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v INTRODUCTION

PURPOSE

The purpose of this activity was to evaluate the operating character-
istics and parameters of a very high frequency (VHF) directional
power detector (DPD) for use as a sensor in monitoring radio
transmitting equipment. This work was performed under Task 9 of
72550-AAF~501-78-002.

BACKGROUND

The testing of this detector was performed to determine its possible
use as an RF sensor in the Remote Maintenance Monitoring Sysytem (RMMS).
Under Task 9 of 955-AFF-501-78-002; the functional and technical char-
acteristics of sensors were investigated for possible use in monitoring

facility equipment. Because of problems with existing RF sensors. the’
requitrements of an RF sensor for RMMS were determined and presented to
a vendor. In response, a VHF directional power detector (DPD) was

designed and built by Coaxial Dynamics Inc. (CDI) under the direction
of the FAA Technical Center. The CDI detector measures the forward
and reflected power in the RF transmission line of a communications

transmitter. The voltage standing wave tTatio (VSWR) can then be cal-
culated from the power measurements providing basic information on
transmitter operation and antenna performance. The detector is

inserted external to the transmitter in the transmission line and
delivers DC voltages proportional to the forward and reflected power.
The requirements of the detector, specified by the Technical Center,
were based on the transmitter and expected antenna characteristics:

Forward power range: S to 15 watts
VSWR range: 1:1 to 2:1
Directivity: 40dB

DESCRIPTION OF DETECTOR

The VHF directional power detector was designed and built by Coaxial
Dynamics Incorporated (CDI); Cleveland. Ohio. See Table 1 for
manuyfacturar’'s specifications.



Maximum Power Handling:

Directivity:
Linearity Error:
Supply Voltage:

TABLE 1.

Forward 60 Watts
Reflected 15 Watts
>40 dB

<2%

+18/-18 Volts

Length 3.00 inches
Width 1.75 inches
Height 1.00 inch
Connectors: Input TNC Female
ODutput N Female

Dimensions:

TESTS CONDUCTED

Tests were performed on the CDI detector to examine its response to
various frequencies, VSWR‘s and input powers. The following test
equipment was used in these tests.

Hewlett-Packard (HP) power meter, model 443A

HP power sensors, models B8481A and 84824

HP audio gererator. model 200AB

HP SWR meter, model 415E

Alford slotted line assembly consisting of:
Alford slotted line, type 1026(C-6
Alford taper reducers, types 1122C and 1122D
Alford tuned probe, type 2162X

Systron Donner digital volt meter, model 7005A

Narda directional coupler, model 3020A

Bird terminator 50 ohms, model 81B

ITT VHF radio transmitter, model T1108/GRTZ21

TESTS 1 % 2

Test 1 and Test 2 were designed to define the output voltage of the
CDI detector with respect to known input power and to verify the
linearity of the detector output. For both tests the Narda coupler
was uvsed as a reference. Power measurements were taken from the

Narda coupler at —-24.42 dB (forward port) and -24. 62 dB (reflected
port) using the HP power meter and power sensor. Voltage measurements
were taken from the CDI detector using the Systron Donner digital volt
meter (DVM). The VSWR’‘’s were varied by inserting a tee and a range of
3tubs into the line at a point just before the termination. In both
Test 1 and Test 2 the line was terminated with a Bird 50 Ohm load.

n
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Fhe configuration of Test 1 was the insertion of the CDI detector

"closest to the transmitter. followed by the Narda coupler, then the

tee and finally the 50 Ohm load (See Figure 1). The configuration

of Test 2 was the insertion of the Narda coupler closest to the
transmitter, followed by the CDI detector, then the tee and finally
the 50 Ohm load (See Figure 2). The positions of the CDI and Narda
couplers were switched from Test 1 to Test 2 so that an insertion

loss by either could be detected. The tests were conducted at

three different frequencies: 133. 125, 127, and 118 MHz, representing
the high end, center, and low end of the VHF band. Various VSWR's
were attained by changing stubs. The VSWR’s ranged from approximately
1. 02 with no tee to 1.75 with stub number seven inserted in the line.
For 133. 125 MHz, the VSWR rtange was extended to 4.0 with the addition
of one more stub. This was done to check the operation of the detector
outside its expected VSWR range. Both of the tests were conducted

at input powers from 5 to 15 watts in 1 watt increments as seen

by the Narda coupler. For each set of tests, a DC offset voltage

was recorded for the forward and reflected ports on the CDI detector
when the transmitter was off. The offsets were recorded to assess
their effects on VSWR calulations. A sample run of Test 1 was done
with and without 5K Ohm loading resistors across the outputs of the
CDI detector and it was determined that the absence of the loading
resistors had no effect on the output voltages. This was expected

due to the use of op—amps in the detector. Op—-amps characteristically
have a low output impedance and the presence of the loading resistors
across the output of the detector was insignificant. (See Table 2)

TESTS 3 & 4

Test 3 and Test 4 were designed to compare the VSWR’s calculated from the
CDI detector voltages and the Narda coupler power readings with the
WSWR s taken from the slotted line. The slotted line was used as the
VSWR measurement standard.

The configuration of Test 3 was similar to the first two tests. The
Marda coupler was inserted closest to the transmitter, followed by the
slotted line, then the tee and finally the load. Test 4 was identical to
Test 3 except that the CDI detector was used in place of the Narda
coupler. (See Figures 3 and 4)

Both tests were conducted at the same three frequencies and the same
range of VSWR ‘s as in the first two tests. However, only input powers
of five, ten, and fifteen watts were used. In Test 3, the power

was adjusted to the proper level as seen by the Narda coupler. In

Test 4, the input power was adjusted to a voltage level of a3 known power
on the CDI detector. Powers and their corresponding votage levels were
taken from Test 1 data.



_FEST 5

Test 5 dealt with possible insertion losses in the line due to the
presence of the Narda and CDI couplers. The Ttesults of this test were
needed to validate the assignment of CDI detector voltages to power levels
using the data from tests 1 and 2. This test was conducted in three
partsi part A was the measurement of the VSWR of the line with just the
slotted line, a connector, a tee with stubs, and the 50 Ohm load (See
Figure 5). The connector was inserted to account for any insertion
losses caused by the connectors in the detectors. The configuration of
Part B, was the addition of the CDI detector into the line between the
slotted line and the tee. The configuration of Part C was simply

the replacement of the Narda for the CDI detector. All of the tests

were done at approximately 10 watts input power. In part A, the
VSWR ‘s were Tecorded with the tee alone and then the tee with different
stubs attached. These measurements were accepted as the reference

for parts B and C. In part B with the CDI detector added. VSWR

readings were taken with the detector supply voltage on and off so
that any effects generated by the CDI in the line were noted. In
part C, any effects of the Narda coupler on the VSWR’s were noted.

TEST RESULTS
TESTS 1 & 2

The data from Test 1 and Test 2 related CDI detector voltages with
transmission line power levels. However. when the CDI detector
voltages were squared and then compared to the power levels, the
relationship between them was found to be linear. Plots were generated
on a Tektronix 4054 graphics terminal for forward CDI detector voltage
squared vs. forward Narda coupler power and reflected CDI detector
voltage squared vs. rteflected Narda coupler power. Each plot shown.,
except for the ones with multiple traces, has a straight line super-
imposed over the line tracing the points. The straight line was
calculated from the data points using linear regression. The linearity
was consistant throughout the power range, the VSWR range and the
fregquency range (See Figures & through 21). The CDI detector voltage
squared function remained linear even at a 4:1 VEWR, which is far
outside the intended Tange of the detector (See Figures 22 through 25).
Plots of this data were done with and without the subtraction of the
offset voltage in the CDI detector. lLinearity was slightly improved
without the offset voltage correction (See Figures 26 and 27). Both
graphs have a "best fit" line superimposed over the points.



_ TESTS 3 % 4

Tests 3 and 4 compared VSWR'’s calculated from the CDI and Narda Couplers

with VSWR ‘s measured on the slotted line. The VSWR from the Narda power
readings was calculated using the following formula: .

i+ \/Pr/PF
[13 VSUWR= Where: Pé#f=Forward Power

1- VPr/Pf Pr=Reflected Power

The VSWR from the CDI voltages was calculated with this formula:

1+(Vr/V¢) .
[2]1 VSWR= Where: Vf=Forward CDI Voltage
1-(Vr/VH) Vr=Reflected CDI Voltage

See Appendix A for the derivation of Equation 2 from Equation 1.

If the CDI offset voltages were taken into consideration. this formula
was used:

1+0(VYr=-0r) /7 (VF=-0Ff) ]
[31 VSWR= Where: Of=Forward Offset Voltage
1-L(Vr=0r)/(V£-0F) 1] " Or=Reflected Offset Voltage

"VEWR’s and their percent deviation were calculated and compared {(See

Tables 3 to 11). The Narda coupler displayed a small, but consistent
deviation from the slotted line. The CDI detector values without the
offset correction were found to be very close to the slotted line values.
When the offset correction was included, a shift in the values occurred,
introducing a greater error.

TEST S

As seen in the data, there was no significant change in the VSWR caused
by the insertion of the Narda and CDI detectors. The little change shown
is random anc probably due to reading error on the slotted line.

o
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CONCLUSIONS

Based on these tests, it is concluded that:

1.

n

The directional power detector (DPD) tested is acceptable as
a sensor for the RMMS project.

The DPD performed satisfactorily over the required power and
frequency range.

The CDI detector voltage squared output is linear with respect to
transmission line power.

The VSWR calculated from the output of the CDI detector without
the offset correction is within +/- 3% when compared to slotted
line values. With the offset correction included, the deviation
is within +/- &%

RECOMMENDAT IONS

It is recommended that:

i.

s

A selection of the directional power detectors be obtained
from a production run and that similar testing be conducted
on them to verify that their characteristics are consistent.

An ultra high #requency (UHF) directional power detector
(model 3183) made by CDI, with specifications similar to the
VHF detector:. should be tested to verify its characteristics.

Tests be conducted to determine if percent modulation may be
accurately measured from the CDI detector output.
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NARDA POWER CDI WITH RESISTOR CDI WITHOUT RESISTOR

FORWARD- REFLECTED FORWARD REFLECTED FORWARD REFLECTED
(mw) (mw) (volts) {volts) {(volts) {volts)
54.2 S. 30 4. 895 1. 532 4. 893 1. 530
S0. & 4. 94 4.742 1. 490 4. 737 1.48%9
4464. 9 4. 58 4 566 1. 469 -4, 560 1. 466
43. 3 4 22 4. 384 1. 420 4. 387 1. 419
39.7 3. 88 4. 200 1. 373 4. 198 1. 373
36.1 3. 53 4. Q09 1. 323 4. 010 1. 323
32.5 3.17 3. 802 1. 284 3. 798 1. 285
28. 9 2. 82 3. 590 1. 239 3. 607 1. 239
25.3 2. 47 3. 3464 1.195 3. 359 1. 195
21.7 2.14 3.150 1. 146 3. 148 1. 142
18. 1 1. 77 3. 094 1. 090 3. 090 1. 093

TABLE 2. CDI Data With and Without Loading Resistors
{Data taken at 133. 125 MHz. from Test 1 at Z:1 VSWR)



TABLE 3. VSWR PERCENT DEVIATION, NARDA VS, SLOTTED LIME AT 133.125 MHz (FROM TEST 3)

COI 3182  133.125 HHz TEST 3 7/20/82
YSWR NARDA VSWR SLOTTED LINE X DEVIATION
NGO TEE ’ .
VB 1. 930 -1 848
i 210 |.029 ~1.828
| 210 | 228 -1.760
TEE. ND STUB
| .99 |.085 1,330
! 208 | . @84 | 323
| @97 | . @84 1. 291
STUB #1
1.474 1.460 0.959
1475 1. 468 1.939
| 472 |.460 3.848
StuB =2
1.560 ' . 550 @ 675
|.560 | 550 0.649 ;
| 558 ' 550 2. 5232 |
STUB a4 |
© 816 1.610 8.372
L B14 | 610 8.221
1. 614 1.610 e.257
STuB »?7
:. 7091 |.790 ¢.074
' 78g ). 702 -0.046
1.788 * | 790 -0.131
STUB #9 |
i 958 |.950 2.416
951 | 068 -0 463

1.953 1.960 -0.363



TABLE 4. VSWR PERCENT DEVIATION, CDI VS. SLOTTED LINE AT 133.125 MHz (FROM TEST &) WITHOUT
- OFFSET CORRECTION

€Ol 3182  133.125 MHz  TEST 4 7/20/82
VSWR €01 VSWR SLOTTED LINE X DEVIATION
NO TEE - ;
|.234 |.030 2. 308 |
P .242 | . 820 1,275
Y I .028 3.100
TEE. NO STUB ¥
|.083 | @85 -0. 156
' . 086 | . @84 . 0.217 '
1.098 | 1.084 I. 33 f
STLUB a1 |
|.224 1.460 -1.875 |
| . 245 1.460 -1.036 |
I.45: 1.460 -8.592 ;
STUB #2
1.532 ) 552 . =1.153 |
1.533 1.550 -1.976 |
1.54! i.558 -8.573 ;
STUB #4 |
1.588 1.619 -1.386 |
1. 590 1.610 -1.253 ;
' 599 1.610 -9. 785 |
STUB a7 5
' 767 1.700 -1.27¢
L7710 1.79@ ~1.P54
i 784 ‘.79 -8.335
STUB =g
I 939 1. 950 -9.569
1.940 1.960 -1.02¢

1,962 1.060 -9.023 |
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TABLE 5. VSWR PERCENT DEVIATION, CDi VS. SLOTTED LINE AT 133.125 MHz (FROM TEST 4) WITH
OFFSET CORRECTION

‘ \
CDI 3182 133.125 MHz TEST 4 7/720/82 ! (WITH OFFSET coRREcI'ION)
VOWR D) VSWR SLOTTED L INE X DEVIATION
NO TEE Ty
V.0323 1.230 -2.663
1.223 |1.029 -2.567
1.832 }.028 -2 .550
TEE, ND STUL3
1.5} ] 0885 -3.175
1.245 1.484 -3.5%57
1.238 1. 984 -4.226
STuB =1 :
1.4@2 T . 460 -3.985 i
1.3G2 i.469 -4 . 664 i
1.374 1.463 -5.873%
STuB =2
}1.487 ! 550 -4.05%9
I 477 1 .552 -4 .791
1 459 1. 559 -5.850
STUB =4
1.241 ) .610 ' -4, 287
1.532 1.610 -4.870
1.514 1.610 -5.982
STuB a7
1.715 1.790 -4.189
1.706 1.790 -4, 694
}.689 1.790 -5.656
STuB =9 , ‘
!, 88! 1.950 -3.535
1.868 1.960 ~4.695

1.854 |.960 -5.400
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TABLE 6. VySWR PERCENT DEVIATION, NARDA VS. SLOTTED LIME AT 127 MHz (FROM TEST 3)

CDI 3:82 127 MHz TEST 3 8/11/82
VSWR NAROA VSWR SLOTTED . INE X DEVIATION
NO TEER
1.238 1.020 1.786 .
! 038 1.022 1.783
|.239 1.028 1.828
156, NO STUuB
‘*.057 1.0875 -1.719
1057 1.@78 -1.641
' @57 1.@75 -i .669
STuB a1
i .385 1.400 -1.e57
1.385 1.422 -2 435
1,385 1.420 -2.48¢
ST1B #2
'.458 1.490 -2.117
1.459 1.5080 . -2.752
|.459 1.500 -2.742 !
STUB #4 '
1.507 1.5508 -2.744
1.587 1.5508 -2.774
' 5Q7 1.568 -3.425
STuB =7
1.654 1.680 -1.573
1.853 |1.700 -2.748
1.653 1.738 -4.480
STUB =9 ,
' . 789 1.850 -3.315

1.789 1.850 -3.287
i 788 1. 850 -3.370
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TABLE 7. VSWR PERCENT DEVIATION, CDI VS, SLOTTED LINE AT 127 MHz (FROM TEST ‘-l)'
WITHOUT OFFSET CORRECTION

CD! 3182 127 MHz TEST 4 8/11/82
VSwR COI VSWR SLOTTED LINE X DEVIATION
NG THE . ‘
1 236 1.020 !, 595
| .B45 1.020 2.406
| 253 |.020 4.23]
TEE, NO STLB
). 279 1.075 e.337
1.082 . | 875 2.657
1.395 1.875 | 1.856
STUB = |
1.412 !.400 ¢.889
).41¢ 1.420 -¢.394
1.421 1.420 2.0938
STUB #2
1.403 1.400 e.217
1.495 1.500 -8.337
1.562 1.500 2.114 !
STUB #4 |
1.545 1.550 -0.338
1.547 1.5508 -0.203
1.556 |.568 . -@.285
STy3 a7
1.726 1.680 1.523 | 3
1 709 1.700 . 0.531 :
1,721 1.732 ‘ -@.495
STU3 =3
1.854 1.850 0.227
1.859 1.850 9.502
1.874 |.850 1.310
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TABLE 8. VSWR PERCENT DEVIATION, CDI VS, SLOTTED LINE AT 127 MHz (FROM TEST L) WiITH
OFFSET CORRECTION

C31 3182 127 MMz TEST 4 8/11/82 (WITH OFFSET CORRECTION)
VSWR CLj VSWR SLOTTED LINE X DEVIATICN
MZ TEL |
| 2€3 |.020 -1.538
1.083 I. 020 -1 648
| . 082 1.920 -1.719
TEE, NC STUB
I.245 1.875 -2.826
|.04¢ 1.875 -3.299
1.833 |.875 -3.932
STUS ] |
1.370 1.400 -2.166
1. 361 1.420 -4.158
1.343 1.429 -5 427
STuB #2
1.448 1.499 -2 825
1,439 1.5e0 -4.986
1,420 I.500 -5.332
STUS a4 |
1.298 |.550 -3 337
1. 489 1.550 -3940
1,471 1. 560 -5.700
STuB =7
| .654 |.680 -1.528
|.645 1.700 -3.234
1.628 1,738 ~ -5.883
STUB »9 '
1.798 !.850 -2.790
1 790 1.850 -3.265
B

773 1.850 -4.180
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TABLE 9. VSWR PERCENT DEVIATION, NARDA VS, SLOTTED LINE AT 118 MHz (FROM TEST 3),

COI 3:87 1i8 MHz TEST 3 8/16/82 |
ViWR NARDA VSWR SLOTTED LINE % DEVIATION
M OTEE

| D14 1.825 -1.113

|.012 1.020 -0.612

1.314 ).@22 -9.829
1%, NO STUB

|.929 | 070 -4.7@2

1.2:9 1.075 -5.164

| B:9 i.080 -5.63)
STuB =1 .

1 359 1.409 -2.013

1.350 1.400 -2.918

1.35° 1.400 | -3.473
STUs =2

1.427 1.455 -1.94¢8

1.426 1.460 -2.329

1.417 1.460 -2.492¢
STUB n4 -

|.468 1.500 -2.146

| 466 | 500 -2.284

! 450 1.500 . -2.742
STU3 a7 |

1.506 1.630 -2.071

1 504 1.630 -2.179

' 585 1.630 \ ~2.741
5TUB ©G

C4 1.752 -2.076

I 695 1 750 -2.942

© 698 1.750 -2.0946
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TABLE 10. VSWR PERCEMT DEVIATION, CDI VS. SLOTTED LIMNE AT 118 MHz (FROM TEST 4) WITHOUT
OFFSET CORRECTION |

cCDI 3182 118 MHz TEST 4 ° 8/16/82

V&WwR CODI VSWR SLOTTED LINE X DEVIATION

ND VEE |
1.037 i 025 1.198 -
' . 244 1.025 1.901.
1. 263 1.02% 3.684

15E, NO STUB
1.268 1.077 -@.882 5
1.2372 1.077 : -2.501 ;
1.265 1.877 2.75% |

SiuB =1
1.361 1.400 -2.814 |
1.362 1.400 -2.708 e
1.369 1.400 -2.183

STUB 22 |
1.430 1.460 -2.070 ;
1.432 1.460 -1 945 ;
1.438 1.460 -1.499 :

STUB a4 !
1.473 1.500 -1.782 |
1.475% 1.5820 -1.654
1.484 1.500 -1.97

STUB =7 |
1.629 1.638 -1.268 :
1.611 1.632 -1.152
1.621 1.630 -8.571

STUS =9
1.735 1.750 -0.854
1.740 1.750 -p.597
|

.753 1.750 D.144
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TABLE 11. VySWR PERCENT DEVIATION, CD! VS. SLOTTED LINE AT 118 MHz (FROM TEST 4) WITH
OFFSET CORRECTION

CI: 3182 118 MHz TEST 4 8/16/82 . (WiTH OFFSeT CORRECTION)
VEWR D} VSWR SLOTTED LINE X DEVIATION
ND T ‘
1. 005 1825 -1.942
1 204 | @25 -2. 021
1. 004 | 025 -2.0892
TEE, NO STUB |
1.035 C1.@77 -2.938
| 231 1.077 -4.31¢
| .225 1.077 -4.84¢€
STuB =1
1.32¢ |.400 -5.7@32
1.312 1.422 -6.267
| 296 |.400 -7.42G
STUB #2
| 387 |.469 -4.968
|.37G I 450 -5.6547 |
1.361 1. 460 -6.757 X
STUB n2 |
i 430 1.500 -4.685
- 42) 1.500 -5.268
. 404 |.500 . -6.371
STUB #7
| 562 | . 630 ~4.176
552 1.630 ) ~4.765
|.535 | B3¢ -5.852
STUB n@ - |
|.584 1750 -3.774
|.878 1.750 ~4.229
1.850 |.750 -5.180



Teer |

DVM HP

FoweR
METER sTva
| | l
TRX: 133,125, CD1 NARDA 50
127, 118 MHz l TEE LOAD
+Iigv
(D)
FIGURE 1. TEST 1 CONFIGURATION
TesT 2
HP 1ovm
PowEeR -
METER S
NARDA cDl JL. 50 a
TRANSMITTER TEE LOAD
T8y
(©¢)

FIGURE 2. TEST 2 CONFIGURATION

17




Test 3

TesT

HP
FOWER
METER

TRANSMITTER |

= NARDA

SWR
METER

SLOTTED LINE

Y

TRANSMITTER

Ric-rd

FIGURE 3. TEST 3 CONFIGURATION

Dvm

co1

SWR |
METER

vDC

SLOTTED LiNe

ISTUB

LOAD

son

FIGURE 4. TEST 4 CONFIGURATION

18

TEe

LCAD




g/li/:'\,

19

TEST 5 118 MHz TR x POWER > 1O warrs
0.) JLSWB
! son
TRY SLOTTED LINE~ Y o
STUR g VSWR
~1TH TEE .05
T .32
% 2 [-375 I
sTVg
b) i ;
TRY . : soa
' ) SLOTTED LINE cDt LoAp
. {8 MHz
VSwWR
STUR | chhy ON choi OFF
TR TEE l.OS J.O6S
*\ l. 325 1,325
o w2 [ .3 ‘Z /.33
STUR
<)
TRx : NARD A son
118 MHz SLoTieD LINE D e oA
STUB = VSWR
WITH  TEE [,ObS
= [.330
¥ /. 375
FIGURE 5. TEST 5 CONFIGURATIONS (TESTS CONDUCTED AT APPROXIMATELY 10 WATTS)




oc

i : ] é
|

B L |
f {
| !
i
{

Cil Z182 133.125 MHz sTuB 1 iTEST !

i 1/15/82
- Y= §.866 X'+ -1.488

i
28 .
F
W
0 24
C
D
I
2¢
v
0
L
T
ST
S
Q
U
A
R 12
E
D
8 1 1 1 1 2 A i A 4 |

o 7 9 SRR '3 s
FWD NARDA POWER (WATTS) C

i 5
! \
| i
i
FIGURE 6. FORWARD CDI! VOLTABE SQUARED VS FORWARD NARDA POWER AT 133,125 MHZ (FRbM TEST 1)

WITH STRAIGHT LINE SUPER|MPO$ED '

: |
1 H



12

—~Tmx

Col 2i82

1.2
1

C

G

I p.8

v

O

L

T

S 0.6

CMOoOX»COWn
o]
o

FIGURE 7.

133.125 M-z STuB 1 TEST |
Y= 1.37353 X + -0.836

s makett

!

1

T/715/82

i (] | ) 3

g.1¢ 8.27 B.35 D.43

0.51 P.59

REFL NARDA POWER (WATTS)

REFLECTED CDI VOLTAGE SQUARED VS. REFLECTED NARDA POVER A
STRAIGHT LINE SUPERIMPOSED,

T 133.125 MHz (FROM TEST 1) WITH



cd

CoI 3182

OMU>»cOoOn M-ro<

24

22

16

133.125 MHz STuB 1 TEST 2 7/189/82
Y= 1.882 X + -1.523%

A 1 i Y A [ 1 i i i

5 7 g 11 13 15
FWD NARDA POWER (WATTS)

FIGURE 8. FORWARD CD! VOLTAGE SQUARED VS. FORWARD NARDA POWER AT 133.125 MHz (FROM TEST 2)
WITH STRAIGHT LINE SUPERIMPOSED



£€¢c

cD! 3182 133 .125 MHz STUB 1 TEST 2 7/19/82

r Y= 1.608 X + -0.033
i
1.2 .
i
r
R ]
3 ] )
Fol 3
L
L
C ;
0 :
Il 28
v
G
L
; .6
S
0
U
A 2.4
R
E
D
2'2 I\ 1 1 '\ '\ 1 I 1 J

é.|8 Q.26 0.34 B.42 0.5 0.58
REFL NARDA POWER (WATTS)

FIGURE 9. REFLECTED CDI VOLTAGE SQUARED VS, REFLECTED NARDA POWER AT 133.125 MHz (FROM TEST 2)
WITH STRAIGHT LINE SUPERIMPOSED



k<

cRr 3182
55
F
W
D <8
C
D
I
23
v
0
L
T
S
'8
S
G
U
A
R 13
E
D
8

127 MHZz STUB ! TEST 1 » 8/9/82
B Y= 2.837 X + -1.508

i 1 i Kl A 4 1 A ] - ]

5 7 o M 13 15

FWD NARDA POWER (WATTS)

FIGURE 10, FORWARD CDI VOLTAGE SQUARED VS. FORWARD NARDA POWER AT 127 MHz (FROM TEST 1)
WITH STRAIGHT LINE SUPERIMPOSED



sc

L0 3182

)

R
E
L
c
C
i o.8
Vv
a
L
T
s 06
S
a
A 0.4
R
E
5
D 2

2.7 0.25 0.33

127 Mz sTuB ! TEST 1 8/9/82

i Y= 1.431 X + -0.229

1 A

1

REFL NARDA POWER (WATTS)

FIGURE 11, REFLECTED CDI VOLTAGE SQUARED VS. REFLECTED NARDA POWER
WITH STRAIGHT LIME SUPERIMPOSED

B.41 0.

40 0.57

AT 127 MHz (FROM TEST 1)



9¢c

CDI

< -~ O™

VI -

(OMAa>» < ownm

3i82

18

13

127 MHz sSTuB 1 TEST 2 8/7108/82

Y= 2.020 X + -1.445

b 1 1 1 'l [ 1 1

FIGURE 12,

ST

g . " 13 . 15
FWD NARDA POWER {WATTS)

FORWARD CDI VOLTAGE SQUARED VS. FORWARD NARDA POWER AT 127 NHz (FROM TEST 2)
WITH STRAIGHT LINE SUPERIMPOSED



L2

Chl 2:82

R

E

Fol

C

D

! 2.8

v

0

L

g €.6

S

0

u

A 8.4

R

E

C
.2

127 MHz STuB 1 TEST 2 8/106/82

R

—
i
.
.
.
.

Y= 1,692 X + -0.029

@.16 B.24 B.32 0.4 .48 .56
REFL NARDA POWER (WATTS)
FIGURE 13. REFLECTED CDI VOLTAGE SQUARED VS. REFLECTED NARDA POWER AT 127 MHz (FROM TEST 2)

WITH STRAIGHT LINE SUPERIMPOSED



8¢

cnl zi182 118 M=z STuB | TEST | 8/13/82

N~ QO<< -0 C=xM

CMy>cCcowm

Y= 2.307 X + -1 948

.

20

24

'y

14

9 . . . . R y , \ . .

18]
~

9 1 13 15
FWD NARDA POWER (WATTS)

FIGURE 14. FORWARD CDI VOLTAGE SUARED VS. FORWARD NARDA POWER AT 118 MHz (FROM TEST 1)
WITH STRAIGHT LINE SUPERIMPOSED



L<Z

Dl 3182 118 MHz

sSTUB ! TEST | 8/13/82
Y= 1.577 X + -0.025

Z2.71 -
R |
9 H
= €.861 -
L
C r
0 |
i 2.5 L
G
g |
é 2.4 t—
S .
C
U
A E.3) -
R
E
D -

.21 1 3 1 2 s 1 L I s s }

.15 0.23 .31 B.39 B.47 B.55
REFL NARDA POWER (WATTS]
FIGURE 15, REFLECTED CD! VOLTAGE SQUARED VS. REFLECTED NARDA POWER AT 118 MHz (FROM TEST 1)

WITH STRAIGHT LINE SUPERIMPOSED



ot

CHI

OMIA>COmn VT O«

3182

34

29

19

118 Mez STuB 1 TEST 2 8/16/82

Y= 2.250 X + -1.46!

) (8 A 'l A 1 A4 1 1

F1GURE 16,

7 9 11 13 15
FWC NARDA POWER (WATTS)

FORWARD CDI VOLTAGE SQUARED VS. FORWARD NARDA POWER AT 118 MHz (FROM TEST 2)
WITH STRAIGHT LINE SUPERIMPOSED



€

cor 3182 118 MHz STUB 1 TEST 2 8/16/82

[~ Y= 1,953 X + -2 B3%7

1.3 -
R
P N |
L
) I
D
| 2.9 =
v |
P
T,
5 v
G
¥
A D D
R
E
D

33 i ' L i ] A i 1 - - |

' 2 7 B.25 B.33 .41 0.490 B.57

REFL NARDA POWER (WATTS)

FIGURE 17. REFLECTED CDI VOLTAGE SQUARED VS. REFLECTED NARDA POWER AT 118 MHz (FROM TEST 2)
WITH STRAIGHT LINE SUPERIMPOSED



(43

Cit 3182 133 12% MHz TEST ! 7719782

-

27
[
W .
n <23
C
D
I
' i
'y
3
L
T
> s
S
J
A
R
E 11
0

7 i i i 1 1 I | L 4 L Il 3

5 7 e] 11 13 15

FORWARD NARDA POWER (WATTS)

FIGURE 18. FORWARD CDI VOLTAGE SQUARED VS. FORWARD NARDA POWER AT 133.125 MHz (FROM TEST 1)
WITH DATA FROM ALL 7 STUBS SUPERIMPOSED



£e

—Tma

=7 O <

SMPCCV

2igz 135.125 MHz  TEST | 7719782

-
z -
9 =
’—
| -
.5 t
g L‘ 1 1 I 1 1 1 I Iy s I -
) 2.4 2.8 1.2 1.6 l

REFLECTED NARDA POWER (WATTS)

FIGURE 19. REFLECTED CD! VOLTAGE SQUARED VS. REFLECTED NARDA POWER AT 133,125 MHz (FROM TEST 1)
WITH DATA FROM ALL 7 STUBS SUPERIMPOSED



hE

C«< =T ST

v =

OmIT >0

3182 133,125 Mz TEST 2 7/19/82

>7 -

23

‘G

)

M

7 X L ) o . , , . ,

i
~

9 1! 13 15
FORWARD NARDA POWER (WATTS)

FIGURE 20. FORWARD CDi VOLTAGE SQUARED VS. FORWARD NARDA POWER AT 133.125 MHz (FROM TEST 2)
WITH DATA FROM ALL 7 STUBS SUPERIMPOSED



S€

Chi 3182 123 125 MHz TESY 2 719782

< 5 -

/
/7

R /
L /
c -
D
! 15 -
\ V'
§) B
L
L i
O
S -
aJ
U
A 2.5 -
R !
E
D e

E btk ___ i 1 1 L 1 1 1 1 A 'l )

%) 2.4 : 2.8 1.2 1.6 2

REFLECTED NARDA PCWER (WATTS)

FIGURE 21. REFLECTED CDI VOLTAGE SQUARED VS. REFLECTED NARDA POWER AT 133.125 MHz (FROM TEST 2)
WITH DATA FROM ALL 7 STUBS SUPERIMPOSED



9€

v

SN

R L e RS

— e
—

Om T >

[ X2]

2182

7

O

133,125 MHz  STUB 25 TEST | 7/19/82
3 Y= 1 872 X + -1 639 VSWR >4
. ‘ :
i /
] Ve
/
I A
an
-
i
i
|
L
i
e
£5 7 9 1 13 15
FWD NARDA POWER (WATTS)

FIGURE 22, FORWARD CDI VOLTAGE SQUARED VS, FORWARD NARDA POWER AT 133.125 MHz (FROM TEST 1)

WITH A VSWR GREATER THAN 4:1



43

CO!

—{J

o<

OMU>COWM N~

3182

11

33.125 MHz STUB 25 TEST | 7/198/82

Y= 1.8/ 4 0+ -0, 50! VSWR >4

A 1 A A ] A I 3 A i 4 ]

3 4 5 6 7
REFL NARDA POWER (WATTS)

FIGURE 23. REFLECTED CDI VOLTAGE SQUARED VS. REFLECTED NARDA POWER AT 133.125 MHz (FROM TEST 1)

WITH A VSWR GREATER THAN &4:1



8¢

col

oy I Jilin

—7

N <o

OMU»COW

- FIGURE 24. FORWARD CDI VOLTAGE SQUARED VS. FORWARD NARDA POWER AT 133.125 MHz (FROM TEST 2)

WITH A VSWR GREATER THAN 4:1

3152 133,125 MHz sSTuU3 25 TEST 2 7/19s82
™ Y= 1. 897 X + -1 E§Kg VSWR >4

8 -

24

20

15

12

8 1 1 I 1 i 1 - i 2 I
5 7 9 11 13 15

FWC NARGA POWER (WATTS)



bt

Col

N = Q<

CTCMIJ[»CCU

3182

IN

il

133.125 MHz STUB 25 TEST 2 7/19/82

Y= 1.892 X + -0.344 VSWR >4

L i 1 ) I 1 I i A Yy _
3 4 5 6 7
REFL NARDA POWER (WATTS)
FIGURE 25. REFLECTED CD! VOLTAGE SQUARED VS. REFLECTED NARDA POWER AT 133.125 MHz (FROM TEST 2)

WITH A VSWR GREATER THAN 4:1



0h

Co!:

o™

W

-

N =17

WMOg» oW

2:i82

24

22

127 MKz STuB ! TEST 2 8/16/82
[~ Y= 2.02: X + -1.590 WITH OFFSET CORREZTION
5 7 9 11 13 15

FWD NARDA POWER (WATTS)

FIGURE 26. FORWARD CDI VOLTAGE SQUARED VS. FORWARD NARDA POWER AT 127 MHz (FROM TEST 2)
WITH OFFSET CORRECTION WITH STRAIGHT LINE SUPERIMPOSED



/A

Nl %182 127 MHz STuB | TEST 2 8/10/82

B Y= 2.020 X + —1.445 WITHOUT OFFSET CORRECTION
g
b
Y24
1
20
\
o
?
> e
S
J
U
A
R 12
D
8 L 1 I\ 1 3 1 [ | i 1 3

(6]
~

8 : b 13 15
FWC NARDA POWER (WATTS)

FIGURE 27. FORWARD CD| VOLTAGE SQUARED VS. FORWARD NARDA POWER AT 127 MHz (FROM TEST 2)
WITHOUT OFFSET CORRECTION (STRAIGHT LINE SUPERIMPOSED)



APPENDIX A

VSWR EQUATIONS FCR THE CDI POWER DETECTOR

Transmission line VSWR is calculated using the expression:

1+\/F:7;?

{A-1] VSWR= Where:

1-\/Pr/PF

Power can also be expressed as the following:

{A-2] Power=  —————— Where:

Therefore,

1+ \fvr? 7zrr 7 ved sz¢)
[A-3]1 VSWR= F=== Where:

1= \S(vrd 72y 7 (ve 726

Since the probes of the CDI detector are spaced very
can be assumed that the line impedance at each CDI'’s
the same. This allows equation A-3 to become:

1+ /vrd/yed
- Where:
1-\/vrd/ved

Equation A-4 can be rewritten as:

[A-4] VGWR=

1+(Vr/VE)
[A-531 VSWR= ———e—————e—e Where:
1=-(vr/V#)

Al

P# = Forward Power
Pr = Reflected Power

V = Voltage

Z = Impedance

V$# = Forward CDI Voltage

Vr = Reflected CDI Voltage

Zf = Impedance seen by
Forward CDI Probe

Zr = Impedance seen by

Reflected CDI Probe

close together, it
probe is essentially

V¢ = Forward CDI Voltage
Vr = Reflected CDI Voltage

V# = Forward CDI Voltage
Vr = Reflected CDI Voltage



