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I. INTRODUCTION

The purpose of this manual is to provide correction data for
the antenna gain when measuring standard gain horns at finite range,
A procedure for finite range correction of measured horn coupling data
was developed under this contract. This procedure permits the far
field gain of a standard gain horn to be determined from on-axis coupling
measurements between two horn antennas with finite range separation.

The theory and derivations for the finite range corrections are
documented in detail in Ref, [1]. This manual contains numerical results
for use in determining far field gain values from measured horn coupling
data for the horn models listed in Table 1. Also included are cor-
rection data for the experimental X-band corrugated horn model CX-20
made by L adar Systems.

II.  BASIC THEORY

The near field gain of an antenna is often defined through the
coupling equation

P 7/ 3 \2
R A
po = (am)  GrRIGR) (1)

However, this definition causes the near field gain of each antenna
to be dependent on the antenna with which it is measured, especially
at close range. We have defined the near field gain through its on-
axis power density in Ref. [1]). This gives a definition which is
independent of the other antenna.

However, Equation (1) is then not exact because the coupling
depends on how the two antennas react. Equation (1) is equivalent
to assuming each antenna would radiate a uniform spherical wave from
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its amplitude center. A more accurate equation for coupling is derived
in Ref. [1] which approximates the near axis fields of each antenna
more accurately at close range. The more accurate coupling equation

is given by

R AG R 1
p—-(‘> = (2)

1+TH

where G(R ,/ and GR(R) are the near field gains

of the transmjttlng and rece1v1ng horns at distance R between the ampli-

tude centers of the horns as shown in Figure 1. The amplitude center

AMPLITUDE |
;///”// CENTER -\\\\\\‘ NENENE

’/,,f‘

AR 07

¥

D"""—’—Z

Figure 1. Transmitting and receiving horn antenna geometry.

of a horn is located half way between the E- and H-plane phase centers,
or a distance

D + D
Dz____EZH (3)

from the horn aperture 011,
The phase centers DE and D of a horn are calculated from the

far field patterns. The factors [1+TE H] -1/2 give more accuracy at
close range. From Equation (2) we get




Veo

P

~5

1
p -
4R R r 2 2,14
6(R) = IR '/?; (T (1T (4)
The far-field gain GF‘F‘ is determined by using the ratio RGAN of the
calculated near field gain G(R) to the calculated far-field gain (1.
Thus the far-field gain can be expressed as

1

p —_

F.F. _G(R) _ 4™R "R T1.22y 1,72\ 3

G - = (1+TS) (1+T5) . (5)
Rean  *Rean F; L E H]

We can express the far-field gain in dB as

/P

Meas.
F.F 1/ R
G ele R + [ >
dB GC " Z\Pr/ 48 (6)

where RGC includes the near-field gain correction and is given in dB
as

1
Rge = 10 Tog {%R"-R— [(mg)(mﬁ)]“} (7)

It is convenient to express the range correction parameter RGC

as
Rec = Rgu * Fe (8)
where
Rgy = 10 Tog Hﬁ"ﬂ—} (9)
GAN

is the basic range correction parameter (assumes wide beams or large
separations). The correction factor for narrow beams at close range
is given by
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_ r 2 2,18 _ 2 2
Fo = 10 Jog [(+T2)(1418)]* = 2.5 1og[(1+72) (1472)] (10)
where, from Ref. [1],
C
_E
TE "R (11a)
2 for 1ike horns
m (11b)
CE =
A .
- (AE1+AE2) for different horns
C
_ 'H
T, = (12a)
and
2 AH for 1ike horns
m (12b)
CH =

A ;
= (Aur+Ayo) for different horns

The constants AE and AH are determined [1] from the E-plane and H-plane
patterns, respectively. The main beam of each pattern can be represented
for small angles as a Gaussian function

F(8) = e . (13)

The constant A is usually determined from the calculated pattern in
d8 at 8=1°. Thus [1]

A= - 378 rdB(1°) ; (14)

However, measured patterns can be used, instead, with the constant
A determined at the pattern angle 6 in degrees as

Fap(®
A= - 378 —2—— . (]5)
edeg.
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It is necessary to measure the coupling over a range of aperture
separations in order to average out the ripple caused by interactions
between the horn structures. For practical purposes, the coupling
value used in Equation (6) can be obtained by drawing a smooth curve
through the coupling data as shown in Figure 2.

In summary, we can determine the far field gain by the following
procedure:

1. Measure the coupling data, PR/PT'
2. Compute the range corrected gain parameter RGC'

3. Determine the far-field gain from Equation (6).
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i [TT. BASIC PROCEDURES AND SAMPLE RESULTS

The procedures for determining the far-field gain from the near-

field measurement of coupling between two horns, using the near-field
) range correction (RGC) data, are presented in this section. The measured
coupling data used in the examples are based on measurements taken
at the Measurement Standards and Microwave Laboratory at Newark Air
Force Station. The line source integration (LSI) method is used for
conventional standard gain horns and the aperture integration (API)
method is used for corrugated horns because they are considered to
be more accurate than the basic GTD method.

= Figure 3a shows the gain ratio or gain correction (RGAN) curve
for the Scientific-Atlanta Model 12-8.2 standard gain horn at 10 GHz.
We can see here that the gain correction is small (less than 0.2 dB),

, because the range is measured between the amplitude centers of each

i horn. For example, the gain correction is about 0.01 dB when the separ-
ation (distance between the horn apertures) is 300 cm (100X at 10 Ghz).
Figure 3b shows the calculated coupling (PR/PT) between two Scientific-
Atlanta Standard gain horns at 100 GHz. Figure 3c shows the near-field

B range correction parameter (RGC) for two Scientific-Atlanta standard
gain horns at 10 GHz, Figures 4 and 5 show the near-field correction
and coupling curves for the Narda model 640 and corrugated horns,
respectively.

The range correction data are given in Tables 2 through 26 for
the standard gain horns Tisted in Table 1. Range correction data are
also included for the X-band corrugated horn (Ladar Systems model '.7-20)".

A list of the variables in each column is given below:
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ZAA = Aperture separation in cm,

R = Distance between amplitude centers in cm.
RGAN = Ratio of near field gain to far-field gain.
PRPT = Calculated coupling.

NFGAIN = G(R) = calculated near-field gain.

RGU = Basic range correction parameter.

RGC = Final range correction parameter.

Note that the calculated coupling values PRPT are given only
for information purposes. Only the actual measured coupling values
should be used with the theoretical range correction parameter RGC

to determine the gain,

Procedure for two horns of same model

As an example of how to use the near field range correction
tables, consider the following case in which the gain is determined
from the measured coupling between two Scientific-Atlanta standard
gain horns. The measured coupling curve for aperture separations
between 250 cm and 300 cm is shown in Figure 2. The ripple caused
by interactions between the horns and their mounting structures has
a period of about 1.5 cm for each cycle, which corresponds to A/2 as
expected. The 0.25 dB peak to peak ripple at 250 cm corresponds to
a multipath level from horn interactions of about -37 dB below the
direct coupling. A -37 dB multipath will cause a ripple maximum of
+0.122 dB and a ripple minimum of -0.124 dB with respect to the direct
coupling. Consequently the direct coupling can be accurately measured
by drawing a smooth curve through the average of the ripple minima

and maxima.

The procedure for determining the far field gain is outlined

below:
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1. The coupling values are sampled at 250, 275 and 300 cm and

I are recorded below.
2. Next the theoretical range correction values are read from
the appropriate table (Table 11 for SA model 12-8.2 at 10 GHz).

. | These values are also recorded below,
£

3

3

3. The far field gain values are determined for each point

from Equation (6) which is repeated below:

FF 1
G = Rge 3 (Pp/Prlgg (6)

Example of Procedure for Range Correction

Iy Coupling Rec ' F
cm dB d8 d8
250 -17.44 30.95 22.23
275 -18.12 31.29 22.23
300 B %__Milg;zgﬂn,,v I wg?;§) e o ,_22;§§__

For example, the coupling at 250 cm is -17.44 dB. The RGC value
from Table 11 is 30.95 dB. We get the desired far-field gain from
Equation (6) as

6y = 30.95 + % (-17.44) = 22.23 dB.

S/
Note that the spread in gain values for this example is 22.26-22.23=0.03
dB. Thus this coupling measurement indicates an effective gain for

the two horns of 22.24 dB.
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Procedure for two horns of different models

The next example shows how to use the tables to determine the
range correction for coupling measured between two horns of different
models. Three coupling values should be checked as was done in the
previous example. However, only one coupling value is used in this

example to illustrate the use of the range correction tables for coupling
between horns of different models.

First, the distance D]+D2 shown in Figure 1 must be calculated.
Referring to Tables 11 and 16,

‘.' - _»- <
| | A

Dy = 5 (Dg*Dy)gp = 7 (16.98+22.55)¢ ) = 19.76 cm
N 1 .

D, = 5 (Dg*Dy)yarpa = 7 (1-08+1.55) 00, = 1.32 cm

DD, = (D#D,)pyq = (19.76+1.32) = 21.08 cm.

For an aperture separation ZAA = 150 cm this gives an effective range
between horns as

R = 150+21.08 = 171.1 cm.

We get the basic range correction of gain at R = 171.1 cm by interpo-
lating the RGU values from Tables 11 and 16 as follows:

(RGU)S/A = 28.67 dB

(RGU)NARDA = 28.54 dB

(RGU)AVG = (28.67+28.54)/2 = 28.60 dB
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Note that the RGC value cannot be directly obtained from the
RGC values of the individual horns because the Fc factor in tquation
(10} has a non-linear relationship for the two horns. The values of
CE and CH in Equations (11b) and (12b) can be calculated by averaging
the values for the individual horns as given at the top of Tables 11
and 16. Thus

Horn CE CH
cm cm
S/A 66.39 52.71
Narda 12.41 11.59
Average 39.40 32.15

Since R = 171.1 cm for this example, TE = 0.230 and TH = 0.188. The

correction factor for close range is calculated from Equation (10)

as FC = 0.094 dB. The final range correction RG for the S/A to Narda

C
coupling at ZAA = 150 cm is calculated from

ave = Rau * Fe
28.60 dB + 0.09 dB
28.69 dB.

(Rac

The measured coupling for 150 cm between the Scientific-Atlanta to
Narda horns was -18.80 dB. Thus the effective far field gain of the
two horns is determined as

p
Meas B ] R
Gs/a-Narda = (Recdave * 2 P
Meas
- 28.69 + % (-18.80) = 19.29 dB.

The basic procedures described above give the effective gain
for each horn pair. A detailed procedure for calibrating the gain
of each individual horn is described in Appendix A. This procedure
uses 4 antennas and is recommended as a replacement for the three
antenna method.
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Table 2: Range Correction Data for SA Model 12-1.1

ssassl Slesass  ((FREQUENCY=  1.300 GHZ))
DE= 10.18 CM DH= 15.02 CM CEx 76.15 CM CH= 69.48 CH
B= 41.26 CHM( 1.7880 LANDA) A= 35.70 CM( 2.4139 LAWDA)

EL= 54.17 CHN( 2.3472 LANDA) HL= 63.39 CH( 2,7447 LANDA)
RIBEEERAB LS RIERBENSSS BRI RS ERESEERRSRERCEI SRS RBSEESRRSEE SRS EXNE S
7Y R RGAN  PRPT  NFGAIN R6U  RGC
(cH (W) DB DB ) DB DB
8067.84  8093.03  0.00000 -41.614 15.635 36.441 36.442
100.00 125.20 -0.16132 -4.993 15.473 18.498 19.13
‘ 110.00 135.20 -0.11675 -7.412 15.518 18.787 19.340 !
a 120.00 145.20 -0.08292 -7.832 15.552 19.063 19,55 -
: 130.00 155.20 -0.05686 -8.248 15.578 19,324 19.759 -
& 140.00 165.20 -0.03655 -8.457 15.598 19.577 19.943 S
s 150.00 175.20 -0.02054 -9.056 15.414 19.816 20.143 RN
160.00 185.20 -0.00783 -9.445 15.627 20.045 20.357 K8
170,00 195.20 0.00235 -9.823 15,437 20.243 20.54é ST
180.00 205.20  0.01054 -10.190 15,645 20.472 20.729 g
190.00 215.20  0.01717 -10.545 15.652 20.672 20.907 o
200.00 225.20  0.02253 -10.890 15.457 20.863 21.080 L
- 210.00 235.20  0.02690 -11.224 15.662 21.048 21.247 RO
| 220.00 245.20  0.03045 -11.548 15.665 21,225 21.409 b g
: 230.00 255.20  0.03335 -11.863 15.468 21.396 21,566 : .
240.00 265.20  0.03549 -12.168 15.670 21.540 21.718
250.00 275.20  0.03760 -12.443 15.672 21,719 21.846
240.00 295.20  0.03912 -12.751 15.674 21.873 22.010 SO
_ 270.00 295.20  0.04034 -13.030 15.675 22.021 22.150 R
R 280.00 305.20  0.04129 -13.301 15,676 22,145 22.285 k..
290.00 315.20  0.04204 -13.565 13.677 22,304 22.417 R
300.00 325.20  0.04259 -13.822 15.677 22.439 22.546
310.00 335,20  0.04298 -14.072 13,678 22.570 22,671
320.00 345.20  0.04326 -14.316 15.678 22,498 22.792
) 330.00 355.20  0.04343 -14.553 15,678 22,822 22.911
' 340.00 365.20  0.04350 -14.785 15,678 22,942 23,027
- 350.00 375.20  0.04350 -15.010 15.678 23.059 23.140
360.00 385.20  0.04341 -15.231 13.478 23.174 23.250
370.00 395.20  0.04326 -15.446 15,478 23.285 23.358
D 380.00 405.20  0.04309 -15.657 135.678 23.394 23.443
L 390.00 415.20  0.04289 -15.863 15.678 23.300 23.564
400.00 425.20  0.04262 -16.064 15.477 23.604 23.666
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Table 3: Range Correction Data for SA Model 12-1.7 U
e
RIS
. sseseLSleenss  ((FREQUENCY=  1.970 GHI)) Y
- DE= 6.77 CH DH= 9.98 CM CE= 50.48 CM CH= 46.05 CN _ oy
B= 27.30 CN( 1.7925 LANDA) A= 34.85 CM( 2.4198 LANDA) A
EL= 35.83 CH( 2.3530 LANDA) HL® 41.93 CN( 2.7534 LANDA) S
BESSEBERNSRE RIS RS RSE LS LSRR ERE RS SRS S S S LRGN NERERRSSESEE SRR E % P
204 R RGAN PRPT  NFBAIN  R6U RGC
(ch) (cH DB B DB DB DB Come
$350.30 $367.06  0.00000 -41.625 15.651 36.443 36.443 VO
100.00 116.75 -0.01930 -9.100 15.631 19.858 20.201 -
110.00 126.75 -0.00147 -9.681 15.649 20.197 20.491 RS
120.00 136.75  0.01133 -10.237 15.662 20.514 20.749
130.00 146.75  0.02063 -10.767 15.671 20.811 21.034
140.00 156.75  0.02742 -11.273 13.478 21.090 21.287 Lol
150.00 166.75  0.03240 -11.756 13.683 21.354 21.529 JORP
160.00 126.75  0.03605 -12.218 15,687 21.603 21.760
170.00 186.75 0.03868 -12.4659 15.689 21.840 21,980 T
180.00 196.75  0.04056 -13.081 15.691 22.064 22.191 o
190.00 206.75  0.04187 -13.486 15.693 22.278 22.394 N
200.00 216.75  0.04275 -13.874 15.493 22.482 22.588 P
210.00 226.75  0.04328 -14.247 15.694 22.478 22.774 ¥opele
220.00 236.75  0.04355 -14.606 15.494 22.845 22.954 ti s
230.00 246.75  0.04360 -14.951 15.694 23.045 23.126 RN
240.00 256.75  0.04352 -15.284 15.694 23.217 23.293 et
250.00 266.76 0.04328 -15.606 15.494 23.383 23.453
260.00 276.76  0.04298 -15.914 15.494 23.544 23.409
270.00 286.75  0.04261 -16.216 15.693 23.498 23.759
280.00 296.76  0.04211 -16.507 15.693 23.847 23.904
290.00 306.75  0.04165 -16.789 15.492 23.992 24.045
300.00 316,76 0.04112 -17.062 15.492 24.132 24.182
310.00 326.75  0.04058 -17.327 15.691 24.267 24.314
320.00 336.76  0.03999 -17.584 15.691 24.399 24.443
330.00 346.75  0.03941 -17.835 15.690 24.526 24.568
340.00 356.76  0.03882 -18.078 15.690 24.450 24.490
350.00 366.75  0.03825 -18.315 15.689 24.771 24,808
360.00 376,76  0.03765 -18.546 15.688 24.888 24,924
370.00 386.75 0.03706 -18.772 15.688 25.003 25.036
- 380.00 396.76  0.03648 -18.991 15.687 25.114 25.146
: 390.00 406,76  0.03591 -19.205 15.687 25.223 25.253

400.00 416.76 0.03334 -19.415 15.686 25.329 25.358
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5. Table 4: Range Correction Data for SA Model 12-2.6 . Cea

sssesLSlessse  ((FREQUENCY=  3.000 GHZ)) Lol
DE= 8.31 CM DH= 12.11 CN CE= 59.03 CM CH= 54,91 CW ASRNEN
[ | D= 24.00 CN( 2.4003 LANDA) A= 32.41 CM( 3.2410 LANDA) ’

EL= 42.13 CH( 4.2146 LANDA) HL= 47.45 CH( 4.7452 LANDA)
BESSSREERSASEIIRILIEREEBRAEACRS NSRS A RS RERRESAREAEXEAAEILSAKES

1AA R RGAN PRPT  NFGAIN  RGU RGC
W (W) DB DB DB DB bB ,
4302.60 6323.03  0.00000 -41.884 18.0460 39.001 39.002 s
) . 100.00 120.42 -~0.08311 -8.3523 17.976 21.882 22.32% |
110.00 130.42 -0.03708 -9.045 18.002 22.203 22,582 S
120.00 140.42 -0.03762 -9.551 18.022 22.504 22.83%
130.00 150.42 -0.02284 -10.040 18.037 22.788 23.079
: 140.00 160.42 -0.01145 -10.510 18.048 23.056 23.314 R
s 150.00 170.42 -0.00261 -10.961 18.057 23.310 23.5490 el
140.00 180.42  0.00432 -11.396 18.044 23.551 23.757 | S
170.00 190.42  0.00978 -11.813 18.069 23.780 23.946 RSN
180.00 200.42  0.01413 -12.214 18.074 23.997 24,144 o
190.00 210.42 0.01737 -12.599 18.077 24.205 24,359 RO
200.00 220.42 0.02032 ~12.971 18.080 24.404 24.3545 Ry
. 210.00 230.42  0,02254 -13.329 18.082 24.593 24.724 el
] 220.00 240.42 0.02426 -13.674 18.084 24.778 24.894
- 230.00 250.42  0.02564 -14.007 18.085 24.953 25.063
L e 240.00 260.42 0.02676 -14.328 18.086 25.122 25.224
- 250.00 270.42  0.02741 -14.640 18.087 25.283 25.379
. 260.00 280.42  0.02827 -14.941 18.088 25.442 25.530 Tl
C 270.00 290.42 0.02872 -13.232 18.088 25.594 25.476 AN
i . 280.00 300.42 0.02910 -135.515 18.089 25.740 25.817 [_., .
- 290.00 310.42 0.02934 -15.790 1B.089 25.882 25.954 Yl
: 300.00 320.42 0.02949 -16.056 18.089 26.020 246.088
- 310.00 330.42 0,02958 -16.315 18.089 26.153 26.217
320.00 340.42 0.02933 -16.5646 18.087 26.283 26.343 e
330.00 350.42 0.02949 -16.811 1B8.089 26.409 26.463 g
1 340.00 360.42 0.02943 -17.050 18.089 26.531 24.584 [m¢_‘
330.00 370.42 0.02927 -17.282 18.089 26.650 24.701 o
360.00 380.42 0.02914 -17.509 18.089 26.766 26.814 e
370.00 390.42 0.02895 -17.730 18.089 26.879 26.924 T
. 380.00 400,42 0.028746 -17.947 18.088 26.989 27.032 L
o 390.00 410.42 0.02852 -18.136 18.088 27.096 27.137 RN

R
400.00 420.42  0.02828 -18.361 18.088 27.201 27.24¢ i
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Table 5: Range Correction Data for Narda Model 644

ssss8 SIsanrse ((FREQUENCY=  3.273 GHZ)) o
DE= 2.964 CM DH= 4.67 CHN CE=s 33.85 CM CH= 32.74 CM e

B= 17.14 CM( 1.8733 LAMDA) A= 23.18 CM( 2.5305 LAMDA) K
: EL= 34.27 CM( 3.7411 LAMDA) HL= 38.54 CM( 4.2073 LAMNDA) S
S RECEEREXREXRERERRERREERERRESRRERERERESRBEEREEBEN SRS RS RXEREES Kk
] ZA4 R RGAN PRPT  NFGAIN RGU RGC
(CH) (cH) DB DB DB DB DB S
3519.40 3527.02  0.00000 -40,792 14.451 36.847 34.847 R
ili 100.00 107.63  0.02874 -10.822 14.480 21.663 21.862 - .
" 110.00 117.63  0.03446 -11.520 14,486 22.044 22.211 T
. 120.00 127.63  0.03802 -12,172 16.489 22.394 22.537 -
- 130,00 137.63  0.04020 -12.784 16.491 22.720 22.843 T
) 140.00 147,63 0.04140 -13.360 16.493 23.023 23.131 e
150.00 157.63  0.04194 -13.902 14.493 23.307 23.402 o Pl
160.00 167.63  0.04205 -14.414 14.493 23.574 23.458 -
170.00 177.63  0.04180 -14.900 16.493 23.826 23.901 -
180.00 187.63  0.04136 -15.361 14,493 24.045 24.132
190.00 197.63  0.04079 -15.800 16.492 24.291 24.351
200.00 207.63  0.04008 -16.219 14.491 24.506 24.561 RS
210.00 217,63 0.03931 ~16.620 16.491 24.711 24,741 PN
220,00 227.463  0.03851 -17.003 14.490 24.907 24.953 s
230.00 237.63  0.03769 -172.370 16.489 25.094 25.137
240.00 247.63  0.03686 -17.724 14.488 25.274 25.313
250.00 257.63  0.03604 -18.063 16.487 25.447 25.483
240.00 267.63  0.03523 -18.390 16.487 25.613 25.644 :
270.00 277.63  0.03439 -18.706 16.486 25.773 25.804 - b
280.00 287.63  0.03359 -19.011 14.485 25.928 25.957 AL
290.00 297.63  0.03273 -19.305 16.484 26.077 26.104 SRS
300.00 307.63  0.03196 -19.591 16.483 26,221 26.247 o
310,00 317.63  0.03127 -19.867 16.483 26.361 246.385 oo
320.00 327.63  0.03051 -20.135 16.482 246.496 24.519 e
330.00 337.63  0.02985 -20.395 16.481 26.628 246.649 e
340.00 347,63  0.02914 -20.647 16.480 26,755 26.775 oL
350.00 357.63  0.02854 -20.892 16.480 26.879 26.898 T
360,00 367.63  0.02790 -21.131 14.479 26.999 27.017 Lo
370.00 377,63  0.02722 -21.364 16.479 27.116 27.133 4 Lzsi
380.00 387.63  0.026647 -21.590 16.478 27.230 27.24é tg ﬁgﬁ;
390.00 397.63  0.02606 -21.811 16.477 27.342 27.357 T e
400.00 407.63  0.02553 -22.027 16.477 27.450 27.445 [:i
SRR
i
26 0.
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.i Table 6: Range Correction Data for SA Model 12-3.9

ssssslSlessss  ((FREQUENCY=  4.500 GHZ))
DE= 5.35 CH DH= 8.06 CHM CE= 39.35 CM CHs 36.62 CM
B= 16.00 CM( 2.4003 LAMDA) A= 21.461 CM( 3.2+.2 LAMDA)
EL= 28.10 CH( 4.2146 LANDA) HL= 31.63 CM( 4.7480 LAMDA)
BESEERNAERREIREI LRI SIS HES ARSI SR IRATAB RS LRSS AR RIRRXRRAEESRIRNEN

b e
.. L

ey

1AA R RGAN PRPT  NFGAIN RGU RGC e

(cw) ) DB 1] ] DB DB DB -

- 4202.07 4213.469 0.00000 -41.880 18.062 39.002 39.002 !:;,;:

' 100.00 113.62 -0.00325 -10.93% 18.058 23.311 23.541 KO
110,00 123,62  0.00653 -11.603 18.068 23.647 23.863
120.00 133,62 0.01340 -12.211 1B.075 23.998 24.147
130.00 143.62 0.01827 -12.7684 18.080 24.307 24.454
“ 140.00 153.62 0.0217t -13.326 18.083 24.396 24.725
130.00 163.62 0.02417 -13.839 18.086 24.B47 24.981
160.00 173,62 0,02590 -14.326 18.088 25.123 25.225
120.00 183.62 0.02708 -14.789 18.089 25.345 25.456
180.00 193.62 0.02785 -135.230 18.090 25.395 25.4677
. 190.00 203,62 0.02831 -15.4651 18.090 25.813 25.887
i. 200,00 213,62  0.02833 -16.054 18.090 26.021 26.088
210.00 223.62 0.02864 -16.439 18.090 26.219 26.281
. 220.00 233.62 0.02854 -14.809 18.090 26.409 26.466
o 230.00 243,462  0.02840 -17.164 18.090 26.592 26.444
. 240.00 253,62 0.02817 -17.5086 18,090 26.767 26.815
8 230.00 283.62 0.02783 -17.834 18.090 246.935 26.980
260.00 273.62 0.02753 -18.133 18.089 27.097 27.138
Il 270.00 283,462 0.02718 -18.440 18.089 27.2353 27.292
280.00 293.62 0.02675 -18.757 18,088 27.404 27.440
290.00 303.62 0.02632 -19.044 18.088 27.530 27.584
300.00 313.62 0.023%91 -19.322 18.088 27.49% 27.723
310.00 323.62 0.023351 -19.592 18.087 27.828 27.858
320.00 333,62 0.02511 -19.853 18.087 27.960 27.988
t 330.00 343.62 0.02464 -20.108 18.086 28.089 28.116
340.00 353.62 0.02427 -20.333 18.086 28.214 28,239
350.00 363.42 0.02382 -20.393 18.086 28.336 28.339
360.00 373.62  0.02341 -20.829 18.083 28.434 28.474
. 370.00 383.62 0.02300 -21.037 18.083 28.549 28.590
L 380.00 393.62 0.02255 -21.279 16.084 28.481 28.701
390.00 403.62 0.02222 -21.496 18.084 28.790 28.810
400.00 413./2  0.02174 -21.708 18.083 28.897 28.915
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Table 7: Range Correction Data for Narda Model 642 «

seesslSIsners  ((FREQUENCY=  46.800 GHZ))
DE= 1.42 CM DH= 2.60 CHM CE= 16.44 CM CH= 17.56 CM

B= 8.30 CN( 1.8813 LANDA) A= 11.80 CM( 2.6747 LANDA) 2 .
EL= 16.86 CM( 3.8216 LANDA) HL= 19.98 CM( 4.5288 LANDA) e
BESEERERREBBABREREABEREE LR XSS BB ER BRI BRRBERRSRRORNE LRSI R XS X

2AA R RGAN PRPT  NFGAIN  RGU RGC
(cm (cK) DB DB DB DB DB

1893.66 1897.69  0.00000 -41.272 14,693 37.328 37.328

100.00 104.02  0.07170 -16.020 16.764 24,4646 24.703 T
110.00 114,02 0.06758 -16.807 16.760 25.048 25.094 e
120.00 124.02 0.06380 -17.530 16.756 25.417 25.458 SR
130.00 134,02  0.06023 -18.199 16,753 25.738 25.792

140.00 144,02  0.05691 -18.822 16.750 26,073 26.103

150.00 154,02 0.05388 -19.403 14.747 26.368 26.394 CoTi
160.00 - 164.02  0.05118 -19.949 16.744 24,644 256.467 il
170.00 174.02  0.04857 -20.463 16.741 26.903 26.924 RN
180.00 184.02  0.04625 -20.949 14.739 27.148 27.167 oo
190.00 194,02 0.04411 -21.409 16,737 27.380 27.397 -
200.00 204.02  0.04198 -21.846 16.735 27.601 27.616 s
210.00 214,02 0.04015 -22.243 16.733 27.810 27.824 o
220.00 224.02  0.03838 -22.661 16.731 28,011 28,023 s
230.00 234.02  0.03480 -23.041 16,729 28,202 28.213 IRy
240.00 244,02  0.03530 -23.406 14.728 28.385 28.395 A
250.00 254,02  0.03388 -23.756 16.727 28,561 28.571 DGR
260.00 264.02  0.03251 -24.092 16.725 28,730 28.739 CoTer
270.00 274.02  0.03135 -24.416 16.724 28.892 28.90% g
280.00 284.02  0.03015 -24.729 16.723 29.049 29.057 Tl
290.00 294.02  0.02917 -25.030 16.722 29.201 29.208 T
300.00 304.02  0.02814 -25.322 16.721 29.347 29.354 e
310.00 314,02 0.02720 -25.604 16.720 29.488 29.495

320.00 324.02  0.02615 -25.878 16.719 29.626 29.432

330.00 334.02  0.02526 -26.143 16.718 29.758 29.744

340.00 344.02  0.02454 -26.400 16.717 29.887 29.893

350.00 354.02  0.02380 -26.650 16.716 30.012 30.017

360.00 364.02  0.02285 -26.893 16.715 30.134 30.139

370.00 374,02  0,02214 -27.129 16.715 30.253 30.257

380.00 384.02  0.02146 -27.359 16.714 30.348 30.372

390.00 394.02  0.02082 -27.584 16.713 30.480 30.484

"400.00 404.02  0.02025 -27.802 16.713 30.590 30.594

28

et et
Al ae




Table 8:

s3]l S[ennses

DE= 22,00 CM
3= 21,37 CM(
EL= 47.30 CM(

ZAA

(cK)
10515.44
100.00
110.00
120.00
130.00
140.00
150.00
160.00
170.00
180.00
190.00
200.00
210.00
220.00
230.00
240.00
250.00
260.00
2720.00
280.00
290.00
300.00
310.00
320.00
330.00
340.00
350.00
360.00
370.00
380.00
390.00
400.00

Range Correction Data for SA Model 12-5.8

DH= 29.84 CH C
4.4992 LANDA)
9.9983 LANTA) H

R
(CH)
10567.28
131.84
161.84
171.84
181.84
191.84
201.84
211.84
221.84
231.04
241.684
251.84
261.84
271.84
281.84
291.84
301.84
311.84
321.84
331.84
341,84
351.84
361.84
371.84
361.84
391.84
401.84
411.04
421,84
431.84
441.84
431.84

RGAN
DB

0.00000
-0.37231
-0.31424
-0.26760
-0.22967
-0.19845
-0.17249
-0.15049
-0.13224
-0.11649
-0.10300
-0.09130
-0.08118
-0.07232
-0.06434
-0.05773
-0.05148
-0.044630
~0.04150
~0.03720
-0.03337
-0.02992
-0.02476
-0.02398
-0.02143
~0.01913
-0.01700
-0.01511
-0.01333
-0.01175
-0.01033
-0.00893

((FREQUENCY=  6.313

E= 93.56
A= 28.85
L= 50.84

PRPY
DB

-44.630

-9.719
-10.031
-10.350
-10.672
-10.994
=11.314
~11.629
-11.939
-12.243
-12.540
-12.831
13,113
-13.393
-13.443
-13.928
-14.186
-14.438
~14.4604
-14.924
-13.158
-15.3848
-13.61
-15.830
-16.044
-16.254
-16.4359
-16.6%59
-16.834
-17.048
-17.237
-17.422

GHZ))

CM CHe 77.04 (M
CM(  6.0737 LANDA)
CH( 10.7009 LAMDA)
IR T T P e P e P I LY PR PR A P R TP Y e T P P P e P s L)

NFGAIN
DB
22.149
21.777
21.835
21.882
21.920
21.951
21,9727
21.999
22.017
22.033
22.044
22.058
22,048
22.9077
22,083
22.092
22.098
22,103
22.108
22.112
22,114
22.119
22.122
22.125
22.128
22.130
22.132
22.134
22.134
22.137
22.139
22.140

RGU
DB
44,464
26,411
26.630
26.843
27.051
27.252
27 . 447
27.4635
27.817
27.993
28.163
28.327
28,486
28.640
28.789
28.934
29.074
29.210
29.342
29.471
29.596
29.718
29.837
29.952
30.0465
30.1723
30.282
30.387
30.489
30,590
30.688
30.783

RGC
DB
44,464
27.009
27.165
27.324
27.485
27.646
27.806
27.964
28.119
28.271
28.419
28.365
28.707
28.845
28.981
29.113
29.242
29.368
29.491
29.611
29.728
29.843
29.95%
30.064
30.1721
30.274
30.379
30.479
30.577
30.673
30.748
30.8460

-3
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- Table 9: Range Correction Data for SA Model 12-8.2 S

sssssLSIeasas  ((FREQUENCY*  8.000 GHZ)) PR
DE= 10.40 CN DN= 15.02 CA CE= 55.13 CH CH= 48.45 CA P
B= 14.40 CH( 3.8400 LANDA) A= 19.44 CHC 5.1840 LAWDA) 1.

El= 32.00 CM( 8.5333 LANDA) HL= 34.23 CH( 9.1333 LANDA)
BESSASNERRERRLRAERREREIREIRSAS AR RLARRABRERRAREABSNEE SR SRS SN S

ZAA R RGAN PRPT  NFGAIN RG6U RGC
(CH) (CN) DB DB DB DB DB .
6046.62 6072.23 0.00000 -43.363 21.404 43,085 43,085 f"-A
100.00 125,61 -0.12242 -10.605 21.281 26.365 26.706 -
110.00 135.61 -0,09755 -11.130 21.306 26.672 26.969 T
120.00 145,61 -0.07843 -11.636 21.327 26.962 27.222 Lo
130.00 155.81 -0.046341 -12.121 21,340 27.236 27.44%5
140.00 165.61 -0.05150 -12.9687 21,352 27.494 27.4698 RS
130.00 175,61 -0.0418% -13.034 21.362 27.739 27.921 ;; e
160.00 185.481 -0.03411 -13.463 21.370 27.972 28,135 T
170.00 195.41 -0.02771 -13.875 21,376 28.194 28.3IM f:}{;
180.00 205.61 -0.02237 -14,270 21,381 28.405 28,539 e
3 190.00 215.41 -0,01794 -14.4650 21.386 28.606 28.729 =
‘ 200.00 225.61 -0.01419 -15.014 21,390 28.800 28.912 N
- 210.00 235.61 -0.01105 -15.3468 21.393 28.985 29.088 - ;;; .
7T 220.00 245,61 -0.00837 -15.7207 21.395 29.1463 29.238 ’.
230.00 295.461 -0.004611 -16.038 21.398 29.334 29.421 RS
. 240.00 265.61 -0.00410 -14,352 21.400 29.498 29.3580 - el
. 230.00 275,61 -0.00248 -16.438 21.401 29,657 29.733 R
260.00 285.61 -0.00100 -146.935 21.403 29.811 29.881 SN
270.00 293.61 0.00031 -17.242 21.404 29.959 30.025 {{i{
280.00 305,61 0.00143 -17.520 21.405 30.102 30.164 :i g
i 290.00 313,61 0.00231 -17.790 21.406 30.241 30.299 - :Qﬁf;
e 300.00 323.61 0.00320 -18.033 21.407 30.376 30.430 ﬁ:s‘:,
= 310.00 335.61 0.00390 -18.308 21.408 30.506 30.3538 e
- 320.00 345,61 0.00454 -18.336 21.408 30.4633 30.482
330.00 359.41 0.00505 -18.797 21.409 30.757 30.802
) 340.00 365.41 0.00562 -19.032 21.409 30.876 30.920
330.00 373.61 0.00603 -19.246Y 21.410 30.993 31.034
3460.00 365.41  0.004640 -19.484 21.410 31.107 31,146
370.00 395.81  0.00647 -19.702 21.410 231,218 31,255
380.00 403.61 0.00498 -19.915 21.411 31,326 31.361
390.00 415.61 0.00726 -20.122 21.411 31.431 31.446%
400.00 423.61 0.00742 -20.326 21.411 31.53% 31.567
5
A
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E Table 10: Range Correction Data for SA Model 12-8.2

srsas GIesa0x  ((FREQUENCY=  9.000 GHZ))
'. DE= 13.60 CH DH= 18.68 CH Ck= 60.97 CN CH= 51.19 CM
- B= 14.40 CH( 4.3200 LANDA) A= 17.44 CN( 35.8320 LAMDA)
EL= 32.00 CH( 9.6000 LANDA) HL= 34,25 CM( 10.2750 LAMDA)
BESEERENBERLRESSACERRRISBNERSERCRISHEEABESRSA SRR SRR SBESR ISR ¥

7Y R RGAN  PRPT  NFGAIN RSU  RGC
(cn) (cH) DB ] DB DB DB

| 6802.44  6834.73  0.00000 -44.264 21,979 44,111 44111
- 100.00 132,28 -0.16303 -11.047 21.814 27.141 27.502
110.00 142,28 -0.13294 -11.529 21,846 27.428 27.743

120.00 152,28 -0.10954 -11.997 21.869 27.499 27.977

130.00 162.28 -0.09094 -12.449 21,888 27.957 28.203

140,00 172,28 -0.07403 -12.886 21.903 28,202 28.422

150,00 182.28 -0.06392 -13.307 21.915 28.435 28.432
: 160,00 192,28 -0.05393 -13.713 21.925 28.457 28.835
‘ 170.00 202.28 -0.04368 -14.103 21.933 28.849 29.030
180.00 212,28 -0.03874 -14.480 21.940 29.071 29.219

190.00 222.28 -0.03292 -14.843 21.948 29.265 29.400

. 200.00 232,28 -0.02796 -15.193 21.951 29.451 29.575

i ) 210.00 242,28 -0,02372 -15.331 21.953 29.630 29.744
. 220.00 252.28 -0,02010 -15.858 21.959 29.802 29.908
y 230,00 262.28 -0.01696 -16.174 21,962 29.968 30.064
RS 240.00 272,28 -0,01429 -16.480 21.964 30.128 30.219
o 250.00 282.28 -0.01190 -16.776 21.967 30.282 30,367
g 260.00 292.28 -0.00987 -17.063 21.969 30.431 30,510
1 270.00 302.28 -0.00807 -17.342 21.971 30.576 30,649
nle 260.00 312,28 -0.00647 -17.412 21.972 30,715 30.785
: 290.00 322.28 -0.00505 -17.875 21.974 30.851 30.914
o 300.00 332.28 -0.00380 -18.130 21.975 30.982 31.044
S 310.00 342,28 -0.00272 -18.378 21.976 31.110 31.148
- 320.00 352.28 -0,00176 -18.620 21.977 31.234 31.289
, 330.00 362,28 -0,00094 -18.856 21.978 31.355 31.407
. 340.00 372.28 -0.00011 -19.085 21.979 31.472 31,521
330.00 382.28  0.00049 -19.309 21.979 31.587 31.633

360.00 392,28  0.00119 -19.527 21.980 31.498 31.742

R 370.00 402.28  0.00166 -19.741 21,980 31.807 31.849
T 380.00 412,28  0.00212 -19.949 21,981 31.913 31.953
> 390.00 422,20 0.00265 -20.153 21.981 32.017 32.055

400.00 432.28  0.00299 -20.352 21.9982 32.118 32.155



Table 11: Range Correction Data for SA Model 12-8.2

ss00s| Slsssnsse ( (FREQUENCY= 10.000 GHZ))
8= 146,98 Cm W= 22.35 M CE= A6.39 (A CH= 52.7t (s
§3 14,40 (Mt 4.2000 LanDA) A= 19,44 CHL 4,4HU0 (ARDA
sz 32,00 CMe 10,6667 LAMDAYT HL= 34,25 CAC 11,4167 LARDA.
Ry Ty R R N P R TR R AT

144 R RGAN PRPT  NFGAIN  RGU RGC Lo
(CH) (CH) DB DB DB IB 03 , -

7558.27 7597.81  0.00000 -45.261 22,397 45.028 45,623 -
100.00 139.54 -0.20558 -11.685 22.192 27.873 28..4¢ - ¢
110.00 149,54 -0,17060 12,128 22.227 28.139 28.44! -
120.00 159.54 -0.14298 -12,562 22.254 28.392 28.47%

130,00 149,54 =-0.12085 -12.984 22.276 28.634 28.93-

140.00 179,54  -0.10289 -13.394 22.294 28,865 19.094 T
150.00 189,54 -0,08814 -13.750 22.309 29.0846 29.2¢: -
160.00 199.54 -0.07591 -14.174 22.321 29.297 29.48: L_._,_
170.00 209.54 -0.04547 -14.545 22.332 29,499 29.67% co T
180,00 219,54  -0.05704 -14,903 22.340 29.693 72°,849

190.00 229.54 -0,04971 -15.250 22.348 29.879 30.02:

200,00 239.54 -0.04345 -15.585 22.354 30.058 30.190

210.00 249,54 -0,03805 -15.909 22.35% 30.230 30,3152

220.00 259.54 -0.03336 -14.223 22.364 30.396 30.509

230.00 269.54 <-0.02930 -16.527 22.348 30.556 30.661

240.00 279.%54 -0.02579 -14.822 22.372 30.711 30,80°

250.00 289.54 -0.02265 -17.109 22.37S 30.841 30,952

260.00 299.54 -0.01992 -17.386 22.377 31,005 31.090

270.00 309,54 -0.01753 -17.654 22.380 31.146 31,225

280.00 319.54 -0.01536 -17.918 22,382 31.28%1 31.3%: e )
290.00 329.54 -0.01346 -18,173 22.384 31,413 31,484 T
300.00 339.54 -0.01175 -18.422 22.386 31.542 31.408 o
310.00 349.54 -0.01028 -18.663 22.387 31.466 31,729 A
320.00 359.54 -0,00892 -18,899 22.388 31.787 31.847 T
3130.00 349.54 -0.00749 -19.128 22.390 31.905 31.942 o
340.00 379,54 -0.00660 -19.352 22.391 32,020 32.07% & E -
350.00 389.54 -0.00561 -19.571 22.392 32.132 32,123 -;t;, NS
360.00 399.54 -0.,00474 -19,784 22,393 32,241 32,293 CEENG
370,00 409.54 -0.00398 -19,993 22.393 32.348 32.394 3 gqa}}_
380.00 419,54 -0.00320 -20.197 22.394 32,452 32.496 0N GNRPG
390.00 429.54 -0.00248 -20.396 22.395 32.553 32.595 R 2
400,00 439.54 -0.00202 -20.59! 22.395 32.453 32.693 . g_ .




. Table 12: Range Correction Data for SA Model 12-8.2
ssenaSlvesns "(FREQUENCY= 11,000 GHZ))
DE= 20.80 (H DHe 26.5% Ch CE= 71.32 Cn CH= 32.9)" (nM
] B= 14.40 Cn(C 35.2800 LAMDA) A= 19,44 CH( 72,1280 LANDA)
ti= 32.00 Cwi 11,7333 LANDA) HL= 14.25 CM( 12,5983 LAMDM)
(AR R AN R RN N R A R R R R A R A N R R R N R AR R S AR S PN NN NN N
MY f PGAN PEPT  NFGRIN =G (s
(CH) (cH) bB DB LB [i8 )
8314,10 Bl61.45 0.00000 -45,354 22,581 45,858 495.8%8
- 100.90 147,35 -0.24572 -12.484 22.435 28.564 28.974
110,00 157.35 -0.20647 -12.896 22.475 28.8t0 29,109
120.00 167,35 -0.172514 -13.300 22.50s8 29,046 .72.314
130.00 177.35  -0.14974 -13.694 2.531 29,273 29.528
140.00 187.35 -0.12898 -14,079 22,552 29.4%0 29.721
-~ 150.00 192,35 -0.11175 -'4,4953 22,569 29.699 L2°0.3.¢
160,00 207,35 -0.09739 -14,316 22.984 29.8°9 3 .05
170,00 212,35 -0.08519 -15,1468 22,596 30,092 139.Is%
180.00 227.35 -0.07489 -15.910 22.006 30.277 13.43%
190.00 237.35 -0.06606 -15.841 22,6135 30,455 30.601
200.00 247.35 -0.09844 -14,1461 22,4623 130,626 30,762
210.00 257,35 -0.05188 -16.472 22.629 10.792 134.917
. 220.00 267,35 -0.044613 -16.774 22,635 30.952 31.048
230.00 277,35 -0.04113 -17,067 22.640 31.106 31.2'%
240.00 287.35 -0.034469 -17.331 22.444 3,256 31.357
250.900 297,35 -0.03282 -17,428 22.4648 31,400 31,43¢
260,00 307.35 -0.0294) -17.896 22.4652 31,541 31,429
270.00 J17.35 -0.02633 -18.158 22.45% 31,4677 31,740
ll 280.00 327.35 -0.023462 -18.412 22.657 31,809 31.837
290.00 337,35 -0.02119 -18.659 22.660 31,937 312,011
300.00 347,35 -0.01898 -18.900 22.642 2,061 32,13
310.00 357.35 -0,0170t1 -19.135 22.664 32,183 32.04°¢
320.7) J3467.35 -0.01526 -19,345 22.8466 32,301 32.343
330..) 377.35 -0.01349 -19.388 22.6467 32.416 32.475
¢ 340.0v 387.35 -0.01229 -19.807 22,669 32,528 132.584
: 35¢.00 397,35 -0.01100 -20.020 22.670 J32.638 32,4691
36C.00 407,35 -0.00977 -20.228 22.67V 32.744 32.79%
- 370.00 A172,35 -0.00867 -20.432 22.4672 32.848 32.89°
. 380,00 427,35 -0.00775 -20.632 22.673 32.950 2.99°
! 390.00 437,39 -0.00683 -20.826 22.674 33,050 33.094
400.00 447,35 -0.005946 -21.017 22.4675 33.147 33,190
{
. 33
l
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Table 13:
ssess SIsnsnn {(FREQUENCY=
DE=z 25.06 CH DH= 30.5t CM CE= 75.64 CAM

B= 14.40 CM(

1Y)
(cH)
9049.93
100.00
110.00
120.00
130.00
140.00
150.00
160.00
170.00
180.00
190.00
200.00
210.00
220.00
230.00
240.00
250.00
260.00
270.00
280.00
290.00
300.00
310.00
320.00
330.00
340.00
350.00
360.00
370.00
380.00
390.00
400,00

PO P Tl St 4

Range Correction Data for SA Model 12-8.2

5.7600 LaANDA)

EL= 32.00 CN( 12.8000 LANDA) W
HOEERAIRREAELELIEVBSSLRE BRI ERNREBHEIREENEXBS SRS RRERRX IS AR AR S XA S

R
(CH)
9125.50
155.37
165.57
175.57
185.57
195.57
205.57
215.%7
225.57
235.52
245,37
255.57
265.57
275.57
285.57
295.57
30%.37
313.57
325.%7
335.57
345.57
355.57
365.9%7
373.57
385.97
193.57
405.57
415.57
425.37
435.%7
443.57
455.57

RGAN
bB

0.00000
~0.28329
-0.24057
-0.20608
-0.17787
-0.13434
-0.13504
-0.11864
-0.10448
-0.0927¢4
-0.08247
-0.07357
~0.06582
-0.035901
-0.03305
-0.04776
~0.04308
-0.03892
-0.03518
-0.03187
-0.02887
~0.02612
-0.02344
-0.02152
-0.01948
=0.01747
-0.01602
-0.01449
-0.01309
-0.01183
-0.01067
-0.00959

Az 19.44
L=

PRPT
DB

-47.537
-13.425
-13.806
-14.183
-14,9553
-14.916
-15.270
-15.614
-13.949
-16.27%
-14,3%1

-146.898
-17.197
=17.487
~17.769
-18.043
~-18.310
-18.570
-18.823
-19.069
~19.310
=19.544
-19.772
-19.995
~20.213
~20.426
-20.634
-20.837
-21.034
-21.231

~21.422
-21.609

12.000 BHZ))

CHs 51.67 CH

CH(  7.7760 LANDA)

NFGAIN
DB

22.847
22.564
22.606
22.4641

22.669
22.692
22.712
22.728
22.742
22.7%4
22.764
22.773
22.78¢

22.788
22.794
22.799
22.804
22,808
22.812
22.815
22.818
22.821
22.823
22.825
22.827
22.829
22.831

22.832
22.834
22.83%
22.836
22.837

REU
bB
46.615
29.2135
29.443
29.643
29.876
30.080
30.277
30.447
30.6350
30.827
30.997
31.161
31.320
31.474

- 31.623

31.767
31.907
32.043
32.174
32.302
32.427
32.548
32.666
32.781

32.893
33.003
33.109
33.214
33.316
33.415

33.513
33.408

34.25 CM( 13.7000 LANDA)

RGC
DB

46.613
29.53¢
29.730
29.938
30.124
30.305
30.482
30.654
30.821

30.984
31.142
31.296
31.445
31.590
31.731
31.869
32.002
32.132
32.238
32.382
32.502
32.619
32.733
32.843
32,954
33.060
33.164
33.246
33.365
33.443
33.558
33.651
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E Table 14: Range Correction Data for Narda Model /4N

ssees SIssres  ((FREQUENCY=  8.000 GHI))
DE= 0,65 CH DHs 0.99 CN CE= 10.07 CM CH= 9.42 (N
\. B= 5,95 CN( 1.5847 LANDA) Az 7.86 CM( 2.0960 LAMDA)
’ EL=z 12.75 CM( 3.4000 LAMDA) HL= 14,23 CMN( 3.8000 LAMDA)
BSSESHSBRELSB RSOOSR LR EBS SR ELECE LA ESERERNSEXEH SRS S BEREERES %

1Y) R RGAN PRPT  NFGAIN  R6U RGC
(CH) (CH) DB pB DB DB DB

988.47 990.11  0.00000 -40.197 15.110 35.209 35.209

_ 100.00 101,64  0.03480 -20.394 (5.145 25.287 25.307

110.00 111.64  0.03223 -21.208 15.143 25.698 25.714

120.00 121,64 0.02992 -21.952 15.140 26.073 26.086

130.00 131,64 0.02782 -22.639 15.138 26.418 26.430

140.00 141.64  0.02607 -23.275 15.136 26.737 26.748

o 150.00 151.64  0.02436 -23.868 15.135 27.035 27.044

) 160.00 161.64  0.02281 -24.424 15.133 27.314 27.322

170.00 171,64  0.02151 -24.946 15.132 27.576 27.583

180.00 181.64  0.02030 -25.439 15.131 27.824 27.830

190.00 191.64  0.01913 -25.905 15.129 28.057 28.043

200.00 201.64  0.01805 -26.348 15.128 28.279 28.285

. 210.00 211.64  0.01712 -26.770 15.127 28,491 28.495

1 220.00 221.64  0.01629 -27.122 15.127 20,692 28.496

230.00 231.64  0.01544 -27.556 15.126 28,884 28.888

240.00 241.64  0.01450 -27.924 15.125 29,069 29.072

: 250.00 251.64  0.01396 -28.277 15.124 29,246 29.249

- 260.00 261.64  0.01322 -28.416 15.124 29,416 29.419

; 270.00 271.64  0.01259 -28.943 15.123 29.579 29.582

1 B 280.00 281.64  0.01209 -29.258 15.122 29.737 29.739

s 290.00 291.64  0.01155 -29.541 15.122 29.889 29.891

300.00 301.64  0.01096 -29.855 15.121 30.036 30.038

310.00 311.64  0.01037 -30.139 15.121 30.178 30.180

T 320.00 321.64  0.01005 -30.414 15.120 30.315 30.317

- 330.00 331.64  0.00952 -30.681 15.120 30.449 30.451

’ , 340.00 341.64  0.00904 -30.940 15.119 30.578 30.380

. 350.00 351.64  0.00864 -31.191 15.119 30.704 30.706

o 340.00 361.64  0.00835 -31.435 15.119 30.826 30.828

370.00 371.64  0.00815 -31.672 15.118 30.945 30.944

: 380.00 381.64  0.00781 -31.903 15.118 31,080 31.062

s 390.00 391.64  0.00735 -32.129 15.118 31,173 31.175

> 400.00 401.64  0,00728 -32.348 15.118 31,283 31.204
’ !
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El= 12,75 CN(

1A4

(W)
1112.03
100.00
110.00
120.00
130.00
140.00
130.00
160.00
170.00
180.00
190.00
200.00
210.00
220.00
230.00
240,00
250.00
260.00
270.00
280.00
290.00
300.00
310.00
320.00
330.00
340.00
350.00
360.00
370.00
380.00
3190.00
400.00

3.8250 LANDA)

R
(CH)

1114.14

102.11
f12.11
122.11
132.11
142,11
152.11
162.11
172.11
182.11
19z. 11
202.11
212.11
222.11
232.11
242.11
252.11
262.11
272.11
282.11
292.11
302.11
312.11
J22.11
332.1
J42.11
3152.11
362.11
372.11
382.11
2.1
402.11

RGAN
DB
0.00000
0.03435
0.0319¢9
0.02982
0.02791
0.02620
0.02444
0.02320
0.02193
0.02066
0.01963
0.01857
0.01764
0.01462
0.01584
0.01514
0.01441
0.01343
0.01319
0.01259
0.01212
0.01159
0.01102
0.01068
0.01035
0.00980
0.00955
0.00913
0.00879
0.00853
0.00815
0.00787

Table 15:

S50 Slsnnex ((FREQUENCY= 92.000
0.85 Cu DH= 1.26 CHM CE= 11.24
53.95 CH( 1.7850 LAMNDA) A= 7.86

HLe= 14,25

PRPT
bB
-40,369
-19.3591
-20.3%9
-21.1139
-21,822
-22.455
~23.046
-23.599
-24.119
-24.610
~-25.07%
~23.517
-23.937
-26.338
~26.721
-27.088
-27.441
-27.780
~28.103
-20.419
-28.722
-29.013
-29.29¢9
~29.573
-29.839
-30.098
-30.348
-30.392
-30.829
~31.060
~31.285
-31.504

36

6HZ))

Range Correction Data for Narda Model 640

CH  CH= 10.51

CM( 2.3380 LANDA)
CH(  4.2750 LANDA)
FERETRERRERBRISEEEARSLEENEBLRETASRERAREATEREREE RS RRERRSRRRRRFRAE

NFGAIN
DB
16.048
16.083
16.080
16.078
16.074
16.073
16,073
16.072
16.070
16.049
16.068
16.067
16.066
16.065
14.064
16.064
16,063
16.062
16.062
16.061
16.0461
16.060
16.059
16.059
16.0%Y
14..058
16.058
16.038
16.0%57
16.057
16.057
14.056

RGU
DB
36.233
25.819
26.228
26.4601
26.945
27.263
27,560
27.838
28.099
28.346
28.3579
28.801
29.011
29.212
29.404
29.588
29.745
29.934
30.0%8
30.233
30.407
30.553
30.695
30.833
30.9486
31.09%
31.220
31.343
31,461
31.577
31.489
31.799

......
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br‘ Table 16: Range Correction Data for Narda Model 640

S sessslSlensss  ((FREQUENCY= 10.000 GHZ))

nE= 1.08 CM DMz 1.5 CH CE= 'I.AL (M CH= 11,59 M
] b= 5.95 CHr *.9333 LANLA) A= .84 CMC  2,4200 Lasia

El= 12,75 cMt 42905 LAMDIMAY L= 14,25 CR{ 4.7500 LAmDA,
R R N R e Yy Ny R TSI T P NNV RN T AT

1Y 3 KGAN FRPT  NFGAIN  RGU FGC

(W LI 0B DB DB UB I8

1235.59 1233.22  0.00000 -40.556 16.87) 37.149 37,149
.I — 100.00 102,63  0.03343 -18.917 16,905 26.300 28.330
i 110.00 112,63 0.03132 -19.719 16,903 26.706 26.739
120.00 122,63  0.02941 -20.454 16,901 27.G77 27,099

130,00 132,63 0.02740 -21.132 16.899 27,420 17,41

o 140.00 142,63 0.02601 -21.762 16.897 12,737 2P.ier
PR 150.00 152,63 0.02450 -22.350 16.8%6 18,033 I8.%4.
160.00 152,63 0.02319 -22.900 16.894 19.310 28,in
170.00 172.63  0.02193 -23.419 14.893 28.570 28.589

180.00 182.63  0.02073 -23.908 16.892 28.816 28.82%

190.00 192,63 0.01973 -24.,371 16.891 29.048 19.0%7
e 200.00 202,63 0.01880 -24.811 .16.890 29,249 29.27°
. 210.00 212,63 0.01800 -25.230 16.889 29.479 29.48s
/ | 220.00 222.63  0.01702 -25.429 16,BB8 29.480 29.68¢
- 230.00 232,63 0.01441 -26.011 15.888 29,871 v.57°
n 240.00 242,63 0.01561 -26.378 16.887 30.055 30.0&°
T 250.00 252,63 0.01492 -26.729 16.886 30.231 30.21s
- 260.00 262,63  0.01438 -27.066 16.886 30.400 30.aye
: 270.00 272.63  0.01385 -27.391 14.885 30.563 30.5¢°
. | 280.00 282,63 0.01315 -27.705 16.884 30.720 130.7:24
- 290.00 292.63  0.01254 -28.008 16.884 30.871 130.875
T 300.00 302,63 0.01206 -28.300 16.883 31.018 31.02
- 310.00 312.63  0.01173 ~28,583 16.883 31.159 31,143
S 320.00 322.643  0.01114 -28.857 16.882 31,297 31.300
330.00 332,63 0.01077 -29.123 16.882 31,430 31,433

( 340.00 342,53 0.01040 -29.380 16.882 31.559 31.5e!

' 350.00 152,63 0.01004 -29.431 14.881 31,484 31,63
360.00 362.63  0.00975 -29.874 16.88' 31.806 3i.8%8
320.00 372,63 0.00950 -30.110 16.881 31.924 31,924
. 380.00 382.63  0.00910 -30.341 16.880 32,040 132,042

v 390.00 392,63 0.00857 -30.566 16.880 32.152 32.154

400.00 402.63  0.00834 -30.785 16.880 32.262 32.261
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7 Table 17: Range Correction Data for Narda Model 640

ssess| Slsonss ((FREQUENCY= 11.000 GHZ)) o

DE= 1,34 CH DH= 1.88 CHM CE= 13.56 CM CH= 12,63 (M i
B= 5.95 CM( 2.1817 LAADA) A= 7,86 CH( 2.8820 LAMDA!
pos 12.7% (M0 4.6750 LAMDA)  HL= 14,25 CWC 5,025 LARDA .

YISRE B IIBREE S S U U e B KRG ESREDEEBEEEEBEERSFE XL RISERESABESSEKEK

g~

AR Kk RGAN FRPT  NFGAIN  RGU KGC
(CH) cm) DB 0B DB DB B
13959.15 1362.37 0.00000 -40.758 17.3599 137.978 13{.778 -
100.00 103,22 0.03289 -18.350 17.632 26.740 16.774 - ..
110.00 113.22  0.03103 -19,146 17,630 27,143 27.172 :
120.00 123,22 0.02930 -19.875 17.628 27.512 27.5%?
130.00 133,22 0.02772 -20.549 17.627 27.853 27.874
140.00 142,22 0.02411 -21,174 17,625 28.169 28,187
. 150.90 153,22 0.02471 -21.760 17,524 26,4563 28.4°¢
140.00 163,22  0.02347 -22.308 17,622 28.739 28.7%53
170.00 173,22 0,02231 -22.824 17.4621 28.998 29.011
190.00 183.22  0.0212% 23,311 17,620 29.243 29.254
190.00 193.22  0.02024 -~23.772 17,619 29.475 29.485
200.00 203,22  0.01930 -24.210 17,418 29.695 29.704
_ 210.00 213,22  0.01BA0 -24.628 17,617 29,905 29.933
r 220.900 223.22  0.01765 -25.026 17.4617 30.104 30.112
- 216,00 233,22  0.01678 -25.407 17.616 30.294 30.3C3
240.90 243,22 0.014606 -25,772 17.615 30.479 30.485
- 250.00 253.22  0.01539 -26.122 17.614 30.454 30.640
» 260.00 263,22 0.014464 -26,459 17,614 30.823 130.829
- 270.00 273,22 0.01404 -256.784 17,613 130,986 30.99
280.00 283.22  0.01385 -27.096 17.613 31.142 31.147
290.00 293,22 0,01311 -27,398 17,612 31.294 31.298
. 300.00 303.22  0.01266 ~27.690 17.612 31,440 31.444
z 310.00 313,22 0.01212 -27,972 17,811 31.381 31.3585
B 320.00 323,22  0.01172 -28.24% 17.611 31,718 3t.722
310.00 333.22  0.01130 -28.510 17.410 31.851 31.854
143,00 J43.22  0.01086 -28.7468 17,610 31,980 31.983
3%0.90 353,22 0.01023 -29.018 17.409 32.105 32.108
160,00 363,22 0.01002 -29.261 17,609 32.226 32.229
170,00 173,22 0.009635 -29.497 17.5609 2.345 32,347
380.00 383.22  0.00912 -29.727 17.608 32.460 32.463
390.00 393.22 0.00886 -29.951 17,608 32.572 32.573
' 400.00 403.22 0.00887 -30.149 17.608 32.681 J32.684
38




Ii Table 13:

ssssslSlseres

" DE= 1.463 CH
b= 5.95 CM(

EL= 12.75 CM(

((FREQUENCY=
DH= 2.24 CH

2.3800 LANDA)

35.1000 LANDA)

s 7,86

HiL= 14,25 CH(

12.000 GH2))
CE= 14,70 CM

Range Correction Data for Narda Model 640

CH= 13.63 CH

CH(  3.1440 LAMDA)

5.7000 LANDA)

LAZZ I IRI RIS RS RS IRE2 22022 LS SRR R 21 222 D222 22222t 2ssds )]

2AA
(cm)
1482.71
100,00
110,00
120.00
130.00
140.00
150.00
160.00
170.00
180.00
190.00
- 200.00
[ 210,00
220,00

230.00

240,00

250.00

260.00

] 270.00
y 280.00
290.00

300.00

310.00

320.00

330.00

- 340.00
- 350.00
360.00
370.00
380.00
390.00
400.00

R
(CH)
1486.58
103.87
113.87
123.87
133.87
143.87
153.87
163.87
173.87
183.87
193.87
203.87
213.87
223.97
233.87
243.97
253.87
263.87
273.87
283.87
293.87
303.87
313.687
323.87
333.87
343.87
333.87
383.87
373.87
303.87
393.87
403.97

RGAN
DB
0.00000
0.03280
0.03128
0.02972
0.02818
0.02673
0.02343
0.02428
0.02320
0.02217
0.02126
0.02032
0.01950
0.018358
0.01783
0.01722
0.01658
0.01599
0.01334
0.01484
0.01418
0.01373
0.01342
0.012483
0.01214
0.01183
0.0112%
0.01140
0.01092
0.01044
0.01024
0.00973

PRPT
1]
-40.977
~17.877
-18.4663%
-19.389
-20.059
-20.481
~21.262
-21.807
-22.320
-22.80%
-23.264
-23.700
-24.14¢%
-24.513
-24.893
-23.257
-25.604
-25.942
-26.263
-26.577
-26.978
-27.169
-27.430
-27.724
-27.988
-28.245
-28.494
-28.736
-28.972
-29.202
-29.423
-2%.644

39

NFGAIN
DB
18,246
18.279
18.277
18.276
18.274
18.273
18.271
18.270
18.269
18.248
18.267
18,244
18.264
18,2469
18.264
18.263
18.243
18.262
18.261
18.261
18.260
18.260
18.259
18.259
18.258
18.238
18.258
18.257
18.2%7
18.2%7
18.256
18.236

RGU
DB
38.735
27.145
27.54%
27.912
28,251
28.566
28.859
29.133
29.392
29.4634
29.866
30.086
30.295
30.494
30.685
30.867
31.042
31.211
31.373
31.529
31.680
31.926
31.967
32.104
32,236
32,3465
32.489
32.611
32.729
32.844
32.956
33.065

RGC
DB
38.735
27.18%
27.979
27.941
28.275
28.586
28.877
29.149
29.4046
29.648
29.878
30.096
30.304
30.503
30.492
30.874
31.049
31.217
31.379
31.534
31.685
31.830
31.92¢
32.108
32.240
32.348
32.493
32,4614
32.732
32,047
32.939
33.048
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- Table 19: Range Correction Data for Larda Model CX-20 L

o
sssssAPIsssss  ((FREQUENCY= 8.000 GHZ)) 3! i
DE= 3.81CN DH= 4.20 CM CE= 23.643 CN CH= 23.24 CH Co
B= 12.65 CA A= 12.465 CH EL= 22.60 CH  HL= 24.84 CM
BESSSERFERRERSEL R PR ISR ECREOREEEBARETRERRSER IS SEESLAERES SRR RSS20
1A4 R RGAN PRPT  NFGAIN R6U RGC S
cm (cH) DB DB DB DB DB i
2560.36 2568.38  0.00000 -40.747 18.965 39.348 39,349 -
100.00 108.02 -0.04704 -13.537 18.918 25.434 25.734 - )
110.00 118.02 -0.03939 -14.25% 18.925 246.011 26.095 - %
120.00 128.02 -0.03382 -14.930 18.931 24.358 26.430 L
130.00 138.02 ~0.02927 -15.554 168.934 26.4680 26,742 N
140.00 148.02 -0.02560 -16.138 18.939 26.980 27.034 -
150.00 158.02 -0.02240 -146.687 10,942 27.261 27.309 L
160.00 168.02 -0.02012 -17.204 18.945 27.525 27.567 R
170.00 178.02 -0.01804 -17.693 18.947 27.774 27.812 e
180.00 188.02 -0.014628 -18.157 18.949 28.010 28.043 P
190.00 198,02 -0.01477 -18,597 18,950 28.234 28.244 e
, 200.00 208.02 -0.01348 -19.017 18,952 28.446 28.474 ji e
re 210.00 218.02 -0.01233 -19.418 18,953 28,649 28.674 o
S 220.00 228.02 -0.01137 -19.801 18.954 28.843 28.8646 e
- 230.00 238,02 -0.01050 -20.149 18.955 29.028 29.049 PRy
- 240.00 248.02 -0.00973 -20.521 108.955 29.206 29.226 AR
- 250.00 258.02 -0.00905 -20.840 18.956 29.377 29.395 S
~ 260.00 268.02 -0.00844 -21.187 18.957 29.542 29.558 ]i [
270.00 278.02 -0.00789 -21.501 18.957 29.700 29.716 il R
45 280.00 288.02 -0.00740 -21.805 18.958 29.853 29.848 o
] 290.00 298.02 -0.00495 -22.099 18.958 30,001 30.01% _.\ﬁg}:
300.00 308.02 -0.00654 -22.383 18.958 30.144 30.157 RN
310.00 318.02 -0.00618 -22.658 18.959 30.282 30.294 A
320.00 320.02 -0.00584 -22.925 18.959 30.417 30.428 £
330.00 338.02 -0.00553 -23.184 18.959 30.547 30.557 =
340.00 348.02 -0.00525 -23.436 18.960 30.4673 30.683 St
350.00 358.02 -0.00499 -23.480 18.9460 30.796 30.80%5 y*{
360.00 368.02 ~-0.00474 -23.918 18.960 30.915 30.924 -
370.00 378.02 -0.00452 -24.149 18.941 31.031 31,040 O
380.00 388.02 -0.00431 -24.37%5 18.961 31.14% 31,152 R
390.00 398.02 -0.00412 -24,595 18.961 31,255 31.262 e
400.00 408.02 -0.00393 -24.809 18.941 31.362 31.370 e
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R6U
DB
40.373
26.240
26.408
26.949
27.264
27.559
27.836
28.096
28.341
28.574
28.794
29.005
29.20%
29.397
29.380
29.7%?
29.926
30.089
30.24¢4
30.398
30.543
30.487
30.824
30.957
31.086
31.212
31.334
31.432
31.568
31.481
31.790
31.897

CH= 25.58 CM
HL= 24.84 CH

RGC
DB
40.373
26.357
26.707
27.033
27.337
27.623
27.892
28.1435
29.38%
28.4613
28.830
29.037
29.235
29.424
29.606
29.780
29.947
30.109
30.265
30.413
30.361
30.702
30.638
30.970
31.099
31.224
31.345
31.463
31.578
31.690
31.799
31.906

Table 20: Range Correction Data for Larda Medel CX-20
ssssspAPIssses  ((FREQUENCY=  9.000 GHZ))
DE= 4.82CM DH= 5.29 CM CE= 26.13 CM
B= 12,65 CH A= 12,63 CH EL= 22,60 CM
A3 82X ERBLLBELREBRERBERASEBEESLESRREL LS ESELPESREESEE SRS LS EESE S
144 R RGAN PRPT  NFGAIN
(CN) m DB DB DB
20880.41 2890.51  0.00000 -41.180 19.783
100.00 110.11  -0.03865 -13.147 19.724
110.00 120,11 -0.04941 -13.848 19.734
120.00 130.11  -0.04225 -14.499 19.741
130.00 140.11  -0.034658 -15.108 19.74¢6
140.00 150.11  -0.03200 -15.680 19.751
130.00 160.11 <-0.02826 -16.217 19.75%
160.00 170.11  -0.02517 -16.725 19.758
170.00 180.11 -0.02257 -17.205 19.760
180.00 190.11  -0.02036 -17.681 19.763
190.00 200.11 -0,01848 -18.095 19.745
200.00 210.11  -0.01483 -18.508 19.744
210.00 220.11 -0.01344 -18.904 19.7468
220.00 230.11 ~0.01421 -19.282 19.749
230.00 240.11 -0.01312 -19.645 19.770
240.00 230.11  -0.012146 -19.994 19.721
250.00 260.11 -0.01131 -20.329 19.772
260.00 270.11  -0.01054 -20.632 19.772
270.00 280.11 -0.00986 -20.964 19.773
280.00 290.11  -0.00924 -21.2463 19.774
290.00 300.11 -0.00868 -21.556 19.774
300.00 310.11  -0.00817 -21.837 19.77%
310.00 320.11  -0.00771 -22.110 19.775
320.00 330.11  -0.00729 -22.375 19.774
330.00 340.11  -0.00690 -22.632 19.776
340.00 350.11  -0.00655 -22.881 19.776
350.00 360.11 -0.00622 -23.124 19,777
360.00 370.11  -0.00592 -23.360 19.777
370.00 380.11 -0.00564 -23.590 19.777
380.00 390.11 -0.00538 -23.814 19.778
3%90.00 400.11 -0.003514 -24.033 19.778
400.00 410.11 -0.00491 -24.246 19.778
41

';..’ e

" _»
’ 7
L

[

X,
1) I. l. l.
NS

7,
th

.
l‘ ~'
e te 1e,
e, ¢
PR
+ € _¥_*




Table 21: Range Correction Data for Larda Model CX-20

sesssiAPesese ({FREQUENCY= 10.000 GOMZ))
DE-  S.94ACH DH= 4£.50 CH CE= 28.44 (M (H= 27,73 Chm
B= 12,55 Cn A 12,65 CN EL= 22.60 CHM HL= 24,68 (n

SESBINBABAISEREEIEEBSRLEEPESSERAETISBRERLSBELABLSSERIESSRIB SRSt -
Y R KGAN PRPT  NFGAIN  KGU RiC -
(CH) (CH) 0B DB 1] UB UK

3200.45 3212.89  0.00000 -41.439 20.470 41.290 41,050 SRR
100.00 112,44 -0.07020 -12.923 20.400 26.800 26.93 PN
110.00 122.44  -0.05916 -13.4601 20.411 27,159 27.27: -
120.00 132.44 -0.05058 -14,234 20,420 27.492 27.587 R
130.00 142,44 -0.04378 -14.827 20.427 27,801 27.834
140.00 152.44  -0.03829 -15.385 20.432 28.090 28.103 :
150.00 162,44 -0.03379 -15.911 20,437 28.362 28.424 R
160.00 172,44  -0.,03006 -146.408 20.440 28.617 28.474 AN
170.00 182.44 -0,02693 -14.879 20.443 28.859 28.910 .. |
180.00 192.44  -0.02428 -17.327 20.446 29.088 29.134 SN
190.00 202.44  -0.02202 -17.754 20.448 29.306 29.347 SRERCAN
200.00 212.44 -0.02006 -18.161 20.450 29.513 29,551 BER R
210.00 222,44 -0.01836 -18.551 20.452 29.711 29,744 e
220.00 232.44 -0.01488 -18.924 20,453 29.901 29.932 CGRCA,
230.00 242,44 -0.01557 -19.282 20.455 30.083 30,112 s
240.00 252.44  -0.01442 -19,627 20.456 30.257 30.284 o
250.00 262,44 -0.01339 -19.958 20,457 30.425 30.449 o8
260.00 272,44 -0.01247 -20.277 20.458 30.586 30.409 ey
270.00 282.44  -0.01145 -20.586 20.459 30.742 30.743 N
280.00 292.44  -0.01091 -20.884 20.459 30.892 30.912 RSN
290.00 302,44 -0,01024 -21.172 20.460 31,038 31,056 g
300.00 312,44 -0.00963 -21.451 20,461 31.178 31.19% R
310.00 322,44 -0.00907 -21.721 20.481 31.314 31,331 AR
320.00 332,44 -0.00857 -21.983 20.462 31,447 31,442 R SRS
330.00 342,44 -0,00811 -22.238 20.462 31.575 31.589
340,00 352.44  -0.007648 -22.486 20.463 31,499 31.713
350.00 362,44 -0.00729 -22.726 20.443 31.821 31.834
360.00 372,44 -0.00693 -22.961 20.463 31.938 31.9%!

370.00 382.44  -0.00660 -23.189 20.464 32,053 32.06S
380.00 392.44  -0.00629 -23.411 20.444 32,185 32,178
390.00 402,44 -0.00600 -23.428 20.464 32.274 32.284
400,00 412,44 -0.00573 -23.840 20.445 32.380 32.390
42
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Table 22: Range Correction Data for Larda Model CX-20

sss3sAPlsesss ((FREQUENCY= 11,000 6HZ))
DE= ?.15(% DW= 7.81 CM CE= 30.60 CH CH= 29.48% (H
8= 12,65 "+ A=z 12,65 CH EL= 22.60 (M HL= 4,84 (n

AR R LRSI RSN R KRN RAERS O K LSO AN USRS ESRESERERK v
- 2k R KGAN PRPT  NFGAIN  RGU R,
e (om (M) Db uB nB UR 17
- 352049 3535.45  0.00000 -42.142 21,048 42,119 42.119
‘ 100.00 114.96 -0.08356 -12.840 20.965 27.324 27.4¢3
. - 110.00 124,96 -0.07056 ~13.495 20.978 27.473 27.79%
, 120,00 134,96 -0.06042 -14.109 20.988 27.997 28.103
130,00 '44.96 -0.05235 -14.684 20.996 28.300 28.391
149,90 52,96 -0.04584 -15.230 21.002 28.583 28.443
= 154.00 24,95 -0.04049 -15.744 21.008 28.849 28.930
== 159,00 73,96 -0.03604 -16,231 21,012 29.100 29.1c4
170.00 124,96 -0,03231 -16.693 21.016 29.338 29.395
.- 180.00 194.96 -0.02914 -17,133 21,019 29.563 29.415
- 190.00 204.96 -0.02643 -17,552 21,022 29.778 29.824
o 200.00 204,96 -0.02408 -17.953 21.024 29.782 30.02S
o 210.00 224,96 -0.02205 -18.337 21.026 30.178 30.216
e 220.00 234,96 -0.02027 -18.704 21,028 30.345 30.400
. 230.00 244,96 -0.01870 -19.,058 21.029 30.544 30.577
240,00 254.96 -0.01732 -19,397 21,031 30.717 30.74°
L 259.00 264,96 -0.01609 -19.725 21,032 30.883 30.911
o 260.00 274,95 -0.01498 -20.040 21.033 31.042 31.068
T 270,00 294.9  -0.01400 -20.345 21.034 31,197 31.221
S 280.00 294.96 -0.01310 -20.640 21,035 31.346 31.348
| B 290.00 304.96 -0.01230 -20.925 21.036 31.490 31.5'
- 300.00 314,96 -0.01157 -21.201 21,037 31.629 31.649
310.00 324,96 -0.01091 -21.469 21.037 31.744 31.783
oS 320,00 334.96 -0.0102% -21.729 21,038 31.895 31.913
N 330.00 344,94 -0.00974 -21.981 21.038 32,022 32.039
340.00 354.96 -0.00922 -22,226 21.039 32.146 32,181
X 350,00 364.96 -0.00876 -22.485 21.039 32.266 32.28!
160.00 374,96 -0.00833 -22.497 21,040 32.383 32.39°
370,00 184,94 -0.00793 -22.924 21,040 32.497 32,510
380.00 394.96 -0.00755 -23.145 21.041 32,408 32.620
390.00 404.96 -0.00721 -23.360 21.041 32.714 32.728

400.00 414.96 -0.00489 -23.570 21.04% 32.822 32.813
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Table 23: Range Correction Data for Larda Model CX-20 vr o

ssss2APIseses  ((FREQUENCY= 12.000 G6HZ))

DE= B.44CH DH= 9.22 CM CE= 32.55 CM CH= 31.31 CM

B= 12,65 CN A= 12,63 CM EL= 22.60 CM HL= 24.B4 (M
AECIEBUSBSRENESSSEREIREPIEIREXERRSIACIRIRRS TN RREXRRE LA IBT RSN

g
.
I.\
.
.

1AA R RGAN PRPT  NFGAIN  RGU RGC
. (Ch) (cH) DB |} DB DB DB
. 3840.54 3858.22 0.00000 -42.489 21,532 42.877 42.877
< 106.00 117.68 -0.09706 -12.877 21.435 27.817 27.971
. 110.00 127.68 -0.08210 -13.311 21.450 28.136 28.288
" 120.00 137.68 -0.07040 -14.106 21.462 28.472 28.583
L 130.00 147.40 -0.06107 -14,668 21.471 28.7467 28.864
). 140.00 137.68 -0.05331 -15.198 21.479 29.044 29.131
X 130.00 167.68 -0.04729 -15.4699 21.485 29.305 29.382
160.00 177.68 -0.04212 -16,176 21.490 29.551 29.4620
170.00 187.68 -0.03776 -16.628 21.495 29.785 129.847
180,00 197.68 -0.03407 -17.060 21.498 30.006 30.062
190.00 207.468 -0.03090 -17.472 21.501 30.217 30.268
200.00 217.68 -0.02817 -17.8886 21,504 30.419 30.463
A 210,00 227.68 -0.02379 -18.243 21.507 30.4612 30.634
220.00 237.68 -0.02370 -18.606 21.30% 30.796 30.835
230.00 247,68 -0,02187 -18.9%54 21,510 30.973 31.009
240.00 257.460 -0.02023 -19.289 21.512 31.144 391.177
250.00 267.68 -0.01881 -19.612 21,514 31.308 31.338
260.00 277.68 -0,01751 -19.924 21,515 J1.466 31.494
270.00 287.48 -0.01636 -20.223 21,516 31.4618 31.645
280.00 297.68 -0.01531 -20.516 21.517 31.763 31.790
290.00 307.48 -0.01434 -20.798 21.518 31.708 31.93
300.00 317.68 -0.01351 -21.071 21,519 32.046 32.048
310.00 327.68 -0.01273 -21.336 21.520 32.180 32.200
320.00 337.68 -0.01201 -21.3593 21.520 32.310 32.329
330.00 347.68 -0.011346 -21.843 21,521 32.436 32.454
340.00 357.48 -0,010746 -22.087 21.522 32.538 32.574
350.00 367.68 -0.01021 -22.323 21.322 32.478 32.694
360.00 377.68 -0.00970 -22.353 21.3523 32.794 32.809
370.00 387.68 -0.00923 -22.778 21.523 32.907 32.921
380.00 397.468 -0.00879 -22.997 21.524 33.017 33.03%
390.00 407.468 -0.00840 -23.210 21.524 33.124 33.138
400.00 417.68 -0.00802 -23.419 21,524 33.229 33.242
: 44
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i Table 24: Range Correction Data for Narda Model 639

se904(SIsvees ((FREQUENCY= 13.200 GNZ))

‘ DE= 0.62 CH DH= 1.04 CH CE= 7.31 CHM CH= 7.20 (WM

l I. B= 3.70 CN( 1.8747 LAMDA} A= 5.05 CMu 2.35587 LAMDA)
Lo ELs 7.65 CM( 3.8760 LANDA) HL= B.40 CM( 4.2560 LAMDA)
L e e R R e e R P e T LR P e R b R PP LR P s T

1aA R RGAN PRPT NFGAIN R6U RGC
e (CK) (CN) ) ] DB DB DB DB
i 775.28 776.93 0.00000 -40.877 16.305 36.943 J346.943
- 100.00 101,64 0.01473 -23.200 14.522 28.094 28.105
110.00 111,466 0.01549 -24.014 146,520 28.503 28.512
120.00 121.66 0.01430 -24,759 16.519 28.876 28.884
130.00 131.66 0.01314 -25.445 16.518 29.221 29,227
o 140.00 141,46 0.01216 -24.081 146,517 29.540 29.5435
- 150.00 151,66  0.01145 -24.673 16.516 29.836 29.841
! 160.00 141.66 0.01068 -27.228 16.515 30.115 30,119
e 170.00 171.66 0.01009 -27.750 14.51% 30.376 30.380
f';. 180.00 181.66 0.00966 -28.242 16.514 30.622 30.424
. ' 190.00 191.66 0.0090% -28.708 146.514 30.855 30.859
P, 200.00 201.66 0.00851 -29.150 146,513 31.077 31.080
ﬁ . 210.00 211.64 0.00802 -29.571 14.513 31.288 31.290
. 220.00 221.46 0.00747 -29.972 16.312 31 488 31.491
§ i 230.00 231.46 0.00713 -30.354 146.512 31.081 31,683
o 240.00 241,44 0.006487 -30.723 16.512 31.864 31.846
250.00 251.86  0.00648 -31.076 156.511 32.041 32,043
& 2460.00 261.66 0.00625 -31.414 146.511 32.210 32.212
. I. 270.00 221,66 0.00598 -31.741 16.511 32.374 32.375
280.00 281.66 0.00547 -32.053 16.510 32.53t 32.532
- 290.00 291.66 0.00519 -32.359 16.510 32.483 32.684
L 300.00 301.66 0.00516 ~32.651 16.510 32.829 32.83%
i :n 310.00 311,66 0.00498 -32.935 14.510 32,971 32.972
P 320.00 J21.66 0.00442 -33.210 14.509 33.109 33.110
< 330.00 331.66 0.00438 -33.476 146.509 33.242 33.243
4 L. 340,00 341,66 0.00440 -33.734 14.309 33.37% 33.372
. 350.00 351.66 0.00411 ~33.985 14.509 33.496 33.497
360.00 J61.86 0.00371 -34.229 14.509 33.419 33.419
370.00 3721.66 0.00366 -34.4646 16.508 33.737 33.738
380.00 381.46 0.00331 -34.497 146.508 33.853 33.853
o 390.00 391.66 0.00328 -34.922 146.508 33.945 33.964
) ) 400,00 401.44 0.00342 -35.141 16.508 34,074 34.075
1 -
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‘. Table 25: Range Correction Data for Narda Model 638 -; ~

sesselSlenses  ((FREQUENCY= 22.250 GHI)) il
DE= 0.45 CM DH= 0.56 CM CE= 5.03 CN CH= 4.47 CM :
B= 2.54 CM( 1.8838 LANDA) A= 3,33 CM( 2.4697 LANDA)

EL= 5.07 CHM( 3.7603 LANDA) HL= 4.23 CM( 4.6206 LAMDA)
AISFSHEDIBRSRAPAIERRENRERAABHEXARAEIHEBREIEE RSB ERRSEN SRR SRS KA S

.
| 2= AL A
|}
a

ZAd R RGAN  PRPT  NFGAIN RGU  RGC
(CN) (CH) DB DB DB DB DB
493.46 494.47  0.00000 -40.396 16,438 36.636 36,436
_ 100.00 101.01  0.03336 -26.543 16.471 29.705 29.710 AR
K 110.00 111,01 0.02975 -27.369 16.468 30.118 30.122 - ..
: 120.00 121,01  0.02674 -28.123 16,465 30.496 30.499 L
130.00 131,01  0.02414 -28.817 16.462 30.843 30.846
140.00 141,01 0.02208 -29.459 16.460 31.165 31.167
150.00 151,01  0.01993 -30.058 16.458 31.464 31.447 R
; 160.00 161,01 0.01831 -30.617 16.456 31.744 31.746 PO
3 170.00 171,01  0.01692 -31.143 16,455 32.008 32.009
0 180.00 181,01  0.01545 -31.439 16.453 32.256 32.257
190.00 191,01 0.01395 -32.109 16,452 32.491 32.492
200.00 201.01  0.01293 -32.554 16.451 32.713 32.715
- 210.00 211,01 0.01206 -32.977 16.450 32.925 32.926 Lo
= 220.00 221.01  0.01132 -33.380 16,449 33.127 33.128 .
] 230.00 231,01 0.01035 -33.767 16.M48 33.320 33.321 L
- 240.00 241.01  0.00960 -34.136 16.447 33.505 33.506 PR
250.00 251,01  0.00867 -34.491 16.446 33.682 33.683
260.00 261.01  0.00800 -34.831 16.446 33.853 33.854
270.00 271,01 0.00763 -35.159 16.445 34.016 34.017
- 280.00 281,01 0.00712 -35.474 16,445 34,174 34,175
K 290.00 291,01 0.00650 -35.779 16,444 34,327 34.327
g 300.00 301.01  0.00578 -34.074 16,444 34,474 34.475
- 310.00 311.01  0.00539 -36.359 16.443 34.617 34,617
- 320.00 321,01 0.00492 -36.634 16,443 34.754 34.755
-z 330.00 331.01  0.004B1 -36.901 16.443 34.888 34.888
2 340.00 341,01 0.00419 -37.161 16.442 35.018 35.018
> 350.00 351,01  0.00350 -37.413 16.441 35.144 35.144
z 360.00 361.01  0.00276 -37.658 16.441 35.267 35.267
- 370.00 371.01  0.00283 -37.896 16.441 35.385 35.386
380.00 381.01  0.00198 -38.128 16.440 33.502 35.502
. 390.00 391,01 0.00196 -38.353 16.440 35.614 35.614 A
& 400.00 401.01  0.00190 -38.573 16.440 35.724 35.724 < B

L
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] Table 26. Range Correction Data for SA Model 12A-26

seses SIeenas  ((FREQUENCY= 35.290 6HZ)) D
. DE= 10.49 CN DH= 9.43 CM CE= 35.37 CM CH= 25.29 CM
, B= 5.67 CM( 6.6663 LANDA) A= 6.9 CM( 8.1271 LANDA) NN
EL= 15.74 CM( 1B.3160 LAMDA) HL= 16.54 CM( 19.4601 LAMDA) ot )

BESSPRELEES TSRS E BB EEBE SRR R RS SRS R R XD RBIBNBREPPEERRS RS SRSR VS EEE S

2AA R RGAN PRPT  NFGAIN RGU RGC
(cH) («cm DB DB DB DB DB
3348.89 3388.81  0.00000 -44.304 24,746 46.998 46.998
100.00 119.92 -0.05513 -15.866 24.691 32,541 32,479
110.00 129.92 -0.04390 -16,500 24.702 32.878 32.994
120.00 139.92 -0.03530 -12.095 24.711 33.191 33.294
130.00 149.92 -0.02863 -17.655 24.718 33,485 33.574
140.00 159.92 -0,02343 -18.185 24.723 33.760 33.839
150,00 169.92 -0.01917 -18.685 24.727 34.019 34.089
160.00 179.92 -0.01588 -19.140 24.730 34,264 34.326
170.00 189.92 -0.01310 -19.612 24.733 34.496 34.552
180.00 199.92 -0.01078 -20.042 24.735 34.717 34.767
190.00 209.92 -0.00894 -20.453 24.737 34.927 34.973
200.00 219.92 -0.00731 -20.846 24.739 35.127 35.149
210.00 229.92 -0.00598 -21.223 24,740 35.319 35.358
220.00 239.92 -0.00476 -21.584 24,742 35.503 35.538
230.00 249.92 -0.00380 -21.931 24.742 35.679 35.712
240.00 259.92 -0.00303 -22.265 24.743 35.849 35.879
250.00 269.92 -0.00237 -22.588 24.744 356.012 36.040
260.00 279.92 -0.00176 -22.898 24,745 36.170 36.196
270.00 289.92 -0.00135 -23.199 24.745 34.322 36.346
280.00 299.92 -0.00089 -23.490 24.745 34,448 36.491
290.00 309.92 -0.00037 -23.770 24.746 36.610 36,632
300.00 319.92 -0.00011 -24.043 24,746 346.748 346.748
310.00 329.92  0.00011 -24.308 24.7446 36.881 36.900
320.00 339.92  0.00029 -24.565 24.747 37.011 37.029
330.00 349.92  0.00045 -24.814 24.747 37.136 37.153
340.00 359.92  0.00085 -25.056 24.747 37,259 37.274
350.00 369.92  0.00106 -25.292 24,747 37.377 37.392
360.00 379.92  0.00113 -25.522 24.747 37.493 37.507
370.00 389.92  0.00125 -25.746 24,748 37.406 37.619
380.00 399.92  0.00125 -25.965 24.748 37.716 37.729
390.00 409.92  0.00151 -26.178 24.748 37.823 37.835
400.00 419.92  0.00148 -26.386 24.740 37.928 37.939
47
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APPENDIX A

Although multipath does not appear to be a problem in the prescnt
NAFS facility, the possibility of multipath errors can be greatly reduced

in future measurements by using the following recommendations:

1. Use absorber to cover most of the track between the trans-

mitting and receiving antennas.

?. Measure the coupling data over a 50 cm range interval and
determine far-field gain values at points near the middle
and the extremes of the interval. A range interval of 250
to 300 cm is recommended for best reliability of the range
correction procedure.

One of the most difficult problems with accurate gain measure-
ments is to reliably measure the coupling data with a 0.1 dB accuracy.
This requires that good linearity be achieved over the dynamic range
of power levels of the measured coupling data and that the system ac-
curacy be maintained. The possibility of inaccuracies in the measured
power levels can be reduced by the following recommendations:

1. Periodically calibrate the system (with the waveguides
attached) over the usable dynamic range and at the frequencies
used.

N
.

Use a precision RF attenuator inserted between the waveguides
to spot check the system calibration whenever the trans-
mitted power or frequency is changed.

3. Use the following four antenna procedure which employs two
different antenna designs if possible. This method yields
three gain values for each individual horn as a check on
the accuracy of the gain measurements.

48
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Detailed Procedure for Calibrating Standard Gain Horn Antennas

The following procedure is recommended as a replacement for the
three antenna method of calibrating standard gain horn antennas
(Procedure TG 33K-2-12, Section 3-115 of Ref. [2]). This procedure

2 follows the basic procedure described in Ref. [3]. The new recommended
’ procedure uses four antennas rather than three, with two copies each
of two different antenna designs. The basic procedure is outlined
below:
~ A. Measure the coupling over a 50 cm range interval (use approxi-
mate aperture separations of 250 cm to 300 cm) for each
of the following antenna pairs, using two antennas of type
- A (e.g. Scientific Atlanta horns) and two antennas of type
B (e.qg. Narda horns). This gives on-axis coupling data
for the following six combinations of antenna pairs:
'.' TABLE A-1
Coupling Combinations for the Four Antenna Method
1. Al/A2
’ 2. Al/31
3. Al/B?
| 4. A2/B?
5. A2/81
6. B2/B1

If only one. horn model is available for the frequency band,

il use four horns of that model.

B. Use the OSU procedure for finite range correction to determine
the effective far-field gain (mean value of the two antenna
gains) ot ecach of the above six antenna combinations.
Determine gain values for three range distances with cach
combination, e.q., at 2?50, 2?75 and 300 cm,

:. .._T 49




is measured twice;

in their roles as transmitter and receiver.

If the gain values for the three distances agree to the

desired accuracy (say, within 0.1 dB) proceed to the next
step.

[f not, re-check the measurement for that combination.

Gain values at other distances in the 50 cm range interval

can be processed as an aid in checking discrepancies.

Use the average value of the gains determined at the three

distances for each of the six combinations in step B in

the following way: Calculate values of the far field gain
for each individual antenna using the approach of the three

antenna method. See the following table:

TABLE A-2
Gain Values From the Four Antenna Method
Coupling Measurements Individual Antenna Gains
2,5 Al, A2, Bl
1, 3, 4 Al, A2, B2
2, 3, 6 A1, B1, B2
4, 5, 6 A2, BT, B2

For example, as seen from Table A-2, the effective gains
determined from the coupling measurements 1, 2 and 5 are
solved for the individual antenna gain values Al, A2 and
B1, etc.

The advantage of the four antenna procedure is that it gives

three values for the far field gain of each antenna as can be seen

from the above table. Under steps 4.1.7 through 4.1.9 of Procedure
TO 33K-2-12, Section 3-115 of Ref. [2] for the three antenna method,
six coupling measurements are also made. However, each antenna pair

The redundancy provided by reciprocity is not likely to uncover

in the second measurement the antennas are switched
By reciprocity the measured
coupling should be the same when the transmitter and receiver are inter-
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any measurement errors caused by system non-linearity or room multipath
effects because the same two horns are measured together twice., The
use of two different sizes or types of horns gives a more independent
check of system linearity if the two horns have substantially different
gain levels. Similarly, different horn sizes will give a better check
on possible room multipath effects because their patterns will be sub-
stantially different.

The fact that three sample values of gain are determined for
each antenna provides a good check on the reliability and accuracy
of the measurements. For example, the accuracy of the measured gain
will be no better than the spread between the three gain values for
each horn. Furthermore, the use of a 50 cm range interval rather than
a fixed distance as specified in step 4.1.5 of Procedure TO 33K-2-12,
Section 3-115 of Ref. [2] provides added reliability in the measurements.
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Four Antenna Method

The detailed steps of the four antenna method are outlined below:

1. Measure and record the axial length of each horn to be
measured (from waveguide flange to aperture plane).

2. With wavequides attached, set frequency and set trans-
mitter power level so that all estimated coupling levels

b Bt

will fall within the calibrated dynamic range. S tal

3. With wavequides still attached, record a transmitted power

reference using a directional coupler,

o 4. Unclamp waveguides and separate so that a precision RF Eﬁ:ﬁ‘
- attenuator can be inserted. Record several spot checks } ;f';
: in the range of coupling levels that are expected to occur. -Zf; ff
> RNt
- bL. .

: 5. Remove attenuator and attach first horn antenna pair. Bring ST
2 antennas into contact so that apertures are flush,

6. Record measured coupling versus waveguide flange separation
for the first antenna combination over the full range (out

to an aperture separation of at least 300 cm). Check trans- iﬂ-_
mitted power reference at end of run. Use measured horn - i:ii,
lengths to determine and mark on recorded coupling chart . b:“:-
the locations of aperture separations at approximately ‘; F? -

250, 275 and 300 cm.(?) h
f-tf-‘
7. Record the measured coupling for the next four comhinations  fran

of horn antenna pairs over a limited range of separations
(approximately 250 cm to 300 cm between apertures). Assure
that constant power is maintained by checking and recording

transmitted power reference at the beginning and end of

(%

the run for each horn antenna pair.
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Use the measured horn lengths to determine and mark the
chart locations of three aperture separations (e.g. 250,
275 and 300 cm).(?)

8. Record the measured coupling for the sixth antenna combin-

ation over the full range using a reverse of step 6. Check
S recorded separation with horn apertures flush.

rryry

Remove antennas and attach waveguides. Check and record

I _ chart locations with waveguides attached. Record coupling

= power level and transmitter power reference from directional
coupler,

9. Use the finite range correction procedure to determine the

b effective far-field gain for each of the six antenna combin-
b ations. Determine gain values at three range distances

L to check the measurement for each antenna combination as
B outlined in step B above.

10. Use the three antenna method four times to calculate three
sample values for each individual antenna as outlined in
B step C above.

The recording of coupling versus waveguide flange separation
and the use of a 50 c¢cm range interval in the above method provides
a relatively fast way of taking the coupling measurements since each
antenna pair is not required to traverse the whole track. However,
care must be taken to properly calculate and record the aperture
separations by use of the horn lengths measured in step 1.
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- If desired, the more lengthy procedure of bringing each antenna

P pair into contact and recording coupling versus aperture separation

. over the entire range can be used. However, this should not be

" necessary if reasonable care is exercised in using the measured horn

:f lengths to determine aperture separation; average coupling levels (i.e.,
with antenna to antenna interaction ripple removed) are not sensitive
to variations of a centimeter or so in range.

p

(X)The dynamic range of the measuring system should be calibrated with
a precision attenuator at periodic intervals and whenever the system
- has been modified.

% (?)Note that the exact values of the aperture separations used is

not important as long as they are precisely known and the proper
range correction is used.
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