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Summary

The design of the  Sagarnore Hill in ter ferorneter  was the result of exclusive

attention to the requ i rements  of the special function it would serve , that of monitor-

ing the Solar Radio spectrum in the meter  and dekameter band I)n a ‘-ontinuous dail y

basis in a field site environment .

The exper ience  of several years operation at the Sagamore Hill Observatory

seems to confirm that these requirements  were met. During this period , changes

were made to enhance the value of the data , extend ing the bandwidth from 24 to

46 MHz to 25 to 75 /\IHz and adding a f r inge  width  modulation circuit to increase  the

~Ivnam ic  range of in tens i t i es  over which  ind iv idua l , s imultaneous events can he

dis t inguished one from another .
Future  addition to the  system could i n c l u d e  an au tomat ic  posi t ion resolving

capabil i ty without requi r ing  any basic change s in the  sys tem .

A D D C
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- - ,  - - -

- /j ~~~~~~~~~

3

L. -~J —--~~~~~~~~ — -~~~ - --- -— — — — - ----- —



Preface

The author is indebted to John P. Castelli of AFGL for his guidance and
assistance during the period of development of the SFIR. His perspective gave
direction toward realizing the type and quality of data most valuable to the Solar
Physicist.

The author also wishes to express his grati tude to Kenneth Els , Capt . USAF,
for his assistance in the preparation of this paper and in the understanding and
consideration of operational needs of the Air  Weather Service.
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The Sagamore Hil lSweep Frequency Inter ferometr ic
Ra diometer Used forSo lar Studies

in the Dekametr ic Band

i. Ir ~TR O flt ( :TIo~

Since l~’65 , the Sagamore Hill Radio Observatory has conducted an observa-
tional program for continuous dail y measurement  of the  Solar Radio spectrum at
nine f ixed frequencies  from 245 MHz to 35 GHz .

This has been in response to needs of cont inuing Solar research and , more
recently , the operational requirements of the Air Force.

This report describes a sweep frequency in te r fe romet r ic  radiometer , (SFIR)
w h i ch  has been added to the Sagarnore lu ll system to complement the nine discrete
frequency systems. Also discussed are the considerations that shaped the de-
velopm ent ot ’ the SFIR and the special features of data that are the subject of
detect ion , measurement, and display of the system.

2. B~~CK ( ;R Ot -\D -\\l) OI%SERVAT IO~~S

Radio  emissions from the sun were f i rs t  detected by 1-le y in 1942. Sys temat ic
observations of these  emissions was begun in F~46 . 

I In the relatively short  period
o f t i m e sin c e t h e n , a very si gnif icant  amount of the  new informat ion  about the sun
has come from these  observations.  As technology improved , the range of the
spectrum observed by radio ground based sy stems has been extended to 100 GHz .
(Received for publ icat ion 20 August  1976)

1. Hey , J. S. (1946 )  Na tu re  157:47 .

L. -  ~~~~~~~~~~~~~~~~~~~~



\ t~~’ -
~~~~ n h - r t r  I ) I 5 1 ! r t ! t I ! ! I I  of t he  hi gher  rad io  re l / u E-n1-o — Il akes o h s e t -v ; 1t i or i s  Sh il l

100 ( JJz T O J I I  r I > U I l l — t a t i o n i - i  o x t n i t * I v  d i f f i c u l t .
I l i — i n I r I r a l l v . l Ilt ( 1 5 1  I h i O r v a t i o n s  h a v e  Sx n vj l ( f f j  1 ) 1 S t  I~ t r l i e 1 t  i n f i I r t a t i o r l  about

t h e  su . I - i - i n  -~- h j t e  l igh t  and I l — a l p h a  observa t ions  ori~ - a n  o bse r v e  photospherj e
ti l l I -h r ! 0~~I / U I I’1 - l e t i i i l s at l . ’l deduce Solar t -  i I r I ( t j r  f i e l d  c o n f i gu r a t i o n s  v ia  the

S r I  I F I (-I-t . The four ‘I l - t a v O s  (If in f o r m a t i o n  in t / l O  observed r a d i o  spect rum
v i o l  t I I ! o I n  a t ion about U u ie t  an t i  a t  ive  sun r~ aL ’ne t i (  f ie lds , t i r i p e ra tu res , e li- n —

r o t  - l ens ) i~~ , h i i h  en e r l r v  pa r t i c l e s , and o the r  Solar p ar a n i e t e r - -~.
In - l i t i o n  t o  i n f o r m a t i o n  about the i~ I i T I , I lose  observat ions  y i e l d  d A n  relevant

to the  :a r t i l  I-- r i v i r o n t e n t . ( o r r e l a t i o n  has been observed between ionospher ic
shenor -ena  and the 8, 800 U H z  Solar burs t  peak values . The cen t imete r  burs t
sn e c t r u t  has been used 11 f o r eca s t i ng  polar cap ahsorptions and proton producing
t l ar e s .

Present ly the  A i r  Force A i r  Wea the r  Servil e (A\ \  H~ is tasked wi th  the observa-
t n and Ir edic t ion  of Solar , and Solar induced  ionosp her ic  and p a r t i c l e  phenomena .
The A i r  l - o r - ~e s vs t e r  u~~e - l  for th i s  purpose inc ludes  optical t e lescopes , magnetorn —
et e r r , ~ i t f - l l i ~ F r i s t r u r : e r i t ~~0 anci Solar radio te lescopes . The radio te lescopes  at

~ a g a r -  ore Hill 11) 51-r e it d i scre te  f requencies~ 35 GHz , 15. 4 ( ; H z , h . 8 G I-Iz ,
. t U c 1 5  t 11!x , 26 a 5 M E Ii . , 14 l~ Ml ix , 606 /11Hz , 410 /11Hz , 245 /11Hz and a sweep f r e —
quencv  n t i r : i - r o v ~~u - I e r  -o v i n i n g  25 to  75 \ l I l z.

The Sween  I- r o q u e n -v In t er f er o m et r i c  Radiometer  (SFIR ) which  is the subject
of th i s  r E - s or t , t h se r vos  ho -‘n / a r  radio spectrum in the meter and clekameter
hand.  The even t s  o h s e r v e - l  h a v e been c lass i f ied  according to thei r  spec t ra l  charac-
°E - r  as Ih e v  are observed on the  recorr ls . This  character  is indicat ive of the mecha-
nism w h i c h  causes t h l n , a r v l in  accordance  w i t h  general  agreement  among Solar
phy s i c i st s  are c l a s s i f i e d  as descr ibed below .

2. 1 l’ s PC I ObHer-S illumo

I I  I bursts  (also called noise s t o r m s)  are composed of two  parts . The first
is a series of bursts of short dura t ion ;  1/10 to 10 s e n t i n - I s . The series m ay  con-
t inue  or I - any  lay s . Each  burs t  w h e n  v / e v e ) i n d i v i d u a l l y  has a f requency  band—
w i d t h  of approximately 4 Mlix and t h e y  occur os) f r equen t ly  between 100 and
200 /11Hz hut 10 , at  t imes , appear in the  20 to 100 111Hz ra o~ e. The second part is
a long lasting, wide hand c on t inuum.  This part usual ly  extends over several tens
of /1 / l i z  and last minutes  to hours and is very d i f f i c u l t  to d i s t inguish  from the Type
fv continuum . An example of a Type I burst is shown in Fi gure 1.

10
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Figure  1. SFIR Reco rd  of a Type I Solar I ven t
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11 U r ’ I I l s - , I 0 - - I - b - - /  t r o r r ’  t / i s -  5 1 ) 1 1 1’  r I - g i n  sp i r a l  i i i  I l l  c I l r O n ’ I l  n i - .i ~ r i e f  i i -  f i e l ds.
11 n h -  r h o  ‘ l i t - d i -  I i l U ! t 0 l I ’~ I r e  sp i r a l l i no  I / ~~ I ) l I , ’ I ) 1e , -~~ t / i  an s r  n h l l U I l S -

r , r t ~~’i r ’ t i i ,n a l  t o  t h e  o I l _- r E - t I c  h e l l  S t r e n I g t / I  sq u a re ) 1111 1 1 t r l  Il t I  I V  I I I I I I - t i o n a l  t O

I / S  l o n i t v  of I / I l -  - - h i n g e )
I t - , )  P l a — n a - - ,  i - I t / o r  w h o r l -  1st  lIa r t i c le s  f r o nt  an  a - t i v i -  l e g i o n  ex c i t e s  the

ionized  - t - -  host  coronal  p la sma  S osc i l l a t€ -  at  -a I I - )  ‘ r I - i ; l ( - l , - I I - s .

2. 3 Is  pe II . ( ) I ,~i’i~ I I  l I I t I~

I I t i s e r -v a r  f O I l S  of ‘I v Ia — 11 bu r s t s  sh o w  a m o r e  ( O f l -  plex i - / a r - a n t e r  t h a n  those of

t h i ’  Type  I n / s e  stor : .s , ‘c u r l - i  r ig less f r e q u e n t l y  t h a n  the  noise s tor  5. Type  11
b u r s t s  occur w i t h  a v e r v  h i g h  legree  of corre la t ion to large op t i c a l  f la res . Fig-

u re  2 shows ‘he r e t - o r  I of a Type II hu rs t . The 1 vpe  II d r i f t s  at r a tes  be tween  0 . 25
an I 1 M h z  U I ~ 1 sec s t a rt i n g  at t ’ O / i 1 i ’ l l i ~ lP 5  above 80 /11Hz and ri f t i r i ~i to as low as

10 . 51Hz. Tva e Ii’ s of t e n  show an abrupt  low f r equency  cutoff . The t i n e dura t ion

is g e n e r a l ly  5 to  10 ‘- (n otes . More t h a n  60 percent  of all Type Ii’ s show a har-

c o n ic  — t n - i -  I l - i - , s uch  as i n - l i - a t e - I in F igure  2 . The ha rmon ic  is at about twice

t h e  ‘u n - I a n  i -n t a l  f r e q u e n cy . ( en i ’r a l l v  both the fundamenta l  a n - I  h a r m o n i c  show a

sp lit ban ) st ru c t u r e .

2. 1 l’s pe II. I l ts-o rs

The theor ies  fo r -  T y e  II b u r s t  genera t ion are numerous . A l l  theor ies  have

one -ori moc aspect ;  an associa t ion with shock waves generated i lur in g the  f lash

phase  of a f lare . This  shock wave is s o t n et i r ~ es i d e n t i f i e d  by  optical observat ions

ac-I  appears as a b r i g h t e n i n g  and d a r k e n i ng  of ph otosp her ic  and chrornospheri . c
a l r , I U .t u r e s . This d i s tu rbance  moves out away  from the  f la re  site as an expanding

c i r c l e . The v e l o n I t v  of the d i s tu rbance  is of the  order  of 500 to 1500 km per sec-

l I l t  I . The n r in c ipa l  theory  s i t g g e s t e - I  to  e x p l a i n  h yp e  u s  is t h e  p lasma hypothes is .
I b i s  t h e o r y  states tha t  a d i s t u r b a n c e  g t - n e n - a t e i l  at a low level in the  sun s a tn i os—
-th e  r ’-~~~ e t l U l S  t h rough  the  ch ront osp here  and orona and ox i t e i  t he  a s -  l ’ / e n t

p lasma - -iu s in g  t to g e n e r a t e  radio v - l ive s  as  it p a s — e s .

12
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2 5  Is  pe III ‘ anti I Obser lat ions

The Type  III , /1 and U b u r s ts  will he considered together in this section as they

have m a ny  I o I n n I o O  i -h ar a ct e r i st i r s . The Type I l l s have a dr if t  rate from hi gh

to low f requencies  of 1000 MHz to 1 M H z  per see , they ’show a harmonic  s tructure

in about 60 percent of occurrences  i t s  the  range of 40 to 240 111Hz . The leading and

t r a i l i n g  edge of the Type Ill appears  abruptl y whereas the  Type V t r a i l i n g  edge

curves toward  longer durat ion at the lower f requencies  f o rmi n g  a sort of V ’ I I I I ’a g e .

These two types of bursts , III and V are shown in Fi gures 3 and 4 . The Type Ill’ s

durat ion is about 5 to 10 sec and never more than  30 sec for its fu l l  bandwidth  which

is in the order of 2 or 3 GHz . The Type V ’ s duration is about the same as the  Type

lii  except the a f t e rg low ” t ra i l ing  edge at lower frequencies  which  can last 30 sec

or so longer . The Type U burst  is essent ial ly the same in appearance as the Type

III , however close inspect ion in the  tim e scale at the hi g her frequencies reveals a

sp lit character  n e rg i ng  as it moves to the  lower frequencies  fo rming  an inverted
‘ 12” image. The sp l i t -  or i -shape is the result of , first , a negative dr i f t  in  fre-

quency  followed by a posit ive drif t .

2.6 Type I l l \ and 1 ‘llieory

The dr i f t  rate of Type III burs ts  indicates that the stimulating agency is moving

at a large f rac t ion  of the velocity of lig ht. Since no phenomena has been observed

opticall y on the sun , which  approximates this  speed , it is thoug ht that the generat-

ing agency is charged particles having been electrostatically accelerated near the

chromosphere  and s t reaming out throug h the sun s atmosphere. First  ve r i f i ca t ion

of this hypothesis cam e with in terferometr ic  observations conf i rming  the veloci ty

of the agency and the  theory  was assured when s t reams of electrons were observed

in the  v i c in i t y  of the Ear th  at a t ime  related to the start t ime  of the Type III burst .

The outward moving electrons are guided by coronal magnetic  fields , Some of

these fields bend back to the sun ’ s sur face  as suggested by opticall y observed corn-

nal plasma into cont inuum emiss ions  causing the t r a i l i ng  “afterglow ” appearance
U of the Type V on the spectral records . The hi g her frequency continuum em iss ion

ends sooner than the lower f requency continuum because the damp ing ef fec t  is a

funct ion  of the  density of the  region where  emission is occurring, the  h igher  den-

s i tv  reg ions being near  the surface of the sun where hig her frequencies are emit ted .

14
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Type IV burs t s  are d i f f i c u l t  to -a tegor ize , This is due to the fact that the
c r i t e r i a  iden t i fy ing  a ‘l’ vpe I V  have been d i f f e r en t  for each invest igator .  These

cr i t e r i a  have resulted f rom his tor ical  evolution of the observations and the nature
of equ ipment  used . Because o f t h i s , the r emarks  on Type IV ’ s wi l l  he general .
T~’pe IV’ s are observed as cont inuum radiation of a much  smoother c ha rac te r  t h a n

events classed as plainly continuum . Type Iv’ s can show s t ruc ture  immedia te ly
af ter  they begin hut t h e  burst ,y charac te r  of this s t ructure  will  dam pen out in a few

tens of minutes . ‘I vp c ’ I V ’ S have no continuous hurs ty  component and generally last

30 mm at cmi wavelengths and 30 mm to several hours at meter  and dekameter

wavelengths .  Ty pe l V ’ s can he quite intense and often have a very gradual frequen-

cy dr i f t  to lower f requencies . This drif t , unlike that of Type II’ s and II I ’ s, is very

broadband and drif t s at a rate on the order of 1 MHz per second. The source of

Type IV radiat ion has been observed by in ter ferometr ic  systems to move , at

t i m e s , in a range of velocities up to 1000 km per second.

2.8 i’ype IV Theory

Boischot and Denisse 2 proposed that the Type IV emission was due to relativis-

t ic  electrons and protons spiraling in a magnetic field (synchrotron radiat ion) .

The intensity and broadband nature of the Type IV would have required a source at

a tempera ture  of 10 12 K if bursts were to have a the rma l  origin , this is p lainl y

ruled out. The synchrotron radiation mechanism described by Boischot and

Denisse, 2 on the  other hand , is more  probabl y compatible with the physical condi-

tions that  exist. If one assumes electrons of 3 111eV kinetic energy (0. 98c) moving
I t . . — 19 . 2in a magnetic  field of 1 G to produce an observed f lux of 1 ~1< 10 11/em 1 h z ,

this would require 8 x io 32 electrons sp i ra l ing in the field. This number is the

same order of magnitude as the number  of protons associated w i t h  proton f lares.

This theory accounts for both the observed protons  and electrons wi th  one n-iecha-

nism . Figures 5 and 6 show a c lass ic  Type IV and a ron~snuum .

2. Boischot , A . and E)enisse , K. V. (1957 )  Compt. Rend .. ~~ 5 : l t b 0 .

L - - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1__ ~~~~~~~~~

,_ ,~~~~
___

~~~~
_ _ _ _~~~~~~~~~~~~~~~~~~~ _



_ _  __ ~~~~~~~~~~~~ ~~~~ ‘

• - . I “ l i~’~ , ‘ ,
i5~IU:Iq .:4~~~~~i$ 

_____________ 
~

. 

‘~~~~~~~~~~~~~ ‘~~~~~~‘~~~
— ::~~~

- -r IPP * .hJJ._~~~,~_4~ ~~~ ~~~~ I - - - I -
- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- 
- U -

- U 

~~~—“-H~~~ 
- 

* 
•I 

•
~ 

- - - -

- - U 
- - 

~~~~~~~~ ‘ - •“ :
_ • _  - -

I I U ~~~~~~~~~~~~~~~~~~~ —~~~~~~~ - • ~~~ -. - -
~~~~ 
‘ 

~ : -- 
- - - -Ijp j~~~~..I~J~- 

*11 I -. -* ‘
~~ ‘ ‘ —40—

I 
~ . ~ IP~~ 

~
I 

- 
- - 

_______ _______ _____ 
- 

- lit I 
- I ‘I -v -

i 
-

I ‘ *i ~~~~~~~~~~~~~~~ 
- 

Ø I 4 4  
~~

‘

I - s.p~~~~” - - -
‘ 

~~~ 
-I - 4~- ”~ 

4.1. 1
,

I 

. 1 ‘*~~~~ - 
I *“ - • ,‘ 

, 
I 

~~~~~~~~~ - 
I Ø~I I  

- 
1-50MHZ-

‘ ai’ •‘ ~
- I ~~~~~~~ 

~~~~~~~‘ 
- 

,, 11 - -

- - 
- ~~~~~

,.
- .—~ -_J~-!.- 

I - -- I - It

- - 
,____ - 

- •øt 4 II .:-sI * ~~~~~~~~

-. - , - - -  • - -
~ ‘: 

- ~

‘ 
I ’

I 
- ‘ . ‘~~J ~~~~~~~~~~ , ‘~ - 1 - -

-

‘ 

- -‘ i~~I~ —~— - - - - a’s, I~ 
•t0~~’ d - ‘~ ~, ~

I - 

- -
: •j ~U l M ~~~~~~~

’ 
‘II~Iê - , - ‘•

- I

I ~~~~~~~~~ *~ ~
- I ~ ~~~~~ 

• - 
, 

- 
,~~ 

I
I - 

I - L~~~ U 
~~~~~~~~~~~~~~~~~~ 

U - , - ,, I- 

- 
I - - - 

- 
- 

- 

~~.(JWø ~~~~~~~~~ - ‘ ‘ I ,  I - - -I ’ l l  - - I- I - I I I - 
________ -1J .R. . - - 

- - ‘ I  —- i’S l ‘ I - I - i ’ - - ’ —- ‘ - - ~~~~~~~~~~~~~~~~~ - - __ ~~, ~~~ 01 - 
- - - U I

U - ‘ - - - - ‘I ~~~~~~~~~~~ •r
_
~~~~~l~~~~~

j 1, ~~~ 1 .~~~*I i I -~i’ ‘ p
I

I I  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
Øt’*’~~~~~~~~11

l l I l ,
U - - —- - - - - 75—

Figure 5. SFIR Record of a Type IV Solar Event

18

.— - — - - - — - - - -- E~-



_________________ - - -- ~‘~‘ ~~“ ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ ‘~~~ ‘ 
“~ ~~~~~~~~~~~~~~~~~~~~~~ -

IP~.’ Ni. IJM_
~4• 

~~~~~~ 
;~~~~~~~~~~ - 

~~~ ~ ~~~~~~~~~~~~~~~~ 
25

• .,, ,~~ I , ’ ‘ • ‘  , ,‘ . • I • , ‘ _~ I 
,,~~~ , • , ,~~. i ’  T I ’ ’ ’

-‘ 

I 
‘ F I’ • ~‘

‘
I 4 

~~~~~~~~~~~~~~~~~~~~~~~ - ‘
~~

‘ I . 5 I •  
$ $ 1 . 1 

~~~~~~~~~~~~~~~
— 

I I - ‘ - 
-
. 
‘ ‘ . ‘ . — - 

I - I I~~ 
I 

I’ ‘ ‘ ‘ 1
— ,, r 

~

_ 
~~~~~

4• 
: ~~

I
.

- . •‘ - ‘‘  . n -  . 5 ’
- • I 

- 

~~~~~~~~ 
• - 

- . J.# •~~~•“ I 
- 

p~-. 
.... •

, • , ~~‘ F e 
• ~~~~~~~ - •

~ 
~‘ ..—s~1a 

‘ ‘ —40 —
- r’ N. ~~~ .,,., 4 ’ %  ““ .,. .. . ••,_—~‘ 

V ~~. 4

-‘ ~~~~~ ~ 
- - 

• 
.I4 5 *  

:I-I
’-

~:~

—

~ 
‘. 

I 

~~~~~~~~~ 
~~ -

• - ‘ • 
, . w.4.•N•_ I 4 • ‘~ -1.~~~’” 

, , ,~ •,~ 
,, , ~

. 

,,• $.4~ . ’ ‘I • I ~‘~ 1 
,~~,  •. , -‘ I

- .
‘
.~~ ‘ 

- • 
,. ~~ -. Pu’.’ -4 

, 4, 45

,I,,I’ ~~~~~~~~~~~~~~ . ’ S ~~~~~~~~~~~~~ ,:lV ’ 
~~~~~~~~~~~~~~~~~~ 

‘‘:: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-

~~~~
• -~~ 1’ , ,. 551 I - 

~~~~~ ~

I ” 
- 

— .. — . •“ 
- — .,.• ‘  • 

• 
,. C ’ ‘r” ‘ , • ,,,vV ~~

‘ 
— ~~ 

s ’ . ’  
~.4. • •~ .#II.N’~~~~

’ 
~

‘ ‘ , , . .
~ 

-s 4 
- , ~ 

• 

~~~~~~~~~~~~ 

— -50MHz
-- ~~~~ 

~~~~~~~~~~~~~~ . . 1,M*•4’ ;.:1.—1-’
~~
”
~~~

• 

~~ 
~~~~ N. 

:... ~ 
+

3 *

~~ MN”~~~~~ ,4M ’
t 

~~~~~~ ‘ •
,b.*’ * ~

-~ ~•~
• •

. ,,. ~~~~ 
1 ~~~~~~ • ~~~~~~~~ 

.1 ~~~~~ q.1*” ~~~~~ 

~~~
•‘

~~~~~‘~~~ ,~~~N’I ~~~ -~ ,i ~~ ‘ 
~ • ~~~~~~~ 

• 
~~ 

..a’~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~
,,~~~~. ‘ ~~~~~~~~~~~~~~~~~~~~~~~ 

•.5 ’ 
I~~~~~~~~~

’ ~~~~~~~~ . ‘I  & ‘  
• 

, • 
, .• 4• . 

• 
. I

I 
‘
.

- . I 
- 

•
, ~

‘ 
- 

, 
•: • • - 

- 

- 
. • - 65—

— • 
. 

. 
I ‘ •  - 

• 
• 

,. . .  • r , 
~~~

_ •~~ , .L

I S 

1 j 5
- ‘ ‘

- :
‘ • 

I . 1 , $  - 70----——

. .1 • - ‘ • ,  
•

1 ’’ I - -  ~~~~~~~~~~ . - . .

S . - . - I .  I • .
~~~ 

- $1 75

Figure 6 . SFIR Record of a Continuu m Solar Event

19

_ _ _ _ _ _  ---- ‘I----  - - ~~~~ - - --



- -.--l-.w—--I ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ I~~~~~~~~~ ’ ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - -
~ 

- -

1. I \ ~~I’K I xlI- \ I  \ FIO\

I sweep  f r e q u e n cy  radio  i n t e r f e rome te r  can g e n e r a l ly  he described as a

~ p s - c I  V~ zed r c s d iom e t r ic  sy stem that  measures  the phase d i f f e r ence  and amp l i tude

of s i g n I l s  f rom a d i sc re te  source , w i t h i n  a p r ede t e rmined  hand , as they are re-

I ’ !  f r o m  two separated an tennas .  The m e a s u r e m e n t s  performed wi th  such a

5~ s t em  I -an p r o v i d e  in f o r m a t i o n  or pos it ion , amp l i t u d e , and spectral  cha rac te r  of
I~~

, -  ~( l I t r c e  e m i s s i o n s .
‘[‘here :~re r n - n v  ve r s ions  of t h i s  i n s t rumen t  in  exis tence t o d ay ;  each is desi gned

to e m p ha s iz e  som e p ar t i c u l a r  aspect of per formance  such as hig h s e n s i t i v i t y ,  source

p O S it i I l f l  t - e141 ) l ‘i o n , or w ide  dy n a m i c  range.  The i r  app l i ca t ions  are also varied and

t U l l  i ts  5 1 5 5 fl a re a s  I s  radio  as t ronomy . s- c r v e i l l an c e , and spectral  I I f l I i l \ ’ S L S .  Most

of t 1i s si ~ v5 t r- n i s  are  s i m i l a r  in t h e i r  basic design to the swept f r equency  inter-

fe romete r  descr ibed 1w \Vi l d  and sh er i d a n .

F i g u r e  7 i s  a func t iona l  d i ag ram of a swept f r equency  in te r fe romete r;  x sin 0

is the  path  d i f f e r e n c e  of the  s ignals  received from the source via  the two antennas.

The d is tance  s e p a r a t i n g  the antennas is x , 0 is the angle between a line to the source

an d the plane n orm al  to the in ter ferometer  and d is the e lectr ical  length of the delay

l ine . \ s  the  receiver  sweeps in f requency,  the path d i f f e rence , (x sin ~ ) ‘I wi l l

- € - r l r ( - -Ierl t  a l t e r n a t e ly , a mu l t i ple of one or a hal f  wave length  of the received si gnal.

This  - - au ses  ‘he phases of the  two s igna ls  to alt e rna tely  add and subtract  at the
c~~ nt of I l lln p a r i so n . the hy b r i d  unction . If the receiver sweeps in f requency at a

I - I I r I - i t a , I t  r I t e  w i t h  r e s p ec t  to t i m e  the  resu l t  at the  receiver output will  he a sine

wave  whose ari pl i t l I I l e  is propor t ional  to the  R F  s ignal  received from the discrete
sour . e. The ~I e f l I 5~~~1t j I I t l  of t he  peaks and nul ls  of this  sine wave , in the  f r equency

s -a l e , w i l l  he  a ‘ u n c ti o n  of a ng le  ‘~~. This s ine  wave is usual l y recorded as an
U i n t e n s i t y  v a r i a t i o n  on a t i r e - f r equency  plot and appears as a series of b lack  and

1 - i t e  h anI l s . The r I r o I -ess w h i c h  i -t l e r a t e s  the  sine wave is s i m i l a r  to that  w h i c h

ar ’ -  l i - e s  i n t e r f e r e n c e  f r i ng e s  in an op t ica l  in t e r f e r o m n eter and in th i s  t e x t  the peaks

and nu l l s  I l f  1 1115 s i n e  wave wil l  he re fer red  to as f r inges .
\I i l - t i a so l l r I - e  at p o s it ~~n n  II • in a line at angle  ‘i from a p lane  no rm a l  to the

int - r~~- ’ - ’ ’  r - -e~~ r l l - I s ( - I i t t e  is d isp laced  by an angl e  ,~ O to p o s i t i o n  ii , as shown in

r e l a t i onsh ip  of I V ie a ngu la r  U I i s p l a c e I t t e n t  of the  sI -l o r I s-- anl i  the f r inge

I h s T Y I a I - e I - e n t  i n  t h e  f r equency  I l i n l e n s i o r l  is

1- 300 :111(1
t S P  1 - / iT. s in e  I~~ ) - I 

— sine (~~ 
I .~ I~) 1 -

Ic  It I 1 Ij

3, \ l i l d , - I . P. and She r idan , N .  V. ( 1958)  I’ roc.  l } ~~I , hI \ IU , 11:160.
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= t r equencv  t ) I Is tt i on  of fr inge whose disp lacement is

to be m e a s u r e d  ( in  Mhz ) ,

length  of separat ion of antennas (in meters),

0 = ang le between a plane normal to the interferometer

baseline and a line to source at position A (in degrees),

angular displacement of source from position A to

position B (in degrees),

d = electrical length of t ransmission line delay, in meters ,

f 1 fringe displacement (in MHz) .

EAST \ / \ /w€~~ANTENNA \
V
IANT ENNA

L_ _  
H YBRID 

_ _ _ _

IJUNCTION F
DIFFERENCE1 SUM

SWITCH
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I \

~~~~~~~~R
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GENERATOR DETECT!J
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RECORDER

l-’ igure  7 . Mult ip lying Sweep Interferometer
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Figure 8, Relationship: Fringe to Source Displacement

As an example , in an in terferometer  with a baseline of 150 m and a transmis-
sion line of 75 m , a shift of 0 .2°  of a source from 5° to the vertical will cause the
fr inge at 57 .9 111Hz to shif t  0. 3429 MHz ,

_______ ~ (3 . 4060 — 3, 3754) = 17 ~ 0.3060 = 0.3429 MHz

(on the Sagamore Hill recorder 1 MHz = 0.26  inches) .
Figure Ii is a samp le record of a test made with the Sagamore Hill system

showing the f r inge shif t  resul t ing from the insertion of a 0. 5 m delay addition to a
60 m delay ,
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Figure 9. Fringe Shift From 0. 5 Meter Delay Change

An interferometer can be described as being symm etrical or asymmetrical,
depending on whether the lengths of transmission lines from each of the antennas
to the point of phase comparison are equal or unequal.

When a delay line as shown in FIgure 7 , marked d, is inserted in one of the
transmission lines , the interferom eter becomes asymmetrical and the fringe sepa-
ration in the frequency domain becomes a function of both ( 1)  the free -space path
difference x sin b, and (2) the delay line length . d. Each has the effect of delay-
ing the signal from source to the point of phase comparison.
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I I i . -  s - I  I I  l i p s -  t s I I  I I - — -— I r v  I U I d i t i d ) n  t I l  i l l O I l l s aS’,- t - i O , I ‘ t V  i i i  ( i s ’  t r i t e r —

t s I r - I I t I I , - t s - r  ~~() -i t ~‘, lset i  ‘ V i e  sour - ce j 5  it  I I r  a - l i t  c : - ’r i d i an  t i - a n - - i t  h o  ii p la ne p et —

I l - t i - l i s - u l a r  t I ,  t I l l  u c t e  l t P l ’I I t t I t t l ’ t ’  h i s s - l i n e )  and the  phase of a l l  t r l - I ( l c s - r i l - i e s  at t he

c t l t , r I r I : s I ,  l i i i , - l I l a c s -  I i f f - - I - s ’ n i , -es cit the  point of compar i son  ( I i v b r ’ i ’ l  U t I I t i l i t l i

m i t  t ’ I I U  lu s’ I hv  t i i ’  Ic I s ’ ,’ w i l l r i  ~t i1 t  in t h e  genera t ion  of f r inges  from w h i c h  phase

t r i l l )  t r - ~ t I l t i  I - a n  I I  5I I t _ I _ i I .
I s- t s r - e l - t a  t i l l  w i t h  a ’h l l Ii  t h e  f r i n , ’e pos i t ion and separat ion , in the  f r equency

s i n , - I i - t s ’t ’t n  i n S -  a m i g n i l  - S r  I O I I I t j ( I P  of t I s s -  source is the resolving power of the

e t - t s - t - I 1 i : I s - t s - r  a n - I  ~5 l I e n s - n - I s - r d  on th r — ee fac tors :

( a )  I I ~~- - l i s t :  i t s - s s e p a r a t i n g  the two an tennas ,

( h )  t h e  s e n s t i  ;j t y  of the - s y s t e n l ,

(c)  st r i 2 t l i  I d 1 i( ’ s i~~na l .

I I l i i i -  m - -~t ~5 t I Ir  I I et € - r n t :  ines what  could be called the geometr ic  l i m i t  of

r e so lu t ion  of t i m e  sv s te r t i . In a swept f requency  symmetrical  in te r fe romet r i c  sys-

t , - I i  I t woul d  I ,c - l e f i n i -  I as t h e  angular  disp lacement  of a source requi red  to sh i f t

a n y  f r i n g e  to  he next f r inge  in the  f requency domain  or the angular d i sp lacement

of t he  s l l ur c s ’  I - l uj v J l e n t  to f r inge spacing and is equal in radians to
4

Wavelengt h of he received si gnal
Dis tance  separa t ing  the antennas

The Sagarnore  H i l l  5 v - i t s ’ t i I  has a baseline of 300 m and sweeps once per sec

f r o n  25 t o  75 1111-i . .-\t t h e  a i d — r a n g e  point , 50 111Hz, the l imit  of L l eon i e t r i c  n - i - so —

lu t i o n  l I f  1 ( 0 ’  -, y - - t e r t U  or a n g u l a r  d i sp lacement  equivalent  to f r inge  spacing is 1. l4~~,

( 2 )  The  s er n n r l  n i l - t I l l ’ . s v s t p i t i  s ensi t iv i ty ,  is de te rmined  by antenna col lec t ing

it’ ’- , v-c t ct n i  se ‘ V  ~ I t  I I , and  e f f e c t i v e  resolut ion of s ignal  in  noise (a c o n i p o a m l s -

of — vn c h r on o u s  let S I l t i  e f f i c i e n c y , i n t c ’gr at i o n  t i m e , and resolut ion of the ou tpu t

In the  t-~ Is I a n - l r l m - 1- H i l l  s y — d s - -  t h e  s e n s i t i v i t y  as - l I t ’  would  he t h e  a c c u r a cy  -1& - i t h

w h i c h  the  f r i n g e  posi t ion and si-p ra t ion  could he de te rmined  in the f r e q u en cy  ac h e .

F’or a s i g n i l  of lU f lux I l n i t s , th is  is app rox ima te ly  V par t  in 10 1w v i s u a l  I l e t l ’ r t r l i t v

t ion and p e r h I p s  1 par t  in 100 by e l ec t ron ic , d i g i t : - l  or analog process.  The sen-

~~ 1 j ’  i~~v ~a - -t or  t i me s  t he t 1 - u n - e t r i c  r e s o l i l t i l i n  v - i l (  equa l  t h e  i s - i  s y si c n i ’  - i - s o lu t i o n

whi ch  or v i sua l  ar’n ’ - es s i n g  would he :sh ot i t  15 nun  of arc and for I - I e c t r o n i c  n t - c ’ —

cessing w o u l d  be I I ’ -  c i t  1, 5 mm of a l ‘ I - l I V i d  i nn  of t h e  f r i n g e  I I  Is’ i t i l a f l  could be

ir l :p r o v e - I  liv i r t t e _’r a t  i - c t  of t he  m e a s i m  r I ’ -  I - t n t  c-f s e i i - m — a l  r in ~~ e p os i t i o n s ;  ho wi ’ve t ’ .

t h l - t - e  is a i r a I I c ~ 11ff i n  l— e~~- l I I i t , I : : . I h e  source  Vi sa r l - i h m i s ’ r i - y  aw l  , i m y s i c a l  d im e n —

s t a t -c . a - - s i n  i n  ‘ I I  - C 5 I I I 1 l t i On  i n  I I M i -  i n  en si o n  c-an  he r e a l i z e d  b y  a n r o p o r-t i on a te

r e d u c tio lt  i n  I I i , -  - 1 - ~~- -

‘I l l - c _ I , .1 . I . i n - I  I w j m t s ’  - . ( l ° h 3 )  1Ll I S I I  \ t i a l f l I I t l l V ,  M c i  ~~~~~~ H i l l , 1. ~~h ,
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~ 1 - 5 ’ .’ I I I  ~~t I t I  I - I h I i I I I V  l : ,t c l i  at  I _ r n
_
C t -I I n - I - I l - c  ( u n f i l h s - I I  I i I e r t I ) r i - i  I - an  have

‘ a t’ 5 - I - O h V i t I L i  I I I t 5  I I S  I - O P U I  l~ , V I  S I l l  ‘ s~ i c —  c s , i s -  ( t i l l s - - I  l t l ( t t l i t ’ s l  w i S I s s ’  lu St 5 - l I t

l I e  15 0 1 1 1  I I  l t~, 5 t i - i t I i i O l i  ( I f  h r  V I I  I n t l t l t I t l  of V i e  I n t e r -P  r I l t -  I - t s r . It is
- ‘h s ’ , - 1111 c , •~ l li t C v , -  r , t t a t  ‘ I l ’  ‘ Ii I - c e l l s - c  i I i  1 1) 1 11  -~~i t . - a m - s ’ a  of t i c -  I a o s i ’ s t s - t :  - s t r l e a r i s

s t , r - I , n l l l r - ’ m l l r m a l  ‘ h i t t i - r ’ s - t i c e in 5 5 - t i - - u i -  t v .

V h s - - I -  1 I I I I I  I l I t  I fl5 t ’ Oil! ‘ iVO l i l t  et in a  - — I L ’ m i i i  i s  a f t i t s ’ - t ion ( I f  r er i ’ i I , - s - c - I c  s ign

~l r I  I r i m s -  I i - t 5 I t i I I S  n l t l l c l ’ s , I ) i - t a - n - l i n l L I  ot t  i t s  I l t I f i a l I t a t l o r i  l i e  i n t e r f s - t - n r - - t s - m -  I - s r i

hi ’ I s - i r s -  I as a a i m  n h -  n h - n - h -  n - I ’ ’ -  l I s t’ n - a n , V t c s e  - ‘I  I I I  I l l - I ) , f l m u l t i [ ) h v m n g  i n t e r f e r o m—

s’t er .  i s - c s -  c - o - i f i g m r ’ : , t i l l n s a n - s  s h o w n  i n  t i p t u r a -  I t )  nd a t - c  c o r t s p  red i I i i  a t o t :I l

power r - 1 i  s r .  i I i ~ m i n i  rn m m  ( I e t e c t l I l l l l  s i g n - I l  (t empc ’ r’ i t u r e)  on these  si -stems is:

N.’-

A l  - K
r I O  

~ A l - . .
~ p11

~~ 
‘
~~ - n i l  ni  m u m  detec tab le  t e n t i  pe r :,f  l ir e ,

t i m

= — i ’ r i S i l  l i t  \ - I  or m s t a nt ,

VI II — 1 - -i t s - n : .  noise t e r - . p i - r : i t t i  ‘i - ,5

A 
~~ i1 I I - ’ h a r t -  l c _ i , l t h l ,

I t l I I S t  s ’ t t t - m  u t  i n t e g r a t i o n  t i t ~

1 1 w  one va r i ab le  wh ich  d i s t i n g u i s h e s  these  radiom eter s y s t em s  is K 5, the
t t e f l s - t i I : i t - - - -o r i s t a t i ’ , The r e l a t i onsh ip  of K w i t h  respect  to  these  s y s t e m s is as
‘ I l l ! (SW S

Sv s te n :  t y p e

T r I a l  power rece iver  I

S in ’  pie in t e r f e r o m  i- t i -n  1/2
Phase swi tched  t :  c m l t i n l v i r t v  : tt e r f e r om e t e r  2

, i h  - ~ c v i t i - h t n j  of the inpu t  and c a p t u r i ng  the  i n f o r m a t i o n  by  sy n c h r o —

anu s  - lete - t i - s i t  r esul ts  in l ec r ’ e -s se - l  ~e n - i t i v t v  because the  r ece ive r  is L ou n l e d , at
any one t r t : - - , to on ly  one -h all t i -  f lowe r  available f rom the an tennas . Swi tch ing ,

e S s i -t i t l I ( l \ U , m i - s a t i r es t h e  - I i f f e r i - ’ i - -c h s ’ t ’ ,’:s~~’t c t ’v ’i i npu t s  hi’ a h t e l ’ m c l t l - ’ i v  l ) t i ! t c I t i t l ~~

t h e s e  to the  r1 e ’-e ii-s ’r and sv nc hr o n o u s i  v - V e t  I - c l i n g  ‘ V i e  - s - s t i l l  : i t t t  d i t ’fc r e r i - I -  at he

- - i t t , ‘rhis s - o r r f i n e s  V i e  - l i- a i red  I r i P ,  r - - 1 l i t  on t i  a - iar row band I e n l e n e I I  ~w I he

- ‘ - i t  ch ing  I r e r b u e t l l - v , a o l  n o - r n -  t ‘s ( h r  f i l t e r i n g )  t h e  I n t i i a r i  l i t  of i n f o rm a t i o n
r c l i t i ’ . ’e to n o i s e , One of the  - n a t  a i c nj f i c a n t  corn a l t t e nt s  of n o i S e  is due to r e c e iv e r

s rU e r  - : ‘ i t t - h i s ’ r I i  eans l e a .- s en a I r - , i v .

5 . Kr a u s , t . 1) . ( 1  ° h f I (  i ( I i o \ c t n a t i o n n ’ . c !c(  I c a-v  H i l l , p . 2 MV .
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v i i r i  ~ uc tu c s t i 1 I s  w h i c h ,  I r I s - r i  ‘ - an  he 50 or 1 1 ) 0 i t s- s  - c i t  ‘- C ! t i ; i m i  ‘ 1 5 -  r m I n i O  t i n ’

I , -t ectah ie  — I L t I  1 . i n - s r i  he — s - s - n i  t h a t  1 1 . 1- I I V I - r I I l l  - I ’ l - j l i , i t y  I I  a - w i t - h e - I  si- - t i - n i .

w i t h  synchronous  - l s ’ t s ’  - h u l a , t h i O t t g ! l  m h e , I n I - t u - : , I I v  I s ’s , I - S r i , i n  l I  m s - t m  I - , t s s ’  - t i uch

c,t r , ’ :Oer t h a n  i n  a r I l n I — a w i t  h e - I  v~~t i - t :  5 I t I l i  as a s I n : - n , I e  t n u t l t r f e t 1 I t -  l - r I - r •
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Figure  10. Rad iome te r  S v a t e n i ’ S
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( :1 ) t h e  l i m i t -  I ( I t ’ l l ’  w V i I I h -1 s t l t 5  n i l ’ S  - - - t 1 ’ l  r e I - I I l U l i I l h l  i s  s i L ’r i a l  s t m I - t i i - t t i .
- ‘  i s  ‘‘h ’~~’ s i i i —  t ha i  g i v e n  a t O r i  s s - r i s m l i ’ r m t i -  :1 ,  i ’ s i  l o t -  a s y t s - t -  , l i e  ~ t t - 1 l m a I e r -  t h e
= mL ’ i : i l  t I l l  C [I I I ’  p r e ’ i s s ’ l v  earl V i s ’  I i - t r t ~ ’e I l l s  t i m ,  1,5’ l s ’ V i  I I

V t - i t - : ,  t - ’ I m ’ l -  H i l l  - - r -- t s - r ~ • I s - s I - m ’ t l l s’ - l  hers- , i s  a t m i u l t i p h - ,- i m v- i r i t e r - f s ’ r o m s - t s ’ r -
- - ‘- ‘  2:i n i - l  has a h i t ’  l i n t  I l ( ’ t s ’ I - t l l l l l ) -  ,SSL’n: i l  ot  l r l i l r ’ I l X j  t S t i l t  10 / 10 —

~~ \\ / m  1Hz .

I. I-~~
() I.( FIU\ 1) 1- l i i i - . ~~ (; ~\IOIl I- . 1111.1 . ~

I I i ~ ~~I l - S i t i t  Sa g a n I l  o~’c ’ H i l l  ,S vs t  I - i : is a phase  s i - r l a i t  i - - c , sw s - t s t  I’ r equ etmc y
n ’ a - I t o : S t i r u s i - l as an  m d  l - r ’ m ( ’ m ’ l l : - I r t e r  in  a st a o dar l l i ze r l  c o n f i r c m r s h i I I n  S t I I - - i t I - a i i y

‘ Or I I ’ i S I t ~ U O tj 5 1 i - S 5 l t r E ’ t I  cot of ‘h e  Solar  Rad io  s nl ’ - t m ’ : s  in  the met s ’m -  and h - i - i ou -  ‘ -h e r

ban V . This appli  - n t  h I t s  I m I t a t e s  t l i s t  01m w i m i i li- s I L n -onc ide ra t ions ,
( I )  it a ! i o m i ~ l t o -  n - i I I  I n m i a r  i n  c o n s tm ’ uct i on  c m i i l s ’s i _ -c , u s i n g  s t a n m l l a r l l  c o n l p o —

- 1 - u  ‘ — , - - -~-t a - i i t i t : i t i h ’  in a p a r t i l - u l a r  ~1 l t i I i~ I I m r I l t i o t 1  I I I  : i c V i m i ’ ’ e  t h s -  s rlr- -ia l i / i - - l  f u n c t i o n
of r - C U S I S - i n _ so lar  R a d i o  e m m i i s s i o n s  I i t h  t h e  f o l l l l w i n g  L e m l e r a l  r equ i re d  en t s

(a S iIr c rS I 25 (1 75 MH z ,
(h I  l i - - c a s t -  t c  t 1 l f l c ;  60 - I I I  1 i ( l l U u i t ’ i t ! i t i I I  r e sponse ) ,

- — 2 2  - 2( C I  \ i u t i m n : : t i r - - : - I I I  t i l l -  i~~r i a i ;  10 - 10 \\ /m  1 117 ,
I )  1 -i: s i c  V s  I I  l I a r s ’  a h i — h  w i l l  a l l o a -  h a t e r  add i t i on  of a

- i r ’ - r i t t  Or l I l t I l  5 t h  l i l i t l e  p o s i t i o n  resolution bet ter
- h a r t  15 u l n m  I t  a r - I - ,

( 2 )  — e l e c t i o n  of the n o d u l a r  - I a ’i e t t t c  should  m a k e  m a x i m u m  use  of pre-
s u t i g t a t ered  15 - t h e — S h e l f  i t e n n ~~. This  r e q im i r e n -m e n t  a r i s e s  f rom log i s t i c s  consider;-
t i o r i i - i  as Iv ell as  i n i t i a l  p r o d u c t i o n  I - I l - i t S . It is p a r t i c u l a r ly  impor t an t  as the  sy st e m
mu st he - d i p t ; h l i e  for  locat ion  It remote  sites where m a i n t e n a n c e  and opera t iona l
S U i P p O t ’t  can be ccl t i t - e l - ;  e x p e n s i ve .

( 3 )  The : , r ) n ) I I I - : I t i I - , t u  i s  r , t m e  of long t e rm (y e a r s )  continuous measurement s  an
r e I i a h i l i t ’,- , ~t a h t  l i t - - , a n - I  ‘ - I - t I I - : I t S h i t l t v  of ca l ibra t ions  are  v e r y  impor tan t  in  m a i n —
ta in in g - I t u t i n u i t i -  of u : e a s u m s - t : n e n t  a l r l t t - I : , r - l s .

‘rhe r equ i  r i - m r  i - m i t -i and  L u i l l e l i n e s  f o r  t mi -  I e s i ij t i  of Ib is  svs tent  have i t l i l v I ’  I
r 1- : er  a ~i ’ r i o  I of se ’ ;, -r ;d  y e a r s  i n  t he  successive opera t ion  of t h r e e  i n t e r f e r o n i e t e t ’
- c l - c - c t  1 111 5 i t  1i Ot u O t ’ (  H i l l  ) ) P a s -  r v a t n r y  in South E l a t i t i l t o n , M assachuse t t s , The
p r l -~~c - t u t  — v st e~i u n t a v  hea t  he i s - s c  r i P e  I by t r e a t i n g  separa te ly  i ts  m a i n  f u n c t i o n a l
divis ions , w h ,  ‘h ir e :  ( I )  \ n t en n a , ( 2 1 1( e i - i - i ve r , (3 )  Detector , and ( 4 1  Output and
Disp lay.

I, I ‘s_ t i  l i—i t i l a

in t he  process of select ion of a b r o a d h a n l l  an t e n n a  in the  t -  s - S i r  and l s ’ k : n n - s - t e r
U h r s n i  I , I l t t e  ‘vi i an a l  t l r ’n b L l h i l y  f i r - c t  c ’ons i  icr  a log n e r i i s , I i - - - s u t t c t i i i : i . This  t V t i ( ’  11f 

—-~~~~~~~~ —~~~~~~~~~~~ -‘-
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l I l t  (-~~ t 1 i , in  ‘ , ‘ r m s ’ t ’ : s I , w i l l  h ive  nomina l  ga i n  (6 d l i )  ar id r s ’ ;I s on ab le  l i n e a r  r ’e sp l l r i as -
over t 1 u -  c a l l  ~~ ‘ of I or 2 1 -t at - e s . I I o ws ’ i ’ s ’  i- , t he  S\t  I t  l I f  a log per iodic  for a range

- - l I t  t t l l 5  s t 7 l  - a r )  I l l ’  of t h i s ’  I l l - l i t’ of 2 : 1  or h e l t e r ’ . This  is unaccep tab le  wh i r ’s ’ ‘I i -
o u tnu t  is  Ii .~ I I l ; l V s- U I i n N , Y , Z I ’oor l l ina tes  or any  Id I ’ m  fo rm ordered in  t i m u a’, f r e —
q t t i - n m l - v , and i n t e n s i t y . In such a d i sp lay , where N is t i m e , V f requency , and Z
i m m t s ’ r m s i t v . the  v - r i  I t i o t i s  caused by S W R  would appear as cont inuous  black mind
wh i t e  II m i l s . These v ar i a t i o n s  are par t i cu la rl y undes i rab le  as they r esemble  so
closely in c h a r a c t e r  the  i n f o r m a t i o n  produced hi- Solar e m i s s i o n s .

‘I ’he d i r e c t i o n a l  propert ies of a log-per iodic , w h i l e  advantageous  in some ap-
n l i ca t i on s . t - ~ - u ; t m i  r e son- i -  aee on inmodat ion s  w h i c h  are  not u s t i f i a b l y  p ro l lu c t iv e  i n
the  p a r t i c u l a r  operation considered here . Because of the  d i rec t ive  I l i a r s I t e r i a t i , -
of ‘ V i i -  l o r t  per iodic , n t e c h a n i c a l  t r a c k i n g  for  a Solar patrol woulsi he r equ i r ed . In

~ t i & ’  Is ’ k : i t t , ’ t , - r  h and  th i s  t i r - s - e a a i ta tes  a I k I \ - . i - e  of I - O r l s i d er ah l e  s i z e  s r i - i  s t r e n l :I t I i .

I t is a l so  r e l a t i v e l y  v u l n e r a b l e  to  - l a r u r : s ; u s ’  or - l es t  ru - t i o n  f r o m  ‘x l  r e t - - e s  of a s -a t  i~~ -r .

The rd  c i i i ~~ ‘ s - a t t i r e  a lso  I l i m - t a t e s  tha t  t h e  a n t e n n a  he - : n l m n m t e  I several w a v e l e n g t h s
above g m - s l i t s - I , h O to 100 ft.  Thu s i r r ; n m 1 e I l i ~ i t e I y  m m r - e i - e n t s  l i i i -  use of s h i e l d i n g  to d e —
c r- e a s e  l i n e — o f — s i ’ i i t  i r i t e r f e n - e t m - s u ;  a c’r it i i’ - li  t ’e q u i r e ni e n t  for  sites w i t h i n  50 mu - i i e s

- or So ~t o r  u ( I I I  l a  t i  I : i -
~ -:-

It v - l i - i l  I s - s - ~ - U ( I c  a Si - s t  I I ’  w h i c h  wi l l  t~ n i n i t u r  t h e  re la t  i ’, c l v  s t rong e r u  - iss ions
- ‘‘ 2f r o r t .  t he  sun > 10 ‘ 10 - -  Vs / m  1 h z  and where  posi t ion i n f o r m a t i o n  is one of t i l s ’

u l e - c m r s ’ , I  t ) c O - I t J I t a , an a r ra’5’ If 2 or mu ore fj x e rj  broa s i  hand  I l ip o l s ’ s , p r o p e r ly  s i t u a t e d
to ach ieve  r e so lv ing  wi r e r , would  he adequate  to serve  as an an tenna  ~~v s t I - , t  1 I I I ’

hear -mr of t h e  a n t e n n a  shou ld  he broad enou mr h in  one plane to r h - c i t e , “ ; i t l m  u n i f o r im i
el l i - m e n c y ,  e mu : i s s i o n s  f r o r : i  the  att n d u r i n g  its course froni sunr i se  I I I  S un s e t ,

S t t m t  - ~ i t n ~ up m i m e — - r ’ cor ra l  e r a t i o n s , it  v - a s  decided the  ch a rs - t i - r i  1 ics of an
a n t e n na  II  r t h i s  :1 nn l  i i  - : I t i o n  s h o u l d:

( 1 )  Be a s i m p le phy s i c a l  a t  r u t  i t s ,

( 2 )  h ave u i t u  l a t i n :  - i - f l- i t s  Ir on  gr Ou n l i  r e f l e ct i o n s ,
U 

( 2 )  h ave - i n  i t t  - u r n :  e f f e c t s  r ’ I l n u I  11 1- ’l , p a r t i c u l a r l y  l i n e — o f  —si gh t ,
( 1 )  I ia ’,-e a r s - l l a t I o t i  u n I t  i - r n  1- o t i t - P l y  the  shape of a hal f  - I o t m J n t t t  for i -ont inuou s

I i h , a l - r v a t i o n  of t h s -  a t m  w i t  hout m e c h a n i c al  t r a c k i n g ,
( 5 )  1151:1- ‘ : 1 - l I -  i l i n U l  r I - i l l s - n i - v  r r ’ s r I I I r r c r ’ , I I : I t  Id )  0 . 5 l I t ,
1 6)  1 1 : 1 : 1  :5 — V s I (  l e s s  P i t t  1 . 5 :1 .
I P’l’ -O tit  c ’ l I l ’ . b ( -  i - - u - u t -  I t  - l t l - - c ’ h : i t , in  a n t e n n a  I l e s i U l m i , a cone is the  s inin l - — ’t s r i - I

- I s O t  ci p n t  sham ’  v- Id I - h  ‘ v i i i  :t l - t m i e v e  broad h : s nl l  l r equ en c v  r e s p er l ac . ‘rwo cones

or a I - 1 I r ’ ;h i r t a t  - t n  of a l i s c  : s m t u l  o ne  - l t i  he u s s ’ - I  as t h e  q u a r t e r — w a v e  s - l i - t I l l - n t I s  to
foc u s a I m m l l l s -  ( S i - , -  I ; i v h t r - I -  I i i , ‘I h l p I .’ : i r - l - , l i- I - I 1 t I I , : U o n l v  used in a ver t i c- a l  m o u n t

~ l t ’ I l d i i l i -  t t ’ l l I l c ’ ,  h o r t , I I ! u t l l  r : l U l I : l t u I , - i , Th e s e  , l l t u — s i ’ I e r a t i o n s  l i - I l  t o  t h e  I s - S i — m i
and - 0 m m - i t  m ’ t i , - t i o n  of u s u -  o h- I - I n t l - na s i - s l s ’ - I  - l o w t t  to  - an a c e a b le  s i z e  for op er a t i o t m

2 ( l
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I bis ’  VS Vs R of t h i s  c o n f igu r a t i o n  s I ’a leç l up to the 20 to 80 M I-ia hand was mea-

sot’s ’ I . The resul ts  are shown in l” igur’e 13 com pared wi th  a log periodic  an tenna

a n - I  ca l i b ra t ed  load . .\ prototype of the f inal  version of the semi-bicone antenna

is shown in Figure 14 . The re la t ive l y small  spacing between the antenna  and ground

p e r m i t s  i n s t a l l a t i o n  where  one can take advantage  of t e r r a in  or other shie lding

to reduce e f f e c t s  of l i ne - o f - s igh t  i n t e r f e r e n c e . The beam pat tern  is app rox ima te ly

as s hown in F igu re  15 , Precise pat tern m e a s u r e n t e n t s  of the scaled up nro ciei were

not possible be cause  of the di s tances  invo lved  in m e a s u r i n g  the far  f ie ld  in the
Iek ;in  eter hand.  F igure  16 shows one of the  s a t e l l i t e  records fron w h i c h  the

anpro x inia te  pa t tern  was derived , The two antennas , log period and h icone , were
in a f ix i ’ - i  position . The sa te l l i t e  bearing and m I i s t a n c e  are noted at three points on

the  rec ’or lI . Several such n c r - o r - I s  were  n e ce s sa ry  to a r r ive  at the approxin ate
n a i t f e r n . The most s ign i f i c a n t  feature  of the t - e c o r r l s  is the smoothness and absence
of secondary  lobes .

- I r a w i r r g  of the a n t e n n a  sc a l e d  i n  a ;i t - e l en g th s  of f 1 is  s h o w n  in F i r n u r i -  17 .

110th the  bs- - ; s n -  sh ape an l i  m t I : n ~ ’ ’ I : i m u I - e  of m i m i -  a n t e n n a  are a func t ion  of the  h a l f — c o n e

sn l s - . T h e i r  m ’ e l a t i o r mh i p is sh o w n  tn  F igu re  lii , 6 It w o u l d  he - l e s i r a b l e  to p r o du c e

a na r row b e n t :  in the n i a r r e  n l s - r p e n  I i c u l a r  to the  axis  of the  cones an l l  I i -  l m a v s -  an

i nr n e d a n c - e of 50 H .  These (lb i - I - l i v e s  would  r e q u i r e  a r e l a t i v e ly  l a rge  hal f  — ‘ i l m i s ’

a ng l e  and c o n s i d e r i n g  r l t : r f the  total  S ize  : i m m  I a r i - - I of t h e  an tenna  wou ld  l l i I ’ C C i I S l ’

e x p o n e n t i a l l y  as the  h a l f — I -one angle , i t a-;is r l s - c i d e d  that  a 5p 0  h a l f — c o n e  a n g l e

w o u l n l  n i - r n - u  it a s t r u c t u r e  of p r a c t i c a l  s it e  a i t h  an i t t  U D e l  I a m m I -e of 1 10 H a b u i lt c ou l -  I

he eas i ly  m a tched to a 5 0 — H  t r a n sn si s s ion  l ine , -\ n i i -  i i t i o n a l  f e a t u r e , a -h i c h  - l O l l )

he u~ - ei lM ’t et l  only  r o t i g h m l t ’  in t h e o ry , is t h e  r e l a t i v e l y  sharp  n u l l s  in t h e  II r e et i ou , on

e ithe r  s ide , pro jec ted  from the  ax i s  of t he  l I l I e s . If s i te  locat ion  p e r m t l  i t s , t h e

p lacing of these  n u l l s  toward  loca t ions  of s t r o n g  l i n e  - o f - s ight i n t e r f e r e n c e  s - i l l

s ubs t an t i a l l y  re l luce  its e f fec t .

6. Kraus , 1 . C) , (1950) Antennas,  McGraw Hil l , p. 222 .
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1.2 Res ’eii er

In 1 111 ’ l a s t  decade or sO , ‘Ie r t a t t u l  for v i i i -  ham - i I , sensit ive , precise m s - a su m ’ e  —

n i e m r t ~ ‘ ‘ t  t b m e  t i i l i o  -. l l s ’ I-t r U n m  has become suf f ic ien t l y widespread to s’ncourage t h e

a l i i :i - t u r e  and sale of w e l l  l - r m i m t s ’ e r e l l , r e l a t i v e ly  low ‘ l I s t ,  s p e c t r u n t .  ana l yzers

w h i  - l i  i n - l u  ls ~ all  of t h e  r equir ( ’n l  ents  of a I ecis ion  sweep  f re quenc y t i - l i ’  I v e r ;

s I - . - i m r : I t i -  t u n i n g ,  l i n e a r  fr - e lb u e n i ’ v  sweep,  f l a t  r e sp onse , anti  sens m t i t  I t  es I I I

—130 l H n :  . ‘I hese devices com pare favorab ly ,  indeed surpass , the sp e c i a l i z en i

SV s t i - i ’ ) 5  I s - v s - l o n e -  I SI h ig h l ost in the recent  r i a sm .

The p a r t i c u lar d e v i c e  used IS a receiver  i n t h e Sa gr i m o r e  Hil l  sv St eOi  i s a  Hewle t t

Packard Spec t rum A n a l y z e r  Model 8552/ 3  (see F igure  19) . It is broadl y s i m i l a r

to l O o r  I S o t h e rs o n th e m a rk e t . It has been used sa t i s fac tor i ly in another  apph ica-

t ion at S ag ar n o r e  H i l l .  I ‘l’he general  speci f i ca t ions  required and found in t h i s  dev ice  ire :

F requency  r a n g e  KHz to 110 MHz (se lec table  in

inc remen t s , of 1, 2 , 51 ,

l’ r ’equencv resolu t ion  10 Hz to 300 KHz ,

IF bandwidt h shape 60 (IB/3 tiB rat io - 20 : 1 ,

Linear i ty  of sweep bet ter  than 1 percent (ve r i f i ed  at S ag a m lu o r e  H i l l ) ,

Sweep rate 10 m u u s e c  to 100 si-c , selectable ,

Flatness  of response log = 0.5 iIB ; l i n ea r  = 5. 13 percent ,

Sensi t ivi ty tO -140 I l l t u u ,

Dyn amic  range 70 dB

The HP system also contains a calibrat ion an ’I  les t  a s- i ’ es s o r v , Hewlet t  Packard

Track ing  Generator Model No . 8443B , which  generates  an R I ’  signal synchron ized

n t h  ‘he receiver  sweep so that it s  f requenc :y  is always the same as that to which

the  rece iver  is t u n e l l . This  cal ibrat ion d e v i c e  wi l l  also Servo as a re ference  in an

: i t r t n m n - : i t i c -  Source pos it ion resolving c i r cu i t  envisioned for the fu ture .  At Saganrore

H i l l  t he  output of the t rack ing  generator  is coupled to the t ransmiss ion  lines at the

b u a s e  of each antenna.  This a r r a n g e me n t  provides a simple and e f f i c i e n t  means of

operational periodic cal ibrat ion of the  s v st ~~’ I u u  s e n s i t i v i t y ,  gain , and phase m’esolu-

t I I i - m ,

7 . Gaunt , D. N. ( 1 9 7 5 )  A F ’ C R I -  l s c l r  l lp t .  7 5 -0 2 6 2 .
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L .3 I)eteclor

I m m e d i a t e ly  fo l lowing  the  receiver  is the phase mlet ector , floating cli pper ,

and s w i t c h  re ference  genera to r  c i r c u i t  as shown in l” igure  20 . The f loat ing c l ipper

acts to reduce the e f fec t s  of i n t e r f e r e n c e  by cl i pp ing  s t rong m a nm a d e  t r ansmis s ions

that  rise above the  hackground  n o i s e  (composi te  of receiver , sun , s ky ) .  I”i gure 21

i l l u s t r a t e s  I i i ’ -  c l ipping act ion . The level  of ( ‘li p au tomat ica l ly rises and f a l l s  in

proport ion to i ’hanges in the background noise , ma in t a in ing  a level of ch ip  just

above it . This achieves e f fec t ive  e l iminat ion of in te r ference  and at t h e  s a m t i e  t ime

n i e r m t u  i t s  reception of the large range of solar signals (60 dB),  \ t  each point in the

sweep where  ‘ - h i p p i n g  takes place , the si gnal  from the receiver is b lanked out by

inse r t ion  of a bias s ignal  equal  to t h e  m t : e a n  va lue  of the ha c l cg r l l u mnl l , thus introduc-

i ng e f I ’o , ’t i v e l v  a zero s ignal  to the  a c - l : o n m n b e u l  han d pass f i l te r  (2500 111h z swi t ch ing

sig n i : s l  ) in re  t me ’,t s t a ge , T h i s  , - o I I l t I - i ’n s  t h e  an n oun t  of noise in the  I n fo rn i  ation band

m t  r o l luce n l  by the c l i  t I f l i  m i g  a c t i o n, The I m i t s ’ g r u i t i n n  t i m e  for ave n - a g i n g  background

36
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mioi ss ’  is de te rmined  by an RC fi l ter  wi th  a ti m -n e constant of approximately 10 sec
or 10 Sweeps .
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Figure 20. Floating Clipper and Phase Detector , Logic Diagram
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Fh e phase  detection process is achieved by an integrated circuit , phase-locked

loo p. .\t  the  input of th is  phase-locked loop, the phase of the modulation caused by
f r i - m i t  en ’l s w i t c h i n g  of the Dicke Switch is compared with that of a vol tage—control led-
oscillator which generates the switching signal. The product of th i s  I ornpar iSon  is
I -on v er t e l f  to a proport ional l y vary ing  voltage which  in tu rn  controls the phase of
t t i p  ‘, ( ‘( )  r e ference  osci l la tor  causing the phase of swi t ch ing  at the Dicke Switch to

follow that of the di f fe rence  of the signals from the two antennas . Thi s vary ing
-.- a l t a g e . con t ro l l i ng  the  VCO reference  oscillator , is recorded and represents the
phase i n f o r m a t i o n  output of the system . ‘I’here is . in addition to th i s , an output

der ive - I  from the  in tegra tor  of the f loating cli pper circuit  which represents the total
power of the  receive l s ignal  integrated over a period of 10 sweeps .

-1. I t)i.play

Several U l e v i c e s  are available which can produce XYZ recordings. For this
appl ica t ion  the  two d imensions  in the p lane of the recording paper represent: t ime
(X axis) along the direction of paper movement , frequency (Y ax is)  ipi the  direction
across the paper 90° from the t ime axis , intensi ty (Z axis) represented by intensi ty
modulat ion of the record . Wri t ing  or pr int ing can be achieved in a number of ways;
impact . (like t ypewri te r) , varying electrical current through specially treated paper ,
photographic process , heat app lied to special paper , ink , or a relatively new pro-
cess whereby electrostatic charges are placed with sharp  definition on specially
treated paper and the n exposed to a solution in which  carbon particles are sus-
pended. These particles adhere to and make visible ,the charged areas . This latter

process was selected for use in the system at Sagamore Hill based on experience
with several of the processes which proved less efficient for this app lication. The
device is an elec trostatic recorder manufactured by Varian Data Machines and is
one of several on the market. These have a fixed writing head containing mul t ip le
electronically controlled stylli which place the electrostatic charges in the form of
dots across the paper , (see Figure 22 ) .  The dot resolution is 80 to 100 dots per
inch. The only mechanical  movement is that required to move the paper , resulting
In minimum maintenance and long time reliability. The stylii are addressed

sequentially across the paper resulting in a sweep effect , synchronous wi t h the
system -n sweep in frequency. Whe n the input to the recorder rises above a predeter-
mi ned th r eshold , the sty l us addressed at that moment causes a dot to be printed . In
this way a sort of binary “off-on” intensity modul ation is produced. As the data ,
particularly at low levels is noise , the si gnal as it increases causes a proportionate

Increase in the definition of the desired information (fringes) so that an effective
density modulation results , givin g the appearance of intensity modulation .
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Fi gure 22 . Elec t ros ta t ic  Recorder

In o rder  to provide the  X Y Z  recorder  wi th  a f o u r t h  inpu t  to supp lement the Z inten-
s i t v  axis , a circuit  combines  the phase in format ion  and average total power in fo r -
m a t i o n  so that the  phase information ( s inuso ida l  ad is s h i f te d  up or down in the dc
doma in relative to the pr int  threshold on the recorder . This produces fringe width
modula t ion  proportional to amplitude. This function is schemat ica l ly i l lustrated in
Figure  23 . This feature , f r inge  widt h modula t ion , provides an impo rtant and use-
ful funct ion in spectral  disp lay, the abili t y to distingu ish t ime- in t ens i ty  profiles of
s i m u l t a n e o u s  high amp litude emissions such as a Type II superimposed on a strong
Type IV back ground.  In systems of l imited dynamic range such events are oh-
scured. Figure  24 shows a fr inge width  modulation test record made by using the
t r ack ing  generator  output coup led to the t ransmiss ion line at the base of the two
a n t e n n a s  ant i  s t epp ing  the output th rough  a range of 60 dB that is the equivalent of
the  range expec ted from the solar emiss ions  in the meter and dekameter band.

- 1,3 Autom at ic Po -it io n Resolv ing Provision

In a swept f r equency  in ter ferometer  system , such as that  descr ibed here , the
elem ents of t h e  output data which conta i n  precise source position informat ion are
the loca t ion  and separa t ion of the f r inges in the f requency domain . The most cr i t i -
cal task , in au toma t i ca l l y de termining  the f r i n g e  positions , is es tabl ish ing precise-
ly the  f r equency  scale a g a i n s t  wh ich  the  f r i nge  position is rn -teasured . There are
several ways of a c h i e v i n g  this . Two of the a - ost obvious are:
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