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PREFACE 

The contract for the 32 m EISCAT UHF antennas was signed in 

February 1977 with TIW Systems Ltd, Toronto, Canada·. The feed­

systems were designed by Euratronix, Bonn, we·stern Gerrnany as 

subcontractor to TIW. The foundations were designed by Allmänna 

Ingenjörsbyrån, Umeå, Sweden, and in Finland built by Pohjansepot 

Oy, Lapua, Finland, and in Norway and Sweden by Svenska Väg AB, 

Piteå, Sweden. The total price for the three 32 m antennas is 

26.5 MSkr. 

The antenna erection work on site started in April 1978 and 

acceptance testing started on 24 October and was finished on 

4 December 1978. 

This volume contains mainly documents for the RF tests. Materiel 

for the other tests is contained in a report provided by TIW 

Systems. 
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LIST OF DIAGRAMS 

Tromsö 

1. CAS A,Hor. Pol., 935.5 MHz 

2. CAS. A,Hor. Pol., 935.5 MHz 

3. CAS A,Hor. Pol •. , 935.5 MHz 

4. CAS. A,Hor. Pol., 935.5 MHz 

s. CAS A,Hor. Pol., 935.5 MHz 

6. CAS. A,Hor. Pol., 935.5 MHz 
.. 7. Background, Hor·. Pol., 935.5 MHz, Azirnuth scan., EL= 15° 

s. Background, Hor. Pol., 935.5 MHz, Elevation scan, AZ = 110° 

9. TAU A, Hor. Pol., 935.5 MHz 

10. CYG A, Hor. Pol., 935.5 MHz 

11. Background, Hor. Pol., 935.5 MHz, Azimuth scan, EL = 15°.6 

12. CAS. A,Hor. Pol., 935.5 MHz 

130 Boresight transm., Ver. Pol., 933.5 MHz, Azimuth scan, EL = 7°.61 

140 Boresight transm., Ver. ·pol., 943.5 MHz, Azimuth scan, EL = 7°.61 

15. Boresight transm., Hor. Pol., 933.5 MHz, Azimuth scan, EL - 7°.59 

16. Boresight transm., Hor. Pol., 943.5 MHz, Azimuth scan, EL = 7°.61 

17. Boresight transrn., Ver. Pol., 933.5 MHz, Azimuth scan, EL = 1°.62 

18. Boresight transm., Ver. Pol., 933.5 .MHz, Azimuth scan, EL = 7° .82 

19. Boresight transrn., Ver. Pol., 93305 MHz, Azimuth scan, EL = a0 .02 
20. Boresight transm., Ver. Pol., 933.5 MHz, Aximuth scan, EL = a0 .22 
21. Boresight transrn., Ver. Pol., 933.5 MHz, Azimuth scan, EL = a0 .4 

22. Boresight transrn., Ver. Pol., 933.5 MHz, Azimuth scan, EL = a0 .62 

23. Boresight transrn., Ver. Pol., 933.5 MHz, Azimuth scan, EL = s0 
.• .a2 

24. Boresight transrn., Ver. Pol., 943.5 MHz, Azimuth scan, EL = 1°.62 

25. Boresight transm., Hor. Pol., 933.5 MHz, Azimuth scan, EL = 7°.62 

26. Boresight transrn., Hor. Pol., 933.5 MHz, Azimuth scan, EL = 7°.82 

27. Boresight transm;., Hor. Pol. 933.5 MHz, Azimuth scan, EL=· 8°.02 

28. Boresight transm., Hor. Pol., 93305 MHz, Azimuth scan, EL = s0 .20 

29. Boresight transm., Hor. Pol., 933.5 MHz, Azimuth scan, EL = s0 .41 

30. Boresight transrno' Hor. Pol.,· 933.5 MHz, Azimuth scan, EL = 8°.62 

31. Boresight transrno' Horo Pol., 933.5 MHz, Azimuth scan, EL = a0 .81 

32. Boresight transrn., Hor. Pol., 933.5 MHz, Azimuth scan, EL - 1°.60 

33. Boresight transrno' Ver. Polo e 933.5 Elevation AZ 0 
MHz, scan, =92 .21 

34. Boresight transrn., Ver. Pol., 93305 Elevat:ion 0 
MHz, scan, AZ=92 .21, 

212°.21 



35. Boresight transrn., Ver. Pol., 933.5 MHz, Azimuth scan, EL= 89°.65 

36. Boresight transrn., Polarizer test, 933.5 .MHz 

37. Boresight transm, Polarizer test, 933.5 MHz 

38. Elevation acceleration 

39. Azirnuth acceleration 

40. Elevation position response 

41. Azimuth position response 

Kiruna 

420 Boresight transm., Ver. Pol., 933.5 MHz, Azimuth scan, EL = 1°.81 

43. Boresight transrn., Hor. pol., 933.5 MHz, Azimuth scan, EL = 1°.81 

44. CAS A, Ver. Pol., 933.S MHz 

45. CAS ·A, Hor. Pol., 943.5 MHz 

46. CAS A, Ver. pol., 933.S MHz 

47. Polarizer test 

48. CAS A, Ver. Pol., 933.5 MHz 

49. CAS A, Ver. Pol., 93305 MHz 

so. TAU A, Ver. Pol., 933.5 MHz 

51. Background, Ver. Polo, 933.5 MHz, elevation scan, AZ 0 = 51 .34 

52. Background, Vero Pol., 933.5 MHz 4 Azimuth scan, 

Sodankylä 

Boresight transm., Ver. Polo I Azirnuth scan, EL·= 

Boresight transrn., Ver. Pol., Azimuth scan, EL= 

The Sun, azimuth scan 

The Sun, azimuth scan 

53. 

54. 

55. 

56. 

570 

58. 

59. 

60. 

61. 

62. 

63. 

64. 

65. 

66. 

Background, Ver. Pol., Azimuth scan, EL = 15° 

CAS A, 

CAS A, 

CAS A, 

CAS A, 

CAS A, 

CAS A, 

CAS A, 

CAS A, 

CAS A, 

Ver. 

Ver. 

Ver. 

Ver. 

Ver. 

Ver. 

Ver. 

Vero 

Ver. 

pol., 

Pol., 

Pol., 

Polo, 

Pol., 

Pol., 

Pol., 

Pol., 

Pol., 

926.5 MHz 

923.5 MHz 

933.5 MHz 

EL= 15° 

0.59° 

0059° 



67. Elevation· acceleration 

6 8. Azirnuth a-cce·leration 

69. Elevation popition response 

70. Azimuth position response 



REPORT ON RF ACCEPTANCE TESTS OF THE EISCAT UHF ANTENNA AT 

.RAMFJORDMOEN SITE. 

RF acceptance tests were conducted at the Ramfjordmoen site 

between Tuesday, November 7 and Wednesday November 15. Dr. Schäfer 

represented TIW and EISCAT ~as represented by Mr. Kildal, 

Dr. Olsson (part time), Dr. Westerlund (part time) and the data 

obtained were examined and discussed with the test team by 

.Mr. Meadows and Dr. Hagfors. 

1. Feed System VSWR. 

The matching of the horizontal and the vertical ports were done 

as shown in Figure 1: 

Matching 
discs 

8 

A 

Horn flange 
t 

Figure 1. Horn and OMT. 

The matching discs were piaced so as to pr~vide the best possible 

match near 933.5 MHz without making the VSWR in the remainder of 

the band unacceptably high. 

The reflection coefficient was measured as shown in Figure 2. 
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Dual directional ____ 20di3 
pad 

Sweep 
oscillator 

coupler t===:::Cll_)!lort 

20d8 

I Sweep ~===a r , 
oscillator ~ .... ,---, --

1
,--
~ Coax ~~aveguide 

trans1t1on 

PF ~ ··~ I I 
I t 

Flange A or B 

Figure 2. Setup for the measurement of reflected power P1 or P2 • 

The reflection coefficient Ris given by: 

R = 

Both the forward (PF) and the reflected powers (P1 and P2) were 

measured with a vector voltmeter. The assumption is that the 

coax/waveguide transition insertion loss is negligible. This was. 

checked by the setup in Figure 3: 

Figure 3. Measurement of insertion loss of transitions. 

Insertion loss in each transition was found to vary between 0.05 

and 0.09 dB of which 0.04 dB could be ascribed to reflection. 

The VSWR versus frequency for vertical (flange A in Fig. 1) and 
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horizontal ( f l a nge Bin Fig . 1) are given in attached t a bles 1. 2 

and 1.3 . 

Figure 4 shows freq u e ncy sweeps of reflected power for the two 

cases (decibel scales!) 

( d'B 
- 0 

-10 

Figure 4. Reflected power versus frequency . 

The cross coupling between flanges A and B was measured and the 

r esults shown i n table 1.4 . 

2 . Antenna Noise Contribu t i on . 

The ant enna noise at 1 5° e l evati on a ngle is measured by f irs t 

determining the effective receiver noise ternper ature referred to 

tne flange s A and B (see Fig . 1) . Th e n the total noise temperature 

is rneasured f rom the antenna at 15° elevation and f rom this 

temperature the effective receiver noise ternperature i s subtracted. 

From the difference the background sky noise is subtracted and t he 

remainder is the antenn a n o ise contribution. 

Tne effective receiver noi se ternpera ture was determined as s hown 

in Figure 5 . 



Hot (373) 
Cold (81.8) 
Load 
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Dual directional 
coupler 

1====1 Paramp (All) 

All noise 
diade (off) 

Figure 5. Measurement of receiver temperature. 

Mixer 

f 
LO 

AILTECH136 
Receiver 

Measurement as shown gave the result that the paramp plus 

connections have a noise temperature of 75°K. This does not 

include the waveguide to coaxial transition which, on the basis 

of. the measurements quoted in the previous section will add 

another 3°K to the receiver noise. 

The AIL noise diode is inserted via a 20.7 dB coupler and, since 

it hasa noise 15.7 dB above room temperature will add 92°K to 

the noise at the point of insertion and the equivalent of 103°K 

at the point where the hot/cold load is attached (attenuation 

through cable and dual directional coupler measured to 0.5 dB) 

[ see case a below j . 

The equivalent added noise was also rneasured by measuring the system 

temperature by means of the hot/cold load with the AIL diode .2!!· 
The system noise was then found to be 183°, and the equivalent 

noise added at the input would be equivalent to 108°K, somewhat 

at variance with the previous result. [ see case S belo~]. 

Note that this result was obtained by a locäl oscillator 30 MHz 

below the center frequency. With the oscillator 30 MHz above the 

center frequency the equivalent noise was determined to be 116°K. 

We believe that the discrepancy may be due to foldover of upper 

and lower sidebands of the LO frequency and that reliable results 

pertaining to the frequency range of interest can only be obtained 

if a handpass filter, less than 60 MHz in width is inserted after 

the paramp. r see case y below] ' 
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Examination of the rneasurement shown .in diagram 7 then shows that 

three values are obtained for the antenna + sky noise: 

a): 29 {relying on AIL noise diade calibration) 

$): 35 (hot-cold load, upper sideband) 

y): 43 {hot-co1d load, lower sideband) 

A correction of s0 at most can be made for the sky noise, so that 

only a) is within specs but 8) and y) not. We nevertheless believe 

the antenna is within spec but plan to repeat the measurements 

with proper filtering. 

3. Antenna Gain. 

The antenna gain was measured by the setup shown in Figure 6. 

Dual directional 
cou ler 

20.7 dB 

All noise 

H 

di ode (15. 7 dB·= 10775) 

Horn flange 

0/2 dB 
attenuator 

Figure 6. Measurement of source flux. 

The antenna ternperature with the source was determined from seans 

such as shown in appended graph 1 in two ways: 

Method 1. From the 2 dB increase (a mm) and the temperature increase 

(assessed to 103°K at transition input) · (b mm) the antenna 

temperature is determined at the minimum be_tween the main 

lobe and the first sidelobe by the formula: 

103 
10b/5a - 1 



- 6 -

From the calibration at the peak of the drift scan the 

temperature is determined by the similar formula and 

is denoted by T . Source temperature is T - T = 6T. m m 0 

Method 2. In this method T0 is determined as in method 1. The rise 

of the peak above the baseline is now scaled as c(mm) and 

T is determined as: 
m 

T = T . • lOc/Sb 
m 0 

This rnethod depends on the decibel scale being linear. 

The results of scaling graphs 1-6, all Cassiopeia A, graph 9 

(Taurus) graph 10 (Cygnus A) and graph 12 (Cas A), all in 

horizontal polarization are shown in the following table: 

Table 1. Measured antenna noise temperatures . 

.. -, .. ·--·· ...... -·- .... .. . ... . -··--·· ·-- .... . .,·. .. -. 

Me thod 1 Jlfr Me thod 2 .. .• . . . .. . . ... . ................. __ ... ---····------------·---··- ........ ____ ·-···· .... . 

J se a 1.:a .. -~t ,_~:1::!.~~ !:!_. --·-· ----~ _ .!.S.~~-~:i._?
1

. __ ?X .. -~a_g f ~! s ~-

T : 6T · T ! T t:..T ! T 0 '. : m O 1 1 m ............... ···-······ ........... ···-·-··--.... ------··· ...... ······-··-·····-··-··-t ... -- ...... - .. t .... -...... --· 
102 541 643 I 105 ! 474 579 1 

2 

3 

4 

5 

6 

7 

8 

106 

106 

107 

107 

105 

639 

4 74 

420 

535 

515 

745 J1 

580 

527 

632 

620 

107 

106 

103 

105 

103 

9 106 186 292 I 103 

10 t 100 , 453 553 ; 103 

466 

419 

342 

467 

424 

155 

402 

I 
·i 

573 

525 

445 

572 

527 

258 

505 

Hor·: 
I 

Hor/ 

Hor~CAS A 

Hor\ 

Hor\ 
I 

Hor) 

Hor TAURUS 

Hor CYG.A 

11 \ 108 ; ' l 
12 J. _lOB_j .... 535 ____ L 643_1 104 __ 1 __ :!_~~--J_--~-~~---.J .. H_o~ CAS A .. 
There is no indication of difference between horizontal and 

vertical polarizations. We note that method 2 gives consistently 

lower ternperatures than method 1 for reasons not yet examined. 

The flux of CasA at 933.5 MHz has been taken from 
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CCIR report, study group 4 {in publication) 

which is an amendment to 

CCIR report 390-2 

to be: 

2963 flux units (f.u.) 

The temperature rise corresponding to 48.0 dB should therefore 

be: 

0 åT48 = 555 {CasA) 

For Taurus A and Cygnus A the fluxes are taken from Allen, 

Astrophysical Quantities, p. 271, respectively: 

Taurus A: 

Cygnus A: 

We then obtain 

åT 48 = 179° 

LlT48 = 439° 

955 f.u. 

2340 f.u. 

(Tau A) 

(Cyg A) 

Comparing these with method 1 of the table there is every 

indication that the specifications are met within the uncertainty 

of the experiments. 

4. Polarization. 

The polarization control was checked against the boresight tower, 

see graphs 36 and 37. The rotation of a linearly polarized wave 

was accomplished by varying the power ratio. When set for cfrcular 

rotation of the boresight dipole gave 0.8 dB variation. 

Hence, satisfactory performance. 

5. Antenna Pattern. 

The antenna pattern was measured against the boresight tower and 
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the results shown in graphs 13 to 35. The graphs are self­

explanatory and show that the requirements are met - except for 

the three "tripod lobes" in graph 35 which we consider unavoidable. 

6. Receiver Protector. 

The insertion loss of the receiver protection was measured to be 

close to 0.6 dB, see the signed data sheet~ 

We feel that this insertion loss is unacceptably high. 

Trams~, 1978-11-15 

./ {~ J /'(.:.-.. JJ , ;' 
u 4 t--r-., 

Tor Hagfors 
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·;-,7) (") /../ s· r-.. 
EI~L.A'l' 32m-UHF-ANTENNA ____ L":_~1-L::._.:.~---- SITE 

TEST DATA SHEETS (RF-PERFORMANCE) REVA 

FINAL ACCEPTANCE TESTING 

DATE TESTED BY _fj_ej,_:_J:ft" WITNESSED BY , __ 'S.!_Jl!..!J __ 
The Tests are conducted according to the Acceptance Test 
Procedure ATP 7857 REV A. 

Feed System VSWR 

Power outputs in dbm 

Freq. in MHz 923.5 928.5 93. .s 93a.·s 943.5 
SWEEP OSCILLATOR 

.,,,, 
.. 

~ " 
CPLR FWD PORT .. 

,. . ,, ~ -
CPLR REV PORT ... 

' --
INSERTION LOSS II .,., 

.. - ···-· - .. -· . . -----
CF=IL+REV-FWD .,,,. ... .. - -----·····-· 

1.2 VSWR for vertical polarization C C\. /; ö rC4 I (! e;...f W /f I-, "'-
1 $hor-ieof N- <:c~u,erfc,-

Freq. FWD ·power REV power Difference Rdb R=R'+ r!t VSWR 
in MHz in dbm in dbm REV - FWD 
923.5 .110 1'1.8 '1. 30 
928.S AQ 1~." -1. "-. t 
933.S '1 0 J. '-1 • ifJ .,,,, . 1)., 

938.5 ~ () J1. l -1. 19 

943.5 -1 0 · 1, '1 -1. r1 

1.3 VSWR for horizontal polarization 

Difference ' Freq. FWD power REV power Rdb R=R '+CF VSWR 
in MHz ·in ·dbm in dbm REV ..; ·FWD 

923~5 ,1 0 .,, '-I. J 1· "l'f 

928.S ..-1 0 .-19,9 ,1 .. 1.' 
933.s· 10 ·~5. ·1 -1.oy 

938.5 -1 0 ,'1 ~ I~ ..-f. J J 
943.5 40 ,13 :4 A.S'-f I 

1.4 Fre. in MHz I 923.5 928.5 933.5 938.5 1 94 3. 5 I 
I 

Cross Couplg.; 51 S3 L/3 l ~i !", so 
-----' 

1- -6- t(JdcJ ,!}t, &~ 
(., 



2. Antenna Noise contribution 

2. 1 Antenna Noise contribution for vertical polarizatio~ 
. ' 

Antenna Noise Temperature. degrees -----
mi..nus sky noise, cable noise ·" degrees 

noise cpntribution degrees 

2.2 Antenna Noise contribution for horizontal polårization 

Antenna Noise Temperature if':4, degrees 
'f p~ Y'1\. "rf\P 

minus sky noise' cable noise f"\J e 1. degrees . 

noise contribution ,._ J O degrees 

.3. Antenna Gain 

3.1 Vertical polarization 

Time 

Calculated 
Azimuth 

Antenna 
Azimuth 

Azimuth 
Difference 

Calculated •· . 
Elevation 

Antenna 
Elevation 

Elevation 
Difference .. 

Antenna Noise -- ' 

Gdb 

I 

Antenna Gain 

-2-



3. 2 Horizontal PolarLt. ":.ion 
43, 1\/0 V 1-1' 

Time ./'/: :i 0 -l:.2, ' . . ., 

Calculated 
J-1.J. ' //f ~1f,91 Azimuth 

Antenna 
Azimuth J1J,~S 31 ~, ';Jf 

Azimuth 
Difference 

Calculated 
t../f.A<o 

. 
Elevation ~s .?.L 

.,, 
Antenna 

''-l?.1G Elevation Y'-l ,91 .. 

Elevation 
Difference 

Antenna·Noise 6"91 5" 5 l. 

Gdb 

Antenna Gain L/1.9i \.ft .1S 
-;F·t 2~, 

4. Polarization 

4.1 SWEEP OSCILLATOR power output dbm 

4.2 Set Values Measures Values Boresig ht Tower 
Ampl.Ratio -Phase Angle of Angle of Axial Ratio 
in 1/4 db in degrees major axis minor axis in db 

- 120 0 0 90 J. 0 /-/ 01< 
- 100 0 
- 80 0 
- 60 0 . 
- 40 0 
- 20 0 

0. 0 o.k 
20 0 
40 0 
60 0 
80 0 

100 0 
120 

- o" ~G 0 9 CJ 

?--~lQäc0 -'l-
fa. ~ 



; 

e 

; 

Set Values Measured Values(Boresight Tower 

5. 

5. 1 

Ampl.Ratio -Phase Mgle of. Angle of 
in 1/4 db in degrees tnajor ax~ minor axis 

0 0 

0 30 · 

0 60 

0 90 

0 120 

0 150, 

0 180 

0 210 

0 240 

0 270 
. 

0 300 

·o 330 

0 360 

Antenna Pattern (Tromsö Site only) 

SWEEPER OSCILLATOR outpu.t power dbm 

c.2 360° patterns 

Highest s~ctelobe 
Frequency ~ 10° 10° - 60° >60° 

9f3. 5. MHz . ·1"-/, 3 4J..4 S-<, 5 

g;l.s '1S 4-1. 9 .S-.2 .s 
933.5 ' . so /1 'i. t L/1 
_2.3~ .---

943.S ,1 s .a y '1. 9 so 
~ 3:L5 -- -·------- ·------··-
~33.~ A 3.:, 31 Lf G .1 - ---------·- ·--·-·--·····--·. 

~3o.S 
I 'i G. G .-· 

~-8-ltJÖcJ 

. !Axial Ratio 
in db 

I 

' O.K· 45u 

0.8 j ru .. fe. r 

o. v( - 35·.., 

0.1.. ( n: "'fe. t 

Attacnee1 ~''" • 
Pattern Sheet No. Sc1ttv 

1 V(3'R A "l. ·--
2 veR AL 
3 1./oR A c: -

. --
'i No'R_ A7:. 

11 ve·Q. I;'-

.2 l. veR r;-L ---
.2..3 

\ 

Vtf:.. A6-·-

,ft, Ll;A_ 



Patterns for+ 10° azimuth 

Elevation Attached · Polarization Frequency offset Pattern Sheet No. ., 
.. 

Vertical 93J .• 5 0 ~ 
11 

Il 0.2 

' " 
n 0.4 7-
Il 

0.6 8 
.. 

.. 
0.8 9 

.. . 
Il 

1.0 10 " 
D 

n· .. ... Il 

1.2 -11 '" 
. n ·92J .• 5 0 ~ -
. " . . . . ·. -,~s .. s O·· . -

Il ·,~~ .• 5 ·O. -
verticål' . ·943 ;5 .. 0 -~l. 
Hor i zon tål 933.5 0 -13 

.. 0.2 .. 1'-1 
Il 

.. 
" 

·0.4 ,15 
.. 

0.6 .,.,,, Il 

" 0.8 .,, r " 

" 1.0 ·18 " 
" 1.2 

"1j 
Il 

Il 923.5 0 -
" 928.S 0 -
Il 938.5 0 -

Horizontal 943.5 0 :i. 0 

. 

-s-
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6. 

6.1 

6.2 

7. 

7.t 

8. 

Receiver Protector (Tromsö Site oniy) 

RX-Mo~e power output __ Q_ dbm 

TX-Mode power output=2:~ dbm 
attenuation _§_1:' db 

Freq. in MHz · =!92"3 ;3 · 928 .·s · ·9_33_;5 

Insertion less o. G 
in db 

Duplexer (Tromsö Site only)_ 

RX-Mode 

0,G 

Power input to ANT-~ort ----- .abm 
/' 

Power output at Tt-port ----- dbm 
Power outpu~.-·åt RX-port 

,' 
RX-TX -isolation 

/ 

dbm 

db 

Power Handling (Tromsö Site only) 

'938 .• 5 · ·943. S 

o. ~-!)- 0,(ö 

V Pulse FWD REV Frequency p~f Prot 7 Prot length Power Power 

.,/ 
/ , 

, ·" 
/.,,// 

/ 
.,, ,,/ 

/ 

:/ 
.,, 

·/~ 
/ 

/' 
/ .,. 

. /' 
> / 

-E>-

# 2 
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Mechanical inspection of 32 m EISCAT antenna in Tromsö 

I~spection date: 2 Dec. 1978 

Inspection carried out by Lars Bolin and Jan-Erik Rowa. 

1 • .AJ!chor bolts: Torques could not be checked since the nuts were 
locked with glue. Some jam nuts were missing. 

2. Azimuth track anchor bplts: Checked torques were 60-70 kpm. 
Specified torque is 100 kpm. 

3. Track: The clearance between rail segments is specified to 
0.76 mm. Measured clearances vary between 0-2 mm. In two rail 
splices the segments are not aligned in the vertical plane. 
In one they are not property aligned in the horizontal plane 
and three splices have a V-shaped clearance. 

The surface seemed untreated and the splices are worn. 

4. Azimuth drive: Torques of six wheel bearing mounting bolts 
were found greater than 130 kpm (maximum measurable). Nominal 
torque is 187 kpm. 

Eight assernbly mounting bolts were t!°ghtened to greater than 
130 kpm (maximum rneasurable). Specified is 1245 kpm •. 

Clearances between wheel and bearings was approximately 15 mm. 
Nominal clearance is 11.7-14.3 nun. 

Clearance between rail and safety grips was 2.5 -nunor more. 
Specified minimum is 3 rcun. Checked torques on 14 bolts were 
greater than 100 kprn in two cases, equal to 70 kpm in four 
cases.and less than 50 kpm in eight cases. 

5. Cable wrap: No remarks 

6.· Pintl·e· ·bea:ring: Clearance between inner and outer teflon sur­
·faces. varied between ·0-3 mm. Permissible variation is 0.13-0.38 
mm. The radii do not match. 

7. Alidade: 40 bolts were checked. 27 bolts had torques greater 
than 100 kpm (maximum measurable), 13 bolts had ~orques 50-70 
kmp. Nominal torque is 100 kpm. 

s. Elevation bearina: Four bolts were tightened to 100, 70, 60 and 
50 kpm respectively. One jam nut fora jack bolt was loose. 

9. Elevation gear: Lateral movement of gear was 11 mm. Should be 
maximum 3 mm. Radial movement was 1.5 mm and the roots of the 
teeth made contact in several places. Maximum of radial rnove­
ment is specified to 0.76 nun. 
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Ten gear segment mounting bolts, with nominal torque 44 kpm, 
were checked. Torques indicated were: one bolt 40 kpm and 9 
bolts 10-30 kpm. 

Six splice bolts were checked and found OK. 

10. Elevation drive: Six base rnounting bolts bad torques: three 
greater than 100 kpm and three less than 70 kpm. 

All eight bearing bolts bada torque less than 20 kpm. Speci­
fied is 44 kpm. 

11. Shock absorber: Measured torques were 10-40 kpm on the four. 
bolts checkee. Should be 100 kpm. 

12. Reflector backup subassembly: Four bolts tested. Torques 5-20 
kpm. NQminal torque 24 kpm. 

Eleven bolts tested. Torques 60~70 kpm. Nominal 100 kpm. 

General 

The tightn~ss torques of bolts is unsatisfactory. 

The pintle bearing has too large a play and is not per~ectly 
circular. 

Several splice imperfections on track. 

Elevation bearing bad all tested bolts too loose. 

Elevation gear lateral and radial movernent too large. 

Shock absorber almost loose. 

Elevation drive bearing bolts not tightened enough. 
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EISCAT ANTENNA SYSTEI\.~ ACCEPTANCE 
TROWS<1). NORWA Y 

C 

The signatures of EISCA T and TIW SYSTEWS desig"late4 renresentatives 
for each o{ the al'\te11.na system categories listed, il'\dicate comoletion of 
the antenna te sting and signify acce"9ta11ce of the a11te11T1a system by EISCA T. 
Tbis signatory sheet. along with the com~leted acce~taT1ce test orocedure, 
TIW-AT ... 001- I dated Ju?1e 1, l 97'J and revised as required during the 
testing, signifies the com~letion of TIW SYSTEN' effort at the Troms'b 
i'r1stallation to EISCAT' s satisfactio11, exce~t from matters arising which 
may need attention during the. warranty period. All item s outstanding along 
with the agreed-Ul?O'l m ethods oi dealing with them are indicated under the 
apnrol)riate category listed and/or in the acceptance test docum ents. 

The following are the four categories of acceptance: 

I. Structural and mechanical .,, 

Outstanding items: 

Ci) It~m "C) t.uk,l'Bh wt"-7 6e t('<?.,V<Ut,t.ec{ Gy ~k E1r:et1-T 
i11,6p<2,G..·n:on +t2.a}?') . 

.6) S-i-c~ r';'r, lut n4 G ra.,;,, /::_ d s.s..en-zL~ ~ 
EISCA T re1?rese11tative: -lr5!-o~ ':f c-?t~~? 

TIW SYSTEW-S re9resentative: 

2 .. Control Systems 

Outsta11diT1g item s: 

EISCA T reureseTttative: 

TIW SYSTE:tv' S re9resentative: 

3. RF performance 

Outstanding items: 

~ ~- ·/ 
/Ae<l<, ?/ ~4!tfef 

a) M.)Ä-. p.o,-.::~->" ·fe>sfs.,·M4-~t, .. cei,r-:) ro~-rj j'c.-c.1?,f s 
.l:J-) /2 ea.u.G~·,:,.n c;, .. /' r ee:.. ec.·,, .. ..;,,.,,.. pre::-Fe.G-/e:,"}" , j.., s~ ,-Jcc.,,., { o s S 

5;i<le(::< +i~« v ~'1-(..i..,l .,c. 

~) E. I Sl?.-1 T re -s r--r "' .t. k c·.,, ~ :i 
EISCA T representative: 

TIW SYSTElv" S re~resentative: 
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4.. De-ising system 

Outstandh1g item s: ' 
0) ~ V ~.,-4..,,. -s-vpP ''f iAJ.. 'fh d (Jt/kA..n2.e~ /rt.,/,r. cl;, 

c..h.) On4- ~'-, fi '8 <!' '2.,1:r.eu..,"/ b~.e4. U"GY- · · 

EISCA T re~resel\tative: 

TIW SYSTEWS representative: 



• 

KIRUNA GEOPHVSICAL INSTITUTE 
EISCAT 
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Kiruna 1978-10-28 

TEST REPORT ON RF ACCEPTANCE TESTS 
OF THE-EISCAT UHF-ANTENNA AT THE 

KIRUNA SITE 

The RF acceptance te~ts were conducted at the Kiruna site 
from October 24 to October 28, 1978, according ta the 
Acceptance Test Procedure agreed upon between TIW and EISCAT • 
The test results ara recorded in the attached Test Data 
Sheets and Pattern Sheets. 

Some comments are made on the measurement set-ups, which 
were different from the originally planned test procedures: 

Para 2: Antenna Noise Contribution and 
Para 3: Antenna Gain 

As a Radiome~er was not available, the noise measurement wasdone 
with the paramp and the EISCAT 1st Mixer (no prefiltering in 
addition ta the paramp was possible as ordered filters had 
not yet arrived) at 120 MHz IF, evaluated with a TEKTRONIX 
SPECTRUM ANAL YZER ?l 13 at ·a 3 MHz bandwidth. The· bui-1 t in 
noise injection circuit of the paramp was influenced by the 
antenna matching and did not allow accurate measurements. An 
AIL calibrated noise source 7615 was used instead and coupled 
through a HP Directionai t~upler 778D ta the paramp·input. 
This measuring set-up gave quite reliabla values which wer~ 23 repeata~le under diffarent conditions. A value of 3.138x10 . 
Watts/m /Hz for the CAS .A flux· density at 933.5 MHz was used._ .. ·. ·· 

Para 4: Polarization 

The Polarizer was· set up by calibrating the input signal 
components at the two horn flanges. A qualitative check was 
made with a test-transmitter ·at a boresight tower. 

Para 5: Antenna Pattern 

The Antenna Patterns were made with. a provisional boresight 
testtransmi tter mounted .an a · tower at a distance af about 
8 km. A waveguide ta coax transitian was used as the trans­
mitting antenna. 

Resul ts: 

The measure~u values gave no indication af the system not 
meeting the specs. To be certain, however, the following 
twa things remain: 
- To measure the co~pler lossas 

Match the horizontal polarization in tha high and af the 
band. 

EISCAT reserves the right ta investigate these problems in 
mora detail. 

,,1ty7cr-/v-2~ 
For EISCAT ,, . · For TIW 

_c__/Z.~~h !I!_- Lvh Z 
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EISCAT 32m-Ul·IF-ANTENNA SITE 

TEST DATA SHEETS (RF-PERFORMANCE) REVA 

FINAL ACCEPTANCE 'TESTING 

The Tests are conducted according to the Acceptarice Test 
Procedure ATP 7857 REV A. · 

Feed.System VSWR 

Power outputs in dbm 
' .• I • • i • . • - I .' - ,,, ~ ':\ •S 
• ~ ' : .. .,. "" . "'" h.. . I(' - ,. - ... , ,.., • " 

Freq. in MHz 923.5 
SWEEP OSCILLATOR - 0. cl__ ·-·--
CPLR FWD PORT 2A.Li 

' CPLR REV PORT :..1. l.f ---INSERTION LOSS II ö,~ 
CF=IL+REV-FWDrJL~ ,. i~S' ' 

928.5 933.5 938.S 943.S 
-(). / () r.) ~ -I ö 
.;! ,J. ~ -;_ ,f. ,{ ·2.,.r.- 1: 

.. 
_··.~.:f· 

i ·t..J. ··2..1 .. .t .Z 1 =- ··I .l 1 - --
0 .. 3 0 -l .... c~ :i . C!.{__ ..... :_. --~ .. : -... - .. 

~i~ 6 . f. 5f lJ' .3 / ·' ..~ ·-·--·~···--·····-· 
1.2 VSWR for vertical polarization 

c·(,., 

,_ ~ t-, .,vf 

. (i.~, 

.· J. ,. 
I' 

(Åvf 

Freq. FWD power REV power Di~ference Rdb R=R'+CI~ .VSWR 
in MHz in dbm in dbm REV JJI FWD -:~,.:.V. 

923.5 ·- t..f ,r. -S 

928.5 -J.1 .. 1 -)-/ (;; -i 
933.5 - 11 -- 43 ~ 
938.S 

943.5 - ;t·J 

1.3 VSWR for horizontal polarization. 
~, { i .... '( 

Freq. FWD power REV power .Difference R
1 

R=R'+CF VSWR 
in MHZ 'in dbm in ·dbm . . . . :REV-'". "FWD-~;!~p 

923~5 ·- ).1. (, 

,928 .s . ·- "-19 t"-( 

933.s· -1.1.1. - j.., ,, . :-,. 
938.s· - =-. .. , '::;, .c.. \.! .. -, 

943.S -~1.1.. - ll-.1 

1.4 Fre. in MHz 923.5 928.5 

Cross Couplg.l '11. 1: ~0.5 

·~ ' -1 ...r.. .) . ~:1. (; 

933.5 I 93s.s 943.5 

5'1.~ \ 53.l l 5'3 .1 

·1- "18 
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;. . Antenna Noise conl..rlbution 

2.1 Antenna Noise contribution for vertical polarization 

2.2 

Antenna Noise Temperature. -:{~[ degrees 

mtnus sky noise, cable noise ~ 8.'i degrees 

noise cpntribution tv-~Q degrees 

Antenna Noise contribution for horizontal polarization 

Antenna Noise Temperature 1.(J_~ degrees 

minus sky noise, cable noise ,_ 95 degrees. 

noise contribution "'-~j- degrees 

3. Antenna Gain· 

3.1. Vertical polarization .;;. ::, Oc7 191/1 c As A 
~ .. ocr 

Time cl._(): ~s- J..1 :'-/() A'-/1Jc, 

f. 

Calculated 
J.. 1 €, "=/'·I .2.50. ~.2 Azimuth · ,1.1 v 

: 

Antenna 
Azimuth 

Azimuth 
4.51 Difference 

Calculated 
Elevation '19.'-13 13. 1-0 src, ~J 
Antenna 
Elevation -~ . 

Elevation 
Difference - C•,c·6° 

Antenna Noise SJb l-/ 31 *5-7- () 

Gdb 41 ,, y G,,?- L-f?.?J 
Antenna .Gain 4f,~ 41 . J. 'i f I '-( 

-2-
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3.2 Horizontal Polarization 

J.1? cic T '1 ':J ?--I 
Time ~1: J.O ,13 : io 1.3.:lfo 
Calculated 
Azimuth 3 G. , . .t.S 5S,11 6 f) 1.1.,. 

' 
Antenna 
Azimuth 

Azimuth 
L(.lfl{ L(. ~'1 Difference 4. 4.lf 

; 

Calculated 
Elevation . L/ ~()f S1.11 51,1b 

Antenna 
Elevation 

Elevation 
... 0. C'~ - C./J - 0./1 Difference 

Antenna·Noise t; ~1 59L 6-SO 

Gdb 41,i l.f? '~ L(i, t. 

Antenna Gain <-it. t '-lf. 5 4f.i 
"f te9~-lt.t, ':J · 

4. Polarization 

4.1 SWEEP OSCILLATOR power output ---- qbm 

4.2 S t V l e a ues M easures V l a ues (B . ht T oresig ower ) 
Ampl.Ratio Phase Angle· of Angle of Axial Ratio 
in 1/4 db in degrees major axis minor axis in db 

- 120 .0 ; 
.. 

t). I,( • Holl 
- 100 0 

- 80 0 
~ 60 0 
- 40 O· 
- 20 0 

0. 0 
20 0 
40 0 
60 0 
80 ·O 

100 0 .•. 

120 
.. 

. //' ~ 
.. 0 .&.-( / .. .., / ,,,,,,· i. 

J_ ~~ .. ~ . .. ···z / ..b> /QL /,)~ .. ~~,- - -·, .. 7 - ,, 



CJ 

s. 

5. 1 

5.2 
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Set Values Measu~ed Values(Boresi9ht Tower ) 
Ampl.Rat10 Phasc ~ngle of . Angle of 
in 1/4.db in dcqrees major ax.i:: minor axis 

0 0 

0 30 . 

0 60 

0 90-

0 120 

0 150 

0 180 

0 210 

0. 240 

0 270 

·o .. 300 

0 3_30 .. 

0 3.6.0 

Antenna ·pattern (Tromsö Site only)· 

SWEEPER OSCILLATOR output power ---- dbm 

360° patterns 

Hignest Sidelobe 
Frequency ~ 10° .10° - 60° >60° 

923 ~ 5 ·.MHz 

928.5 

933.s· /IY 
938.5 .. 

943.s· .. 
. .. 

d-/--~ __ L/yc? 

-4-

. 
. rutial Ra tio 

in db 

t, l(. so 

: 

( .. L<' ~ .JS o 

.. 

Attacheei 
Pattern Sheet No. 

/J1 . /;L~J/_ 
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~.3 Patterns for+ 10° azimuth 

Elevation Attached Polarization Frequency offset Pattern Sheet No. 

Vertical 933.5 0 k !'fe N~ \... . ,1 

" .. 0.2 

.. Il 
0.4 

" " 0.6 

Il It 

0.8 

. " " 1.0 

" . " 1.2 
0 

.. " 923 .• 5 0 

" . -~~8 .• 5 0-·. 

" ·_938_. 5 ·O 

Verticål . . 94_3_.·s .. . . 0 

Horizontål .. 
933.S 0 J,c I 'it IJO, -l.. 

.. " 0.2 

" .. 0.4 

Il .. 
0.6 

" 0.8 
.. 
.. " 1.0 

11 tl 1.2 
' 

" . 923.5 0 

" 928.5 0 

" 938.5 0 

. Horizontal 943.5 0 

a 

. 

V ./ .. v. .· /· - I 

/d1. L4rvi ~ u~ ~/_ -'~- _ ..... ..----
-s-



6. 

6.1 

6.2 

7. 

7.1 

8. 

; 
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Receiver Protector (Tromsö Site only) 

RX-Mode power output ____ dbm 

TX-Mode power output ____ dbm 

attenuatton · db 

Freq.in MHz ··923.;'5· 928;5. ·933;5 · · '938.5 · · ·943.S 

Insertion less 
in db 

Duplexer (Tromsö Site. only). 

RX-Mode 

Power input to ANT-port 

Power output at TX-port 

Power output at RX-port 
RX-TX isolation· 

----- ·.c;1bm 
dbm 

·dbm _ .... __ _ 
db. 

Power Handling (Tromsö Site only) 

Frequency Pulse 
.length 

FWD 
Power 

-6-

REV 
Power Prot '/I 1 

• . ! 

Prat# 2 
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Mechanical inspection of the 32 m EISCAT antenna in Kiruna 

Inspection dates: 17 Nov. and 9 Dec. 1978, 

Inspection carried out by Lars Bolin and Jan-Erik Rowa. 

l. Anchor boJts: Torques could not be checked since the nuts are 
locked with glue. 

2. Azimuth track anchor bolts: Checked torques were 20 to 60 kpm 
while specified torque is 100 kpm. 

3. Track: The clearance between rail segments is specified to 
0.76 mm. Measured clearances vary between O and 3 mm. In two 
rail splices the segments are not lined up properly in the 
vertical plane and four splices have a V-shaped clearance. 

The surface seems untreated and is somewhat rusty. 

4. Azimuth drive: Torque values indicated ·on eight wheel hearing 
mounting balts were greater than 130 kprn (maximum measurable) 
in seven cases and equal to 90 kprn in one case. Specified torque 
is 187 kpm. 

Four assembly mounting bolts were tested. Torques were greater 
than 130 kpm in two cases, equal to 100 kpm in one case and 
equal to 30 kpm in one case. Nominal torque is 1245 kpm. The 
two balts with the lowest torque were found on the broken gear 
box. 

The clearances between the wheel and the hearings varied between 
5 and 25 mm. Nominal clearance is 14.3-11.7 nun. The largest de­
viations from nominal were measured on the wheel driven by the 
broken gear box. 

The clearance between the safety grips and the rail w~s measured 
3-15 mm. Nominal minimum is 3 mm. Five. bolts were checked. 
Torques greater than 100 kpm were measured on four bolts and 
equal to 70 kpm on the fifth bolt. 

5. Azimuth cable wrap: Some bolts are missing on the roof. 

6. Pintle hearing: The clearance between the outer and inner teflon 
surfaces varied between 0-3 mm. Permissible variation is 
0.13-0.38 nun. The radii do not match. 

7. Alidade: 40 bolts were torque tested. 26 balts were tightened 
to greater than 100 kpm and 14 balts to 20-70 kpm. Nominal 
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torque is 100 kpm. 

The galvanization was extensively damaged in two places. The 
repair was barely .adequate. 

8. Elevation bearing: Four bolts were torque tested. Two torques 
were greater than 130 kpm and two were equal to 40 kpm. Speci­
fied torque is 600 kpm. Four of the jam nuts_for the jack bolts 
could b.e turned by hand.; 

9. Elevation gear: Lateral mov~rnent of gear was about 9 mm. Should 
be maximum 3 mm. Radial rnovement was about 1 mm. Should be 
maximum 0.76 mm. 

Gear segment mounting bolts should be tightened to 44 kpm. 
Seven bolts were checked. Torques indicated were: one bolt 40 
kpm, two bolts 30 kpm and four bolts 20 kpm. 

Six splice bolts with specified torque 100 kpm were tested. 
Measured torques were for two bolts 60 kpm, for two bolts 40 
kpm and for two bolts ·20 kpm. 

The gear was only partly coated with oil. 

10. Elevation drive: Three base mounting bolts bad tightnes.s torques 
of 100, 60 and 10 kpm respectively. 

out of four bearing bolts, three were tightened to 20 kpm and 
one was loose. Specified is 44 kpm. 

Six shaft bearing mounting bolts were checked. For three· the 
torque was 15 kpm and for thr~e it was 10 kpm. Specified torque 
is 44 kpm. 

11. Elevation shock absorber: Four mounting bolts loose. Specified 
torque 100 kpm. 

12. Reflector backup: Three out of fifteen bolts tested showed 
significantly lower tightness torques than specified. 

General 

The tightness torques of balts is unsatisfactory. The method 
used has given too low torques anda too large spread in torque 
values. 

The pintle hearing, which will carry the horisontal loads, is 
far from complying with specified bearing tolerances. 

Instructions for mounting the azirouth drive assembly should be 
more closely followed in order to avoid breakdowns, like in the 
case of the gear box. 

In the elevation hearings, which are important in taking up wind 
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loads, two bolts o~t of four bolts checked were almost loose. 
Totally, there are only eight bolts! In addition, four jam nuts 
could be turned·by hand. 

Alarming was also that the bolts that hold the elevation shock 
absorber were loose. 

The appearances of the rail splices may indicate that the speci­
fied radius of 30 ft has not been kept. The rail surface should 
be observed for excessive wear. 
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EISCAT ANTENNA SYSTEM ACCEPTANCE 

KIRUNA, SWEDEN 

The signatures of EISCAT and TIW SYSTEMS designated representatives 
for each of the antenna system categories listed, indicate comple­
tion of the antenna testing and signify acceptance of the antenna 
system by EISCAT. This signatory sheet, along with the completed 
acceptance test procedure, TIW-AT-001~1 dated June 1, 1978 andre­
vised as required during the testing, signifies the completion of 
TIW SYSTEM effort at the Kiruna installation to EISCAT's satis­
faction, except from rnatters årising which rnay need attention 
during the warranty period. All items outstanding along with the 
agreed-upon methods of dealing with them are indicated under the 
appropriate category listed· and/or in the acceptance test docu­
ments. 

The following are the four categories of acceptance: 

1. Structural and mechanical 

EISCAT representative: 

TIW SYSTEMS representative: 

2. Control Systems 

Outstanding items: 

EISCAT representative: 

TIW SYSTEMS representative: 

3. RF performance 

Outstanding items: 
1:-1 f < r1 T /t,A,f."'t.,,c..·"-"'·"-....,4.ö,..'(,A 

~ ~ ".. ..~~-/ ~i_,,..AUv/ 

EISCAT representative: 

TIW SYSTEMS representative: 

"4~1 c·cr;~~, 
~--1~~~k--­~21'7-~-..... - - -
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4 • De-t·c·ing ·system 

Outstanding items: 

, /W ~-Cl" --~<-{;-4-(,' .rv.t'r· -~h-1:>r,,u-U - .d~ &7 
;l.-i< /.:&<....er-_._.-t,,t.~ ct'~-~ ~..,,.,_.f>O 4-tA_/' 

~~-~ d"'~:f ~ ~~ 

EISCAT representative: 

TIW SYSTEMS representative: 

~~ 

~?.~ 
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TEST REPOR!' OH RF-'IESTING OF THE EISCAT-UllF-1\N'ID1NA 
AT 'IHE SODl\NKi'LK SITE 

'Ihe RF-acceptancc tests wcre conductcd at the Sodank-ylä Site 
fran 1 to 4 Nover.lbcr,1978.'lbe suJro test proceduros were applied 
as for the RF-testing of the !''1.runa Site,with the exception, 
that the boresight toter.IOOås\L.~t didnlt give any usable 
results,due to the scattering caused by the· trees in the 
vicinity of thc antenna. 

The test msults are reoorded in thc attached '!'est Data Sheets. 
'Ihe noise r.easurcr.nnts were done dircctly at thc original 
UHF-frequencies wi th the Tektronix Spectrum .l\nalyzer. 

The rneuSurcd results were -sirai.lar to the results obtained 
with the I<iruna Site.Them was no evidcnce that the 
RF-perforrnance of the antenna woul.d not meet the specifications. 
To be oertain,ha-,ever,Eiscat wants to do. the following things: 

- r1easure the loss of the waveguide to H-oonnector transition 
in front of the paranp 

- Imp~ th~ matching between the antenna and the pa.ramp 

SOdankylU~Novernber 4,1978 

Foe EISCAT For TIW 

,~-~vt:J[ 

Attachn:mts: 

1. Test data sheets 

2. Antenna pattem with boresight ta,~ 
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EISCb :2m-UHF-ANTENNA __ §_q_i_g!'__~y_[q.~-- SITE 

TEST D~TA SHEETS (RF-PERFORMANCE) REVA 

FINAL ACCEP~ANCE 'TESTING 

The Tests are conducted according to the Acceptance Test 
Procedure ATP 7857 ~V ·A. · 

Feed System VSWR 
('L·· i,,I, '-v\~ t"' sr 

Power outputs in dbm 
C.' ·1 

Freq. in MHz 923.5 
SWEEP OSCILLATOR -1 1 G -- . 
CPLR FWD PORT I 

.'1,-'f.JS' . . . 
CPLR REV PORT ..2. ,f. 3 
INSERTION LOSS II (.'. J. 5 
CF=IL+REV-FWDTlLif .A. 5 -

C.S~ 

928.5 ·933 .s 
, Vi :t "; .J . ..; ,{() 

.21.l {Jl. '1 

~""- is l"'1:.1S 

c,.i.s- .... .. <? .. ·.~-- ~-
-1. a· .1, 8-'i --

o. '-[ 
938;5 
'i o . .. , 
-.~ ... , 
.20 .2 

Q l. 
,,,, . '7 

... ·-

c>. (, 
(:. '-{ 

943.5 
.,f 0 

~c.9 
.!!.O 9 -
(},.t_ 
-4: g 

_.....,..__.,,. __ ,......... 

1.2 VSWR for vertical polarization 

Freq. .FWD power REV power Difference Rdb R=R I +Cl~ VSWR 
in MHz in dbm in dbm REV - FWD 

923.5 - 10 ·-.i 1 1.1 A ·-Is• j A • '-/ 

928.5 - 1D -lG -1 G ~'1.J., ·"·\.'~' 
933.S 

. - -1 l} - 30-' ;·o. 6 .A 8 ·1-5 ., .i., 
938.5 - .A () - J9. 5 1~}.·s·· .il /8 ~1.oa 
943.5 ... "1 \) -~~ /Is· 1 J. ,L A,S(, 

1.3 VSWR fo~ horizontal polarization 

. Difference 
t . 

Freq. FWD power .REV power ~db R=R'+cF VSWR 
in MHZ ·in ·abm in dbm.· .. 

REV - FWD 
923 ;.5 - 10 ·- j .•/ .. . J ,1. -1~1.5 .-1.2_~ 

928.5 A. C .. ~ .:i. !r 18 . ....,c;_ _ l, /1,)7 ·-
933. 5 .. ·. ·- J1 () - -11.S·· ,l_.., • .s . ..., ')·. (;~ •.-')I_( J 

938.5" .. •' 

-1.]l .. ·1-0 -· .l. 9 A~ -1'1.3 
943.S ·- I\ 0 - ~~.; .-1~. 5 11.1 ··1. 3 

1.4 Freq. in MHz. 923. 5. 928.5 933.5 938.S 943.5 

Cross Couplg. 4 5 . .5 lf ~ .. s «-i a. s- se SG 

-1-
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l. Antenna Noise contribution 

2. 1 Antenna Noise contribution ·for vertical polarization 

Antenna Noise Temperature _1s_ degrees 

mi..nus sky noise, cable noise ='- 7 fJ- degrees 

noise cpntribution r... l O degrees 

2.2 Antenna Noise contribution for hori-zontal polarization 

Antenna Noise Temperature J 3 degrees ----
1 minus sky noise, cable noise "".ll_ degrees. 

· noise contribution ,.....,10 degrees ---- .. 

3. Antenna Gain 

3.1. Vertical polarization ,~OV 3, 7/ 

Time LAT ·13: 00 ,.13: yo .,1 '-{ : 1 S 
Calculated 
Azimuth 5 ') (: ~ . ' .) 't ,0:13 7 i..~, ' 

Antenna 
Azimuth G.:t.1 ~ (9 .. )~ ·=, 5. 3·1 
Azimuth 
Difference -;.. 85 - J .a.i . i --..1...- .) 
Calculated 
Elevation -5 .3 .1~ 5(:,. {5 59. 8i 
Antenna 
Elevation 5l. j1 ss. ·:,.~ .5 8. $ .i 

Elevation 
Difference ·-C,<3 -o.~ -0, j 

Antenna Noise .5 l~S" .S 31 li 
-~ ... 10 

·:~ ,') 

• 
Gdb Lf1.S l/1,' L[ 7 ;1 
Antenna Gain L./8.c 

I 

48. ,, '-l3.l 

'fJJ3,·) 

~--=, __ .---

~ ~ 

-2-
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3.2 Horizontal Polarization 

4. 

4., 

4.2 

Time . 
Calculated 
Azimuth 

Antenna 
Azimuth 

Azimuth 
Difference 

Calculated 
Elevation 

Antenna 
Elevation 

Elevation 
Difference 

Antenna·Noise 

Gdb 

Antenna Gain 

1 t"f(ilil. ( N ,11 > 

Polarization 

~'/6 .· 00 

9 s .. o3. 

1j "i . j,:f 

- ~ 9 ..... 

1:;.'J w1 . ' . _..... 

G8.~3 

-1 ') .\J 

.s 1 '-/"'· 

L./'7. ~ 
'-1-9. "'-{ 

,,16: JO 17: <?O 

. ·1C>3 :39 1,., 3 /5'1 

-10& .. : 9 ··1.lf (. • '-i '-l 

- 1 9 "' ~ "' 
- } ~ ." . ' 

t,i.Gt li.'-f1 

11. G.l :/5,lf1 

.1. (.• .1. (J 

5"G.5u I~ • J tJ 
.1 b, 

Lf"l • ~) '-1'7,J 

l.f R. '-I '1?. 'i ,. 
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-SWEEP-GSGILLATOR-power-ou.tput ___ .;;-dbm.... 

/·0 .Pti",n'./:f.u.,.':'~ c.~ (.~b ~ ,·)i.I .·~I) A).,,,·~ 4 A:/.C rk.J r ?.V>, 
... tO.j ;,J J.l..;, .. Vv~~~cl_ -~_,v...J ~l (, .1,.i<·A,ih'1 pl....v,,t_ .tC'\,-.<.~h°"""- (.\,,t Jk 
4 C,).,.. ~~ ~ · . 1 4-.J. (' L'\.o\ kr:(. ,~"lJJ) ~,~ t tG ({ I ,t.w cl; /~~v\ I- ,-.,.:/J .. ~ r · 

lu ( ' lit T ) . Set Values Measures va es Boresig ower 
Amgl.Ratio Phase Angle of Angle of Axial Ratio 
in 1'/..4 db in degrees major axis minor axis in db ·, 
- 120 ' 0 

-.......... ~. 

- 100 '-,o 
..... - 80 0 -.......... ..... 

....... 

- 60 -. 
0 ·, 

'·· - 40 o· ''......... 
'· - 20 0 

., .... , 
··-

0. 0 
. ............ .. ·· .. ,, 

20 0 
.·,,., .. 

' .. 
40 ··. 

0 ~ . ~. 
60 0 

·,, , .... 

80 0 ·,"· 
100 0 '· 

120 
.. 

0 . . .. 
I 

er~~ I 

~. ~ {__ - -3 
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Set Values Measured Values(Boresight Tower 
Anlp~ • .Katl.O P ase ~ngle of . Angle of 
in 1'/ ~ db in degrees major ax:i:: minor axis 

.. 

0 " '·, o· 

0 ··,,, ... 30 

0 60,, 
'• 

'· 

0 90 ·, 
' 

0 120 ~ 
0 150 ·,"'· ,, 
0 180 ', ·-
o· .. 210 "'' -, 0. · 240 '·", 
o· · 270 

·o .. 300 . . 

·o . . · ·.3.3,0 ... . . . . 

0 360. 

Antenna ·pattern (Tromsö Site.only) 

SWEEPER OSCILLATOR output power ---- dbm 

360° patterns 

lA.Xial Ratio 
in db 

' 

~ 
~ 

" 
~ -· 

"' '""" 

Attacnee1 

) 

Highest Sidelobe 
Frequency "-. 1.0°. .10° - 60° >60° . Pattern Sheet No. 

923.5.MHz 

928.5 . . • . 

933.s· .. 
. . . 

938.5 
. 

.. . . 

943.s· .. 

·c-1~ ~' .. /X. PJl..~. 

-4-
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S.3 Patterns for+ 10° azimuth 
' 

' Attached ' Elevation Polarization Frequency offset Pattern Sheet No. ' 

Verticai\ 933.5 0 
~ 

It \ 0.2 \ " 
'• 

\ Il 
0.4 " . 

" 
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0.6 

;. Il 
.. 
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It " 1.0 

" . " 1 .2 .. . . . . 
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.. 

. tt 928 .• 5 ', 0-·. •, 

" ·,Ja. s ·O. 

vertical ·943_.-.s 0 
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-
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.. 

1.0 

" " 1 .2 
·, 
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0 \ 

" 928.5 . 

938.5 0 \ 

" •, 

Hor i zon tal 943.S 0 ', -
0 

• 

. . 
\ 
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0. Receiver Protector (Tromsö Site only) 
\ 

•, 

6.1 RX-Mode power outpu~---- dbm 
TX-Mode power output ____ dbm 

. attenuation db 

6.2 Freg .-in MHz ··923 /5 · 92_8. 5 · ·9_33.;S '938.5 · · '943.5 

7. 

7.1 

8. 

Insertion la;s 
in db 

Duplexer (Tromsö Site. only)_ 

RX-Mode 

Power input to ANT-port ----- .ctbm 
Power output at TX-port'.. dbm 

•. -----
Power output at RX-port _____ ·dbm 

RX-TX isolation db -·----
Power Handling (Tromsö Site only) 

Frequency Pulse 
.length p~f 

FWD · 
Power. 

-a; ... 

'· .. 

REV 
Power 

. : . . ... 

Prot Il 1 

\ 
\ 

\ 
·\ 

\ 
\ 
\ 

Prot # 2 
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Mechanical .. insp.ecti.on o.f . .the .. 3.2. rn EISCAT antenna in S.odanky.lä 

Inspection date: 26 Nov. 1978 

Inspection carried out by Lars Bolin and Jan-Erik Rowa. 

1. Anchor bolts: Torques could not be checked since the nuts are 
locked with glue. Some jam nuts are missing. 

2. Azirnuth track anchor bolts: Checked torques were 20 to 50 kpm 
while specified torque is 100 kpm. 

3. Track: The clearance between rail segments is specified to be 
0.76 nun. Measured clearances vary between O and 2 mm. In three 
rail splices the segments were not aligned properly in the 
vertical plane and two splices have a V shaped clearance. 

. . 

The surface seems untreated and is somewhat rusty. 

4. Azirnuth drive: Torque values indicated on eight wheel hearing 
rnounting balts were greater than 70 kpm (maximum measurable) 
in seven cases and equal to 60 kpm in one case. Speci~ied torque 
is 187 kpm. 

Four assembly mounting bolts were tested. Torques were greater 
than 130 kpm (maximum measurable) in two cases, equal to 52 kpm 
in one case and equal to 30 kpm in one. case. Specified torque 
is 1245 kpm. 

The clearances between wheels and hearings varied between 10 and 
20 mm. Nominal clearance is 11.7-14.3 nun. 

The clearance between the safety grips and the rail was 3 mm as 
is specified as minimum. Out of nine bolts, seven bad torques 
greater than 100 kpm and two bad torques of 60 kpm. 

5. Azimuth cable wrap: No remark. 

6. Pintle hearing: The clearance between the inner and outer teflon 
surfaces varied between 0-3 mm. Specified variation is 0.13-0.38 
mm. The radii do not match • 

7. Alidade: 40 bolts were checked. 27 bolts bad torques greater 
than 70 kpm (maximum measurable) and 13 varied between 10-70 kmp. 
Specified torque is 100 kpm. 

8. Elevation bearin_g_;_ One jam nut for jack bolt was loose. 

9. Elevation gear: Lateral movement of gear was 1 mm. Specified 
maximum is 3 nun. Radial movement was 0.5 rrun. Specified maximum 
is 0.76 mm. 
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Gear Segment rnounting bolts should be tightened.to 44 kpm. Ten 
bolts were checked. Five were OK, and five bad torques of 10-40 
kpm. 

Six splice bolts with specified torque 100 kpm were tested. Mea­
sured torques were greater than 70 kpm (maximum measurable). 

There was practically no oil coating at all on the gear. 

10. E.levation drive: Out of four hase mounting balts three had 
torques greater than 70.kpm (maximum measurable) and one less 
than 70 kpm. 

Eight hearing balts were lightened to less than 20 kpm. Speci­
fied is 44 kpm. 

11. Shock absorher: One bolt tested. Torque greater than 70 kpm. 

12. ~eflector backup subassembly: Torques on ten holts was 10-20 
kpm. Specified torque is 24 kpm. 

General 

Tightness torques of bolts are ~satisfactory. 

Too large clearance in pintle hearing. 

Bolts for azimuth gear boxes not tightened enough. 

s.everal spice imperfections on azimuth t:rack. 

Of the elevation gear bolts 50% bad too low torques. 

All elevation. drive gear bolts had too low torques~ 
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E1SCAT ANTENNA SYSTEM ACCtPTANCE 

SODANKYLÄ, FINLAND 

The eignaturee of EISCAT and TIW SYSTEMS designated representatives 

for each of the entenne system c~tegories listad, indicete completion af 

the entenne te6ting end signify ecceptance of the entenna system by EISCAT. 

Thie eignetory sheet, along mith the complated acceptence test procedurs, 

TIW-AT-001-1 deted June 1, 1978 and revised as required during the testing, 

signifiee the completion of TIW SYSTEffl effort et the Sodankylä installation 

to EISCAT'a eatiefaction, except from mattars arieing which mey need 

attention during the marranty period. All iteme outstanding along sith the 

agreed-upon methods af dealing with them ars indicated under the appropriata 

cetegory listad end/ or in the acceptance t·aet documents. 

The following ara the four cetegories of· acceptance: 

1. Structurel and mechanicel 

Outsending items: 

,. ) :z -fe /-'Y • .s 
I ___ ,,/? C t. -/-. c.. ,.., -I- C.(..:, ~ 

EISCAT representative: 

TIW SYSTEfflS representative: 

2. Control Systems 

Outstanding items: 

EISCAT representative: 
~ 
i ;, .• , / .. ' ····, . ../ .. : . ..-:, ... 

..:.. 
··<~ 

TIW SYSTEMS representative: ... 

...:..·, 
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3. Rf performence 

Outstanding items: 

.-~- _; t / .! ( /"· : / I • : I .... I. (..., , ... ,,_ (I C., -1~ ('I '-. 

/-. / .. ,., l.. - ' ,,. ·/ . 

EISCAT representative: 

TIW SYSTEMS representative: 

4. De-ieing system 

Outatending items: 

w· // ''--/ ~: •. <" ~ c...{ ( //,.( ,,,,,....~. 
• I 

i.., . -I i, ... 
IA..:_. ,f ..(..,.I." u .... (C , ....... .3; 

.;..., 
2c .::, ,· 

TIW SYSTEfflS representative: 

-~·· 
. / ,.. ... , '\/'\./ ~\t'n/i.- ~ 

----··~c-~--..v----·------·~--~---~i.:...--------...-, ~ ~ &;_·'' t_. y,{ ~ 
: -~/ A / .(/ ,///,. ~4 · //. ',;. 

---:T <.,.-:: ' n11 ~ -~ '~ 1 • 'c-··· ! °"' 

EISCAT representative: 

. . .,,,"'· " 
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Test Equipment 

EISCAT 32m-UHF-ANTENNAS 

Acceptance Test Procedure ATP 7857 .. 'REV A 

RF-Performance 

2 ea WR 1150-1 5/8" Coax Tran~ition 

2 ea 1 5/8"-N Coax Transition 

Dual Directional Coupler hp 778D 

Sweep Oscillator hp 8620C, 86222B 

Frequency Counter hp 5328A opt. 031 

Power Meter hp 435A, 8481A, 8484A 

SOJ'L Termination 

Radiometer Receiver Supplied by EISCAT 

VECTOR VOLTMETER hp 8405A 

Boresight Antenna at Tromsö Site Supplied by EISCAT 

Spectrum Analyzer hp 8558B 

Voltage Ramp Generator 

X-Y. Reco1:der. Hp 7.015A 
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1. · ·Feed ·system ·vswR 

N 

SWEEP 
SO.Il. h TERMINATIOO 

OSCIUA'IDR 
DUAL DIRECI' 

~ ·-i - OOUPLER 

FWD REV 

'1 
F'RE)JUENCY 1?0t1ER 
CDUN1'ER I METER 

" 

COAX 
TRANSITION 
(X)AX 
TRANSITION 

EIA 
15/8" 

~ WG 
TRANSITIOO 

WG M TRANSITION 

WR 
1150 

~ 

--, 

1.1 Set the output power of the SWEEP OSCILLATOR to O dbm. 

FEED 
HORN 

Measure power in dbm at FWD-port of DUAL DIRECTIONAL 
COUPLER and by turning around the coupler check the 
equality of the coupling ratios over the intersting 
frequency band 933.5 + 10 MHz. Measure the insertion 
loss IL in db of the COUPLER for the different frequencies. 
Calculate the COUPLER correction factor CF by adding 
the insertion loss to the difference between reverse 
and forward power levels: 

CF =IL+ REV - FWD 

1.2 Measure the power ratio R' between the forward andre­
verse port of the Coupler in db for different frequencies 
and calculate the VSWR with the corrected ratio R = R' ~ CF 

VSWR = 

(Rdb isa negativ number) 

1.3 Interchange the connections to receiver ports.A and B 
and repeat the measurement of 1.2 for the orthogonal 
polarization. 

1.4 Measure cross coupling between port A and port B over V 
the frequency range. 
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2. Antenna Noise contribution 

2 .1 

<DAX 
TRANSI'rION 

CX>AX 
TRANSITIOO 

WG 
TRANSITIOO 

WG 
TAANSITION 

FEED 
HORN 

Connect the FEED SYSTEM of the antenna to the RADIOMETER 
RECEIVER supplied by EISCAT and measure the antenna 
noise temperature. Point the antenna at 15° elevation 
and change the azimuth fora minimum readout. 

Deduct vc;1lue. af'· the sky noise proven for the EISCAT si tes 
at 15° elevation 

nHLl"'hvl 
-------"?'~20°K: for waveguide transition, coax transition, 

cable connecticm to PADIOMETER RECEIVER. 

The resultant noise contribution due to feeder loss 1to 
horn flange) and spillover should be less than 25°K. 

2.2 Repeat the system noise temperature measurement for the 
6ther. polarization • 
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3. Antenna Gain 

Same measurement setup as in paragraph 2. 

The gain of the .antenna will be rneasured by using the well 

known radio emission of the radio star Cassiopeia A,. 
. 23 

The flux density at~= 32.1 cm is Po = 3.5 • 10- watt/m2 /Hz. 

With an effective aperture Aeff the antenna will collect a total 

power of Aeff • · J P o : fo~ 'one polarization. A radiometer receiver 

~measures,· ~his power as the noise temperature TCAS' which de- ' 

-- .... . -,..,2 
fines th~ power K • TCAS = Aeff • Po;2 = G • · 41r 

The antenna gain G is determined with this relation as 

K • TcAS . 41r = 1.38 . 10-23. 4;)-
G = • TCAS 1 ; r2 1. 75 • 10-23 0.321 3 

2 Po 

G = 96 .17 . m 
.LCAS 

Gdb = 1 v · • log l)6 .. l7' • 
, 

TCASJ (3) 

For G >47.5 db, TCAS .,.. 585° K 

3.1 Point the antenna to the radio star Cassiopeia A (EISCAT 
supplies Azirnuth and Elevation coordinates). Adjust the 
antenna position for maximum noise power measured with 
the RADIOMETE~ RECEIVER. Make sure, that the receiver 
evaluates only the 933.5 + 10 MHz band. Calculate antenna 
gain with eguation (3). Add 1 db for losses in waveguide. 
transition, coax transition and cables. 

3.2 Repeat measuremeRt of 3.1 for the orthogonal polarization. 

3.3 Repeat measuYement of ·3.1 with other radio stars at dif(erent 
elevation angles. 
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4. Polarization· 

SWEEP 

OSCILIATOR 

so..n.. 
TERMINATION 

POIARIZER 

CXN.I'R)I, 

POLARIZER 

VEC'IOR 

VOLTMEl'ER 

CMI' . 
FEED-OORN 

4.1 Set the POLARIZER·CONTROL to O db arnplitude ratio and .o 
degree phase difference. Disconnect the inputs to the OMT 
and check the phase difference between the two inputs to 
the OMT. The vertical cornponent should have a 120 degree I 
phase lag to the horizontal cornponent. • 

4.2 Reconnect POLARIZER to OMT and check different polarization 
settings with the boresight tower. Determine the angular 
location of the major and minor axis of the polarization 
ellipse·and the axial ratio. 

- 5 -
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S. Antenna Pattern (Tromsö Site only) 

32m 
BORFSIGffl' SPECTRUM UHF ~ ANALYZER I ANI'ENNA ANTENNA 

\ 

(EISCAT SUPPLIED) 
REXX>RDER rnm. J"' 

OUI'PlJl' 
OOUNTER 

~ 
wY 

SWEEPER 
XY VOLTAGE 

OSCILIA'l'OR 

~ RAMP RBDRDER GENERATOR 

5.1 Feed BORESIGHT ANTENNA with a 933.S MHz Signal·of + 13 dbm 
and align both antennas for maximum reception. Set SPECTRUM 
ANALYZER in Manual Sweep Mode and adjust-for maximum Re­
corder Output. Allow enough warmup time for good equipment 
stability. 

5.2 Turn 32m-UHF-ANTENNA in a position -200° off boresight and 
change the azirnuth angle at a constant speed from -200° to 
+200°. Start the VOLTAGE RAMP GENERATOR together with the 
antenna movement to establish a defined relation between 
the X-axis of the recorder and the azimuth angle. 
Note the maximum sidelobe levels for sidelobes 
- closer than 10 degrees from beam axis -
- between 10 degrees and 60 degrees from beam axis -
- more than 60 degrees from beam axis. 
Repeat measurement for other frequencies. 

5.3 Make patterns for -10° to +10° azimuth for different elevation 
settings, different freguenci~s and different polarizations. 
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6. Receiver Protector (Tromsö Site only) 

DUPLEXER 

50../L 
-TERMINATIOO 

iOI.ARIZER 

CCN11ROL 

POLARIZER 

RX-Pro.rFX:IOR 
Il 2 

l= 

SWEEPER 
OSCILIA'IDR 

-i DRIVER FOR I 
PROTECIDR Il 2 

6.1 Disconnect one of the two connections between POLARIZER and 
FEED HORN and apply a+ 10 dbm signal to the POLARIZER input. 
Switch the RX-PROTECTOR # 2 in the RX-mode and c~ange POLARIZER 
CONTROL for maximum reading of the POWER METER. Switch the 
RX-PROTECTOR in the TX-mode and note the change of the power 
reading. 

6.2 Disconnect the· RX-PROTECTOR #2 and measure the insertion 
loss in the RX-mode over the. frequency band. 
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Duplexer (Tromsö Site only) 

POWER 

MEl'ER 

DUPLEXER 
DRIVER 

DUPLEXER 

50 
TERMINATION 

DRIVER FOR 
P~R 

·1.:1 .. Sw.i-tch the DUPLEXER in the RX-Mode. Apply a .. + 10 .dbm signal 
at the ANT-port c.1"1d note the power outputs at the RX- and 
TX~ports for different frequencies. 
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8. Power Handling (Tromsö Site only) 

Connect the waveguide run to the EISCAT supplied UHF Trans­
mitter and increase the power slowly toa maximum of 4 MW 
peak and 500 KW average. Watch the reflected power reading 
of the transmitter. Measure the power outputs of the two 
RX-PROTECTORS. Turn the antenna into different azimuth and 
elevation positions and read the reflected power. Repeat the 

·measurements for different frequencies over the frequency band 
from 929.5 to 937 MHz. 
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