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THE INTERFEROMETBR MICROWAVE, LINK

James R. Coe

INTRODUCTION

The design and construction of the microwave link was initiated

in response to the Naval Observatory's requirement for an extended

east-west interferometer baseline.

Section 1.0 of this report contains a general description

of the link operation and the link equipment. The link path

selection is covered in Section 2.0. Sections 3.0 and 4.0 contain

details about the Local Oscillator Link Design and Section 5.0

covers the Intermediate Frequency Link Design.

1.0 GENERAL LINK DESCRIPTION

The purpose of the microwave link is to transfer the required

information between the remote site and the interferometer control

building. This information includes:

(1) The radiometer outputs from the remote site.

(2) The antenna position information.

(3) Antenna control data.

(4) The reference signals for the local oscillator.

Two separate links are used to transmit this information.

The IF Link using the 17.5 GHz band is transmitted continuously

from the remote site to the control building. It carries the

two 30 MHz-wide radiometer outputs. The antenna azimuth and

elevation positions and the environmental monitors are also

sent over this link.
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The LO Link at 17.0 GHz is transmitted from the control

building to the remote site for 10 milliseconds. During the

next 10 millisecond interval it is sent from the remote site

to the control building. It carries the local oscillator reference

signals. By using the same frequency for the transmission and

switching directions at a 50 Hz rate, the same time delay in

both directions is assured. The local oscillator phase stabilization

system requires the identical delay in both directions. The

antenna control and receiver control information is also sent

over this link to the remote station.

1.1 17.5 GHz Link 

Two radiometer outputs from the receiver are transmitted

back to the interferometer control building. The two outputs

are the right and left hand circularly polarized signals received

by the antenna. These signals are amplified in the receiver

and converted to the IF frequency band of 5 to 35 MHz. Then

these bands amplitude modulate the 17.5 GHz carrier. The right

hand channel modulates the carrier directly. The left hand

channel is converted to 47 to 77 MHz to separate it from the

right hand channel before it modulates the carrier. The 17.5 GHz

carrier and its sidebands are amplified in the power amplifier

and transmitted through the diplexer and waveguide to the feed

of the 10-ft dish. The signals are radiated by the feed and

reflected by the paraboloid to form the microwave beam.
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At the control building the signals are received by the

antenna. The 17.5 GHz signal band is separated from the 17.0 GHz

signals in the diplexer. The signal level is amplified in the

low noise amplifier and converted to the 5 to 200 MHz band by

mixing with 17.4 GHz. The signals are then synchronously detected

by mixing with a 100 MHz signal. This signal is generated by

phase locking an oscillator to the incoming 100 MHz carrier.

The right hand channel is recovered by passing the composite

signal through a 35 MHz low pass filter. The left hand channel

must be mixed with the 42 MHz subcarrier to translate it back

to the 5 to 35 MHz band. These outputs are sent to the IF amplifier

detector modules. Part of the signal is detected with a square

law detector to generate the total power output. This monitors

the power in the IF band for each channel. The 5 to 35 MHz

IF signals derived from the right and left circularly polarized

radiometer outputs are then sent to the Digital Delay Rack for

further processing.

The digital data is also sent over this link to the control

building. It contains the antenna azimuth and elevation positions

along with the antenna drive monitors, receiver monitors, and

environmental monitors. The Digital Link equipment processes

this information and produces a serial bit stream. This bit

stream modulates the frequency of an 87 MHz subcarrier. The

87 MHz signal then amplitude modulates the 17.5 GHz carrier.

At the control building the 87 MHz subcarrier is demodulated

with a frequency discriminator. The serial bit stream is sent

to the digital link equipment where it is decoded.
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A video monitor is provided at the remote site, primarily

for monitoring weather conditions. Its output amplitude modulates

a 95 MHz subcarrier. Filters are used to remove the lower sidebands

and pass only the 95 to 100 MHz band. This signal also modulates

the 17.5 GHz carrier.

This video signal is demodulated at the control building

by recovering the 95 MHz subcarrier and mixing it with the 95

to 100 MHz band. The output video is amplified and sent to

the monitor.

1.2 17.0.GHz Link 

The 17.0:GHz link transmits the local oscillator reference

signal from the control building to the remote site. The reference

signal is obtained from the master oscillator and used to amplitude

modulate the 17.0 GHz carrier. The signals are amplified and

transmitted through the waveguide to the 10-ft dish.

At the remote site the 17.0 GHz signal band is mixed with

17.5 GHz. The 400 to 600 MHz band is amplified and demodulated

to recover the local oscillator reference signal. It is then

sent to the front end through a coaxial cable. The reference

signal stabilizes the phase of the local oscillator and pump

signals than are used in the receiver front end.

When the oscillator in the front-end box is locked to the

signal transmitted from the control building, the switching

sequence is started. The control building 17.0 GHz oscillator

and power amplifiers are gated off and on at the 50 Hz rate.
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At the remote station the 17.0 GHz oscillator and amplifier

are switched on when the trailing edge of the signal from the

control building is detected. This oscillator is modulated

by the reference signal originating in the receiver front end.

This signal is sent down the same coaxial cable that carries

the offset and reference frequencies up to the front end. This

enables the system to correct for any phase changes that occur

in the cable.

At the control building the 17.0 GHz signal band received

from the remote site is mixed with 17.4 GHz. The 300 to 500

MHz band is amplified and applied to the detector-amplifier

where the local oscillator reference signal from the remote

site is recovered. An oscillator is phase locked to this signal

and a locally generated 100 kHz offset oscillator. The phase

locked oscillator output is mixed with the signal from the master

oscillator as described in the first paragraph of this section.

This completes the round trip phase correction system.

The 100 kHz offset frequency is also sent from the control

building to the remote site by frequency modulating a 30 MHz

subcarrier that is applied to the 17 GHz carrier.

The digital data containing the antenna and receiver control

information is sent to the remote site by using a 45 MHz subcarrier

to modulate the 17 GHz signal.

At the remote site the 100 kHz and digital data are recovered

using frequency discriminators. The 100 kHz signal is sent

to the receiver front end over the previously described coaxial

cable.
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The digital data is sent to the digital link equipment

for decoding.

1.3 Link Equipment 

Block diagrams of the link subsystems are shown in Figures

1 through 5. Figure 6 is a list of components used in the system.

At the control building the link subsystems are mounted in the

two bay rack in the equipment room shown in Figure 7. The equipment

for the new link to Point Mountain and the revamped link to

Huntersville is identical. The left hand bay houses the link

components used in the Point Mountain link. The control building

link assemblies, starting at the top of the rack, are as follows.

(1) Monitor Panel. 

The monitor panel provides 5 BNC jacks for monitoring critical

link signals on the oscilloscope.

The PLL amp jack samples the output of the control building

100 kHz phase detector amplifier. When the loop is not locked,

this signal should be a slowly changing sweep signal from -10

to +10 volts nominally. This shows the automatic search circuitry

is functioning. When the loop is locked, examining this signal

gives information about the transient behavior of the sampled

phase locked loop. The transients can be minimized by adjusting

the DC offset potentiometer in the 100 kHz Phase Detector Box.

The 100 kHz Osc. and Rem. test points provide a convenient

means of monitoring the LO reference signal received from the

remote site. The Osc. signal triggers the oscilloscope. The

Rem. signal is the difference between the 96.25 MHz signal from
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the remote site and the local 96.15 MHz oscillator. The signal

to noise and the switching times can be easily checked.

The Total Power R. Ch. and L. Ch. test jacks provide a

means of monitoring the detected right or left hand circularly

polarized IF signals. These points provide a quick check of

the radiometer performance. Receiver instabilities are easily

detected.

(2) Waveguide Components Drawer. 

The waveguide components drawer houses the diplexer and

waveguide filters that separate the two frequency bands. It

also has the Low Noise Amplifier used to amplify the 17.5 GHz

band signals. The mixers used in the receivers and the mixer

and power amplifier for the 17 GHz link transmitter are in this

drawer too.

(3) LO Transmitter/Receiver Drawer. 

There are six indicator lights on the front panel to show

the local oscillator link status. The LO link is operating

properly when all six indicators are ON.

The Transmit and Receive indicators show when the normal

switching cycle is occurring.

The Local 1347.5 MHz Lock indicator is ON when the frequency

translation components in the master oscillator rack are properly

locked.

The Local 100 kHz indicator shows the control building

phase lock loop is locked to the signal received from the remote

station.
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The Remote 100 kHz led is ON when the loop in the remote

receiver front end is locked to the local oscillator reference

signal sent from the control building.

The Remote 1347.5 MHz indicator shows that the frequency

translation loop in the remote station front-end box is locked.

The two Remote indicators are driven by signals sent back

to the control building through the digital data link.

The drawer contains the components used to generate the

Local Oscillator reference signals. It has the 30 MHz and 45 MHz

voltage controlled oscillators that are used by subcarriers

for the 100 kHz offset frequency and the digital data. The

components needed to amplify the local oscillator reference

frequency received from the remote station are included in this

drawer.

(4) Link Receiver. 

The received link signals and the total power radiometer

signals are monitored by two digital panel meters mounted on

the front of this drawer. A selector switch provides for monitoring

the LO (17 GHz) link or the IF (17.5 GHz) link received signal

level. The levels shown on these meters usually only change

when the link path attenuation varies. However, a continuous

low reading when there is no rainfall along the path may indicate

equipment problems.

The Total Power Meter has a selector switch to check the

Left or Right channel levels. This provides a monitor of radiometer

receivers and assures that adequate signal is available to supply

the digital delay rack.
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(5) Power Supplies.

The power supplies used have voltage and current meters

that aid in locating malfunctioning components. Two +15 volt

supplies are used. All the components that are switched on

and off at a 50 Hz rate, such as the 17 GHz oscillator, are

on one of the 15 V supplies. This helps isolate the switching

transients. A +-15 V DC supply is used for operational amplifiers

and a +5 V DC supply drives the digital circuitry. The voltage-

controlled crystal oscillator operates from a +24 V DC supply.

(6) Receiver Control.

Control of the channel selection XR-XL, SR-SL, or

XR-SL is implemented through the digital link. The switches

on this panel provide for computer or manual control of these

functions. These switches control opto-isolators in the digital

link. At the remote site, an output from the digital equipment

is received for each of the functions selected at the control

building. These outputs control relay drivers.

Other functions that are remotely controlled are Paramps

Off, Noise Modulation Off, S-Band Cal On, and X-Band Cal On.

The Paramps Off control turns off all four parametric amplifiers

in the receiver front end. Uses include checking the gain of

these amplifiers and occasionally stopping an oscillation in

an amplifier.

The Noise Modulation Off control stops the 50 Hz noise

modulation signal from switching the calibration signals on.

It is switched off when the noise modulation is not required

or when the full calibration signal is needed to measure antenna

efficiency.
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The S-Band and X-Band calibration switches control the

noise calibration signals for the two frequency bands.

The control building part of the link to Huntersville is

housed in the right-hand bay of the two-bay rack. The components

are the same as described above for the Point Mountain link.

At the remote site most of the link components are mounted

in the single rack in the equipment trailer.

Waveguide Components Dower. 

Two FET power amplifiers, one for each of the frequency

bands, are located in this drawer. The diplexer to combine

the two bands and a circulator that separates the incoming and

outgoing signals are located here. A mixer, used to convert

the incoming 17 GHz signal to 500 MHz, is also in the drawer.

(2) Link Transmittex/Receiver Drawer. 

This drawer contains the components needed to receive and

transmit the Local Oscillator reference signals. It also has

the parts required to modulate the 17.5 GHz carrier with the

radiometer IF outputs, digital data, and the video monitor output.

Front panel meters with selector switches are provided

to monitor the 17 GHz and the 17.5 GHz oscillator output power.

The received signal level is monitored. This monitor point

is taken from the ALC amplifier and shows the level of the incoming

17 GHz band.

Other functions displayed on the meter are the PLL Amp

output from the front-end box 100 kHz Phase Detector, the 192.5 MHz

Phase Detector Output, and the 100 kHz Signal and Reference

signals in the 100 kHz Phase Detector Box.
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Two +15 V DC supplies are used to power the 17 GHz and

17.5 GHz oscillators and associated power amplifiers. The +-15 V

DC supply is used for operational amplifiers and the +5 V DC

is used for the logic circuits.

The Phase Lock Loop Box is located in the Receiver Front

End at the focal point of the antenna. It contains the components

needed to generate the local oscillator signals from the reference

signals transmitted over the link.

in

The two frequency bands are transmitted between the control

building and the remote sites using the microwave link antennas

and reflectors. Since the terrain blocks direct transmission

of the signal to the remote sites, passive reflectors are used

to redirect the signals.

The link to Point Mountain has three 10' x 16' reflectors

in the path. There is a single reflector located 3700 feet

southeast of the control building. It reflects the signals

from the control building toward the double passive reflector

on Back Allegheny Mountain. The double passive is required

there to redirect the signals toward the antenna at the Point

Mountain site.

The 10-ft diameter paraboloids at each end of the link

are used to transmit and receive the signals.
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The link path to Huntersville has a single 10 x 16 reflector

northwest of the control building. It reflects the signals

transmitted from a 6-ft dish antenna at the control building.

At the Huntersville site a 6-ft antenna is also used to receive

and transmit the signals.

2.0 LINK PATH DESIGN

One of the first tasks in the design of the microwave link

was to find a path with adequate clearance between the remote

site and the control building. Back Allegheny Mountain blocks

direct transmission of the signals between the Point Mountain

site and Green Bank.

By examining topographic maps, several tentative paths

were located. In trying to determine if a proposed path had

adequate clearance, the general guideline of 1.0 Fresnel Zone

clearance at 4/3 earth radius was used. During normal atmospheric

conditions the microwave beam follows a path of 4/3 earth radius.

This bending is caused by the denser atmosphere slowing the

lower part of the microwave beam. The first Fresnel zone radius

is defined as the radius of a reflecting surface that results

in an indirect path 1/2 wave length longer than the direct path.

At 17 GHz the Fresnel Zone radius is 34 feet at the midpoint

of a 15 mile path. When plotting the path profiles, at least

60 feet of clearance was required at the middle of the path

with decreasing clearance toward either end. A detailed description

of the path selection criterion is given by Robert F. White

of GTE Lenkurt, Incorporated, in reference [1].
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From the plotted path profiles it was thought that the

path from the Point Mountain site to Gaudineer Tower would be

clear. Physical examination of the site showed 40 foot spruce

trees surrounding the tower and attempts to flash this path

using a mirror reflecting the sun were not successful. After

further study of the maps, S. Smith thought it might be possible

to locate a passive reflector on Back Allegheny Mountain that

would have a clear path to Point Mountain and to a ridge near

the control building. This area of Back Allegheny Mountain

was explored with great difficulty. The spruce trees were so

thick that no visual checks could be made of the path. After

further field surveys on Back Allegheny, a site was found that

had been logged recently. From this site part of the Observatory

at Green Bank could be seen. Path profiles toward Point Mountain

showed there should be adequate clearance. The path clearance

was confirmed by flashing with a mirror.

The path from Back Allegheny to the control building was

still blocked by Little Mountain. A second reflector site was

located as close as possible to the control building. This

was done by moving west along the ridge located to the east

of the control building while still maintaining a clear path

to the Back Allegheny reflector site.

The path losses were computed at 17.4 GHz with 10' x 16'

passive reflectors. They are tabulated below starting at the

Point Mountain end.
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17 4-ft Waveguide Loss.................

10-ft Antenna Gain

14.5 mile Path Loss

Double Reflector Gain

• •• •• • • • • • • • • • • • • •

• • • • • • • • • • • • • • • ••

Near Field Correction

Atmospheric Loss 0.1 dB/km

8-ft Waveguide Loss

Total Path Loss

-1.5 dB

52.3 dB

-144.7 dB

115.1 dB

- 135.9 dB

52.3 dB

-3.0 dB

-3.3 dB

-1.0AB

-69.7 dB

5.3 mile Path Loss

10-ft Antenna Gain

Note that the single passive repeater is within the near

field of the 10-ft dish at the control building. The single

passive gain and the 3700-ft path loss are not included and

the -3 dB near field correction is applied.

Atmospheric absorption losses and rainfall attenuation

rates over the frequency range of 3 to 24 GHz are shown on plots

in reference [2].

Formulas and graphs for the path loss and passive repeater

gain calculations are given in the fficroflect pasqive Repeater 

Handboo* [3] and the GTE Lenkurt book cited above.

The 10-ft diameter parabolic antennas are needed to keep

the loss to about 70 dB. This allows the use of lower powered

FET amplifiers for the transmitters. These have much longer

life than the Traveling Wave Tube amplifiers.
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Measurements of the path loss after all reflectors were

adjusted to maximize the received signal showed the nominal

loss was 72 dB. During a 21-day test the received signal was

measured at I second intervals. The measured levels were quantitized

in 3 dB increments, and a count was made of the number of measure-

ments within each of the three dB windows. The signals were

within +-6 dB of the nominal level during 99% of the time.

This test was started in January 1984. weather conditions included

some periods of light snow. Rainfall will increase the path

loss substantially. A rainfall rate of 10 mm/hr would cause

0.6 dB/km extra path loss. When rain occurs at this rate over

the full 33 km path, the extra attenuation would be 20 dB.

The location of the reflector site on Back Allegheny Mountain

is such that a double reflector is required. The included angle

between the incoming and outgoing ray is 176 degrees. So, with

one reflector, the projected surface area would be proportional

to the cosine 176/2 or 0.035. The closely spaced double reflectors

are oriented nearly parallel to the incoming wave front. During

adjustment of the double reflector it appeared that adjusting

either reflector would maximize the received signal. R. Fisher

confirmed that this was expected since the beam can be steered

with either reflector.

Because the route from Point Mountain through the reflector

site to the control building is nearly on line, the possibility

exists that some signal from the remote site could reach the

receiver at the control building without passing through the

double reflector. If this overreaching signal is strong enough,
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it could cause interference with the primary signal. However, the

calculated terrain obstruction loss and reflector and antenna dis-

crimination loss are more than 80 dB extra for this interfering path.

We have operated a microwave link at 17.5 GHz from Huntersville

to Green Bank since 1972. It has a single passive reflector

that was originally an 8' x 8' flat plate. In 1982 we ordered

a new 16' x 8' passive reflector from Microflect and installed

it in place of the old reflector. The new reflector increased

the signal level by 10 dB and showed no change in level when

operated during the winter months. With this experience with

the Microflect device we were confident that they would be satis-

factory in the more stringent environment at the Back Mountain

Allegheny site. The specifications for the passive reflector

are given in Appendix A.

3.0 LOCAL OSCILLATOR LINK DESIGN

In designing the local oscillator link, the primary concern

was to develop a system to provide the required phase stability

under varying atmospheric and multipath conditions. The new

link also had to interface with the existing interferometer

oscillator system.

One of the first tasks was to determine the phase variations

expected through a microwave link. The changes in the direct

path delay and multipath phase fluctuations were considered.

3.1 Patb Delay 

The path delay will vary with the refractivity of the air.

It is directly proportional to the barometric pressure and inversely

proportional to temperature. Daily variations of the index
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of refraction are 20 to 40 parts per million have been measured

by M. C. Thompson [4]. Over the 33 kilometer path this corresponds

to 2 to 4 nanoseconds change in path delay. The phase stabilization

system must correct for these path variations.

3.2 Multipath Phase Er ors 

If two separate frequency bands are used to transmit the

local oscillator reference frequencies to and from the remote

site, phase errors may occur because of multipath propagation.

The signal arriving at the receiving antenna consists of a direct

signal plus one or more signals reflected from the ground or

atmospheric layers. These indirect signals have a longer path

than the direct signals. The phase changes caused by the indirect

path depend on the amplitude ratio and phase difference between

the direct and indirect signals. To analyze the effect of many

interfering signals is complex. Some insight can be gained

by assuming only one reflection at the center of the path.

For a single interfering signal reflecting from a surface at

mid-path the phase difference is related to the extra length

of the indirect path. This extra path length (L) is proportional

to the angle off axis of the indirect path as well as the path

length (D).

L = D (1/cos(theta) - 1) (1)

where (theta) is the angle between the direct and indirect paths.

The phase difference between the indirect and direct path

is:
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phi = 2 pi L/lambda + pi (2)

where lambda is the wavelength. The second pi term accounts

for the 180 degree phase shift experienced by a signal reflecting

from a surface at a low angle.

The expression relating the phase difference (phi) to frequency

is:

phi = 2 pi L f/(3 x 10 8) + pi radians (3)

where (L) is in meters and (f) the frequency is in Hz. This

phase difference and the amplitude ratio of the indirect to

direct signal voltage (A) can be used to determine the resultant

signal. The amplitude of the received signal (R) is:

R = (1 + A cos (phi)) / cos (psi) (4)

and its phase (psi) is

psi = arctan (A sin (phi)/(1 + A cos (phi)] (5)

The multipath induced phase changes were computed at 100 MHz

frequency intervals for various values of theta and A for paths

of 24 km and 35 km. These computations are shown in Appendix B.

They show that generally multipath signals result in dispersion

where the phase change with frequency is not constant. Only
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if the reflected signal amplitude is equal to the direct signal

is the resultant phase change constant with frequency.

If A = 1, equation (5) can be reduced to

psi = arctan [tan phi/2] = phi/2 (6)

and the change in psi with frequency would be a constant.

A. R. Thompson has shown a method of calculating the maximum

frequency separation for local oscillator phase correcting links

implemented with coax cable or waveguide [5]. With a microwave

link the multipath signals cause the same effect as double reflec-

tions in a coax or waveguide system. An estimate of the maximum

frequency difference in the microwave link system was made.

The reflector and antenna patterns reduce the signal amplitude

of the off axis multipath signals. A single indirect signal

reflected from a point in the middle of the path has a maximum

amplitude of:

A = (lambda/(pi x h x sin(theta)) 2 (7)

where (h) is the reflector height. Using this equation to compute

A for off axis angles (theta) of 0.1 to 2.0. degrees and then

solving equation (5) gives a maximum frequency difference of

1.5 MHz for a 0.1 degree phase error.
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3.3 Oscillator Phase 5tabi1ization 

The basic design uses the transmission of a single frequency

in both directions. The transmitted and received signal frequencies

are summed at each end. The phase of these summed signals is

independent of the path length variations.

The scheme used is shown in Figure 8. A reference sigal

is derived from the control building master oscillator. It

is mixed with a tone from the remote station. The difference

frequency is sent back to the remote station where it is summed

with the original signal. The phase of this sum signal at the

remote site is identical to the phase of the control building

reference signal as long as the down and back time delays are

equal.

In the practical implementation of this system it becomes

apparent that there were some stringent component requirements.

First, the mixer at the control building would have to have

50 dB isolation between the input and output. This high isolation

is needed to prevent the leakage signal from causing significant

phase changes. Secondly, a common coaxial cable carries these

signals up and down the telescope at the remote station. Small

mismatches in this cable would also cause large phase errors.

Both of these problems were overcome by introducing a frequency

offset so that the incoming and outgoing signals at the mixer

and the up and down signals at the telescope were at slightly

different frequencies. The offset frequency of 100 kHz was

used.
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3.4 Loc41 Oscillator Frequencies 

To interface readily with the existing interferometer local

oscillator system the reference frequency had to be a subharmonic

of 1347.5 MHz. It was also desirable to make it as high as

possible but still stay under 100 MHz for transmission as a

sideband of the 17 GHz carrier. Therefore, 96.25 MHz was selected

as the LO reference frequency. Four phase-lock loops are used

to translate the frequencies and stabilize the phase of the

remote local oscillator signal.

3.5 Signal- to-Noise Requirements

To keep the rms phase noise contribution from the link

to less than 0.5 degree/GHz, the reference signal at 96.25 MHz

must have a signal-to-noise ratio of at least 58 dB.

(20 log tan (0.05*1.4) = 58.2 dB

This high signal-to-noise ratio can be achieved with moderate

transmitter power by using narrow-band phase-locked loops at

each end of the link.

3.6 100 kHz Phase Lock 1JoopA 

These phase lock loops consist of a voltage-controlled

crystal oscillator, a phase detector and loop amplifier. The

oscillator at the control building operates at 96 1.15 MHz. The

crystal oscillator is extremely stable and has a narrow tuning

range of 30 Hz. This narrow tuning range was selected to prevent

false locking. With the time multiplexed or switching system
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false locks can occur. The 50 Hz switching rate creates sidebands

at 50 Hz intervals. By limiting the tuning range and the drift

of the oscillator to less than 50 Hz, false locks are prevented.

The phase detector operates with input signals of 100 kHz.

The schematic is shown in Figure 9. The reference input to

the phase detector is the 100 kHz offset oscillator. The 100 kHz

signals are amplified and applied to a double balanced mixer

that acts as the phase detector. An active loop filter is used

after the phase detector output. Extensive use was made of

Gardner's book on phase lock loops [6] and A. R. Thompson's

paper [7] in the design of the active loop filters.

The response of the phase-lock loop to transients is determined

by the loop natural frequency and the damping. These can be

adjusted independently by changing the two time constants associated

with the active loop filter.

At the control building the loop natural frequency is about

30 radians/second and the damping factor is 0.9. The remote

loop active filter has a damping factor of 0.14 and a loop natural

frequency of 3 radians per second. These low natural frequencies

and damping factors were needed to suppress the transients introduced

by the switching system. Both loops are operated as sampled

loops. The control building loop has only the signal input

100 kHz switched on and off. The remote loop has both the signal

and reference inputs switched on and off.

With these narrow-band loops the response to rapid changes

in frequency and phase is slow. For the maximum frequency step



23

change of 0.7 Hz, the phase error at 96.25 MHz is calculated

to be less than 0.02 degrees within three seconds after the

step occurred. The 0.7 Hz maximum step in frequency is derived

from the maximum lobe rotation rate of 9.7 Hz at 1347.5 MHz.

This large of a step would seldom occur in the normal operation

of the interferometer and then only at the start of a scan.

The narrow-loop bandwidths also make the loops difficult

to lock. The sweep rate must be slow to allow the loop time

to acquire lock. The locking procedure has been automated with

circuitry on the T/R Driver card at the control building. If

the remote 100 kHz phase detector indicates that loop is not

locked, then the control building signals are transmitted con-

tinuously and the remote station receives continuously. The

96.15 MHz oscillator is swept slowly by injecting a square wave

with an 80 second period. When the remote 100 kHz loop locks,

the transmit/receive cycle is started again. The local or control

building 100 kHz loop then locks because it is receiving the

signal from the remote station. When the local loop locks,

the sweep signal is overridden. The change in tuning of the

96.15 MHz oscillator may be enough to pull the remote 100 kHz

loop out of lock. If lock is lost, the transmit/receive cycle

is continued for ten seconds. If the remote 100 kHz loop does

not reacquire lock in this time, the switching is stopped and

the sweep started again. The link may go through this sequence

several times before lock is acquired.
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4.0 LOCAL OSCILLATOR LINK TRANSMITTERS AND RECEIVERS

The local oscillator S/N requirements, the path loss, and

the power output of FET amplifiers were considerations in the

design of the transmitters and receivers. The signal-to-noise

requirements for the various signals are tabulated below:

Receiver
Signal S/N Required Bandwidth

96.35 MHz LO Ref 58 dB for .059 rms 30 Hz

30 MHz, 100 kHz 58 dB 30 Hz
Subcarrier

45 MHz Digital Data 16 dB for 1 error/day 2 MHz
Subcarrier

The noise figure of the mixer-preamps used for the LO link receivers

is about 10 dB. The equivalent noise power at the input is

- 148 dBm in a 30 Hz bandwidth and -100 dBm for a 2 MHz band.

The minimum received signal level for the LO signals would be

- 90 dBm.

With link path losses of 72 dB and an extra 20 dB needed

for fading margin, the signal power for the LO ref and 30 MHz

signals must be +2 dBm. Under the same conditions the 45 MHz

subcarrier would have to be +8 dBm. Currently available FET

medium power amplifiers can provide these output levels.

4.1 LO Lint( Signal Generation

The decision to use the same link frequency to transmit

and receive the LO signals complicated the transmitter and receiver

design. Filters cannot be used to isolate the receiver from
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the transmitted signals. Isolation of 110 dB, 40 dB more than

the path loss, is needed. To keep the local carrier from interfering

with the receiver it is switched off during the receive time

period.

The 17 GHz carrier is generated with a Gunn diode oscillator.

The oscillator has an internal regulator and is switched on

and off with a TTL signal. The oscillator output is amplitude

modulated by the local oscillator reference signal in a double

balanced mixer. It is also modulated by the 30 MHz and 45 MHz

subcarriers. These subcarriers are frequency modulated with

the 100 kHz offset frequency and the digital data information.

The output from the modulator is amplified with a FET amplifier

with 23 dB gain and a maximum output of +22 dBm.

The effect of the power amplifier noise on the receiver

sensitivity had to be considered. A circulator with 26 dB isolation

separates the mixer from the power amplifier. Still, noise

reflected from the feed or in the waveguide is directed back

into the mixer. To overcome this problem the power amplifier

is gated on and off at the 50 Hz rate.

4.2 LO Link Receiver

The local oscillator link receiver uses a double balanced

mixer followed by a low noise amplifier. At the remote site

a 17.5 GHz signal is mixed with the incoming 17 GHz frequency

band. The 300 to 500 MHz band is amplified with a preamp with

56 dB gain. The next stage of the receiver is an ALC amplifier.
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This amplifier has an output of +2 dBm with input levels from

-47 to -20 dBm. A sample/hold circuit has been added to the

ALC amplifier leveling loop so the ALC action only occurs during

the receive part of the switching cycle. The power to the preamp

is also gated on and off with the 50 Hz square wave to further

improve isolation during the transmit part of the switching

cycle.

Following the ALC amplifier, a detector-amplifier demodulates

the amplitude modulated 400 MHz signal. With a 100% amplitude-

modulated signal at +2 dBm applied to the detector-amp input,

the output of the detector amplifier is +6 dBm.

The detector-amplifier output is split in a three-way power

divider. One output drives the 30 MHz discriminator, the second

output feeds the 45 MHz discriminator, and the third output

supplies the 96.35 MHz LO reference signal to the amplifier.

Output from the 30 MHz discriminator is the 100 kHz offset frequency

at a level of 0 dBm. The discriminator design is similar to

one used by N.V.G. Sarma [8].

The 45 MHz discriminator output is the biphase digital

data stream at TTL levels. The digital data is transmitted

at approximately a 20 kilobit rate.

The 96.35 MHz LO reference signal is amplified. Part of

this signal is sent to the T/R Driver card where it triggers

the transmit/receive circuitry. The received signal is detected,

amplified, and applied to a threshold detector. When the level

drops below a preset level, the transmit mode is triggered.

Control signals from the T/R driver card turn off the preamp,

the diode switch, and switch the PLC amplifier sample/hold to
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hold. Then the 17.0 GHz oscillator and power amplifier are

switched on for 9.5 milliseconds to transmit back to the control

building. At the end of this time the control signals switch

to the receive mode until the trailing edge of the received

signal is detected and the transmit cycle is started again.

The LO reference signal is also sent to the Phase Lock Loop

Box in the receiver front end.

4.3 Remote Station Phase Lock Loop Box 

This box controls the phase of the 1347.5 MHz signal from

the pump and LO power amplifier and generates the 96.25 MHz

reference signal that is sent back to the control building.

The 96.35 MHz signal is mixed with the locally generated 96.25 MHz

to obtain 192.6 MHz. This signal is translated to 100 kHz by

mixing with the 192.5 MHz signal from the comb generator. The

100 kHz signal phase is compared with the 100 kHz offset frequency

received from the control building. The phase detector output

controls the phase of the 96.25 MHz crystal oscillator. This

signal is amplified and drives the comb generator.

The power amplifier in the Pump and LO package exhibits

large phase changes with supply voltage variations. To stabilize

the 1347.5 MHz signal phase, the comb generator 1155 MHz output

is mixed with the power amplifier output. The difference frequency,

192.5 MHz, is compared with the 192.5 MHz output from the comb

generator in a mixer used as a phase detector. An active loop

filter, shown in Figure 10, amplifies the phase detector output

and controls the phase of the 1347.5 MHz voltage-controlled
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oscillator. The loop natural frequency is 10 kHz with a damping

factor of 0.7. The circuit board also contains a lock detector

and sweep circuit. If the oscillator is out of lock, then the

beat frequency is coupled into the detector. Comparison of

the detector output with a preset level is performed with an

operational amplifier. The op amp output is negative when the

loop is not locked. This applies power to the 555 multivibrator

that injects a 20 Hz square wave into the active loop filter

amplifier to sweep the voltage controlled oscillator. When

lock is obtained, the lock detector amplifier output goes positive,

removes power from the multivibrator and turns on the 1347.5

MHz lock indicator.

4.4 Phase Stable Componults 

The design of the LO link was influenced by the required

phase stability with time, temperature, signal levels, etc.

Narrow-band filters were avoided. Mixers used as phase detectors

are operated under saturated conditions. Other critical components

are discussed below.

4,5 Comb Generator 

The comb generator is a Hewlett Packard Model HP 33002A

step recovery diode module. It is driven by a +26 dBm signal

at 96.25 MHz. Although the phase of the output relative to

the input is dependent on drive level and temperature, the relative

phase of the comb outputs are stable. The design of the frequency
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translation circuitry in the Phase Lock Loop Box is such that

only the comb outputs are used for critical phase comparisons.

4.6 Amplifier 'Ilan stkbuility

The 96 MHz amplifiers used to amplify the LO reference

signals are critical components. A phase stability specification

of 0.01 degree phase per degree C at 100 MHz was set as the

design goal. Bob Mauzy and Lewis Beale, after testing several

different manufacturers' modular amplifiers, were able to select

units that when assembled gave less than 0.002 degree phase

change per degree C at 100 MHz with over 20 dB gain.

it.7 phase ,Stable Phase Locked Oscillators 

At the control building the master oscillator output signal

had to be translated to 192.5 MHz. Instead of trying to use

a digital type frequency divider, a phase-locked oscillator

was used. The phase-locked oscillator input reference frequency

is 192.5 MHz with an output of 1347.5 MHz. The specifications

were for no more than one degree phase change at 1347.5 MHz

for an input reference level change of one dB. None of the

manufacturers contacted could meet this specification. Frequency

West proposed a 3 degrees per dB input reference change, and

the oscillators were ordered from them. When the units were

tested they exhibited 30 to 40 degree phase changes for an input

reference level of -1 dBm to +1 dBm. Several of the units were

returned to Frequency West, but they had little success in reducing
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the phase sensitivity to input level changes. It was found

that operating the units at inputs of +5 to +7 dBm reduced the

phase errors to 2 to 3 degrees per dB of reference input change.

In future designs, a comb generator would probably be used for

this frequency translation. It would be driven at 96.25 MHz

and phase stable 192.5 MHz and 1347.5 MHz outputs would be used.

4.8 LO Link Tests

After the link equipment was assembled it was set up in

the control building for a final checkout. Waveguide with fixed

and variable attenuators simulated the link path. The phase

of the 1347.5 MHz signals from the receiver front end and the

master LO were compared. Although the average phase was stable

the peak-to-peak fluctuations were about 20 degrees. The frequency

of this noisy sine wave was 10 to 20 Hz. After much trial and

many errors it was reduced to 2 degrees rms by decreasing the

bandwidth and damping of the remote 100 kHz loop. This attenuated

the response of the loop at the higher frequencies and suppressed

the switching transients.

The LO link operated with an extra 20 dB of attenuation

in the waveguide. Phase measurements at 1347.5 MHz showed no

detectable phase change as the path attenuation was increased

in three dB steps up to 12 dB. At that level a 16 degree offset

was apparent.
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5.0 IF LINK DESIGN

The IF Link design is based on a system that has been used

as part of the interferometer since 1973. This link was designed

by Sarma [8].

In the new link FET Amplifiers are used in place of the

TWT amplifier. Other components have been changed to make use

of currently available amplifiers and integrated circuits.

SignAl-tQ-Noise Requirements. 

The IF Link carries the two radiometer outputs, the video

monitor and the digital data. The signal to noise requirements

and the receiver noise for a 10 dB Noise Figure receiver for

these different signals are tabulated below.

Receiver Noise/
Signal S/N Reqvised Bandwidth 

Right Channel
Radiometer Signal 17 dB for 2% noise -89 dBm/30 MHz

Left Channel
Radiometer Signal 17 dB -89 dBm/30 MHz

42 MHz Left Channel
Carrier 20 dB -104 dBmil MHz

Video Monitor 40 dB -97 dBm/5 MHz

87 MHz Digital Data
Subcarrier 16 dB -101 dBm/2 MHz

17.5 GHz Carrier 40 dB -122 dBmil5 kHz

With the minimum path loss of 72 dB and a desired fade

margin of 20 dB the transmitter power for this composite signal

would be 3.5 watts. This greatly exceeds the output of the
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0.5 watt FET amplifiers currently available. By reducing the

fading margin, the lower power FET amplifiers can be used.

The transmitted power and fading margin for each of these signals

are shown below.

Transmitted
Signal Power

R. Channel Radiometer Signal +13 dBm

L. Channel Radiometer Signal +11 dBm

42 MHz L. Channel Carrier +3 dBm

Video Monitor +15 dBm

87 MHz Digital Data +6 dBm

17.5 GHz Carrier +10 dBm

Fading
Karctin

13 dB

11 dB

18 dB

0 dB

19 dB

20 dB

Since the microwave link path has proven to be stable,

these signal levels are adequate for all of the functions except

the video monitor. It may be possible to switch the radiometer

outputs off when the video monitor is needed and increase the

video signal.

5.1 IF Link Transmitter 

A 17.5: GHz Gunn diode oscillator is modulated by two 30

MHz wide radiometer outputs, the 87 MHz digital data subcarrier

and the 95 MHz video subcarrier. The output from the modulator

is amplified in the FET power amplifier and combined with the

LO link signals in the diplexer. One radiometer output is shifted

up from the 5 to 35 MHz band to 47 to 77 MHz by mixing with

42 MHz. The mixer output is filtered to select the desired
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band. It is important to minimize the phase distortion over

the 30 MHz band. Phase distortion will reduce the output from

the interferometer. A phase equalizer section was added to

the 47 MHz high pass filter to reduce the phase nonlinearity

with frequency. The resultant rms phase nonlinearity was less

than 14 degrees and the expected reduction in fringe amplitude

would be 6% according to Thompson [9].

5.2 IF Link Receiver

At the control building the 17.5 GHz band is separated

from the 17 GHz band in the diplexer. The 17.5 GHz signals

are amplified in the low noise amplifier and mixed with 17.4

GHz. The 100 MHz output is amplified and then synchronously

detected. The synchronous detection is done by phase locking

a 100 MHz oscillator to the incoming 100 MHz signal.

The frequency stability of the l7.5 and 17 GHz oscillators

is 250 kHz per degree C. So the tuning requirements for the

100 MHz oscillator should be less than 5 MHz. An active loop

filter with automatic sweep is used to acquire and retain lock.

The circuit is shown on Figure 11.

5,3 IF Link Tests

During the initial tests of the link the 100 MHz phase

shifter had to be tweaked periodically to keep the detected

signals at maximum. The delay of the 100 MHz band pass filter

was so large that with only a small frequency offset changed
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the phase. Addition of the second 100 MHz bandpass filter in

the other input to the phase detector overcame this problem.

This link operates satisfactorily with up to 19 dB extra

path attenuation. At this level errors occur in the digital

data.
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36

REFERENCES

[1] Robert F. White, o ave
Communicatipna Systems, GTE Lenkurt Incorporated, San Cm1a4
California: 1975, pp. 5-27.

[2] M. J. Shepherd, "18 GHz Passive Repeater Considerations",
Microw4ve Journal, pp. 60-62, October 1980.

[3] Passive Repeater Engineering, Catalog No. 161A, Microflect,
Inc., Salem, Oregon.

[4] M. C. Thompson, "Effects of the Troposphere on the Propagation
Time of Microwave Signals," Radio Science, Vol. 10, No. 7,
pp. 727-733, July 1975.

[5] A. R. Thompson, "Directional Frequency Offsets in Round-Trip
Phase-Measuring schemes," NRAO/VLA Electronics Memo No. 202,
March 1981, NRAO, Socorro, New Mexico.

[6] Floyd M. Gardner, P/14 Lock Teghnicipes, 2nd Edition.
New York: John Wiley & Sons, 1979.

[7] A. R. Thompson, "Phase Lock Loop Parameters," NRAO/VLA
Electronics Memo No. 180, March 1979, NRAO, Socorro, New
Mexico.

[8] N. V. G. Sarma, "Microwave Link for Data Transmission,"
EDIR No 126, January 1973, NRAO, Green Bank, West Virginia.

[9] A. R. Thompson, "Tolerances of the Phase and Amplitude
Response of the VLA Receiving System," NRAO/VLA Electronics
Memo No. 107, NRAO, Socorro, New Mexico.

• • • f _



/1
+

 
CI

RC

(a
)

FI
LT

E
R

•
•
■

•
■

■
(7

)
D 

I P
LE

XE
R

(1
2) j-
IS

O
LA

TE
1R

(4
)

W
G

 R
bP

T
10

0
 K

H
Z

 
U

N
W

IS
E

ti
l;

c
<

17

1
7
.5

4
.-

.1
5
H

Z
'I

1
 M

H
Z

 I
F

I
•  

45
M

HZ
-_

T
..
..

._
__

 M
H

Z

!HI 7 -I
P

V
C
O

 .
,-

--
--

--
-'

--
--

-"
*
-
-
 
V
C
a

 
96

.3
5 

M
H

Z

iS
 H

I 
DA

TA

(4
)

( 5
)

P
U

P

D
V

O
R

I 9
2

.S
 M

H
Z

F
R

O
M

 U
L

O
M

IC
H

 Z
O

SC

)
T

O
 L

IN
K

  
R

C
V

R

	 
L
 

MO
D

11
11

1K
H2

(B
)

CP
LR

C 
41

W
E

 R
D

F
T

E

<
(

T
S
L
IL

A
T
tl
i

WR
 —

S2
 W

S

—
W

S
 C

O
M

P
O

N
E

N
TS

 —
DR

AW
ER

17
.R

1-
+

. 1
G

H
Z

••
■

■
•■

•■
■

■
■

•■
■

•

'F
LE

X
 S

E
C

T
IO

N
(9

) 
.

FI
N

T
E
N

N
A
 (

 1
FE

ED

(7
2)

C 
45

)
C 

49
)

(
C
 2

)

17
 G

H
Z

—
4C

PL
R

(1
)

M
R 

AM
P

C 
77

 )
14

-* 
*El 

I F
1S

C2
5)

CM
I1

R

Nit

T/
R

D
R
IV

E
R
 

S
O

 H
Z

 F
R

O
M

 D
IG

IT
A

L
(1

9)

•■
■•

■
••

11
11

.
PR

E-
AM

P 
1-

0 
SW

(
21

)
( 

22
)

C
4

3
'

11
11

a 
K

H
Z

P
H

A
S

E
 D

E
 T

A
LC

 A
M

P

( 2
3
)

( 
2

6
 )

 

. 4
1 

96
 .

14
,4

2

V
 C

.X
13

M
IX

PN
R

D
V

D
R

10
0
 K

H
Z

R
E

M
 T

E
S

T
*
. 'C

Z
2
1
 

sP
W

R
 D

V
D

R
IC

-C
P

L
R

--
-1

 7
 . 

4 
G

H
Z

-
r
-
-

as
c

( P
1

9
6

.3
5

 M
H

Z
1
E

--
(1

3)
M

IX
(•

76
96

 M
H

Z

F
IL

T
E

R
  A

M
P

(2
1
1
)

D
E

T
 A

M
P

95
M

H
Z

 A
M

P

(2
9

)
('

1
1
)

( 
2

6
)

(7
6
1

111
.■

1
1

.■

(5
1
)

1
2
6
)

1 0
0

 K
H

Z
LD

S
C

 T
E

S
_

P
N

R

D
V

D
R

FI
G

U
R

E
 1

C
o

n
tr

o
l 

B
u

il
d

in
g

 W
G

 C
o

m
p

o
n

en
ts

an
d
 L

O
 T

ra
n
s/

R
ec

ei
v
er



-1
9S

M
H

Z
IN

PU
T

( 
92

)

O
w

l P
N

IM
H

Z 
BP

,

( 
83

)

PH
A
SE

„e
l S

Z
M

H
Z

B
If

c

( 
82

1
( 

84
)

( 
99

)
( 

99
)

PH
A
SE

 D
ET

1 12
M

H
Z 

SP
F

.1
.7

11
.4

0,
1

AM
P

(7
8)

9
7
)

V
I
 1 17

 M
H

Z
H

P

( 4
1 

)

*HR
.

PW
R 

DV
DR

PW
R

D
VD

R

( 9
7)

2
5
)

( 9
4 

)
( 

41
)

95
M

H
Z 

H
PF

(
 9

5)
9
1
)

PH
A

.R
.

D
VD

R
IF

 A
M

P

-s
-6

( 2
6)

_
y
_
1
9
1
3
)

. C
 5

9)
( 

99
)

R
 C

H
ST

EP
IF

 A
M

P
is

.3
S/

IH
Z

IF
--

4
AT

TN
Lf

l
S

O
 L

A
W

 D
E

T
—

0
1
 T

O
T 

PW
R

-2
8
 D

S

SO
)

(7
9
)

(4
1
)

( 
91

)
(

I )

(1
36

)

( 
85

)
( 

41
)

•a
.

9
0
)

LO
O

P 
R
M

P

LO
C
K
 D

ET

SW
EE

P

PR
E

AM
P

HZ
LP

F 
IL

PW
R

D
VD

R
R
LC

 R
M

P
PW

R
D

VD
R

I 
21

0M
HZ

 V
CO

il
PW

R
VD

51
1:1
7M

H
Z 

SP
F

.4
o.
 

TO
M

O
N

I 
TO

R

( 
92

)

B
7M

H
Z 

D
IS

C
D

IS
IT

R
L

DR
TR

PH
A
SE

L

CB
E

D
( 
99

)
99

1-
0'  

CH
I F

_

ST
E

P
35

N
H

Z
IF

 A
M

P
RT

TN
LP

F
,E

T
EC

T
O

R
I-

4
pT

ER
T

F
IG

U
R

E
 2

B
lo

c
k

 D
ia

g
ra

m
 L

in
k

 R
e
c
e
iv

e
r



I9
2.

S 
M

H
Z

FI
LT

ER

III

>I MI
XE

R
ME

W
 I

LS
I

LI
N

IT
ER

/5
11

13
11

1

bI
R 

CP
LR

13
47

.S
 P

LO
II

 b
e

PN
R

DV
bR

I9
2.

S 
M

H
Z 

RE
F

TO
 L

IN
K 

RA
CK

13
17

.S
 M

H
Z 

-t
:

-0
 N

M

17
-i
m

m
V
a
0

/S
31

13
11

7.
5

FI
LT

E
R

LO
Ci

f L
O

O
P 

AM
P

V
W

.-
 -

1
3
 b

e
PC

 B
OR

Rb
 

14
 

LS
E1

>
I 

PH
AS

E 
bE

T
t5

21

4
1
1
%

1
 

TO
 P

C 
BO

RN

31
 M

H2

-4
 O

RM

FI
G

U
R

E
 3

C
o
n
tr

o
l 

B
u
il

d
in

g
 R

e
fe

re
n
c
e
 M

a
st

e
r 

L
O

 R
a
c
k



(4
1

) 
(
7
5
)

N
H

Z
M

IR
05

C

(1
1)

05
M

H
Z

C
SC

(1
3

)(
•4

N

V
ID

M
O

D

AN
TE

N
N

A

FE
ED

T
O

  
F

R
O

N
T

 E
N

D
 

pi
iR

 
2M

H
Z

DV
DR

0
5
‹

I 7
 . 
E
t
a

/
I
 
7
 
i
s
H

Z
 

(6
)

1>
LI

FI
L.

 t>
1t

 (
PL

R

(1
51

 D
VD

R

FL
EX

 G
U

 I
 O

E

W
R

 -
S
2
 W

G

4
P
W

R
 A

M
P

2
E

1 
(L

1)
(1

2)

(7
)

X
3

(a
)

R 
F
IL

T
E
R

Pi
ne

 A
M

P 
H 

Is ° 
1.4

(1
4)

PI 
I X

 1
-4

.1
:I

RE
-A

M
P

s)
I O

VO
R

(1
3)

(1
)

1
1

3
) 

(1
3

)

T
A
H

I 
7 

. 0
 G

H
Z 

e .m
.ip

+-
 M

 I 
X 

ra
t-

(  i
 a

)
D

S
C
 

(2
1)

16
) 

I7
.  
S

H
Z

LA
C

I S
O

(1
4) SW (2

2)

(1
4)

M
 I 

X 
l it—

(2
31(1

31

1-
1 

FI
LT

ER (6
6)

Tf
R

DR
VR

(4
1)

(6
4
•
 

M
O

N
K
 L

P
m

u
m

D
VD

R

(2
4
)

(
7
5
)
 (

7
5

RH
P.

 .4
.1

6.
74

V
D

11
14

-4

(4
2)

u
f 

(5
9)

(a
d)

DV
DR

M
H

z

N
IP

N
b
a
 r

m
 1

1,6
*

fri
t
 

M
U

M
S

 

/6
2)AM

P(6
31

I 
D

E
O

(7
2

1 0
0
 K

H
Z

D
 f

li
i

D
R

T
IN(6

6
)

4
 

(2
1

)
M

1X
z0

--
-N

(
 

F
IL

T
 1

(6
7)

(6
9

)
pw

R
, 1

(9
1)

C
H

M
 

C
H

IN

(2
51

69

ZO
OM

4
- 

L
C

H
L

.P
r

t

R
A

D
 I

 O
M

E
T

E
R

O
U

T
P

U
T

S

l
a
m

 
4
-R

C
H

L
p

r

—
(7

6
11 4

5
1

1 11 W
2

r1
1

1
[ 4

,
D

i
s
 
N

IT
A

D
IS

C
N

IN

R
E

V
IS

E
D

 2
/2

5
/8

3

1 0
/1

2
/6

3

F
IG

U
R

E
 4

R
e
m

o
te

 S
ta

ti
o

n
 B

lo
c
k

 D
ia

g
ra

m



(3
41

12
11
 

 
PL

L 
AM

P
I2

4
,E

 V
C
O

12
47

.1
C 

M
HZ

TO
 P

W
R
 A

M
P 

1r

13
11

7 
E
 M

H
Z

ra
w

, P
il
l 
A
M

P

11
47

.g
 L

U
C
K
 I

N
D

FI
LT

IN
O

KH
Z 

LO
CK

 I
N

D
PL

L 
AM

P 
O

U
T

19
9K

H
Z 

LV
L 

IN
D

(3
4)

(3
•

)
(2

0

-1 I9
2M

H
Z
 A

M
P4

--
--

(3
71

PW
R

 D
V

D
R

 41
C	

(3
E

1

7
--

-4
19

EM
H

Z 
A
M

P

(4
2)

ee
(2

S)
Jr M

IX
ER

19
2.

6 
M

H
Z

L.
	

(4
1)

(2
6)

(3
1)

H
P 

FI
LT

ER

IN
D

S

M
IX

PI
PW

R 
DV

DR

IO
N

 K
H

Z

96
.2

E 
M

H
Z

19
2M

HZ
 A

M
P

2
0
0
6

%
A

A
A

,
96

.2
5 

M
H

Z 
ot

—
..

AN
TE

NN
A 

4
 k

i

CA
BL

E

9
6
.3

5
M

H
Z
I

—
00

IM
O

 K
H

Z

(0
11

PH
S

(2
9)

le
gs

(3
E1

(2
01

(3
1
)

( 3
2
)

(3
3
)

TR
I-

PL
EX

01
31

DE
T

96
.2

SV
CX

12
PW

R 
AM

P
--

--
4

10
9S

M
HZ

FI
L

F_
_
-0

.
20

05
 C

PL
R

CO
N

S 
SE

N
.

b
PW

R
VD

R
LO

OP
IS

O
 K

H
Z 

AM
P

FI
G

U
R

E
 5

R
em

o
te

 S
ta

ti
o
n
 P

h
as

e 
L

o
ck

 L
o
o
p



I
T
E
M

Q
U
A
N
T
I
T
Y

D
E
S
C
R
I
P
T
I
O
N

M
A
N
U
F
A
C
T
U
R
E
R
/
P
A
R
T
 
N
O
.

SP
EC

IF
IC

AT
IO

N
S

(
C
.
B
.
)
(
H
.
V
.
)
(
M
.
V
)

•
2

1
1

1
7
.0

 G
h
z 

O
sc

ill
a
to

r 
C

e
n
tr

a
l M

ic
ro

w
a
ve

 C
M

F
 5

2
0

10
0 

m
w

 m
in

 a
t 1

7 
G

hz
. T

em
p 

C
oe

ff.
 <

 5
00

 K
hz

. 1
5 

V
D

C
 @

 8
50

 m
a 

m
ax

.

2
It

2
2

D
ir
e
c
ti
o
n
a
l 
c
o
u

p
le

r
M

A
C

 T
ec

hn
ol

og
y 

32
07

-2
0

20
 d

B
 +

-
ld

B
 C

o
u

p
lin

g
12

.4
to

18
 G

hz
.

.5
5

 d
B

 I
n

se
rt

io
n

lo
ss

.
1.

3V
SW

R

0 ,
7

0
0

H
ig

h
 L

e
ve

l M
ix

e
r

A
er

te
ch

M
H

X-
18

00
0

2
0
 d

B
 I
so

la
tio

n
 L

O
-I

F
 L

O
-R

F
 R

F
-I

F
 C

o
n
.L

o
ss

 9
.5

d
B

 m
a
x.

L
0
 P

R
 +

2
0
 d

b
m

4
6

3
3

C
oa

x 
to

 W
O

 A
da

pt
er

A
st

ro
la

b
 2

3
0

0
4

-j
VS

W
R

1.
1

12
.4

to
18

Gh
z

5
2

1
1

C
ir
c
u

la
to

r
M

ic
ro

w
av

e 
A

ss
oc

 M
A

-8
K

21
9

26
dB

Is
o
l.

16
to

18
 G

hz
,

.3
 d

B
In

s
e

rt
.

Lo
ss

.
1.

1
VS

W
R

6
2

1
1

W
O

 D
ir
e
ct

io
n
a
l C

p
lr

AR
R

A 
M

od
el

13
90

20
dB

 C
ou

pl
in

g
16

.9
to

17
.6

 G
hz

,
VS

W
R

1.
1

to
1

m
ax

7
2

1
D

ip
le

xe
r

M
ic

ro
w

av
e 

D
ev

.
L

ab
s.

PO
RT

1
-3

,1
7
.4

to
17

.5
G

hz
<

1d
B

L
o
ss

.:
1

6
.9

to
17

.1
,5

5
dB

 L
os

s

PO
RT

1
-2

,1
6

.9
to

17
.1

G
hz

<
ld

B
 L
o
s
s
.
;
1
7
.
4

to
1
7
.
6
,
4
0

d
B
 
L
o
s
s

9
4

1
1

W
a

ve
g

u
id

e
 F

ilt
e

r
M

ic
ro

w
av

e 
D

ev
,

La
bs

.
16

.9
to

17
.1

G
hz

 P
as

s 
ba

nd
:

17
.4

to
17

.6
 S

to
p 

B
an

d 
>

 6
0

dB

10 11

4 1

--, , 0

2 1

F
le

xi
b
le

 W
a
ve

g
u

id
e

A
nt

en
na

 a
nd

 F
ee

d

M
ic

ro
te

ch
 M

C
K

S
62

50
1N

24
B

M
il
li
fl
e
c
t

R
-1

20
S

ur
fa

ce
 R

M
S

<
.0

1
5
":

Fe
ed

 V
SW

R
<

1
.1

1

12
4

1
,

W
G

 Is
ol

at
or

M
ic

ro
w

av
eA

ss
oc

.M
A

-8
K

28
8A

20
 d

B
Is

o
l.

17
.0

to
17

.6
 G

hz
,

.3
 d

B
In

s
e
rt

.
Lo

ss
,

1.
2 

VS
W

R

13
4

3
3

D
o
u

b
le

 B
a
l.M

ix
e
r

A
er

te
ch

 M
X

-1
85

00
2

0
 d

B
 I

so
.L

O
-R

F
 L

O
-I

F
 9

d
B

 I
S

O
 R

F
-I

F
;C

o
n

v.
L

o
ss

 7
.
0
d
B
;
L
O
 
P
W
R
 
+
1
0
 
d
b
m

14
2

2
2

Is
o
la

to
r 

C
o
a
x
ia

l
T

ra
k 

M
ic

ro
w

av
e

18
 d

B
 m

in
.

Is
o

1
.1

2
to

18
 G

hz
.

.5
dB

m
ax

In
s
e
rt

.
Lo

ss
1.

3
:

1
m

ax
 V

SW
R

15
2

2
2

P
o
w

e
r 

D
iv

id
e
r

LA
R

S
 L

C
-3

31
8

7
to

18
 G

hz

16
0

1
1

17
.5

Gh
z

O
s
c
ill

a
to

r
C

en
tr

al
 M

ic
ro

w
av

e 
C

M
F

 5
17

50
 m

w
 m

in
17

.4
to

17
.5

 G
hz

.
T

em
p 

C
oe

ff.
<5

00
K

hz
/C

.
15

 V
D

C
 @

 7
50

m
a

17
2

0
0

Lo
w

 N
oi

se
 A

m
p

In
t M

ic
ro

w
av

eA
W

P
-1

75
00

-1
5

6 
dB

 N
F

17
to

18
 G

hz
:1

5 
dB

 G
ai

n;
28

 V
D

C
 B

ia
s

18
2

2
2

17
G

H
7 

Pw
r A

m
p

A
va

nt
ek

 S
A

82
 -

27
61

2
5

 d
b

 G
a

in
 1

6
.9

 t
o

 1
7
6

 G
h

z.
+

2
2

d
b

m
 m

a
x 

o
u

tp
p

u
t,

15
 V

D
C

 @
 2

80
 m

a

19
7

0
0

T/
R

D
ri
ve

r
(C

.B
.)

N
R

A
O

 8
.1

12
.1

9
50

 H
z

in
,

c
o
n
tr

o
ls

 d
io

d
e
 s

w
it
c
h
,

pr
ea

m
p,

 p
w

r 
am

p 
an

d 
17

gh
z 

os
c.

20
0

1
1

13
47

.5
 M

hz
 V

C
O

F
re

q.
S

ou
rc

es
 M

01
08

F
-X

X
25

0 
m

w
 o

ut
13

00
 to

15
20

 M
hz

,
1.

8 
m

hz
tu

n
in

g
 -

4
 t

o
 -

1
4

 V

21
2

1
1

Pr
ea

m
p

A
va

nt
ek

A
S

I 8
22

1
57

 d
B

 G
ai

n,
10

to
 5

00
 M

hz
,

15
 V

D
C

 6
0 

m
a

22
2

1
D

io
de

 S
w

itc
h

ir
ia

n
g
le

 M
ic

ro
w

a
ve

 Q
L
-3

6
A

60
dB

Is
o
l.
,

1.
0

dB
lo

ss
fr

om
.1

to
 2

.0
 G

h
z

23
2

1
1

A
L

C
 A

m
p

lif
ie

r
A

va
nt

ek
 A

LC
-1

00
0

54
 d

B
 m

ax
.

G
a
in

 5
 t
o
 1

0
0
0
 M

h
z,

A
LC

-2
0 

to
 -

47
 d

bm
,+

15
 V

@
.1

A
,-

15
.0

1A

24
2

1
1

A
M

 D
e

te
ct

o
r 
A
M
P

N
R

A
O

 8
.1

12
.2

4
6

 d
B

 C
o
n
ve

rs
io

n
 G

a
in

, 
0
 d

b
m

 in
p
u

t

25
4

2
2

P
o
w

e
r 

D
iv

id
e
r

M
IN

I-C
IR

C
U

IT
S

 Z
FS

C
3-

13
3 

w
ay

0 
de

g,
1

to
 2

00
 M

hz
,

3
0
 d

B
 I
s
o
l.
,

5
.4

 d
B

 d
iv

is
o
n
 +

lo
ss

26
8

3
3

M
ix

er
M

IN
I-C

IR
C

U
IT

S
 Z

E
M

-2
2

0
 d

B
 I
so

la
tio

n
 L

O
-R

F
 L

O
-I

F
10

to
 1

00
0 

M
hz

.
7d

B
 C

on
y

. L
o
s
s

F
IG

U
R

E
 6

M
ic

ro
w

a
v

e
 L

in
k

 P
a
rt

s



2
7

2
0

0
V
o
l
t
.
C
o
n
t
.
X
t
a
l
.
U
s
c

V
e
c
t
r
o
n
 
9
b
.
1
5
M
h
z

2
8

0
1

1
V
o
l
t
.
C
o
n
t
.
X
t
a
l
.
O
s
c

V
ec

tr
on

 9
6.

25
M

hz

29
2

1
1

9
6
 
M
h
z
 
B
P
 
F
i
l
t
e
r

R
e
a
c
t
e
l
 
6
B
2
-
9
6
-
6
5
1
1

3
0

0
1

1
9
6
 
M
h
z
 
P
o
w
e
r
 
A
m
p

M
I
N
I
-
C
I
R
C
U
I
T
S
 
Z
H
L
-
3
A

3
1

0
1

1
2
0
 
D
b
 
C
o
u
p
l
e
r

M
IN

I-
C

IR
C

U
IT

S
 Z
F
D
C
-
2
0
-
3

32
0

1
1

C
o
m
b
 
G
e
n
e
r
a
t
o
r

H
e
w
l
e
t
t
-
P
a
c
k
a
r
d
 
H
P
3
3
0
0
2
A

3
3

0
2

2
P
w
r
 
D
i
v
i
d
e
r

M
IN

I-
C

IR
C

U
IT

S
 Z

F
S

C
-2

-5

34
0

1
1

11
55

M
hz

B
P

 F
ilt

e
r

W
a
v
e
t
e
k
 
5
0
8
4
5
5
1
1
5
5
/
4
0

3
5

0
1

1
1
-
2
G
h
z
 
M
i
x
e
r

M
I
N
I
-
C
I
R
C
U
I
T
S
 
Z
L
W
-
1
1

3
6

0
1

1
1
9
2
.
5
M
H
Z
 
P
L
L
 
A
M
P
 
B
D

N
R

A
O

 8
.1

12
.3

6

37
0

2
2

1
9
2
 
M
h
z
 
A
m
p
.

N
R
A
O
 
8.

11
2.

37

3
8

2
0

0
1
3
4
7
.
5
P
h
a
s
e
 
L
o
c
k
 
O
s
c
 
F
r
e
q
.
S
o
u
r
c
e
s
 
M
0
1
0
8
X
E
L
-
X
X

3
9

2
0

0
9
6
 
M
h
z
 
A
m
p

N
R
A
O
 
8
.
1
1
2
.
3
9

4
0

0
I

1
9
6
M
h
z
 
A
m
p

N
R

AO
 8
.
1
1
2
.
4
0

41
12

5
5

P
w

r 
D

iv
id

e
r

M
IN

I-C
IR

C
U

IT
S

 Z
FS

C
-2

-1

42
0

2
2

9
6
 
M
h
z
 
A
m
p

N
R
A
O
 
8
.
1
1
2
.
4
2

4
3

2
1

1
1
0
0
K
h
z
 
P
h
a
s
e
 
D
e
t
e
c
t

N
R
A
O
 
8
.
1
1
2
.
4
3

4
4

2
0

0
1
0
0
 
K
h
z
 
X
t
a
l
 
O
s
c
i
l
l

V
e
c
t
r
o
n
 
2
5
1
-
6
0
3
8

4
5

2
0

0
4
5
 
M
h
z
 
V
o
l
t
.
C
o
n
t
.
O
s
c
 
V
e
c
t
r
o
n
 
3
7
1
-
6
0
3
7

4
6

2
0

0
I
9
2
.
5
M
h
z
 
V
C
X
O

V
ec

tr
on

 C
0-

22
6-

56
33

47
2

0
0

1 9
2

.5
M

h
z 

B
P

 F
ilt

e
r

R
e
a
c
t
e
l
 
4
8
2
-
1
9
2
-
1
5
-
5
1
1

4
8

2
0

0
3
0
 
M
h
z
 
V
C
O

V
ec

tr
on

 3
71

-6
03

7

R
e
v
i
s
e
d
 
6
/
1
3
/
8
4

+
1
3
 
d
b
m
 
O
u
t
p
u
t
,
 
l
x
1
0
-
9
/
d
a
y
 
a
g
i
n
g
,
+
-
1
x
1
0
-
7
 
f
o
r
 
+
-
1
0
V
A
F
C

+
1
3
 
d
b
m
 
O
u
t
p
u
t
,
 
t
x
1
0
-
9
/
d
a
y
 
a
g
i
n
g
,
+
-
1
x
1
0
-
7
 
f
o
r
 
+
-
1
0
V
A
F
C

9
2
.
5
 
t
o
 
9
9
.
7
 
M
h
z
 
3
d
B
 
B
W
,
<
 
3
d
B
 
I
n
s
e
r
t
.
L
o
s
s
,
4
0
 
d
B
 
R
e
j
e
c
t
.
8
6
 
&
 
1
0
6
 
M
h
z

2
4
 
d
B
 
G
a
i
n
,
 
+
2
9
.
5
 
d
b
m
 
O
u
t
p
u
t
,
 
.
4
 
t
o
 
1
5
0
 
M
h
z
,
 
+
2
4
 
V
D
C

.6
A

2
0
 
d
B
 
C
o
u
p
l
i
i
n
g
,
 
.
2
 
t
o
 
2
5
0
 
M
h
z

1
0
0
+
-
5
M
h
z
 
I
n
p
u
t
 
a
t
 
+
2
6
d
8
m
,
 
.
2
 
t
o
 
4
 
G
h
z
 
o
u
t
 
a
t
 
-
5
 
d
B
m

2
 
w
a
y
 
0
 
d
e
g
r
e
e
 
1
0
 
M
h
z
 
t
o
 
1
5
0
0
 
M
h
z
,
 
I
s
o
l
a
t
i
o
n
 
2
5
 
d
B
,
 
la

 In
s
e
r
t
 
L
o
s
s

1
1
3
5
t
o
1
1
7
5
 
3
d
B
 
B
W
,
3
d
B
 
l
o
s
s
 
1
1
5
5
,
4
0
 
d
B
 
1
0
6
1
&
1
2
4
3
 
M
h
z
,
.
1
d
e
g
P
h
a
s
e
/
d
e
g
C

2
0
 
d
B
 
I
s
o
l
a
t
i
o
n
 
L
O
-
R
F
 
L
O
-
I
F
,
5
 
t
o
 
2
0
0
0
 
M
h
z

N
R
A
O
 
P
L
L
 
A
m
p
,
 
l
o
c
k
 
d
e
t
e
c
t
o
r
,
 
a
n
d
 
s
w
e
e
p
 
c
i
r
c
u
i
t
 
o
n
 
D
o
u
g
l
a
s
 
b
o
a
r
d

1
6
 
d
B
 
g
a
i
n
,
 
1
7
0
 
t
o
 
2
1
0
 
M
h
z
 
b
a
n
d
p
a
s
s

1
3
4
7
.
5
 
M
h
z
,
 
2
6
0
 
m
i
l
l
i
w
a
t
t
s
 
o
u
t
,
 
1
9
2
.
5
 
M
h
z
 
4
 
m
w
 
i
n

1
0
 
d
B
 
g
a
i
n
,
 
+
7
d
B
m
 
p
o
w
e
r
 
o
u
t
,
 
3
0
0
 
t
o
 
5
0
0
 
M
h
z
 
2
0
 
d
B
 
d
o
w
n

8
0
 
t
o
 
1
1
0
 
M
h
z
 
b
a
n
d
p
a
s
s
,
 
2
0
 
d
b
 
g
a
i
n

5
 t

o
 5

0
0

 M
h

z,
 2

0
 d

b
 is

o
la

tio
n

, 
S

M
A

 c
o

n
n

e
ct

o
rs

2
9

 d
B

 g
a

in
. 

+
6

 d
B

m
 o

u
tp

u
t,

 in
p

u
t 

re
t.

 lo
ss

 3
0

d
B

 m
in

.

-
2
0
 
d
B
m
 
s
i
g
.
i
n
p
u
t
,
 
-
2
 
d
B
m
 
re

f.
. 
1

0
0
K

h
z 

a
m

p
s,

 L
o
o
p
 a

m
p
 a

n
d
 L

o
ck

 D
e
te

ct

+
1
3
 
d
B
m
 
o
u
t
,
 
1
5
 
V
D
C
 
.
0
3
0
A
 
i
n
,
 
5
 
x
1
0
e
-
7
 
a
g
i
n
g
 
p
e
r
 
y
e
a
r

+
1
3
 
d
B
m
 
o
u
t
.
 
1
5
 
V
D
C
 
.
0
3
0
A
 
in

, 
+

-1
M

h
z
 d

e
v
ia

ti
o
n
 f
o
r 

-+
5
v
 t
u

n
in

g

+
7d

B
m

 o
ut

, 2
4V

D
C

 .
1
3
 t

o
 .

2
6

A
,+

-1
x1

0
e

-5
 t

u
n

in
g

 f
o

r 
+

-1
0

v

1
8
4
.
-
4
 
t
o
 
2
0
1
.
5
 
M
h
z
 
b
a
n
d
p
a
s
s
,
 
>
3
0
 
d
B
 

re
je

ct
io

n
 a

t 
1

2
8

.5
 a

n
d

 2
5

6
.5

 M
h

z

+
I
3
d
B
m
 
o
u
t
,
 
+
I
5
V
D
C
 
.
0
3
0
A
 
i
n
,
 
+
-
1
M
h
z
 
d
e
v
i
a
t
i
o
n
 
f
o
r
 
-
+
 
5
v
 
t
u
n
i
n
g

R
e
v
i
s
e
d
 
6
/
1
3
/
8
4

F
IG

U
R

E
 6

 (
c
o
n
ti

n
u
e
d
)

M
ic

ro
w

a
v

e
 L

in
k

 P
a
rt

s



IT
EM

Q
UA

NT
IT

Y

(C
.B

.)
(H

.V
.)

(M
.V

)

D
ES

C
R

IP
TI

O
N

M
AN

UF
AC

TU
RE

R/
PA

RT
 N

O
.

SP
EC

IF
IC

AT
IO

N
S

4)
.

42
6

49
2

0
0

P
ha

se
 D

et
ec

to
r

H
ew

le
tt-

P
ac

ka
rd

 H
P

10
51

4A
D

o
u

b
le

 b
a
la

n
ce

d
 m

ix
e
r 

u
se

d
 a

s 
p
h
a
se

 d
e
te

ct
o
r

50
2

0
0

L
im

ite
r 

A
m

p
.

LE
L 

IF
 6

90
4

+
16

 d
B

m
 o

ut
pu

t,
-3

0
to

 -
4
0
 d

B
m

 in
p
u

t,
 3

 M
h
z 

b
a
n
d
w

id
th

,-
1

5
V

D
C

 S
u

p
p
ly

51
2

0
0

M
ix

er
 P

re
am

p
LE

L 
LA

K
-7

-6
90

4
R

F
 t
o
 I
F

 g
a
in

 3
0
 d

B
, 
L
O

 P
w

r 
0
 d

B
m

.
IF

 b
a
n
d
 2

4
 t
o
 3

6
 M

h
z

52
2

0
0

Is
o
la

to
r

A
m

la
bs

 A
M

F 
19

02
2

6
 d

B
 I

s
o

la
ti
o

n
 a

t
13

17
 a

nd
13

47
 M

hz

53
2

0
0

13
17

.5
 M

hz
F

il
te

r
T

el
on

ic
 T

B
A

13
17

.5
-2

7-
6S

S
1

3
d

b
 B

W
 1

3
0

4
 t

o
 1

3
3
4

 M
h

z,
 3

.5
 d

B
 m

id
b

a
n

d
 lo

ss

54
2

0
0

C
ir
c
u

la
to

r
A

m
la

bs
 A

M
F 

19
45

In
s
e
rt

io
n

lo
ss

.4
 d

B
 a

t
13

17
 a

nd
13

47
 M

hz

55
2

0
0

Li
m

ite
r-

A
m

p
N

R
A

O
 8

.1
12

.5
5

O
u

tp
u

t 
+

1
1

d
B

m
 w

ith
 in

p
u

t 
va

ry
in

g
 f
ro

m
 +

4
 t

o
 +

8
 d

b
m

56
2

0
0

10
0M

hz
 L

oo
p 

C
kt

.B
d.

N
R

A
O

 8
.1

12
.5

6
P

ha
se

 lo
ck

lo
o
p
 a

m
p
lif

ie
r 

a
n
d
 l
o
c
k
 d

e
te

c
tt
o
r

57
2

0
0

D
ir
.

C
ou

pl
er

A
na

re
n

10
50

0-
10

1
0
 d

B
 c

o
u

p
le

r
1-

2 
G

hz

58
0

1
1

H
ig

h
 P

a
ss

 F
ilt

e
r

N
R

A
O

 8
.1

12
.5

8
a
tt
e
n
u

a
te

s 
1

0
0
K

h
z 

b
y 

3
5
 d

b
, 

p
a
ss

e
s 

1
9
2

.5
 w

ith
 m

in
. 

p
h
a
se

/t
e
m

p

59
0

2
2

T
ri
-p

le
x
e
r

N
R

A
O

 8
.1

12
.5

9
10

0K
hz

in
p
u

t>
7
0
d
b
 I
so

.
a

t 
9

6
M

hz
 p

or
ts

60
2

0
0

96
 M

hz
 A

m
p

N
R

A
O

 8
.1

12
.6

0
15

 d
B

 g
a
in

,
+7

dB
m

 o
ut

ou
t

61
0

I
1

4
5
M

h
z 

D
is

cr
im

in
a
to

r
NR

AO
8.

11
2.

61
-1

3
 d

b
m

 in
p
u

t.
T

T
L 

ou
t

62
0

1
1

3
0
M

h
z 

D
is

cr
im

in
a
to

r
N

R
A

O
 8

.1
12

.6
2

-1
3
d

B
m

 in
p

u
t 

m
o

d
u

la
tio

n
 in

d
e

x 
5

.5
,

10
0k

hz
1

.6
 V

p
p
 o

u
tp

u
t

63
0

1
1

5-
10

0M
hz

 A
m

p
TR

M
 A

D
-I1

2
30

dB
 g

ai
n,

.1
to

 1
00

 M
hz

,
+2

3d
8m

1
d

B
 p

t.

64
0

1
1

1
0

0
 M

h
z 

L
P

 F
ilt

e
r

W
av

et
ek

 A
L3

S
S

11
1

11
1

M
hz

lo
w

 p
a
ss

, 
3
d
8

 p
t.

11
8M

hz
,

<
4

 d
e

g
re

e
s 

fr
o

m
 li

n
e

a
r 

5
 t

o
 8

0
 M

h
z

65
0

1
I

T
/R

 D
e

t.
D

ri
ve

r
N

R
A

O
 8

.1
12

.6
5

C
o
n
tr

o
l s

ig
n
a
ls

 f
o
r 

d
io

d
e
 s

w
itc

h
, 
A

L
C

 a
m

p
,

17
 G

hz
 o

sc
, p

w
r 

am
p

66
0

1
1

9
6

 M
h

z 
B

P
 F

ilt
e

r
R

ea
ct

el
 3

82
-9

6-
2-

S
11

3
d
B

 9
4
.8

 a
n
d
 9

6
.7

M
h
z,

3
.5

 d
B

 in
se

rt
io

n
 lo

ss
 a

t 
9
6

 M
h
z

67
2

1
1

4
7
 M

h
z 

H
P

 F
ilt

e
r

N
R

A
O

 8
.1

12
.6

7
h
ig

h
 p

a
ss

 3
d
8

 4
7
 M

h
z,

 p
h
a
se

 li
n
e
a
ri
ty

 1
4
 d

e
g
re

e
s 

R
M
S
 
4
7

t
o
 
7
7
 
M
h
z

68
0

1
1

42
 M

hz
 O

sc
V

ec
tr

on
 2

54
-1

09
-0

06
+
1
3
 
d
B
m
 
o
u
t
p
u
t
,
1
5
 
V
D
C

.
0
2
5
 
A
,

a
g
i
n
g
 
2
x
1
0
e
-
6
/
y
e
a
r

6
9

4
2

2
3
5
 
M
h
z
 
L
P
 
F
i
l
t
e
r

W
av

et
ek

 A
L7

88
38

3
d
B
 
3
9
 
M
h
2
,

1
.
4
 
d
B
 
i
n
s
e
r
t
i
o
n
 
l
o
s
s
,
 
p
h
a
s
e
 
m
a
t
c
h
 
a
l
l
 
f
i
l
t
e
r
s
 
+
-
4
 
d
e
g
r
e
e
s

7
0

0
1

1
8
7
M
h
z
 
V
o
l
t
.
C
o
n
t
.
O
s
c

V
e
c
t
r
o
n
 
3
7
1
-
0
7
-
0
0
G
A

+
13

 d
B

m
 o

ut
pu

t,+
-1

M
h
z 

w
ith

 -
+

 5
V

 t
u

n
in

g
,1

5
 V

D
C

.0
3 

A

71
0

1
1

95
 M

hz
 O

sc
.

V
e
c
t
r
o
n
 
2
5
4
-
1
0
9
-
0
0
6

+
1
3
d
B
m
 
o
u
t
p
u
t
,
+
1
5
V
D
C

.
0
2
5
 
A
,
 
a
g
i
n
g
 
2
x
1
0
e
-
6
/
y
e
a
r

7
2

2
1

1
D
i
g
i
t
a
l
 
D
a
t
a
 

M
od

.
N
R
A
O
 
8
.
1
1
2
.
7
2

i
n
p
u
t
 
T
T
L
 
2
0
k
b
p
s
,
 
o
u
t
p
u
t
 
+
-
5
V
.
+
-
1
5
V
D
C
 
s
u
p
p
l
y

7
3

0
1

1
V
i
d
e
o
 
M
o
d
u
l
a
t
o
r

N
R
A
O
 
8
.
1
1
2
.
7
3

in
p
u

ts
 v

id
e
o
 a
n
d
 
9
5
 
M
h
z
,
 
o
u
p
u
t
 
A
M

74
0

1
1

9
7
.
5
M
h
z
 
B
P
 
F
i
l
t
e
r

R
e
a
c
t
e
l
 
4
B
2
-
9
7
.
5
-
6
-
S
1
1

3
d
B
 
a
t
 
9
4
.
5
 
a

n
d

 1
0
0
.
7
 
M
h
z
,

2
d
b
 
l
o
s
s
 
a
t
 
9
7
.
5

7
5

9
0

0
1
0
0
 
K
h
z
 
M
o
d
u
l
a
t
o
r

N
R
A
O
 
8
.
1
1
2
.
7
5

1
0
0
K
h
z
 
1

V
R
M
S
 
i
n
p
u
t
,

+
-
5
 
V
 
o
u
t
,

-
1
5
 
V
D
C
 
s
u
p
p
l
y

7
6

6
0

0
P
o
w
e
r
 
D
i
v
i
d
e
r

M
I
N
I
-
C
I
R
C
U
I
T
S
 
Z
F
S
C
-
2
-
6

2
K
h
z
 
t
o
 
6
0
M
h
z
,
 
2
0
 
d
B
 
i
s
o
l
a
t
i
o
n

F
IG

U
R

E
 6

 (
c
o
n
ti

n
u
e
d
)

M
ic

ro
w

a
v

e
 L

in
k

 P
a
rt

s



7
7

-, ,

7
8

2

7
9

2

8
0

2

8
1

2

8
2

4

8
3

4

8
4

Z

8
5

2

8
6

2

8
7

4

8
8

4

8
9

4

9
0

2

9
1

2

9
2

9

9
3

4

9
4

9

9
5

2

9
6

2

9
7

2

9
8

2

9
9

-.) 4_

1
0
0

2

0
0

B
ia

s 
T

ee
T

ria
ng

le
 M

ic
ro

w
av

e 
E

P
-1

8
.0

3
to

1.
5 

G
hz

0
0

5
0
 M

h
z 

L
P

 F
ilt

e
r

N
R
A
O
 
8
.
1
1
2
.
7
8

3
 
p
o
l
e
 
f
i
l
t
e
r

0
0

2
0
0
 
M
h
z
 
L
P
 
F
i
l
t
e
r

N
R
A
O
 
8
.
1
1
2
.
7
9

5
 
p
o
l
e
 
f
i
l
t
e
r
,

S
M
A
 
c
o
n
n
e
c
t
o
r
s

0
0

P
r
e
a
m
p

A
S
I
-
8
2
8
2
M

2
0
 
d
B
 
g
a
i
n
,

5
 
t
o
 
5
0
0
 
M
h
z
,

+
1
5
V
D
C

.
0
2
A

0
0

A
L
C
 
A
m
p

A
v
a
n
t
e
k
 
A
L
C
-
5
0
0

O
u
t
p
u
t
 
2
.
5
 
d
B
m
 
w
i
t
h

i
n
p
u
t
 
o
f
 
-
2
0

t
o
 
-
5
5
 
d
B
m
.
+
-
1
5
V
D
C
+
.
1
5
0
A
,
-
.
0
1
A

0
0

10
0 

M
hz

B
P

 F
ilt

e
r

R
e
a
c
t
e
l

6
8
2
-
1
0
0
-
1
8
5
1
1

3
d
8
 
b
a
n
d
 
9
0
.
5
 
t
o

1
0
9
.
6
,

1
.
6
d
B

l
o
s
s
 
a
t

1
0
0
M
h
z

0
0

P
h
a
s
e
 
S
h
i
f
t
e
r

1
0
0
M
h
z
 
M
e
r
r
i
m
a
c
 
P
S
M
-
3
-
1
0
0
B

1
0
%
 
B
W
,

0
-
1
8
0
 
d
e
g
r
e
e
 
m
i
n
.
,

1
d
B
 
m
a
x

l
o
s
s

0
0

P
h
a
s
e
 
D
e
t
e
c
t
o
r

L
o
r
c
h
 
C
P
4
1
1
-
1
0
0

1
0
0
 
M
h
z
 
i
n
 
p
h
a
s
e
 
a
n
d
 
q
u
a
d
r
a
t
u
r
e
 
d
e
t
e
c
t
o
r
,
 
+
1
3
d
B
m
 
L
O
,
 
+
3
d
B
m
 
R
F

0
0

1
0
0
 
M
h
z
 
V
C
O

V
e
c
t
r
o
n
 
3
7
1
-
6
3
4
6

+
1
3
d
B
m
 
o
u
t
p
u
t
,
+
-
2
.
5
M
h
z
 
t
u
n
i
n
g
 
f
o
r
 
-
+
5
V
 
c
o
n
t
r
o
l
,

1
5
 
V
D
C
 
.
0
3
A

0
0

L
o
o
p
 
A
m
p
/
L
o
c
k
 
D
e
t

N
R
A
O
 
8
.
1
1
2
.
8
6

1
0
0
M
h
z
 
P
L
L
 
A
m
p
,

l
o
c
k
 
d
e
t
e
c
t
o
r
,
 
a
n
d
 
s
w
e
e
p
 
o
n
 
D
o
u
g
l
a
s
 
b
o
a
r
d

0
0

IF
 A

m
p-

96
 M

hz
 L

O
 A

m
p 

A
S

I 8
28

3M
3
0
 
d
B
 
g
a
i
n
 
5
 
t
o
 
5
0
0
 
M
h
z
,

+
1
5
V
D
C

.
1
3
5
A

0
0

S
t
e
p
 
A
t
t
e
n
u
a
t
o
r

T
e
x
s
c
a
n
 
M
A
-
2
0
2

0
 
t
o
 
1
0
 
d
B
 
i
n
 
1

d
B
 
s
t
e
p
s
,

D
C
 
t
o
 
2
 
G
h
z

0
0

I
F
 
A
m
p
-
D
e
t
e
c
t
o
r

N
R
A
O
 
8
.
1
1
2
.
8
9

-
3
0
 
d
B
m
 
i
n
p
u
t
,

I
F
 
o
u
t
p
u
t
 
-
5
d
B
m
,

t
o
t
a
l
 
p
o
w
e
r
 
I
V

0
0

8
7
 
M
h
z
 
B
P
 
F
i
l
t
e
r

R
e
a
c
t
e
l
 
3
8
2
-
8
7
-
2
5
1
1

3
d
B
 
b
a
n
d
p
a
s
s
 
8
6
 
t
o
 
8
8
 
M
h
z
,
 
3
.
7
 
d
B
 
l
o
s
s
 
a
t
 
8
7

0
0

A
m

p
lif

ie
r

A
S
I
-
8
2
8
4
M

3
1

d
B
 
g
a
i
n
 
5
 
t
o
 
2
0
0
 
M
h
z
,

+
I
5
V
D
C

.
0
5
A

0
0

8
7
 
M
h
z
 
D
i
s
c
r
i
m
i
n
a
t
o
r
 
N
R
A
O
 
8
.
1
1
2
.
9
2

-
1
3
d
B
m
 
i
n
p
u
t
,

T
T
L
 
o
u
t
p
u
t
,

+
-
1
5
V
D
C
,
+
5
V
D
C

0
0

I
s
o
l
a
t
i
n
g
 
A
m
p
l
i
f
i
e
r

M
er

rim
ac

 IA
M

-0
1-

20
0

is
o

la
tio

n
 4

0
 d

b
 f
ro

m
 1

0
 t

o
 3

0
0

M
h

z,
g
a
in

 0
+

-I
d
B

0
0

9
5
M
h
z
 
H
P
 
F
i
l
t
e
r

R
e
a
c
t
e
l
 
4
8
2
-
9
7
.
5
-
6
5
1
1

3
d
B
 
b
a
n
d
 
9
4
.
5
 
t
o
 
1
0
0
.
7
 
M
h
z
,

2
d
B
 
l
o
s
s
 
a
t
 
9
7
.
5
 
m
h
z

0
0

9
5
 
M
h
z
 
B
P
 
F
i
l
t
e
r

R
e
a
c
t
e
l
 
3
8
3
-
9
5
-
0
.
9
5
5
1
1

3
d
B
 
b
a
n
d
 
f
r
o
m
 
9
4
.
4
8
 
t
o
 
9
5
.
5
I
,
5
.
5
d
b
 
l
o
s
s
 
a
t
 
9
5
M
h
z

0
0

5
 
M
h
z
 
L
P
 
F
i
l
t
e
r

N
R
A
O
 
8
.
1
1
2
.
9
6

.
5
d
B
 
r
i
p
p
l
e
 
5
 
p
o
l
e
 
e
l
l
i
p
t
i
c
 
f
u
n
c
t
i
o
n
 
f
i
l
t
e
r
,
 
s
t
o
p
 
b
a
n
d
 
3
5
 
d
b
 
a
t
 
1
.
2
 
f
c

0
0

V
i
d
e
o
 
A
m
p
l
i
f
i
e
r

A
S
I
-
8
2
8
6
M

4
2
 
d
b
 
g
a
i
n
 
5
0
 
H
z
 
t
o
 
4
0
0
 
M
h
z
,
 
4
3
 
d
B
 
g
a
i
n
,

+
1
5
V
D
C

.
0
6
A

0
0

4
2
 
M
h
z
 
B
P
 
F
i
l
t
e
r

R
e
a
c
t
e
l
 
3
8
3
-
4
2
-
0
.
4
-
5
1
1

3
d
B
 
b
a
n
d
 
4
1
.
8
 
t
o
 
4
2
.
2
 
M
h
z
,
 
9
d
b
 
l
o
s
s
 
a
t
 
4
2
 
M
h
z

0
0

4
2
 
M
h
z
 
A
m
p
l
i
f
i
e
r

A
S
I
-
8
2
8
5
M

3
8
 
d
B
 
g
a
i
n
 
5
 
t
o
 
2
0
0
 
M
h
z
,

+
1
5
V
D
C

.
0
6
A

0
0

42
 M

hz
 P
h
a
s
e
 
S
h
i
f
t
e
r
 
M
e
r
r
i
m
a
c
 
P
S
M
-
3
-
4
2
8

1
0

, 4
 
b
a
n
d
w
i
d
t
h
,

0
 
t
o
 
1
8
0
 
d
e
g
r
e
e
 
m
i
n
.
 
p
h
a
s
e
 
a
d
j
.
,

l
d
B
 
m
a
x
 
l
o
s
s

F
IG

U
R

E
 6

 (
c
o
n
ti

n
u
e
d
)

46
,

M
ic

ro
w

a
v
e
 P

a
rt

s
 L

is
t



46

FIGURE 7

Two-Bay Rack at Control Building
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APPENDIX A

SPECIFICATIONS

(1) Microwave Link Reflector
(2) 16.9 to 17.6 GHz Amplifier
(3) Phase-Stable Phase-Locked Oscillator
(4) 96 MHz Voltage Controlled Crystal Oscillator
(5) 192.5 MHz Voltage Controlled Crystal Oscillator
(6) Voltage Controlled Oscillators
(7) Crystal Oscillators
(8) 300-600 MHz IF Amplifier
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James R. Coe, Electronics Engineer

52

SPECIFICATIONS

FOR

MICROWAVE LINK REFLECTOR

General: 

The microwave link reflector will be used to redirect microwave energy over
obstructing terrain features. The reflectors must be designed to minimize
degradation of signal levels with ambient temperatures ranging from -30°C to
+35°C in winds up to 50 m.p.h. The highest operating frequency will be 17.5
GHz.

Reflector Face Size ... 10 foot x 16 foot or equivalent.

Face Flatness

•

 ..... . With no wind load +0 to -0.080 inch where negative
values indicate a concave surface.

Face_Deflection- . . 

• .

 The face deflection must be less than ± 0.080 inch
from the no-load position under the environmental
conditions described above.

Supporting Framework ... The supporting framework must provide a reflector
ground clearance of 15 feet and be designed to pre-
vent reflector face angle changes of more than
± 0.1

0
 when subjected to the above environmental

conditions.
Erection .. ..

•

 .

• .

 • . . . • . The reflector and supporting framework should be
designed so that erection can be accomplished using
a vehicle power winch rather than a crane. Erection
instructions must be provided.

Reflector Angle 
Adjustment ..... ▪ ..... The reflector must be designed to provide for ± 2

degrees adjustment about both axes. Lead screws
*mist be provided to smoothly adjust reflector angles.

Corrosion Protection ... All structural steel members and hardware will be
galvanized after fabrication.

Telephone: RFQ #GB-208
304-456-2134 January 27, 1982



• ••• • • •• Must meet all specifications over
25°C ± 5°C.

Operating Temperature .

SPECIFICATIONS
FOR

16.9 to 17.6 GHz AMPLIFIER 

Frequency Range .................. .. .. . 16.9 to 17.6 GHz

Small Signal Gain .... ............... . . 23 to 26 dB

Gain Flatness over Frequency Range . . . . + 0.5 dB

Pout at 1 dB Compression Point .. . . . . . . 25 dBm minimum

3rd Order Intermod Intercept Point .. . . 35 dBm minimum

Noise Figure . ....................... . . 8 dB maximum

53

Must not be damaged by operating
over 0°C to 40°C temperature range.

Input and Output VSWR OOOOOOO

•

1.5:1 maximum

Input and Output Connectors . • • • • • • • • •• SMA female

Warranty OOOOOOOOOOO ....... OOOOO . Minimum one year against defects.

James R. Coe
Electronics Engineer

304-456-2011, extension 133

RFQ #GB-230

November 5, 1982



PHASE-STABLE PHASE-LOCKED OSCILLATOR 

5 4

General:

Output Frequency:

Output Power:

Input Reference Frequency:

Input  Reference Power:

We have a requirement for a quantity of five
phase-locked oscillators which meet the fol-
lowing requirements:

1347.5 MHz

200 milliwatts minimum.

192.5 MHz

0 dBm 1 dB.

Phase Stability Sensitivity: 10 phase from 20° to 30 °C.
± 1

0
 phase for ± 1 dB input reference.

10 phase for ± 1% supply voltage.

The phase-locked oscillator output phase must
be stable with respect to the input reference
phase. Special testing will be required to
determine the phase stability sensitivity to
temperature, input reference level, and power
supply variations. One method of making the
test would be to connect two phase-locked os-
cillators to the input reference source; then
measure the phase difference between the two
oscillator outputs. Record any phase changes
in the outputs when one of the oscillators is
subject to temperature, input reference level,
and power supply voltage variations. Test
data must be supplied with each unit.

Oscillator Type:

Phase-Lock Oscillator 
Loop Bandwidth:

Lock Limit Alarm:

Input Reference and 
Output Connector:

Power Supply Requirements:

Cavity-Stabilized Transistor.

10 kHz minimum.

TTL Low = Limit exceeded.

SMA Female

-20 V DC at 0.5 amps maximum.

* * * * * * * *



SPECIFICATIONS

96 MHz VOLTAGE CONTROLLED CRYSTAL OSCILLATOR 

55

General: These crystal oscillators will be used in a 20
Hz rate-time multiplexed-clock synchronization
system. To prevent false locking, the oscilla-
tors must not drift over 10 Hz in 100 days.
Ihey will be operated in a temperature controlled
25°C ± 5°C environment.

Aging Rate: 1 x 10-9/day.

Frequency ... Unit A: 96.250 000 MHz
Unit B: 96.150 000 MHz

Output Power: +13 dBm

Output Impedance: 50 ohms

Stability vs. Temperature: ± 5 x 10 -8 over 0°C to +50°C

Stability vs. Supply: 1 x 10-8 /percent change in supply voltage.

Stability vs. Orientation: 1 x 10-8 maximum change any orientation.

Phase Noise: -115 dB/Hz at 1 kHz from carrier.

Harmonics and Subharmonics: > 20 dB below output.

Supply: +24 V DC, 10 watts maximum.

RF Connector Output: SMA female.

Mechanical Tuning: Screwdrive adjust setable to 1 x 10-8.

Electronic Tuning: + 1 x 10-7 with ± 10 V control voltage.

Tuning Rate: DC to 1 kHz.

Quantity: Unit A (96.25 MHz) ... 3

Unit B (96.15 MHz) ... 3
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SPECIFICATIONS

192.5 MHz VOLTAGE CONTROLLED CRYSTAL OSCILLATOR

General: These oscillators will be operated in a
temperature controlled environment of
25°C ± 5°C at a fixed orientation.

Aging Rate: 1 x 10-7/day

Frequency: 192.500 MHz

Output Power > 0.5 V RMS into 50 ohm

Stability vs. Temperature: ± 5 x 10-8 over 0°C to +50°C.

Stability vs. Supply: 1 x 10-8 /percent change in supply.

Phase Noise: -115 dB/Hz, 1 kHz from carrier.

Harmonics and Subharmonics: > 20 dB below output.

Other Spurious: > 80 dB below output.

Supply Voltage: +24 V DC, 10 watts maximum.

Mechanical Tuning: Screwdriver adjust setable to 1 x 10-8.

Electronic Tuning: 4- 1 x 10-5 for ± 10 V control voltage.

Tuning Rate: DC to 10 kHz.

RF Connector Output: SMA female.

Quantity: Three.



SPECIFICATIONS
FOR

VOLTAGE CONTROLLED OSCILLATORS 

57

Center Frequency .. ........

Tuning Range ........................

Tuning Voltage .......

Tuning Slope • • • • • • • • • • • • • • o

A = 87 MHz
B = 45 MHz
C = 30 MHz

4- 1 MHz

0 to +10 V or 0 to -10 V or -5 V to +5V

Af/AV positive.

Tuning Sensitivity .................. 150 to 250 kHz/V over the full tuning
range.

Modulation Rate..... .. .. •. . . ... DC - 100 kHz.
Tuning Impedance • • ........... .... . 10 K ohm minimum

Frequency Pulling -..... . . . . + 27 with load VSWR of 1.5 to 1 any phase.

Frequency Stability with Vibration .. + .017 maximum

Frequency Pushing .. . . . . . . OOOOO ... . . .  ± 0.1% for ± 1 V supply.

Frequency Stability
.

 with
.Temperature .... . . ............ 20 to 30°C, 200 PPM/°C mV. . . 

DC Voltage +15 V or -15 V or 4- 15 V DC

Output Power . . . . .. . . .•• • • • • • • • ...... 20 milliwatts minimum.

Load Impedance . . . . . .... ... .... .. .... 50 ohms

Output Connector . ... • • • • • • • • • • • • .... SRA female

Harmonics . . . OOOOO .. OOOOO ... .. .. .. .. 30 dB or more below output

Spurious . • • • • • • . • ..... • • • • • • • • • • • • • • 	70 dB or more below output.

RFI .. ...... • . • • .... • • • . • . • • • • • . •. . . . Oscillator must be enclosed in an RFI
tight case with the power and tuning
ports filtered.
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SPECIFICATIONS
FOR

CRYSTAL OSCILLATORS

Oscillator Frequency ............ . . . D = 100 kHz
E= 42 MHz
F= 95 MHz

Stability .. . .. . .• ................ . . 1 part in 10 6 over 20 to 30°C

Aging Rate . .. . . .................. .. 1 part in 105/year

Harmonics ..................... . . . . 30 dB or more below output

Output Power .... ............... . . . . 20 milliwatt minimum

Load Impedance . . . . . . ............. . . 50 ohms

Output Connector .. ..... . ....... . . . . SMA Female

DC Supply .. . . . . ... . ..... • • ... . . . . . . +15 V DC or -15 V DC

RFI ........... • •

•

• • ..... Oscillator must be enclosed in a RFI
tight case with DC line filtered.
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SPECIFICATIONS

FOR

300-600 MHz IF AMPLIFIER

Frequency Range . . . • .... • • . • . • • .. • • .. • . • .. • • 300 to 600 MHz

Gain over Frequency Range . . . . ... • • ... • . . 50 dB minimum

Gain at 100 MHz and Lower Frequencies . . . . . 20 dB maximum

Flatness over Frequency Range ..... . . . . . . . . ± 0.5 dB

Noise Figure ...........................  2 dB maximum

1 dB Gain Compression Point .. . . . . . • • • • • • • • • 0 dBm minimum

Overload Recovery Time ...... • ....... • • 500 microseconds maximum after
being subjected to -20 dBm in-
put level for 20 milliseconds.

Connectors .............................  SMA female

Encl osure . • • • • • • • • • • • • • • • • • • • • • • ..... • • • • • • RFI tight with filtered power
feed-thru.

Quantity .......... ..... 5

ames R. Coe
Electronics Engineer

304-456-2011, extension 134

RFQ: GB-226

September 3, 1982

JRC/cjd



APPENDIX B

DIRECT AND INDIRECT PATH SIGNALS

These tables display the resultant phase (psi) and amplitude

(R) of an indirect signal combining with a direct signal for

angles off axis of 0.1 to 1.2 degrees and with indirect/direct

amplitude ratios of 0.1, 0.5, and 1.0 for a 24 000 meter path.

The column headed "phase difference" shows the change in psi

with frequency. It varies with frequency except where the indirect

signal and the direct signal are equal in amplitude.

The results are also shown for a 35 000 meter path with

a theta of 0.1 to 1.2 and A = 0.5.

60



RECE1V5RTRANS. DIRECT PFITH Ours

I NDIRECT
PATH D-4-4._

RFLECTING SURFACE X -I

1 N
C 1-i 1)

D I RECT
Pr 1

RESULTANT
PH 1

I ND 1 RE
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DCl/COS(THETR) -1)

PHI = 2PI L Fl3 X 0 PI

DIRECT & INDIRECT SIGNALS

cFICCIS(PH1)

PSI = RRCTRN C . F1 SIN(PHI) p
el-FR COS(PHI)
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L THETA A
EXTRA LENGTH OFF AXIS DEG. AMP RATIO
.037 METERS .1 .1
PHI PSI R
ABS.PHASE DEG PHASE SHIFT DEG PHASE DIFF DEG RESULT. AMP
921.36 -2.3 0 . 908
925.75 -2.73 -.43 . 911
930.13 -3.15 -.41 . 915
934.52 -3.53 -.39 . 919
938.91 -3.9 -.36 . 924
943.29 -4.23 -.33 . 93
947.68 -4.53 -.3 . 936
952.07 -4.8 -.27 . 942

THETA A
EXTRA LENGTH OFF AXIS DEG. AMP RATIO
. 1 46 METERS . 2 .1
PHI PSI
ABS.PHASE DEG PHASE SHIFT DEG PHASE DIFF DEG RESULT. AMP
3145.44 -5.74 . 997
3162.99 -5.44 . 29 1.027
3180.54 -4.69 . 76 1.054
3198.08 -3.56 1.13 1.076
3215.63 -2.17 1.39 1.092
3233.18 -.62 1.55 1.099
3250.73 .97 1.59 1.098
3268.27 2.49 1.52 1.089

THETA A
EXTRA LENGTH OFF AXIS DEG. AMP RATIO
. 329 METERS . 3 .1
PHI PSI
ABS.PHASE DEG PHASE SHIFT DEG PHASE DIFF DEG RESULT. AMP
6852.02 1.09 0 1.098
6891.5 4.21 3.13 1.065
6930.98 5.72 1.51 1.003
6970.46 4.65 -1.07 . 938
7009.94 1.11 -3.54 . 902
7049.42 -3.08 -4.19 . 914
7088.9 -5.53 -2.45 . 968
7128.38 -5.26 . 27 1.036

PATH LENGTH
24000 METERS

FREQ MHZ
1 6900
17000
1 7100
17200
1 7300
1 7400
1 7500
17600

PATH LENGTH
24000 METERS

FREQ MHZ
16900
1 7000
1 7100
1 7200
17300
1 7400
17500
1 7600

PATH LENGTH
24000 METERS

FREQ MHZ
1 6900
17000
1 7100
17200
1 7300
17400
1 7500
17600

THETA A
PATH LENGTH EXTRA LENGTH OFF AXIS DEG. AMP RATIO
24000 METERS . 585 METERS . 4

PHI PSI
FREQ MHZ
16900
17000
1 7100
17200
17300
1 7400
17500
17600

ABS.PHASE DEG PHASE SHIFT DEG PHASE DIFF DEG RESULT. AMP
12041.32 2.03 0 . 906
12111.51 -4.77 -6.8 . 941
12181.69 -4.62 .15 1.056
12251.88 1.07 5.7 1.098
12322.06 5.58 4.51 1.019
1 2392.25 2.92 -2.65 . 913
12462.43 -4.17 -7.09 . 929
1 2532.62 -5.08 -.91 1.043



PATH LENGTH
24000 METERS

FREQ MHZ
1 6900
17000
1 7100
1 7200
1 7300
17400
1 7500
17600

EXTRA LENGTH
. 914 METERS
PHI
ABS.PHASE DEG
1 8713.57
18823.2:1

1 9042.57
1 9152.23
19261.9
19371.56
19481.23

THETA A
OFF AXIS DEG. AMP RATIO
. 5 .1
PSI
PHASE SHIFT DEG PHASE
-.58 0
5.69 6.27
-3.39 -9.08
-3.22 .17
5.28 8.5
-.21 -5.49
-9.13 -4.92
3.51 863
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DIFF DEG RESULT. AMP
1.099
. 982
.918
1.081
1.035
. 9
1.041
1.077

PATH LENGTH
24000 METERS

FREQ MHZ
16900
1 7000
1 7100
1 7200
17300
1 7400
1 7500
1 7600

EXTRA LENGTH
1.316 METERS
PHI
ABS.PHASE DEG
26868.54
27026.4A
27184.38
27342.3
?.7500.22
27658.14
27816.06
27973.98

THETA A
OFF AXIS DEG. AMP RATIO
. A .1
PSI
PHASE SHIFT DEG PHASE DIFF DER
-4.59
2.34 6.93
-.48 -2.83
-1.59 -1.11
3.97 5.56
-4.81 -8.78
5.74 10.55
-5.64 -11.38

RESULT. AMP
. 937
1.09
. 9

. 096
.925
1.051
. 994
. 977

PATH LENGTH
24000 METERS

FREI) MHZ
1 6900
1 7000
1 7100
1 7200
1 7300
1 7400
1 7500
1 7600

EXTRA LENGTH
1.791 METERS
PHI
ABS.PHASE DEG
36506.68
36721.63
36936.58
37151.53
37366.49
37581.44
7-: 779A.39
38011.34

THETA
OFF AXIS
.7
PSI
PHASE SHIFT DEG
3.43
. 15
-3.71
5.25

3.87
-.33
-3.25

PHASE DIFF
0

. 85
8.96
-10.58
9.2
-4.2
-2.92

DEG RESULT. AMP
. 918
1.1
. 922
1.036
1.033
. 924
1.1
.916

A
DEG. AMP RATIO

. 1

A
DEG. AMP RATIO

. 1
PATH LENGTH
24000 METERS

FREO MHZ
1 6900
1 7000
17100
1 7200
17300
1 7400
17500
1 7600

EXTRA LENGTH
2.34 METERS
PHI
ABS.PHASE DEG
47628
47908.76
48189.52
48470.27
48751.03
490741.79
49312.55
49593.3

THETA
OFF AXIS
. 8
PSI
PHASE SHIFT
5.61
2.53
-4.15
-4.7
3.04
5.26
-.68
-5.67

DEG PHASE
0
-3.07
-6.68

==
7.74
2.22
-5.94
-4.99

DIFF DEG RESULT. AMP
. 974
1.089
1.066
. 939
. 914
1.036
1.099
1.011



PHASE

-7.23
1.3
8.37
-1.87
-7.37
. 29
8.55

DIFF DEG RESULT. AMP
1.088
1.055
. 917
. 947
1.082
1.064
. 925
. 937
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A
DEG. AMP RATIO

. 1
PATH LENGTH
24000 METERS

FREQ MHZ
1 6900
1 7000
1 7100
17200
1 7300
1 7400
1 7500
17600

EXTRA LENGTH
2.961 METERS
PHI
ABS.PHASE DEG
60232.72
60588.07
60943.41
61298.75
61 654.09
62009.43
62364.77
62720.11

THETA
OFF AXIS

9
PSI
PHASE SHIFT
5.48
5.6
5.69
5.73
5.74

5.64
5.53

DEG PHASE
0
.12
.08
.04
.01
-.03
-.07
-.1

DIFF DEG RESULT. AMP
. 966
. 974
. 982
. 99
. 998
1.006
1.014
1.022

PATH LENGTH
24000 METERS

FREQ MHZ
1 6900
1 7000
1 7100
1 7200
17300
1 7400
1 7500
1 7600

EXTRA LENGTH
3.656 METERS
PHI
ABS.PHASE DEG
74321.07
74759.78
75198.48
75637.19
76075.89
7A514.6
76953.3
77:7492.01

THETA A
OFF AXIS DEG. AMP RATIO
1 .1
PSI
PHASE SHIFT DEG PHASE DIFF DEG RESULT. AMP
2.05 0 . 906

'-I -7.25S.,'
-3.53 1.67 1.077
0.7) 6.73 1.081
5.37 2.17 . 961
-1.6 -6.97 . 904
-5.67 -4.07 1.011

4.94 1.099

A
DEG. AMP RATIO

▪ 1
PATH LENGTH
24000 METERS

FREQ MHZ
1 6900
17000
1 7100
1 7200
1 7300
17400
1 7500
17600

EXTRA LENGTH
4.424 METERS
PHI
ABS.PHASE DEG
89893.05
90423.9
90954.74
91485.59
92016.44
92547.28
93078.13
93608.98

THETA
OFF AXIS
1.1
PSI
PHASE SHIFT
-5.674
4.91
-4.95
3.82
-3.69
2.41
-1.97
. 81

DEG PHASE
0
10.54
-9.87
8.77
-7.51
6.1
-4.37
2.78

DIFF DEG RESULT. AMP
. 975
1.048
.946
1.072
. 921
1.09
. 905
1.099

PATH LENGTH
24000 METERS

FREQ MHZ
1 6900
1 7000
1 7100
1 7200
17300
1 7400
17500
1 7600

EXTRA LENGTH
5.265 METERS
PHI
ABS. PHASE DEG
106949.11
107580.88
108212.65
1 08844.42
109476.19
110107.96
110739.73
111371.5

THETA A
OFF AXIS DEG. AMP RATIO
1.2 .1
PSI
PHASE SHIFT DEG
2.56
-4.67
-3.37
5
3.12
-4.25
-3.96
4.59



DEG PHASE DIFF
0
1 2.62
10.14
2.63
-19.62
-33.28
-6.12
7.7.5

DEG RESULT. AMP
1.493
1.368
1.11
. 775
.515
. 616
. 943
1.251

PHASE DIFF
0
-46.53
10.98
22.57
20.9
-2.19
-50.8
6.97

DEG RESULT. AMP
.55
.792
1.332
1.493
1.178
.604
. 715
1.278
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PATH LENGTH
24000 METERS

FREQ MHZ
16900
17000
1 7100
17200
17300
17400
1 7500
17600

PATH LENGTH
24000 METERS

FREQ MHZ
16900
1 7000
17100
1 7200
17300
1 7400
1 7500
17.400

EXTRA LENGTH
.037 METERS
PHI
ABS.PHASE DEG
921.36
925.75
930.13
934.52
938.91
943.29
947.68
952.07

EXTRA LENGTH
.146 METERS
PHI
ABS.PHASE DEG
3145.44
3162.99
3180.54
7419R.08
3215.63
3233.18
3250.73
3268.27

THETA
OFF AXIS DEG.
.1
PSI
PHASE SHIFT DEG
-18.82
-21.56
-23.86
-25.7f;
-27.2
-28.33
-29.13
-29.66

THETA
OFF AXIS DEG.
.2
PSI
PHASE SHIFT
-27.43
- 23.65
-18.95
-13.48
-8.07
-2.27
3.57
9.34

PHASE DIFF
0
-2.74
-2.3
-1.87
-1.48
-1.12
-.8
-.52

A
AMP RATIO

A
AMP RATIO
.5

DEG RESULT. AMP
.565
.591
. 621
.653
.687
.723
. 759
.797

DEG PHASE DIFF DEG RESULT. AMP
0 1.082
3.78 1.214
4.7 1.326

1.412
5.61 1.47
5.79 1.498
5.84 1.494
5.77 1.46

A
DEG. AMP RATIO

.5
PATH LENGTH
24000 METERS

FREQ MHZ
1 4900
1 7000
17100
1 7200
17300
1 7400
1 7500
17600

EXTRA LENGTH
.047 METERS
PHI
ABS . PHASE DEG
6852.02
6891.5
4930.98
6970.46
7009.94
7049.42
708R . 9
7128.38

THETA
OFF AXIS
.3
PSI
PHASE SHIFT
4
16.62
24.76
29.39
9.74
-23.51
-29.63
- 22.29

PATH LENGTH
24000 METERS

FREQ. MHZ
16900
1 7000
17100
17200
1 7300
17400
17500
1 7600

EXTRA LENGTH
.585 METERS
PHI
ABS.PHASE DEG
12041.32
12111.51
12181.6?
1 2251.88
1 2322.06
12392.25
12462.43
12532.62

THETA
OFF AXIS DEG. AMP RATIO
.4 .5
PSI
PHASE SHIFT DEG
16.93
-29.6
-18.62
3.95
24.85
22.67
-28.13
-21.16
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THETA A
EXTRA LENGTH OFF AXIS DEG. AMP RATIO
. 914 METERS . 5 . 5
PHI PSI
ABS.PHASE DEG PHASE SHIFT DEG PHASE DIFF DEG RESULT. AMP
1 8713.57 -2.15 0 1.498
18823.23 28.79 30.94 1.011
1 8932.9 -25.08 -53.88 . 641
1 9042.57 -12.28 12.81 1.43
1 9152.23 22.44 34.72 1.247
1 9261.9 -1.89 -24.33 . 501
1 9371.56 -21.45 -19.56 1.272
1 9481.23 13.47 34.91 1.415

THETA A

EXTRA LENGTH OFF AXIS DEG. AMP RATIO
1.316 METERS . 6 . 5
PHI PSI
ABS.PHASE DEG PHASE SHIFT DEG PHASE DIFF DEG RESULT. AMP
26868.54 -29.25 0 • 767
27026.46 0-2=. 38 1.465
27184.38 -4.34 -13.09 . 503
27342.3 -5.R8 -1.54 1.484
27F,00.22 27.46 33.34 . 694
27658.14 -19.64 -47.1 1.312
27816.06 27.69 47.33 1.07
27973.98 -29.14 -56.84 . 987

THETA
EXTRA LENGTH OFF AXIS DEG. AMP RATIO
1.791 METERS . 7 . 5
PHI PSI
ABS.PHASE DEG PHASE SHIFT DEG PHASE DIFF DEG RESULT. AMP
36506.68 25.26 0 . 644
36721.63 . 54 -24.72 1.5
7-,A936.5R -26.46 -27 . 668
37151.53 22.26 48.73 1.252
37366.49 -22.78 -45.04 1.238
37581.44 27.11 49.89 . A84
37796.39 -1.21 -28.31 1.499
38011.34 -24.41 -23.2 . 629

PATH LENGTH
24000 METERS

FREQ MHZ
1 6900
1 7000
1 7100
1 7200
1 7300
1 7400
1 7500
17600

PATH LENGTH
24000 METERS

FREQ MHZ
16900
1 7000
1 7100
1 7200
1 7300
1 7400
1 7500
1 7600

PATH LENGTH
24000 METERS

FREQ MHZ
1 6900
17000
1 7100
17200
1 7300
17400
1 7500
17600

THETA A

PATH LENGTH
24000 METERS

FREQ MHZ
16900
17000
1 7100
1 7200
17300
1 7400
1 7500
1 7600

EXTRA LENGTH OFF AXIS DEG. AMP RATIO
2.34 METERS . 8 5
PHI PSI
ABS.PHASE DEG PHASE SHIFT DEG PHASE DIFF DEG RESULT. AMP
47628 29.35 0 . 97
47908.76 9.49 -19.86 1.458
48189.52 -16.32 -25.81 1.373
48470.27 -29.47 -13.16 .781
48751.03 23.3 52.77 . 613
49031.79 -.97 1.25
49312.55 -2.49 -24.82 1.497
49593.3 -25.89 -23.4 1.143



A
AMP RATIO
. 5

PHASE
0
-.39
-.54
-.68
-.79
-.9
-.99
-1.06

DIFF DEG RESULT. AMP
. 93
. 97
1.009
1.048
1.086
1.123
1.158
1.193

PHASE DIFF
0
-28.46
-6.1
54.86
-18.03
-28.66
-10.64
56.68

DEG RESULT. AMP
1.457
1.328
. 638
. 828
1.434
1.365
. 693
. 767
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PATH LENGTH
24000 METERS

FREQ MHZ
1 6900
1 7000
1 7100
1 7200
1 7300
17400
1 7500
17600

EXTRA LENGTH
2.961 METERS
PHI
ABS.PHASE DEG
60232.72
60588.07
60943.41
61298.75
61654.09
62009.43
62364.77
62720.11

THETA
OFF AXIS DEG.
. 9
PSI
PHASE SHIFT DEG
29.75
29.36
28.81
28.14
27.34
26.45
25.46
24.4

PATH LENGTH
24000 METERS

FREQ MHZ
16900
1 7000
17100
17200
1 7300
1 7400
17500
1 7A00

PATH LENGTH
24000 METERS

FREQ MHZ
1 6900
1 7000
1 7100
1 7200
1 7300
1 7400
1 7500
1 7600

EXTRA LENGTH
3.656 METERS
PHI
ABS.PHASE DEG
74321.07
74759.78
75198.48
756=17.19
76075.89
76514.6
76953.3
7792.01

EXTRA LENGTH
4.424 METERS
PHI
ABS.PHASE DEG.
89893.05
90423.9
90954.74
91485.59
92016.44
92547.28
93078.13
93608.98

THETA
OFF AXIS
1
PSI
PH : sHIFT DEG
17.12
-:710
-13.57
1 2.19
29.92
-13.7
-25.89
-2.67

THETA
OFF AXIS DEG.
1.1
PSI
PHASE SHIFT DEG
-29.25
20.2
-29.85
1 4.81
-26.41
9.01
-16.49
2.98

PHASE DIFF

-47.12
1 6.43
25.75
17.73
-43.61
-12.19
23.22

PHASE DIFF
0
49.44
-50.05
44.66
-41.22
35.41
-25.49
19.47

DEG RESULT. AMP
. 552
. 864
1.414
1.431
. 902
. 531
1.143
1.497

DEG RESULT. AMP
. 979
1.3
. 82
1.396
. 667
1.463
. 547
1.496

A
DEG. AMP RATIO

. 5

A
AMP RATIO

PATH LENGTH
24000 METERS

FREQ MHZ
1 6900
1 7000
17100
17200
1 7300
1 7400
17500
1 7600

EXTRA LENGTH
5.265 METERS
PHI
ABS.PHASE DEG
106949.11
1 07580.88
108212.65
108844.42
109476.19
110107.96
110739.73
111371.5

THETA
OFF AXIS DEG. AMP RATIO
1.2 . 5
PSI
PHASE SHIFT DEG
9.6
-18.87
-24.96
29.9
11.87
-16.79
-27.43
29.26



PHASE
0
8.
8.77
8. /
8.77
8.
8.77
8.

DIFF DEG RESULT. AMP
1.357
1.565
1.737
1.26R
1.955
1.996
1.991
1.939

A
AMP RATIO
1

DEG PHASE DIFF
0
-144.91
35.09
35.09
35.09
35.09
-144.91
35.09

DEG RESULT. AMP
. 325
.869
1.747
1.989
1.509
.48
. 724
1.664
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PATH LENGTH
24000 METERS

FREO MHZ
16900
17000
17100
17200
17300
17400
1 7500
17600

EXTRA LENGTH
. 037 METERS
PHI
ABS.PHASE DEG
921.36
925.75
930.13
934.52
938.91

947.68
952.07

THETA
OFF AXIS DEG.
. 1
PSI
PHASE SHIFT DEG
-79.32
-77.13
-74.93
-72.74
-70.55
-68.f;5
-66.16
-63.97

A
AMP RATIO
1

PHASE DIFF
0
2.19
2.19
2.19
2.19
2.19
2.191
2.19

DEG RESULT. AMP
.371
. 446

.593

.666

.738

.80R

. 878

PATH LENGTH
24000 METERS

FREO MHZ
1A900
17000
17100
17200
i7300
17400
17500
1 7600

EXTRA LENGTH
. 146 METERS
PHI
ABS.PHASE DEG
3145.44
3162.99
3180.54
31 96.08
',1'71 5.63
3233.18
37'50.73

THETA
OFF AXIS DEG.
. 2
PSI
PHASE SHIFT DEG
-47.28
-38.51

-20.9A
-12.18
-3.41
5.36
14.14

A
AMP RATIO
1

PATH LENGTH
24000 METERS

FREO MHZ
16900
17000
17100
17200
17300
17400
17500
17600

EXTRA LENGTH
.:129 METERS
PHI
ABS.PHASE DEG
6852.02
6391.5
6930.98
6970.46
7009.94
7049.42
7028.9
7128.38

THETA
OFF AXIS DEG.
.3
PSI
PHASE SHIFT DEG
6.01
25.75
45.49
65.23
84.97
-75.29
- 55.55
-35.81

PHASE DIFF
0
19.74
19.74
1 9.74
19.74
-160.26
19.74
19.74

DEG RESULT. AMP
1.989
1.601
1.402
.838
.175
. 508
1.131
1.622

PATH LENGTH
24000 METERS

FREO MHZ
16900
17000
17100
17200
17300
17400
17500
17600

EXTRA LENGTH
.585 METERS
PHI
ABS.PHASE DEG
1 2041.32
12111.51
12181.69
12251.88
12332.06
12392.25
12462.43
12532.62

THETA
OFF AXIS DEG.
.4
PSI
PHASE SHIFT
30.66
-64.25
- 29.16
5.94
41.03
76.12
-68.79
-33.A9

A
AMP RATIO
1



THETA
OFF AXIS DEG.

PSI
PHASE SHIFT DEG
-3.22
51.61

-18.72
36.11
-89.05

20.61

A
AMP RATIO
1

PHASE DIFF
0
54.83
-/25.17
54.83
54.83
-125.17
54.83
54.83

DEG RESULT. AMP
1.997
1.242
. 566
1.894
1.616
.033
1.654
1.872

THETA A
OFF AXIS DEG. AMP RATIO
. 6 1
PSI
PHASE SHIFT DEG
-A5.74
1 3.22
-R7.82
-8.86
70.1
-30.94
48.03
-53.01

PHASE DIFF
0
78.96
-101.04

78.96
-101.04
78.96
-101.04

DEG

P.

 RESULT. AMP
. 822
1 9 4 7
. 076
1 . 976
. 68 1
1 .715
1.338
1 • 2. 0 3

THETA
OFF AXIS DEG.
. 7
PSI
PHASE SHIFT DEG
73.33
.81
-71.71
35.76
-36.76
70.71
-1.81

A
AMP RATIO
1

PHASE DIFF
0
-72.52
-72.52
107.48

107.48
-72.52
-72.52

DEG RESULT. AMP
. 574

*7)
.628
1.623
1.602
. 66/
1.999
. 54

DEG PHASE DIFF
0
-39.62
-39.62
-39.62
140.38
-39.62
-39.62
-39.62

DEG RESULT. AMP
1.176
1.937
1.809
. 849
. 501
1.62
1.996
1.454
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PATH LENGTH
24000 METERS

FREQ MHZ
1 6900
17000
1 7100
17200
1 7300
17400
1 7500
17600

PATH LENGTH
24000 METERS

FREQ MHZ
1 6900
1 7000
17100
1 7200
17300
1 7400
17500
1 7600

PATH LENGTH
24000 METERS

FREQ MHZ
1 6900
1 7000
1 7100
17200
1 7300
1 7400
1 7500
1 7600

EXTRA LENGTH
. 914 METERS
PHI
ABS.PHASE DEG
1 8713.57
18823.23
1 8932.9
1 9042.57
1 9152.23
1 9261.9
1 9371.9A
19481.23

EXTRA LENGTH
1.316 METERS
PHI
ABS.PHASE DEG
26868.54
27026.4A
27184.38
27:=i42.3
27500.22
27658.14
27816.06
27973.98

EXTRA LENGTH
1.791 METERS
PHI
ABS.PHASE DEG
36506.68
36721.63
36936.58
37151.53
2.766.49
37581.44
37796.39
38011.34

PATH LENGTH
24000 METERS

FREQ MHZ
1 6900
1 7000
1 7100
1 7200
17300
1 7400
1 7500
1 7A00

EXTRA LENGTH
2.34 METERS
PHI
ABS.PHASE DEG
47628
47908.76
48189.52
48470.27
48751.03
49031.79
49312.55

THETA
OFF AXIS

PSI
PHASE SHIFT
53.99
1 4.37
-25.25
-64.87
75.51
35.89
-3.74
-43.36

A
DEG. AMP RATIO

1



DEG PHASE DIFF

-44.12
-44.12
17-15.88
-44.12
-44.12
-44.12
135.88

DEG RESULT. AMP
1.936
1.7R9
. 562
. 933
1.901
1.797
. 679
. 822

70

A
DEG. AMP RATIO

1
PATH LENGTH
24000 METERS

FREQ MHZ
1 6900
1 7000
1 7100
1 7200
1 7300
17400
1 7500
17600

EXTRA LENGTH
2.961 METERS
PHI
ABS.PHASF DEG
60232.7'7'
60588.07
60943.41
61298.75
61654.09
62009.43
62344.77
62720.11

THETA
OFF AXIS
. 9
PSI
PHASE SHIFT
56.35
54.02
51.69
49.36
47.03
44.7
4'2.R8
40.05

DEG PHASE
0
-2.33

-2.33
-2.33

-2.33

DIFF DEG RESULT. AMP
1.108
1.175
1.24
1.303
1.363
1.421
1.477
1.51

PATH LENGTH
24000 METERS

FREQ MHZ
16900
1 7000
17100
1 7200
1 7300
1 7400
17500
1 7600

EXTRA LENGTH
3.656 METERS
PHI
ABS . PHASE DEG
74321.07
74759.78
75198.48
75637.19
76075.89
76514.6
76953.3
77:::92.01

THETA
OFF AXIS DEG.
1
PSI
PHASE SHIFT DEG
80.52
-60.12
-20.77
1 8.58
57.93

-43.36
-4.01

DEG RESULT. AMP
. 329
. 996
1.87
1.896
1.062
.*7,54
1.454
1.995

A
AMP RATIO
1

PHASE DIFF
0
-140.65
39.35
39.35

,D=

-140.65
39.35

PATH LENGTH
24000 METERS

FREQ MHZ
1 65'00
17000
1 7100
1 7200
1 7:7400
17400
1 7500
17600

EXTRA LENGTH
4.424 METERS
PHI
ABS.PHASE DEG
R98M05
90423.9
90954.74
91485.59
92016.44
92547.28
93078.13
93608.98

THETA A
OFF AXIS DEG. AMP RATIO
1.1 1
PSI
PHASE SHIFT DEG
-53.49

-62.64
22.78
-71.8
1 3.63
-80.95
4.47

PHASE DIFF DEG RESULT. AMP
0 1.19
85.42 1.697
-94.58 . 919
85.42 1.844
-94.58 . 625
85.42 1.944
-94.58 . 315
85.42 1.994

A
DEG. AMP RATIO

1
PATH LENGTH
24000 METERS

FREQ MHZ
1 6900
1 7000
1 7100
1 7200
17300
1 7400
17500
17600

EXTRA LENGTH
5.265 METERS
PHI
ABS.PHASE DEG
106949.11
107580.88
108212.65
1 08844.42
109476.19
110107.96
110739.73
111371.5

THETA
OFF AXIS
1.2
PSI
PHASE SHIFT
14.54
-29.58
-73.69
62.19
18.08
-26.04
-70.15
65.73



THETA A
OFF AXIS DEG. AMP RATIO
. 1 . 5
PRI
PHASE SHIFT DEG
-1.15
-7.42
-13.18
-18.12
-22.12
-25.18
-27.39
-28.85

PHASE DIFF
0
-6.27
-5.76
-4.94
-4
-3.06
-2.2
-1.46

DEG RESULT. AMP
. 5
. 509
. 529

==e1.007
. 597
. 642
.692
. 745

DEG PHASE DIFF
0
-19.31
-6.02
1.79
5.47
7.26
8.14
8.49

DEG RESULT. AMP
. 503
. 621
. 829
1.049
1.242
1.3RR
1.476
1.499

s AL.

PSI
PHASE SHIFT
-4.57
-2:71.89
-29.91
-28.12
-22.65
-15.39
-7.25
I .24

THETA A
OFF AXIS DEC' . AMP RATIO

. 5
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PATH LENGTH
35000 METERS

FREQ MHZ
1 6900
17000
1 7100
1 7200
1 77-100
17400
17500
17600

PATH LENGTH
35000..METERS

FREQ MHZ
1 6900
1 7000
1 7100
1 7200
1 7300
1 7400
1 7500
1 7600

EXTRA LENGTH
. 053 METERS
PHI
ABS.PHASE DEG
1 261.15
1 267.55
1 273.95
1 2R0..;4
1 286.74
1 293.14
1 299.54
1305.93

EXTRA LENGTH
. 213 METERS
PHI
ABS.PHASE DEG
4504.6
4530.19
4555.78
4581.37
4606.96
4632.55
4658.14
4683.73

PATH LENGTH
35000 METERS

FREQ MHZ
1 6900
1 7000
1 7100
1 7200
1 7300
17400
1 7500
17600

EXTRA LENGTH
.48 METERS
PHI
ABS.PHASE DEG
9910.03
9967.6
1 0025.18
10082.75
1 0140.:::=4
10197.9
1 0255.48
10313.05

THETA
OFF AXIS DEG.

PSI
PHASE SHIFT DEG
-84.99
-56.2
-27.41
1.37
20.16
8.95

87.74
-63.48

A
AMP RATIO
1

PHASE DIFF
0
28.79
28.79
28.79
28.79
28.79
28.79
-151.21

DEG RESULT. AMP
. 1 75
1.113
1.775
1.999
1.729
1.032
. 079
. 893

PATH LENGTH
35000 METERS

FRU,/ MHZ
1 6900
1 7000
17100
#7200
17300
17400
17500
17600

EXTRA LENGTH
. 853 METERS
PHI
ABS.PHASE DEG
17477.76
1 7580.11
1 7682.47
17784.82
7887 . 1 7

1 7989 . 53
18091.88
18194.23

THETA
OFF AXIS DEG.
. 4
PSI
PHASE SHIFT DEG
-16.23
-19.08
13.85
25.98
-29.76
-3.49
26.93
-13.41

PHASE DIFF
0
-2.85
32.93
1 2.12
-55.73
26.27
30.42
-40.34

DEG RESULT. AMP
. 546
1.323
1.41
. 658
. 928
1.494
1.103

A
AMP RATIO
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PATH LENGTH
35000 METERS

FREQ MHZ
1 6900
17000
1 7100
17200
1 7300
17400
1 7500
17A00

EXTRA LENGTH
1.333 METERS
PHI
ABS . PHASE DEG
2720E3.12
27368.05

.) 7527.98
27687.91
27847.84
28007.77
28167.7
28327.63

PSI
PHASE SHIFT
-22.85
2.68
11.53
-10.57
'31 9.x.7
-22.45

-29.73

DEG PHASE DIFF DEG
0
25.53
8.85
-22.1
40.24
-52.11
48.54
-99.82

RESULT. AMP
.607
1.497
▪ 521
1.448
. 798
1.247
1.136
. 9:32

THETA A
OFF AXIS DEG. AMP RATIO
. 5

PATH LENGTH
39000 METERS

FRECI MHZ
1.4.900
1 7000
1 7100
1 7200
17300
1 7400
1 7500
1 7.4.00

EXTRA LENGTH
1.919 METERS
PHI
ABS.PHASE DEG
:=1 9100.78
39331 .09
39561.39
:::9791.69
40021.99
40252.29
40482.99
40712.89

THETA
OFF AXIS DEG.
. 6
PSI
PHASE SHIFT DEG

L.( • f

26.78
-12.65
-11.21
1 9.67
-21.26
15.98
1 0.82

A
AMP RATIO
. 5

PHASE DIFF

54.5
-39.43
1.44
30.88
-40.92
37.23
-5.16

DEG RESULT. AMP
. 702
1.11
1.425
. 92
1.311
1.276
. 544
1.446

PATH LENGTH
35000 METERS

FREQ MHZ
1 6900
1 7000
1 7100
1 7200
1 7300
17400
1 7500
1 7600

EXTRA LENGTH
2.612 METERS
PHI
ABS.PHASE DEG
53156.41
53469.88
53783.35
54096.82
54410.29
54723.76
55037.23
59:;50.7

PHASE SHIFT
-29.93
-9.58
26.5
27.82
1 6.25
1.25
-13.95
-26.43

DEG PHASE
0
20.35
36.0P
1.32
-11.58
-15
-15.2
-12.47

DIFF DEG RESULT. AMP
. 835
. 515
. 669
1.064
1.374
1.499
1.408
1.123

THETA A
OFF AXIS DEG. AMP RATIO

5
C.

PATH LENGTH
35000 METERS

FREQ MHZ
1 6900
1 7000
1 7100
17200
1 7300
1 7400
1 7500
1 7.4.00

EXTRA LENGTH
3.412 METERS
PHI
ABS.PHASE DEG
69375
69784.44
70193.88
70603.32
71012.75
71422.19
71831.63
72241.07

THETA
OFF AXIS DEG.
. 8
PSI
PHASE SHIFT DEG
-29.02
-17.83
-2.05
1 4.11
27.09
26.88
-11.15
-29.99

A
AMP RATIO
. 5

PHASE DIFF DEG RESULT. AMP
. 995

11.19 1.347
1 5.78 1.498
1 6.16 1.406
1 2.98 1.097
-.22 . 678
-38.03 . 52
-18.84 . 875



PHASE
0
-9.64
55.02

-21.9?
27.12
29.48

DIFF DEG RESULT. AMP
1.336
. 713
. 68
1.7413
1.483
1.048
. 5
1.031

DEG PHASE DIFF
0
17.9
1 5.84
4.55
-36.8
-22.04
9.85
16.98

DEG RESULT. AMP
1.459
1.467
1.195
. 746
. 51
. 886
1.302
1.495

PHASE DIFF
0
-23.47
37.26
-45.06
56.24
-48.06
50.49
-37.57

DEG RESULT. AMP
1.499
. 594
1.387
. 943
1.116
1.272
. 755
1.466
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PATH LENGTH
35000 METERS

FREQ
1 6900
17000
1 7100
17200
1 7300
17400
1 7500
1 7600

EXTRA LENGTH
4.318 METERS
PHI
ABS.PHASE DEG
87756.R9
88275.09
88793.3
89311.51
89829.71
90347.92
90866.13
91384.33

THETA
OFF AXIS DEG.
. 9
PSI
PHASE SHIFT DEG
-25.1

-29.76
10.37
-9.42
-4.03
25.49
-17.86

A
AMP RATIO
. 5

PHASE DIFF
0
48.27
-52.92
40.13
-19.79
5.38
29.52
-43.35

DEG RESULT. AMP
1.17
1.228
. 807
1.45
. 514
1.493
. 648
1.347

PATH LENGTH
35000 METERS

FREQ MHZ
1 6900
1 7000
1 7100
1 7200
17300
1 7400
1 7500
1 7A00

EXTRA LENGTH
5.331 METERS
PHI
ABS.PHASE DEG
108302.4
1 08942.18
109581.95
110221.73
110861.51
111501.29
112141.06
112780.84

THETA A
OFF AXIS DEG. AMP RATIO
1
PSI
PHASE SHIFT DEG
-18.43
-28.06
26.96
1 9.59
-A.15
-28.14
-1.02
28.45

PATH LENGTH
35000 METERS

FREQ MHZ
1 6900
1 7000
1 7100
1 7200
1 7300
17400
1 7500
1 7600

EXTRA LENGTH
6.451 METERS
PHI
ABS.PHASE DEG
1 31011.53
1 31785.68
1 32559.84
1 3337,3.99
134108.14
1 34882.29
135656.44
136430.59

THETA
OFF AXIS
1.1
PSI
PHASE SHIFT
-9.42
8.48
24.32
28.87
-7.93
-29.98
-20.13
- 3.15

A
DEG. AMP RATIO

. 5

PATH LENGTH
35000 METERS

FREQ MHZ
16900
1 7000
17100
1 7200
1 7300
1 7400
1 7500
1 7400

EXTRA LENGTH
7.678 METERS
PHI
ABS.PHASE DEG
1 55884.95
1 54806.28
1 57727.62

,58648.515
1 59570.28
1 60491.61
161412.94
162334.27

THETA A
OFF AXIS DEG. AMP RATIO
1.2 . 5
PSI
PHASE SHIFT DEG
1.63
- 21.84
15.42
-29.64
26.61
-21.45
29.04
-8.53


