBBonaeT rpy6o 
or/pe~eJtnTb yr,qoByro ~acTb OTK,'IHKa. Pe3y~qbTaT 3a)xaeT 30Hy ae6a, no nanpaanermro 
KOTOpOI~ (( HanpaBneHa >) aHTelLqa B orIpejxeneHHoe BpeM~, onpe~leJifleTcfl yron n o ~ p n -  
3a~rin rl pettlaeTc~t p~LI aHaJ/OFH~IHblX rIpo6JleM. 

(*) HepeseOeno per)wcgue& 


