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TRANSPORTABLE AUTOMATED ELECTROMAGNETIC COMPATIBILITY
MEASUREMENT SYSTEM (TAEMS)

C. J. Chilton, A. H. Diede, W. M. 'Welch, R. A. McLean,
and F. G. Stewart*

An automated, computer-controlled receiver system developed by
ITS for the U.S. Army Communications Command provides a unique
solution to such problems as spectrum management, EM hazards measure
ments, and site surveying. This 'receiving system is designed around
a commercially available automatic ,rec~ive,r system and covers the
frequency band 1 kHz-40 GHz, thus extendin.g the capability of the
receiver system by providing extended frequency coverage, multiple
antenlla selection,improved noise figure performance, built-in test
capability, noise figure measurement capability, and l60dB measure
ment range; as well as 10 Hz frequency resolution to 40 GHz, computer
controlled directional ante1;tna pointing, a.nd automatic real-time
calibration to 40 GHz. Three rf preselector/down converters were
developed by ITS for use with the receiver to cover frequencies
between 2 and 40 GHz. High sensitivity and low transmission loss was
achieved by attaching the down converters directly to the antennas
and mounting the complete system package on the elevation/azimuth
(ELI AZ) positioner. The down converters Inix the rf signals to IF
(150 MHz), and this IF signal is transmitted through the EL/AZ pedestal
via c~Daxial cable to the bus structure interface unit, mixed to 50 MHz
and t'hen fed to the rf-microwave section of the automatic spectrum
analyzer for further processing. In addition, a real-time-executive
(RTE) software operating system was developed for the receiver system
by ITS to extend the operating capability of the receiver system.
The RTE allows multiprogram execution, as well as program scheduling,
file manipulations, and editing. Using tl~e ~ditor, FORTRAN measure
ment routines can quickly be written or mc)dified. Both source and
object programs are stored on magnetic disc with measurement data
stored on magnetic tape for further analysis.

:Key words: computer controlled receiver; 1 kHz to 40 GHz;
electromagnetic compatibility spectrum management;
EM hazard measurement

1. INTRODUCTIC)N

A new computer-controlled receiver system developed by ITS for the U.S. Army

Communications Command provides a unique 'solution to such problems as spectrum

management, EM hazards measurements and site surveying. Indeed, the hardware and

software systems are sophisticated enough that, once the system is deployed, it

is possible for a measurement mission to be executed with minimum operator

intervention. The ITS receiving system is designed around a commercially avail

able autom,atic receiver system and covers the frequency band 1 kHz-40 GHz.

*The authors are with the Institute for Telecommunication Sciences, National
Telecommunications and Information Administration, U.S. Dept. of Commerce,
Boulder, CO 80303.



The ITS receiver system extends the capability of the commercial system by

providing: extended frequency coverage, multiple antenna selection, improved

noise figure performance, built in test capability, noise figure measurement

capability, and 160 dB measurement range. In addition, the system features 10 Hz

frequency-resolution to 40 GHz, computer-controlled directional antenna pointing,

and automatic real-time calibration to 40 GHz.

The significant developments of the ITS system are the three rf preselectorl

down converters developed for use with the system to cover frequencies between 2

and 40 GHz. To achieve high sensitivity and low transmission loss, the down

converters are attached directly to the antennas and the complete package is

mounted on the Elevation/Azimuth (EL!AZ) positioner. The down converters mix the

rf signals to IF (150 mIz), and this IF signal is transmitted thro-ugh the ELIAZ

pedestal via coaxial cable to the bus structure interface unit, mixed to 50 mIz,

and then fed to the rf-microwave ~ection of the automatic spectrum analyzer for

further processing in the system. The boundary conditions placed on the design

of the down converters were that operation had to be user compatible both in the

automatic and manual modes. This requirement was imposed so that operators would

not be required to learn separate operation techniques for frequencies above and

below 2 GHz. The system software was designed so as not to require extensive

rewrite to make the system functional, and any new software developed for other

systems could be expected to execute with little or no modification.

Essentially the same approach was used for each of the three down con

verters to achieve selectivity, sensitivity, and frequency accuracy. The selec

tivity is obtained by using a yig-tuned microwave filter; the sensitivity is

accomplished by using a low-noise microwave mixer; and the frequency accuracy is

achieved by phase-locking the local oscillator to a frequency reference generated

by frequency synthesis from a highly stable 10 MHz oscillator. A significant

technical improvement available in these down converters is a built-in noise

source and comb generator which permits complete system calibration except for

antenna gain. Since the calibration is generated under computer control, a

complete system calibration can be performed as often as may be required.

2. SYSTEM DESIGN

A number of commercially available computer-controlled radio receivers were

investigated and considered as the basis for designing an integrated system that

would work from 20 Hz to 40 GHz. After evaluating the performance specifications
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of all these receivers and comparing them with the requirements of the Army, it

was clear t'hat these requirements could not be DIet by any of the commercially

available systems alone. In this section, the system boundary conditions, the

phase-lock loop design, yig filter, and oscillator tracking characteristic for the

integrated receiver systems' design are discussed in detail.

2.1. System Boundary Conditions

The basic problem in the system design was one of synthesizing a receiver

system that would meet the Army's performance specifications and also have

minimum impact on the system hardware and softwclre systems. The requirements

which helped to define the system design were:

(1) Receiver operation in both automatic computer controlled and

manual modes.

(2) Receiver remote control from a distanc:e of 75 feet from the

mleasurement van.

(3) High sensitivity and high dynamic range.

(4) High frequency accuracy and resolution.

(5) Real-time rf calibration.

(6) Provision for frequency extension to 40 GHz.

(7) Unambiguous signal display.

(8) Dual linear polarized direction finding and omni-directional

antennas from 1 kHz-40 GHz.

(9) Elevation-over-azimuth antenna positioner mounted on a 50 foot

variable height tower.

In addition, the system must operate over the following environmental ranges:

-35°C to 50°C, up to one-hundred percent humidity, and winds up to 100 km/hr.

Requil~ements 8 and 9 imply that the directional antennas (and for some bands,

the amni-directional antennas) be mounted on the elevation/azimuth rotator atop the

50 foot, variable height tower. Since a number of antennas are required to cover

the 1 kHz-i+O GHz range, a switch matrix is necessary to allow selection of a

particular antenna. This switch matrix must also be located on the EL/AZ posi

tioner, otherwise a large number of long transmission lines would have to go

through the positioner and down the tower. Clearly this would be undesirable and

impractical. Digital control of the switch matrix is also required since the

antenna selection must be remotely controlled.
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Having the antenna system 75 feet away was a significant engineering problem.

Initially we considered transmitting the rf signal from the antenna subsystem via

transmission line to the receiver system. However, the high transmission loss of

coaxial cable and waveguide, and the finite bandwidth of both, demanded another

solution. In addition, waveguide transmission lines were not consistent with the

concept of a transportable measurement system. By down converting the rf signals

above 2 GHz to an IF, the limitations of coaxial cable could be minimized.

Once it was realized that the rf signal must be converted to an IF, it was

clear that only a preselected superheterodyne receiver with a synthesized local

oscillator could meet the requirements for sensitivity, frequency accuracy and

resolution, dynamic range, calibration, and spurious response.

2.2. Phase Lock Loop

As was indicated above, a synthesized local oscillator (LO) was the only

solution capable of meeting the frequency resolution and accuracy requirements.

Since the 2-4 GHz first LO of the system is a synthesized signal and available at

a test port of the spectrum analyzer, it was logical to use this signal to

generate the local oscillator signal for the receiver.

Two direct multiplication techniques were considered: active multipliers

and yig-tuned multipliers. Active multipliers were eliminated because their sub

octave bandwidth was not compatible with the required multi-octave receiver

coverage; i.e., the hardware design would have required more components. Yig-

tuned multipliers were examined, but such problems as tracking over wide temperature

ranges and inadequate power output 'up to 20 GHz eliminated their further con

sideration. (Since 1975, great progress has been made in the tracking of yig

multipliers and in wideband amplifiers. Had these improved devices been avail-

able in 1975, an alternative design might have been considered. However, to

properly evaluate this new alternative, a prototype would have to be built and

tested.)

Fundamental yig-tuned oscillators were chosen as the most suitable source of

LO power because of their wide bandwidth, output power, tuning linearity, and

spectral purity. To achieve the required frequency accuracy and resolution require

ments, it was necessary to phase lock the receivers' local oscillator to the

synthesized first LO of the system.

Figure I is a simplified block diagram of the phase-lock loop used in this

receiver. The phase detector compares the phase of the IF signal from the ha~onic
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(1)

mixer with a stable offset reference. The error 'voltage from the phase detector

is low-pass filtered and applied to the fast tune port of the voltage controlled

oscillator in such a way that the phase of the oscillator must track the phase of

the two input reference signals.

A fundamental requirement of the receiver was of a subtle nature. Basically,

this reqllirement was that the tuning equation for the system be satisfied in the

automatic and manual modes:

FRF = N (FREF) + .550 GHz

where

(2)

FRF = signal frequency,

FREF = 2-4 GHz first LO signal, and

N = harmonic number (1,2,3,4,05, ••• 10).

The + Sig~ is chosen for upper sideband mixing, with respect to N (FREF)' and is

denoted N. This requirement arose out of the desire to preserve all essential

operating features of the basic system, in particular, its manual tuning accuracy

and capability. Thus, the down converter must tune to the frequency indicated on

the spectrum analyzer; i.e., the down converter and spectrum analyzer must

satisfy Equation (1).

Thus, the design question to be answered was.: "How to design a phase-lock

receiver that satisfies Equation'(l)?" An answer to this question was found by

rewriting the tuning equation (1) as:

FRF = (N (~F)+ FOS) + (.550 - FOS)

where

(3)

and

F1F = (.550 - FOS) = receiver IF signal, (4)
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we can rewrite Equation (2) as:

FRF .= FLO + FIF •

At this point one may wonder,Wl:1a.t.aQ.vantage maybe gained by this algebraic

manipulation. Equation (3) defines a "translation loop" (Gardner, 1966) where

the local oscillator is offset from the Nfh harmonic of the reference signal.

There are real advantages to FOS :/:.0. One of the most important advantages of

this type of phase-lock loop is that it allows us to stabilize the loop gain by

using a constant phase-limiter amplifier to limit the offset signal level before

it is applied to the phase detects. Initially an FOS = 1.1 GHz is chossen. This

gave a convenient receiver IF frequency of 550 MHz. However this offset frequency

had a problem when the reference signal was approximately 2.2 GHz. For this

reference frequency, there are essentially two 1.1 GHz signals: one from the

Nth harmonic and one from the (N+l)th harmonic. ~rhe .extra IF signal results in

undesirable modulation which could not be removed-by filtering. This scheme was

abandoned ·because of this undesirable feature. Thus one rule in building phase

lock loops can be stated: the offset frequency cannot approach 1/2FREF • Next,

the offset fr'equency was chosen to be 100 MHz. In this case, the receiver IF

turned out to be 450 MHz. This loop had the very undesirable feature of randomly

locking at a frequency 50 MHz away from the desired frequency about half the

time. The ke,y to the solution of this problem calne from the following simple

analysis: Equation (3) can be rewritten as:

FLO - N (FREF)

When the LO i.s tuned to a slightly different frequency, FLO" the harmonic mixer

also generates a product given by:

(5)

MFLO ' - LFREF =

where FLO' is, a different receiver La frequency.

For fixed F
REF

and arbitraryL, M, and N, we can solve for the general relationship

between FLO and FLO'. The relationship is:

FLO M (NIL) FLO' + (L - N)/L) FOS. (6)

For the harmonic mixer that we have chosen, the equation with M = 2, L = 2N.

turned out to be the harmonic product that caused our loop to false lock. For this
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(7)

case, Equation (6) becomes:

FLO FLO' + .5 (FOS)·

Simply stated, Equation (6) shows that a false lock frequency also tracks the

desired lock frequency, irrespective of the loop offset frequency. For FOS = 100 MHz,

the equation predicts that the false lock points will be above (N+ Band) and

below (N- Band) the desired lock frequency by 50 MHz. As mentioned 'above, this

was the observed loop behavior. A search oscillator was used to acquire lock in

our phase-lock loop design, and depending on exactly how lock was acquired, the

loop could lock at the correct frequency or the false lock frequency. Basically it

depended upon whether the false lock or the correct lock frequency was encountered

first as the search oscillator swept the local oscillator over its range. To test

this hypothesis, the amplitude of the search oscillator was reduced so that the

local oscillator was deviated less than + 50 MHz from its commanded frequency.

When this is done, the false lock problem disappears.

This analysis pointed to a significant criteria to be used in selecting the

values of FOS • Thus, Fosmust be greater than the maximum expected tuning error of

the yig-oscillator so that there will be no possibility of acquiring a false lock.

There are several sources of yig tuning error. They are tuning nonlinearity,

temperature drift, hysteresis, and dc electronic drift. Typically these errors

might give a worse case tuning error of approximately 30-50 MHz. Thus, there is

some advantage to picking FOS large.

At this point, it should be pointed out that amplitude could have been used to

discriminate against the M x L harmonic product. However, over the extremely wide

receiver bandwidths used in this system, and over an 80° C temperature range, the

required amplitude discrimination was difficult to achieve reliab'ly. Thus,a large

loop offset frequency was chosen as the means to achieve this discrimination.

,Again, the idea in using this technique is to place the "spurs" far enough away

from the desired lock points that they are of no consequence.

Our final choice for Fos was 400 MHz for the 2-8 GHz and 8-18 GHz receivers, and

200 MHz for the 18-26 GHz and 26-40 GHz receivers. These selected values for FOS

allowed the search oscillator to deviate the receiver local oscillator by a,maximum

of ± 150 MHz for the two lower frequency receivers and + 70 MHz for the two higher

frequency receivers. In both cases, the receiver IF frequency was 150 MHz.

Considerable effort was also expended in identifying a suitable harmonic mixer

for the phase-lock loop subsystem. Six different mixers were examined, and all had

8



problems with harmonic conversion flatness. Ideally, a mixer which was designed

specificallyr to function as a harmonic mixer would have been most suitable.

-However, few of this type were available with the ~equired rf and LO bandwidths.

The most efficient harmonic mixer was assembled from discrete components in

the ITS lab-oratories. The block diagram of Figure 2 shows this device. The mixer

diode's performance was limited to about 12 GHz and therefore was inadequate.

Figure 3 shows the second harmonic conversion loss of this mixer. A double

balanced mixer (RHG DM 1-18) .. was finally chosen to be used in all four receivers.

The principle disadvantage of this mixer was its low, even-order harmonic conversion

due to its double- balanced structure. Figure 4 shows the DM 1-18 second harmonic

conversion. This problem was dealt with by choosing odd order mixing modes when

possible.

Several interesting effects were discovered which substantially influenced

the design of the analog portion of the phase-lock loop. Initially, the 'FM coil

was driven by two power transistors, biased so that one transistor drove current

in one direction through the coil while the other drove current in the opposite

direction. With this design, as the phase-error :;;ignal approached zero, the phase

noise on the local oscillator increasedsubstant:ially. We attributed this effect

to the imperfect matching of the two transistors used to drive the PM coil. The

loop gain decreased as ~he error voltage (dc components) went to zero, and the

phase noise went up as a consequence. The effect was eliminated by restricting

the phase error to be monopolar.

A second effect was related to the dynamic performance of the operational

amplifier used to realize the active low-pass filter of the loop. It was dis

covered that the slewing rate (V/lJ,sec) quoted for linear operations was not always

representative of the slewing rate coming out of saturation. When the loop is

unlocked, the operational amplifier (op-amp) is driven to one of its output limits.

The slewing rate can depend upon which limit (+ or -) the op-amp was driven to

during the searching process. If the slew rate eoming out of saturation is

different from its normal slew rate, then the time required to drive the loop to

the locked eondition can be excessive. If the slew rate is too slow, the search

oscillator nmy actually drive the veo past the desired lock point before lock can

be acquired. This problem was resolved by selecting an op-amp whose slew rate was

not effected by being driven into saturation. A final requirement was that the

bandwidth of the op-amp must be considerably in ,excess of the loop bandwidth so

that the external circuit elements determine the loop bandwidth.

9
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Block diagram of the harmonic mixer for the phase-lock
loop subsystem.
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Acquisition of lock is a ·very important aspect of any phase-lock loop system.

From a systems point of view, it is this factor that primarily influences the

tune/amplitude measurement cycle time. Generally, an auxiliary technique such as

a search oscillator is used to speed up the acquisition of lock. Our approach to

this problem was somewhat unique and is outlined below.

An up/down counter and D/A converter are used to generate a digital sawtooth

voltag·e which. is applied to the main tuning coil of the oscillator when the loop is

unlocked. Tl1is approach has the advantage of being linear ,and of having an easily

adjusted period and amplitude. In addition, the counter has an "infinite" memory

so that, whell the up/down counter is disabled, th,e final count is latched at the

input to the D/A converter.

The digital search oscillator and the quadrature channel of the phase detector,

along with two analog voltage comparators, are combined to form a closed loop

acquisition eircuit as shown in the block diagram; (Figure 5). The technique has

definite advantages in loc~ acquisition time compared to open-loop acquisition

techniques. (See, for example, "Phase-Locked Loop Sweep Acquisition," by P.

Wakeman, eRe Report No. 1305, 1977.)

The dynclmic operation of the loop can be explained in the following way.

Suppose the receiver has been commanded to a new frequency. Lock is broken as the

yig-tuned osc~illator (YTO) tunes to the new frequ.en,cy. The quadrature output of

the phase detector goes low and enables the search generator. The search oscillator

drives the YTO oscillator toward the lock point. As lock is approached, the

filtered output of the quad phase detector exceeds a preset threshold and disables

the search oscillator. The FM coil then tracks out the residual frequency error.

Should the phase error exceed either the upper or lower phase-error limit, the

up/down counter is enabled, and the dc component of the error is fed back to the

main tuning leoil. When the phase error has been driven back into the preset phase

error window, the up/down counter is again disabled. Thus, the range over which

the FM coil ean tune the oscillator· is ·limited by the window chosen for the phase

error limits. Typically, this phase-error window is limited to 2 MHz.

There are also restrictions on the operation of the search oscillator. This

circuit is used to sweep the local oscillator through the desired lock frequency.

The choice of the sweep rate in 11H.z/llsec is not arbitrary, as will be shown by the

following considerations: If the loop bandwidth is 100 kHz, this implies a settling

time of 10-5 sec. This means that the frequency of the yig oscillator cannot
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change by more than the loop bandwidth in this period of time. The sweep time for

a 100 MHz sweep can be estimated by computing the number of loop bandwidths for ,'the

required sweep range and multiplying the number of loop bandwidths by the loop

settling time. Numerically,

-210 sec.-510 sec108 Hz

105 Hz

Thus, to sweep 100 MHz will require 10 milliseconds if the loop bandwidth is 100 kHz.

Experimentally, it was determined that reliable lock could be acquired in 7

milliseconds.

It should be noted that, for small frequency steps of 1 MHz or less, the loop

does not normally lose lock. Again this was ver:i.fied by tuning across the 8-18 GHz

receiver band in 1 MHz frequency steps. It was found that the average tune/measure

cycle required only 2.4 milliseconds.

2.3. Yig Filter/Oscillator 'Tracking

The yig-tuned filter and yig-tuned oscillator of each receiver must track a

harmonic of the 2-4 GHz oscillator of the receiver system. For the receiver

yig oscillator and filter to track, the 0-10 VDC signal used to tune the 2-4 GHz

oscillator must be scaled; i.e., since there is only one tune voltage available,

this voltage ~ust be used for each frequency band used by the receiver system

and the tuning parameters of both the receiver's yig filter and oscillator.

The tuned frequencies of the 2-4 GHz reference, and the receiver local oscillator

and filter can be written as:

FREF FREF + ~EF VREF
(8)

0

FLO = FLO + ~OVLO (9)
0

FF = FF + ~VV (10)
0

where FREF ' FLO ' FF are the tuned frequencies when the tune voltages
000

VREF , VLO ' and VF are 0 VDC. The tuning rates ~REF' ~O' and ~ are given in

gigahertz per volt.

We know that the receiver local oscillator's frequency is given by:

(11)
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By combining. the above equations, the scale tune voltage for the receiver local

oscillator is shown to be:

VLO [N FREF (FLOa ) + Fos]/~O + [N (~F/~O)] VREF •
0

Likewise, for the receiver's yig-tuned filter

FRF FLO + FIF

giving the scaled filter tune voltage as

0 0
[~O/mrf]VF [FLO + FIF + FF ]/mF

+ VLO •

(12)

(13)

(14)

Thus, only one scaling network is required to tune both the local oscillator

and the receiver quantities. The ~O' FLO or mF, FF are determined by measuring
o 0

the tuning characteristic of the yig device, and least squares fitting this data

to a straight line using the software program FIT (see Appendix}. These constants

are used by the program TRAK to determine the parameters in Equations (12) and

(14). The tables following programTRAK in the Appelldix are examples of the output.

A unique approach was used to realize this scaling network. For each harmonic

band, there is a system-generated 5-bit binary word. This word is used to

select a preprogrammed lO-bit switch for both the gain and the offset. These

lO-bit switches are used to program an offset digital to analog converter

(DAC) and a multiplying DAC. The analog tune voltage is applied to the reference

input of the multiplying DAC, and the output summed with the offset to generate

the scaled tuned voltage. The advantages to this approach are:

1. It avoids the use of large numbers of precision resistors
and trim pots.

2. The offsets and gains can be quickly reprogrammed as
required.

3. Improved de stability is achieved.

Our initial design philosophy, as formulated in Equation (14), relied explicitly

on the stability of the tuning characteristics of the yig filter and oscillator

over the -30°C to 50°C temperature range. Besides the deviation from linearity of

these devices, there are two other sources of tracking error: hysteresis of the

filter and FM coil tuning of the local oscillator. Hysteresis of the filter

results when it is tuned to a specific frequency from a lower or higher frequency.

Depending on the ~irection it is tuned, a significant frequency error can be

incurred. The Coil tuning error results when the FM coil is used to tune the
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oscillator to achieve lock. To minimize the effect of filter hysteresis, the ramp

generator voltage (used to acquire lock) is applied to both the filter and the

oscillator. This ramp sweeps the LO (and filter) from 100 MHz below the command

frequency to 100 MHz above the command frequency. When lock is detected, the up

down counter used to generate the ramp is disabled. Since lock can only be

achieved by going from a lower frequency to a higher frequency, filter hysteresis

is minimized. The FM coil tuning errors are mitlimized by limiting the phase-error

voltage to a window between 0 and ·2 Volts. Whetl the error exceeds one of the

limits, the up-down counter is enabled and the main tuning coil voltage adjusted

until the phase-error voltage is within the window. The error voltage is fed

back, and i,t' is applied to both the filter and the oscillator, limiting ·this error

to approximately 2 MHz.

To minimize frequency drift of the yig devices with temperature, our final

design incorporated a proportionately controlled heater to maintain the temperature

of the 1!10un.ting bracket for the yig devices at ~ipproximately 54 0 c.

2.4. Receiver System Integration

The final receiver system design is shown in block diagram form in Figure 6.

The 2-8 GHz, 8-18 GHz (and 1 kHz-2 GHz switch tree), and the 18-40 GHz receivers

are housed in waterproof enclosures and mounted on the EL/AZ antenna positioner

where they serve the dual purpose of receiver and antenna counterbalance (Figure

7). The 18-40 GHz assembly (3) is shown mounted. on top of the EL/AZ pedestal, the

8-18 GHz assembly (1) is shown in the lower front, and the 2-8 GHz assembly (2) is

located at the lower rear of the pedestal.

The tower systems interface mounts in one of the system equipment bays. The

tower systems interface is a multifunctional un:it which interfaces the receivers

to the system, the EL/AZ positioner controller, and downconverts the receiver IF

frequency. Figure 8 is a simplified block diagram of the tower systems interface.

Figures 9, 10,. 11, and 12 are simplified block diagrams of the individual

receivers. Figure 13 details the 1 kHz~2 GHz switch matrix, the 2-4 GHz and

100 MHz reference signal c~ntrol, as well as the digital and analog control

signals. Key features of the receiver design are:

(1) multi-throw input switch allowing selection of antenna input, noise

source, and comb generator;

(2) programmable rf attenuator (0-70 dB) to prevent receive'r saturation;

(3) tracking yig filter to minimize spurious response; and

(4) phase-locked local oscillator for precise frequency measurement.
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Figure 6. The final ITS system design for the 10 Hz - 40 GHz receiver.



i-l
\.0

Figure 7.
I

The EL/AZ positioner showing the 18-40 GHz assembly (3) mounted on top Lne
pedestal, the 8-18 GHz assembly (1) located in t~e lower front, and the 2-8 f

assembly (2) located at the lower rear of the pedestal.
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Figure 8. The tower system interface which interfaces the receivers
to the ARS-400 system, the EL/AZ positioner controller,
and down converts the receiver IF frequency.
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These features are common to the 2-8, 8-18, and 18-40 GHz receivers. The 2-8 GHz

receiver, in addition, has two low noise frequency channels (3.7-4.2 GHz and

7.25-7.75 GHz). Also, the 8-18 GHz receiver contains the 1 kHz-2 GHz switch tree

rf which routes rf signals from the antenna system to the receiver for down

conversion (Figure 13)', The design for the 18-40 GHz receivers uses a combination

yig-tuned local oscillator and frequency doubler to produce fundamental local

oscillator power for the balanced waveguide mixers. The advantages of the approach

were reduced. cost of local oscillators, lower power consumption, reduced weight,

and the added advantage of realizing the phase-lock loop using coaxial cable

rather than waveg~ide technology. A concentrated effort was made to make all the

receivers as similar as possible, and to use as many commutual microwave com

ponents as possible.

3. SYSTEMS PERFORMANCE

The comb generator spectra (Figures 14, 15, 16, and 17) demonstrate the

frequency coverage of the receivers. The comb gE~nerator multiplies a 100 MHz

input to 400 MHz. The 400 MHz signal is applied to the step recovery diode to

generate the. harmonic comb lines. As an example, Figure 15 clearly shows that

both 400 MHz and 200 MHz comb lines are also present in the output. The comb

generator spectrum provides a standard for quick assessment of the receiver

performance and may also be used to generate rf attenuator correction factors.

Noise figure measurements provide an accurate measure of the real-time

sensitivity of the receiver. Generally, a degradation in noise figure is indicative

of degradation in the yig filter/oscillator tracking; however, it can also be

indicative of a change in LO output power or the noise figure performance of the

receiver's double balanced mixer.

The noi.se figure of the receiver is measured using the receiver's noise diode

and the Y fa.ctor noise figure measurement technique. The ~quation for noise

figure then, is

F =. R/ (Y-l) • (15)

Here, R = the excess noise ratio of the recE~iver's noise diode (approximately

25 dB) and Y' = P2/P1 = the ratio of the receiver" s output noise power when the

noise diode is ON (P2) to the receiver output noise power when the noise diode is

OFF (PI).

Figures 18, 19, 20, and 21 show the noise figure performance of the 2-8 GHz,

8-18 GHz, 18-26 ,GHz, and 26-40 GHz receivers. Figures 22 and 23 demonstrate the

low noise performance of the receiver in the 3.7-4.2.GHz and the 7.25-7.75 GHz

satellite bands. Corrections for noise diode excess noise variations were included.

The measurement program (noise) is included in Appendix A-3.
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CONVERTER NOISE FIGURE

Figure 18. The converter noise figure performance of the 2-U GHz
receiver.
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Figures 24 and 25 demonstrate the two-tone intermodulation response of the

2-8 and 8-18 GHz receivers, respectively. ThesE~ measurements indicate that, for a

30 kHz IF bandwidth, the distortion free dynamic. range is greater than 55 dB for

two -50 dBml input signals separated by 1 MHz. This performance is primarily a

function of the non-linear transfer characteristic of the double balanced mixer

which is used in the down converters.

4. SYSTEM CALIBRATION

Accura.te and repeatable measurements are a fundamental requirement for any

EMC measurement system, and in general, the accuracy of the measurements will

depend upon the precision of the calibration of the system.

Generally, the calibration factors which convert the measured power to

absolute power and which linearize the system response will be at least a function

of time and temperature. Thus, ideally, the measurement system should be re

calibrated often enough to minimize measurement errors due to calibration factor

changes. Periodic calibration has the added advantage of providing a permanent

record with which to monitor changes in the receiver due to misalignment, slow

degradation of components, and other factors. JBy establi.shing performance deg

radation thresholds, the system's operator may be informed that the system requires

realignment or repair.

An outstanding feature of the TAEMS is its ability to calibrate each receiver

in real-tinle. The noise diodes are also used for this measurement. Advantages of

this method of calibration are that the devices are small and lightweight, consume

little power, are very wideband, quite stable, and inexpensive. ~'In addition, the

noise diodes require no tuning during the calibration process, and the excess

noise ratio (R) is furnished by the manufacturer of these devices.

The calibration procedure is as follows: With the noise diode off, the

output power of the receiver is measured at 200 frequencies across the receiver

band. Then the noise diode is turned on, and the output power of the receiver is

measured at the same 200 frequency points.

The noise power at the receiver output whe'n the noise diode is off is

where

T )
e

(16)

T
1

Il0ise temperature of the diode when it is off,

T = effective noise temperature of the receiver,
e
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B = noise power bandwidth of the receiver,

G = receiver system gain, and

K Boltzmann's constant (1.38066 x 10-23 mw Hz-1 K-1).

When the noise diode is turned on, the receiver output noise power is

(17)

where T2 = noise temperaturr of the diode when it is on. Subtracting Equation (16)

from Equation (17) gives the following expression for the receiver gain:

G (dB) = 10 log (P
Z

- Pl ) - 10 log KBT (T )
o ex

where T is the excess noise temperature of the noise diode and T is 290 0

ex 0

Kelvin.

The first term in the expression for the receiver gain is a measured quantity

while the second term is a computed quantity. It can be shown that a noise

signal which has been logarithmically amplified and envelope detected will measure

2.5 dB lower than an equivalent cw signal. Therefore, this measurement correction

factor must be applied to the second term. Then the expression for the gain of

the receiver is

G (dB) = 10 log (PZ -PI) - 10 log KBT (T.) - 2.5.
o ex

(18)

Notice that the determination of the receiver gain depends on the power difference,

(P2 - PI)' and the excess noise temperature of the noise diode.

As noted above, the second term in the above expression is a computed

quantity. In the measurement of Pz and PI' the software system automatically

applies correction factors to these measurements. Therefore this term should

have the same correction factors applied to it so that the measured and computed

quantities are comparable. The final expression then is

G(dB) 10 log (P2 - P1) - COREC (IADCR [10 log KBto (Tex)]) - 2.5 (19)

where COREe and IADCR are the software system calls required to apply the receiver

calibration factors to the second term (computed noise power).

After P1 and PZ have been measured at 200 frequencies across the rece·iver

band, the gain measurements are least squares fitted to a straight line model.

The two resulting parameters are gain, in decibels, and gain slope, in dB/GHz.

A "fine grain" correction algorithm is used to account for deviations from

the straight line model when required. In actual use, the calibration cycle for
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all four receivers requires about two minutes and should be executed approximately

every four hours. Figures 26, 27, 28, 29, 30, and 31 display the gain, gain

slope, the variance of the gain and the gain slope, and standard deviation. The

deviations from the straight line model are plotted. Generally, the deviations

are less tl~n 3dB for the full band and about 1 dB for th~ satellite bands.

The calibration program, KALND, used to make these calculations, is listed in

Appendix A-2.

In EMC measurements, the power density in dBm/m
2

is the most useful quantity

in predictjLng interference and hazards problems. One reason that the power

density is such a useful quantity is that it is an antenna independent quantity.

Therefore, measurements made at different times with di~ferent antennas may be

compared quite easily.

Software routines apply the frequency and antenna dE~pendent corrections

required to convert the measured signal power to power density. These routines

can easily be edited to reflect changes in the antenna subsystem configuration.

The signal power density is related to the signal power measured by the

receiver irL the following way:

where

2
PR (mw) = Aeff P (mw/m ) (20)

P
R

the received signal power in milliwatts,

A
eff

= the effective area of the receiving antenna in square meters, and

P = the signal power density in mw/m
2

.

In the TAEMS system there are cable losses associated with the tr'ansmission of

the signal from the antenna to the receiver. Therefore,

(21)

where

L = the cable loss factor, and

P
MEAS

= the power measured by the ARS-400.

The effective area of the receiving antenna is defined iIl terms of antenna

gain by

(22)

where

It wavelength of the received signal in m1eters, and

G antenna gain factor.
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CONVERTER CORRECTION FACTOR
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CONVERTER CORRECTION FACTOR
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CONVERTER CORRECTION FACTOR
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CONVERTER CORRECTION FACTOR
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CONVERTER CORRECTION FACTOR
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CONVERTER CORRECTION FACTOR
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The signal power density is given by
2

P (dBm/m) = PMEAS (dBm) -IG(dB) - L(dB)] -27.55 + 20 log F

where

(23)

F the received signal frequency in MHz.

The quantity in brackets is computed by the system function AGAIN (ISA,F),

where the parameter ISA is the antenna source address and F is the signal frequency

in megahertz. When the source address parameter, (ISA), is the address of one of the

noise diodes in a particular receiver, the excess noise ratio of that noise diode

is return.ed instead of an antenna gain. Having the noise diode excess noise

ratio data stored in this function represents an efficient usage of the allocated

core storage. A listing of AGAIN is included in Appendix A-l for reference.

5. ANTENNA SUBSYSTEM

The antenna subsystem consists of an array of antennas to provide frequency

coverage from 1 kHz-40 GHz (Figures 32 and 33). Other principal components of

the antenna subsystem are a 50-foot guyed tower (Figure 34), and an elevation

over azimuth (EL/AZ) pedestal shown mounted on the tower assembly (Figure 35).

The accompanying antenna control unit (Figure 36) is rack mounted inside the van

where it can be manually or computer controlled.

The selection of an antenna was based on, the following requirements:

(1) dual linear polarization coverage from 30 MHz-40 GHz~

(2) omnidirectional coverage from 1 kHz-40 GHz,

(3) space restrictions requiring the antennas to be physically

small and weight restrictions of the 50-foot tower and EL/AZ

mount, and

(4) an antenna gain of 10 dB for G/T in the 7.25-7.75 GHz satellite

band fixed the size of the 2-8 GHz antenna at 5 feet in diameter.

To simplify the overall receiver design, antenna bandwidths were matched to those

of the down converters. For instance, an 8-18 GHz parabolic dish (2 ft.) and an

8-18 GHz omni were chosen to go with the 8-18 GHz receiver.

Below 2 GHz, the selection of antennas was based mainly on size and weight.

In addition, antennas with large bandwidths were chosen to minimize the total

number of antennas. For a number of reasons, two antenna co~figurations were

chosen (Figures 37 and 38). The main reason, however, was that is was not possible

to deploy all the directional antennas and receivers on the antenna tower/mount

simultaneously without exceeding the tower/mount weight limit. ·Figure 37 shows
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Figure 32. Final ~ntenna configuration A(Mid-Band Antennas)
shown mounted on EL/AZ pedestal with associated

. do~vn converters.
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Figure 33. Final antenna configuration B(Wide-Band Antennas) shown
mounted on EL!AZ pedestal with associated down converters.



Figure 34. Guyed tower used in TAE11S s)rstem s110wn erected to full,
50 ft height wit11 ELIAZ pedE~stal, 2-8 GHz parabolic
antenna and simulated test load.
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Figure 35. The elevation over azimuth (EL/AZ) pedestal shown mounted
on the tower assembly with mid-band antennas attached.
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Figure 36. Antenna positioner control unit used in the antenna subsystem.
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the antenna configuration which provides omni and directional coverage from

2-18 GHz as well as omnidirectional coverage from 0-26 GHz. Figure 38 shows

the second antenna configuration which providesomni and directional coverage

from 18-40 GHz and 0-2 GHz as well as omnidirectional coverage from 2-18 GHz.

Together, these two antenna configurations provide E-field coverage over the

entire frequency range of 20 Hz to 40 GHz and H-field,coveragefrom 20 Hz to 50 MHz

Linear polarization characteristics can be measured with the E-field antennas from

30 MHz to 40 GHz and with the H-field antennas below 50 MHz. Both directional and

omnidirectional coverage are provided throughout the entire frequency range. In

Table 1, each antenna type is identified along with its frequency range, gain,

polarization, and voltage standing wave ratio (VSWR). The gain model for the

antennas from 2-40 GHz is given by,

GAIN = A0 + Al (log F)

where F is in megahertz, and A0 and Al were determined by filtering experimental data

into the above model. Since the antenna factor data was available for antennas

below 200 MHz, the gain model used in this case is

GAIN = -29.8 + 20 log F + AF

where AF is the antenna factor. The gain model data thus obtained is summarized

in Table 1. The system function AGAIN (I,F) is used to compute the frequency

dependent gain of each antenna in the system.

6. SOFTWARE SYSTEM

A real-time-executive (RTE) software operating system was developed for the

automatic receiver by ITS to extend the operating capability of the system. Real

time-executive allows multiprogram execution, as well as program scheduling, file

manipulations, and editing. Using the editor, FORTRAN measurement routines can

quickly be written or modified. Both source and 'object programs are stored on

magnetic disc, with measurement data stored on magnetic tape for further analysis.

At the time development was started on the computer-controlled receiver

system, a cassette operating system (COS) was included. This operating system was

based on a cassette tape unit as the primary storage device and used BASIC as the

primary programming language. It was felt that the speed and reliability of a

cassette system could be drastically improved by development of a disc based (DOS)

operating system.

Therefore, a disc based system was provided as the starting point. fhe chosen

system is a multiprogramming system where up to four programs may simultaneously
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TABLE 1

TAEMS ANTENNA CHARACTERISTICS

FF~QUENCY RANGE GAIN POLARIZATION VSWR ANTENNA TYPE

1 KHz-2 MHz -29.8 + 20 log F + AF V <2.0 Active loop

1-50 MHz -29.8 + 20 log F + AF Dual Linear (DL) <2.0 Active cross loop

30-200 MHz -29.8 + 20 log F + AF DL End fired

0.2-2 GHz 7.5 DL <2.5 Cross log periodic

2-8 GHz -49.3 + 22.7 log F DL <2.5 Parabolic

8-18 GHz -43 + 18.4 log F DL <3.0 Parabolic

18-26 GHz -61 + 18.5 log F DL <1.5 Std. gain horn

26-40 GHz -58 + 17.3 log F DL <1.5 Std. gain horn

1 KHz-2 GHz o + 3 dBi Vertical Modified biconical

2-8 GHz o + 1.5 Slant Linear <3.0 Bicone

U1 8-18 GHz o + 2.5 Slant Linear <3.0 Bicone
""'-J -

18-26 GHz 0+2 Slant Linear <3.0 Bicone-
26-40 GHz o + 2.5 Slant Linear <3.0 Bicone



occupy memory and share computer execution time. All input/output is handled by

the operating system with extensive and general capabilities. Programs may be

scheduled to run automatically at various times of the day. When several programs

are competing for the central processor unit, a priority associated with each

program is used to schedule the program to be executed. The system also handles

all file management. An extensive list of system requests for operators and for

programmers is available. In addition, the disc based system was a proven system

that was well supported. FORTRAN, ALGOL, and assembly language are the principle

programming languages used.

Almost all the equipment of the automatic receiving system is connected to

the computer through an equipment bus. Also, a display console, keyboard, printer,

and hard-copy device are connected to the equipment bus. The power meter is one

piece of equipment that is connected through its own I/O interface and is not on

the bus. The main part of the effort in the operating system consisted in writing

drivers for these devices. The largest and most complex is the driver for the

equipment bus. The devices on the bus are now operated under interrupt. Another

d'river is used to control the display generator, and another is used for the power

meter. These three drivers, provide the interface between the DOS standard operating

system and the receiver system.

The next level up from the DOS system itself involves the software necessary

to operate the graphics and automatic receiver equipment. This software consists

of a set of subroutines that controls the graphics- on the display and another set

that controls the settings of the receiver and takes measurements from it. A user

program, for example, calls one of these subroutines to clear the display, draw a

vector on the display, change the receiver bandwidth, or measure the currently

received signal amplitude. In the cassette operating system (COS), a similar set

of subroutines is available. One of the design criteria for the DOS version of

this software was that, from a user's point of view, the subroutines should be

like the COS version. This allows a maximum of compatibility between user software

written for the standard commerci~l system and the EMC Measurement System. The way

each subroutine carries out its particular function mayor may not be similar to

the original COS version as long as the end result to the user is the same. This

criteria was largely met, but some exceptions occur because of the differences in

the two operating systems. A few things that are done in the COS software are

inappropriate or unnecessary to do in DOS.

The fundamental approach to operating the graphics display that was decided

upon differs from the COS approach. This necessitated writing the lower level
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graphics subroutines from scratch. ,For example, it was decided that the memory

used to provide a Duffer for all the 'graphics information should be allocated from

the DOS system as needed and returned to the system when not needed. The normal

text information displayed on the screen (~nalogous to,the COS text buffer) is

handled by tIle bus driver.' The analog to the COS graphics buffer, which takes care

of all lines drawn on the screen and some text information, is handled by this set

of graphics subroutines. A few of the graphics routines are at a somewhat higher

level. For example, one draws a set of axes for graphs on the screen and draws

appropriate labels. These higher level routines are written so that they depend

on the lower level subroutines rather ',than ;any particular buffer structure. These

subroutines Ileeded little modification to run under DOS onr.e the lower level

routines were changed.

The first step in modifying the software that runs the receiver was to make

it run the standard automatic receiver system. Later new subroutines were added

and old ones modified to reflect the hardware differences between the standard

receiver system and the final EMC Measurement System. Under COS, the common area

of memory is used for storage of about 450 words of information containing calibration

data and current receiver status. Under this method, the calibration data is read

into memory from a cassette. Under RTE, this block of data is kept in high core

and is referenced by externals, with the common area all reserved for programmer

use. Variables in this area which have initial values (as from the calibration

data) are initialized automatically when the DOS system is "booted-up." Some of

the calibration data is stable over long periods of time. This is kept in a

subroutine in the system library. The advantage of this is that memory is not

used for these constants except in programs that reference them. The constants

are lo'aded iIlto core when needed by the RTE loader without operator intervention.

Because all input/output is handled by DOS, the subroutines required modifi

cations to make I/O requests rather than handling it themselves. This results in

more overhead occurring on each I/O operation as DOS will make some unnecessary

checks. However, the amount of time used in overhead is low compared to equipment

operation times. Therefore it was felt the overhead was justifiable. This does

not mean that the programs run slower under DOS. Because COS uses BASIC primarily,

which is an interpretive language and relatively slow, and the main language for

DOS is FORTRAN, which is quite fast, programs run faster under DOS than COS.

Because of the additional hardware required on the EMC Measurement System,

some new subroutines to handle this equipment were necessary. First of all an
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antenna selection routine was needed. By calling fora particular source, any of

the various antennas with their available polarizations may be selected. Also

various noise diodes and comb, generators may be used instead of an antenna.

Another subroutine turns a selected noise diode on or off. Because the down

converters have their own selectable attenuators, another subroutine was needed

to select the desired value of attenuation. A subroutine to drive the azimuth

elevation position of the antennas was also added. The AZ/EL controller .includes

a microprocessor that always moves the posit10ne·r through the shortest angle in

moving to a new azimuth position. This feature will sometimes move the antenna

positioner into a rotation stop. This is rather cumbersome in that manual

intervention is necessary to back the positioner off the stop. The subroutine

that handles the antenna position must keep track of the current position angle

and must makes decision on which way to rotate the antennawhi.le still allowing

a 7200 rotation range for' efficient positioning. In order for the system to know

the current antenna position, the approximate antenna position is input and the

antenna commanded to that angle automatically during the boot-up proc.edure.

These subroutines to handle the extra hardware are listed' in the Appendix under

New System Calls. The.syst,em.initilization program used to set constants in the

high memory area and to set the antenna controller to a known start position is

also listed in the Appendix under SINIT.

Some additional changes in the subroutines were necessary to wait for the

down converters to phase lock. The new receiver uses three output ports for the

input control unit. The software automatically selects the correct output port,

depending on the tuned frequency. This also is an extension of the old software.

Another subroutine was added to calculate the antenna gain and line loss of the

operating antennas. The line loss calculated here is only for the transmission

line between the antenna and the down converter. The line loss down the tower to

the receiver input is measured and corrected for in the calibration procedure.

This allows absolute power measurements to be made.

Another change was necessary to allow the new receiver to tune through its

full 40 GHz range. In'the old software, the megahertz portion of the frequency is

frequently held as a single word integer. On this computer, the largest ~nteger

is 32767, which is insufficient. A method of tuning the full range was devised

and implemented.
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During the.:deve1opment peri;od the commercial supplier introduced a new operating

system for tIle rec~iver called TODS-II. This operating system is disc based and

corrects the main deficiencies of the original COS system. It was felt that RTE

had significant advantages over TODS-II, and that the main development effort would

still be in this area. TODS-II is now available as a backup system.

7• APPLICATIONS SOFT'WARE

In order to use the TAEMS, efficiently a set of applications software was

developed'. Presently there have been two primary missions identified for the

TAEMS. ThesE~ have resulted in two sc:enarios-:

1. App-lication Scenario for Electromagnetic Radiation Hazards (EMRH).

2. Application Scenario for Evaluating Defense Satellite Communication

Systems.

Each of these scenarios is basically a 'plan for taking measurements and doing the

proper analysis- for these ,two mi~ssions'.The-;applications software consists of a

set of progr~ims implementing each ,of'~ the'se' s'cenarios and also a third set of

generally useful programs and subpro,grams.

7.1 Application Scenario for Electromagnetic Radiation Hazards

The objective of this application scenario 'is to describe a sequence of

events and aetions which must be undertaken to acquire, analyze, and characterize

the electromagnetic radiation environ1;l1ent in the vicinity of ordnance and artillery

sites worldwide in support of the u.S. Army Nuclear and Chemical Surety Program.

The basic idea in the scenario is to measure the entire electromagnetic

spectrum from, 10 kHz to 18 GHz. The signals that are measured are then analyzed to

determine the total field strength received. This is then compared against allowable

levels to determine whether a hazard exists or not. Because weak signals do not

contribute significantly to the total field stren.gth, the measurement procedure can

be optimized to more accurately measure the stronger signals at the expense of very

weak signalslt

The software can be broken into three categories: (1) measurement software,

(2) analysis software, and (3) utility software. The utility software consists of

various programs to aid in bookkeeping that list and graphically display the data,

measure and display requ~sted parts of the spectrum, etc., and will not be discussed

further (see Appendix A-3).
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There are three measurement programs which take data from the spectrum analyzer.

The basic program is the off-site emitter measurement program. This is the program

that scans the entire spectrum from 10 kHz to 18 GHz. A variety of antennas are

used to cover the desired range of frequencies. In addition, both E and H field

antennas are used. Because many of the antennas are directional, each of these

must be rotated to cover the full hemisphere of reception. Likewise, both horizontal

and vertical polarizations are measured. Bands which may contain radars are input

to program. This allows special techniques to be used in measuring these radars.

All measurements made are recorded on magnetic tape for later analysis.

The second measurement program is to measure on-site radars, that is, radars

located on the same base as the ordnance site being surveyed. Emitters which are

on the measurement site are the most likely to have the greatest field strength and

therefore present the greatest hazaJ:'d. ';For these on-site emitters, special measure

ment programs were developed which measure the worst case hazard. For radars, the

transmitting antenna is pointed directly at the measurement antenna located at the

site of interest. Measurements of the peak power, pulse width, and pulse repetition

rate are made. This data is also stored on magnetic tape for later analysis.

The last measurement program is for on-site communications equipment. Various

communications on the base including mobile transmitters are measured separately

and also while simultaneously transmitting on the same channel. The mobile radios

can also be moved to various positions and measured. As previously stated, this

data is also recorded on magnetic tape.

The analysis starts by reducing the data. The off-site data goes through a

pre-pass program which orders the measurements by frequency and reduces the data by

only taking the maximum of several measurements at every frequency. Usually the

off-site measurements will be made many times in order to increase the likelihood

of measuring emitters that are intermittent. To provide for this, a data merging

program is provided to allow the various sets of data to be combined. Data merging

programs are also provided for the'on~site data. Each type of data set has an

analysis program which combines the signals to find the total field strength. For

any desired set of bands, the field strength for the band is computed. These can

be combined in various ways (for example combining the on-site radios with on-site

radars for a total on-site figure or combining on-site with off-site data). Finally,

each band can be compared to the allowable limits to determine if a hazard exists

at a site.
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7.2 Application.Sc~nario for Evaluating Defense
Satellite Communication Systems

The objective of this scenario is to evaluate the communication and inter

ference environm~nts for fixed and transportable satellite earth terminals.

The geIlera1 approach is to measure the environment looking for signals which

may cause interference to a satellite earth terminal. The signals that are measured

are analyzed in a program that includes a model of the satellite earth terminal.

The signals that are potentially interfering are identified and a guard band around

these signals is calculated.

There are three measurement programs. The first of these searches for signals

which are ill the region of the actual satellite and might be received in an earth

antenna's mclin beam. Because even very weak signals in this area are potential

interferers, this area is searched with high sensitivity. Any signals found are

recorded on magnetic tape.

The seeond measurement program measures non,-pu1sed signals at or near the

horizon. Tl1is is the area where most of the emi.tters can be found. Even though an

earth terminal's antenna is pointing up at the satellite, signals originating near

the horizon can cause interference if they are strong enough to be received on one

of the antenna's side1obes. Because signals in this region must be stronger to

cause interference, the search need not be as sensitive. Signals found by this

program are also recorded on magnetic tape.

The third measurement program measures pulsed emitters such as radars. The

above two prog~ams are not suited for measuring some pulsed emitters. Therefore,

when this type of signal is encountered, this program is used. A spectrum of the

signal measured using peak-hold circuitry is reeorded on 'magnetic tape.

There are several preliminary analysis programs. The culmination is a program

which models an earth terminal receiver. This Diode1 includes such things as the

antenna, rf filter, IF-filters, modem filters, and interference threshold of the

receiver. The various signals that were measured are processed through the model

to see if they will cause interference or not. If a signal does cause interference,

a guard band around that signal is calculated. The guard band is a frequency range

that should not be used by an earth terminal. Various utility and housekeeping

programs are also included in this scenario.
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7.3 Non-Scenario Programs

This category includes some programs and subprograms Which may ~,e used in many

applications.

The most important of these is a general scanning, program called GSCAN. This

program'al1ows an operator to look at any part of the spectrum with a large variety

of options. Basically it allows the spectrum analyzer to be opera,ted, under com:puter

control, but used much as it would be under manual control. The operator types in

the various spectrum analyzer settings when asked. He ,can also type in a selection

from a large variety of detector and scanning options. Most of these·optiot,ls are

provided by software and are not available to the user of tpemanual system,. The

res'u1ting spectrum that is me.asured .is then disp.,layed ()n the. screen. The operator

has the option at any time to' "change thespectrum ..~an.alyzer"settings or program

options to look at the same. portion of. the sp,ectruJ;llitl: a, dif.ferent., way or to look

at a different part of the sp'ectt:um'. In addition some special options are avail

able to measure a signal that is displayed. Appendix A...3 has·.acomplete listing of

the GSCAN program.

A group of subprograms provided has to do with en·ha.nced plotting.; Capabilities

are provided for linear and logarithp;li.cplots. Other subroutines allow polar

graphs to be plotted.

A group of programs dealing with .the, systems calibratipn,.data is p.roNi.ciep.

One program allows the spectrum analyzer's current calibrationdata.tobe examined

and, if desired, to be saved.on the disc. Another program allows. previously saved

data on the disc to be restored to the system. A third program allows calibration

data to be changed and either restored to .the system or saved on the disc.

A program is provided to find the direction cfa .8i.gnal. A variety of geo

graphical transformations and mathematical fun·ctionsarealso pl:,"oyided.

The computer controlled spectrum analy~erhas: p~.oyed to be a very versatile

instrument with some significant advantages over 11l8nua1 sys:tems. ,(Manual systems

also have the advantage of fast scans. The ideal syste~ is one which can be used

either manually or under computer control, as the TAEMS.) The applications ~or

this sort of instrument are virtua11y'end1ess and have,on1y begun to be explored.

8. CONCLUSIONS AND RECOMMENDATIONS

Our overall system design philosophy was to make the mechanical and electrical

architecture of the receiver as flexible as possible to allow easy incorporation

of improved microwave components as they become available and as their incorporation

is required to upgrade system performance.
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The down-converter circuitry was state-of-the-art at the time it was designed

in 1975. Since that time, numerous component improvements have been made. The

performance of each of these components should be continually evaluated to determine

the advantage of replacing components in the down, converters presently in operation

as new components become available.

For instance, advances have been made in FET oscillators, low noise FET

amplifiers, yig~tuned filters, rf switches, attenuators, and mixers. We can look

at each of these devices and evaluate the improvements that might be expected.

Let us first consider therf switches. This component has been particularly

troublesome, not in terms of its rf performance, but with respect to the dc

indicator contacts. These indicator contacts have not performed well. However,

in the meant:ime, the manufacturer has improved·. his screening techniques, and this

problem has been substantially' reduced. Also in the original design, feedback of

the rf switch closure was regarded as critical. Consequently, due to the intermittent

behavior of the dc contacts, this function had to be disabled. Replacement of

the present ,switches would then allow for a more reliable indication of the state

of the switc'hes.

The attenuators are fairly simple to evaluate. New models are available with

lower insertion loss. These attenuators, having significant improvement in noise

figure, could be incorporated with minimal impact on the system design.

Advances in low noise amplifiers are being made so rapidly that it is difficult

to track their progress. Nevertheless, significant progress'has been made to

.warrant replacement of the 3.7-4.2 GHz and 7.25...;.7.75 GHz band amplifiers. The

gain requirement of these devices should be carefully evaluated so as to maximize

the dynamic range of these two frequency bands.

Yig-tunedFET oscillators are now available which cover the 2-8 GHz and 8-18

GHz frequenc,ybands, and they now have guaranteed performance over the full -54 0

to 71°C temperature range. New, more reliable drivers have also been designed to

tune these FET oscillators. It is fair~yclear that the 0-60 o C temperature range

FET oscillator and driver in the 2-8 GHz receiver should be replaced by the new

devices.

Significant advances are being made in the performance of yig-tuned filters.

Ferhaps the most significant advance in components has been the auto tracking

feature of these new filters. This feature should eliminate tracking problems

over time and t~mperature. The possibility of improved insertion loss, VSWR, and

in band ripple are also definite improvements which would result from the use of

these new components.
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Mixers are key components in the down converters. New designs are being

developed which may offer improved intermodulation performance without paying a

noise figure penalty. Certainly, the gain in the present mixer/preamp could be

lowered with an attendant increase in dynamic range and essentially negligible

change in the down converter noise figure performance. So, a first step in improved

system design would be to repl~cethese devices with the new, lower gain devices.

It should be emphasized again that almost all of the devices discussed above

can be incorporated with little ot no impact on the down converters and with the

possibility of considerably improved 'perforhnance and "reliability.

A further recommendation would be to eliminate t'he 90° 'hybrid and the SPDT

switches that were included 'to synthesize circular polarization from the two

linear inputs in the 2-8 GHz down converter. It is felt that the benefit of this

configuration is so marginal that it should be eliminated. The alternative

benefit would be approximately I dB improvement in sensitivity.

Other areas of consideration would ,,' include' replacing' the analog and digital

components with the new, improved versions that are now available; replacement of

the 10 Bit DAC with 12 Bit DAC in the preset and gain circuits; redesigning the

PLL board; and devising techniques to cut the ,lock "a.cquisition time, as well as

investigating other PLL offsetlcdnverter IF frequency options.

In perspective, the system develo'ped by ITS 'to extend the capabilities of the

commercial receiver system represents' a signific'an~t advance in computer-controlled

remote receiver design in the 18-40 GHz region of the frequency spectrum.

The TAEMS is a versatile tool for measuring electromagnetic radiation. In

order to use its potentialities, a set of applications programs had to be developed.

Because of the practically infinite number of possible applications of TAEMS, the

applications programs presently developed only scratch the surface of its potential.

Several programs have been written which can be useful in almost any situation.

Also, two specific measurement' scenarios have been devised and applications programs

written for them. One of these measu~es rf hazards and the other electromagnetic

interference at satellite receiver sites.

The most important of the general programs is GSCAN (see Appendix). The GSCAN

program, which stands for General Scanning Program, allows the user to measure and

display any portion of the spectrum he wishes fromlO kHz to 40 GHz. The program

allows the user to specify what portion of the spectrum he wishes to see, the

receiver settings required to use it, and the particular measurement techniques to

use it. A user may look at one signal or a wide spectral range including many
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program can use less sensitive but more efficient measurement methods. A third

program measures wide-band pulsed signals. Since these signals must be analyzed

as a spectrum of frequencies rather than as a single frequency, this program

records the entire spectrum of the signal. All of these measurement programs

record their data on magnetic tape. Again, a variety of data analysis and reduction

programs are provided. The analysis programs culminate in a program which models

a satellite receiver. The measured data for a signal are input to the program.

The analysis traces the signal through the receiver to determine whether it will

cause interference or not. This program will also handle signal pairs to check

for intermodulation interference. It will also handle the signal data representing

an entire spectrum of data. Several preliminary programs in this scenario handle

details such as making a file of the satellite receivers parameters for use by

other programs, calculating a threshold level below which a signal is not a

potential interferer, calculating a satellite's expected position, and measuring

its actual radio position. There are also available bookkeeping and data display

programs.

As mentioned before, these programs are only a beginning to using the full

capabilities of the TAEMS. Further applications are now being planned and will

probably continue to increase as long as the system is in use.
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APPENDIX

EXAMPLE SOFTWARE AND PROGRAMMING DETAILED STRUCTURE

A-l. New System Calls

a. SOURC
b. AZEL
c. AGAIN
d. RFCON

A-2. New System Programs

a. KALND
b. SINIT

A-3. Utility Programs

a. GSCAN
b. COMB
c. NOISE
d. FIT
e. TRAK
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A-I NEW SYSTEM CALLS

ASMB,L
HED SOURC, NOISD,' AND RRTTH DOWNCONYERTER ·ROUTINES
~~At'1 SCIIJRG II 7
ENT SOURC,RRTTH,HOISD
EXT .ENTR,EXEC,ERROR,MRST,SFRCT

29 .J1JHE 1978

'* Ct=lLL SOIJRC ( I)
'* I I S t=I t~ I t~ T E GE R PAR At'l ETER T HRT S P E: C I E: S WHIe H SOU RCE DE V.I CE
* (RNTENNR, COMB GENERRTOR, OR NOISE DIODE) IS TO BE INPUT
* fROM.

** C~LL R~TTN(I) SETS THE REMOTE RF RTTENURTOR ON THE M~ST.

* I IS HN INTEGER THRT MUST BE e TO 70 DB IN INCREMENTS
* OF le.

'* CRLL t·~OISD(I)

* I IS RN INTEGER P~RRMETER THAT TURNS THE NOISE DIODE
* ON OR OFF.
* I = 0 FOR OFF
* I = 1 fOR ON

*IIEVIC: HOP
SOUf;~C t~ 0 P

.JSB .E:t·~TR

DEF DEVIC
LDR r'lRST
RND =B1777
STR BUf
LDR DEI·... le.I
A~~ D B77
~LF',RLF'

R~L,RRL

JSB OUTP
J! ~1 P SOURC,I

.,..
(lUTP ~~ (I P

lOR Bur
:S:TH BUF
8TR t'1AST
JSB E~·~EC

IiiEF * ..... 5
DEI=" "':1

.L.

DIEF ?O. .:.. ....
DIEf BUf
IIIEF .-:..._'
LD~ BUf+1
H ~~ It =B17778e
~.~: 0 R BUF
:S:ZR
.J r1 P ERR
LIlA BUF+2
:5:LR ,Fi:8S
II....... OUTP,I•~II·II"""

'*

ZERO THE CURRENT SOURCE BITS
IN THE DOWNCONVERTER ST~TUS

MRSK DEVICE NUMBER TO 6 BITS

SHIFT TO BIT POSITIONS 10-15

OUTPUT THE WORD

PUT BITS·IN CURRENT WORD
RND STORE.

RLSO STORE IN M~ST ST~TUS.·

CRLL EXEC TO OUTPUT TO DEVICE

CHECK fOR ERRORS
MRSK OF EXTRA ERROR BITS

IF NO MRTCH, ERROR

ALL OK, SO RETURN
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ZERO THE ATTN BITS IN THE CURRENT WORD

CONVERT THE ATTN TO 0-7

IIIV .10
R~~II =B7
RLF,FtLS
HLS,HLS
.JS:S OUTP
.JSB SFRCT
•...1 ~1 P RR T TN, I

SHIFT TO BITS 7-9

t=lt~D OUTF'UT
UPD~TE CORRECTION F~CTORS

ONOFF BSS 1
NO I SD t-.lOP

.JSB .Et·~TR

I1EF Ot~OFF

LDR MRST CLERR THE ONOrF BIT
;:; t·~ D = B 1 7 76 7 7
STt=t BUt
LD~ Ot~OFF", I MRSK THE ONOF"r:- PRRt=lMETER
Fi~1Ii II 1
ALF,ALS SHIFT TO BIT 6
FiLS
JSB OUTP OUTPUT IT
•..1 til p t..J 0 I s: D , I

.* CONSTRNTS RND STORt=lGE
-:Eo

.1 DEC 1

.2 !IEC 2
=:3 IIEC:3
.10 IiEC 10
II 28 IIE C 28
B77 OCT 77
BUF BSS 3
ERf'lS DEC 5

HSC :3, SOURC

END
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ASMB,L
H[D ~ZEL - ROTRTE RNTENNR MRST
~~R~l t=lZEL, 7
Et~T HZEL
EXT .ENTR,EXEC,ERROR,CBD,IFIX,BUSYl
E:w:T AZ; EL

**********************************************************

* CHLL HZEL(HZIM, ELEV)
* RZIM RND ELEV ARE FLORTING POINT NUMBERS SPECI~YING

* THE DIRECTION TO POINT THE RNTENNR MRST ..
'* 8=13 :LE= A2It'1 1:LE= +:360:10
'* -5 .. LE .. ELEV .. LE .. +91 .. ~3

* ERROR AZEL-2 IS FOR R PARAMETER OUT OF RRNGE.
* ERROR AZEL-5 MERNS THE HRRDWRRE IS UNRBLE TO DO
'* T.I-I E (I P°E ~: 1=1 T I (I t-~ C ;::r L LED F (I~: II

*AZ.I t1
ELEV
t=lZEL

~iO P
t·i 0 P
NOP
.J s: BilE r~ T F:.:

DE F 1=1 ZI fl'
It LIt RZ I r'i :; I
F t:1 P F 1 ~1

•...1 SB I F I::'::

Et'~T~:'l" POINT RND
HRI:;UEt'1Et··Ii" PICKUP
:s: E G! UE t·4 CE

LORD THE AZEMUTHVALUE
MULT. BY TEN TO GET TENTHS
CONVERT TO FIXED POINT NUMBER

* CHECK FOR VRLID R~NGE RND NO ROTRTION PRST STOPS

LIIB t=fZ
S: :S: E:
RDB .. :::iG€i0
Ct'i E: ; I ~i B
~IIB 13
:s Z:E~ !I R: :s :s
.Jt'1P IiOEL
:S:T~ 1
SSB
.Jt'1P ERR 1
Cl"iB !J I ~iB

1=1 II :E: .:3 E, 1~1~~1

:S:ZB ,RS:S:
CLi=i
:S:T~ NEtlJ
LDB AZ
C111I~ , I r·i :B
1=1 II B ~1

S TIi ·Ii I F
i='iDB II 1 i3 i2i 0
SS:B, RS:$
.J t,·, P T :s: B I 13
L Ii:B • :;:: E,t~10
RIIB DIF

LO~D CURRENT ~ZIM FROM COMMON ~RE~

IS THE CURRENT RZIM NEG.(-1S0<RZ<180l
YES, HDD 360.0 TO 11(180 TO 360)
TAKE THE NEG: OF THE CURRENT POS~ ~ZIM

1=1 II D THE t,~ E I.~I 1=1 Z I tl1
ARE THE AZEMUTHS THE SRME
YES GO DO ELEVHTION THING
COPY NEW RZIM INTO THE B REG.
IF AZIM NEGRTIVE,
ERRO~: ..

GET NEG: OF NEW RZIM

IS THE NEW AZIM GREATER THRN 360.8
YES, TRKE ERROR EXIT

STORE THE NEW COMMRND RNGLE
LOAD CURRENT RZIM
TRKE THE NEG. OF THE CURRENT ~ZIM

RDD THE NEW RNGLE
SHVE RS RNGLE DIFFERENCE
RDD 180 .. 0 TO THE DIF RNGLE
IS THE DIF RNGLE LESS THRN -180.0
NO J GO DO MORE CHECKING
YES, GET 3600 CONSTRNT
M~KE DIF RNGLE POS.
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Dlf
TSEQ
'-11800
II I F

TSEQ
M3600
III F
DIF"
TSBIG
DIF
.19130

HT188
RZ

RZHEG
t'19Se

.:36ee
OLITP
NEW
OllTP
~2

M1800
Fl2
nOEL

.3600
CIUTP
NEW
OUTP
AZ
.1800
R- .....:::.
nOEL

DIF

1
t'186E18

ROTFIZ
t=l2
M900
OUTP
HZ
M1800
OUTP
NE: ld
AZ
iJUTP
nOEL

AND RESET IT
GO TEST IF ANGLE EQUAL -180
CETNEG. 1800
FlILII IIIF~NI:;;LE

IS DIF RNGLE GRERTER THRN +lS0~0

NO, GO TEST If RNGLE = -lee
YES, TRKE THE COMPLEMENT OF THE
RNGLE RHD RE,SET
DIF"RN~LE THEt~

GO CHECKRHGLE RGAIN
LORD DIF" RtiGLE (-180 TO 54"")
~IID 180 TO D I F" QNGLE
IS THE DIf RNGLE -180
NO, G'O PROCESS DIF RNGLE .GT. -189
LORDCURRENTRN~LE

1:5: IT "lEI:; I '

YES, GO MOVE MRST IN 90 DE~REE INCREMENTS
SUBTRRCT 90 FROM CURRENT RNGLE
IS IT t-~EG

YES, TFiKE THE COMPLIMENT
GO MOVE THE MRST 9~ DEGREES
GET H~W COMRND RNGLE
MOVE MRST TO NEW RNGLE
GET OLD RNGLE V~LUE

SUBTRRCT t80 DEGREES
SRVE RS HEW RZEMUTH RNGLE
GO DO ELEVRTION THING

CURREHT QZEMUTH WRSNEG.
IS IT LESS THRN -90 DEGREES
YES, TRKE THE COMPLIMENT OF THE ANGLE
GO MOVE THE MRST 90 DEGREES
GET ~~EW ~NGLE,

MOVE THE"MRST TO:THE HEW RNGLE
LO~D THE OLD RNGLE VRLUE
INCREMENT IT BY 188
RESTORE RS THE NEW RNGLE V~LUE

GO no ELEV~TION THING

RNGLE WRS NOT -180 DEGREES
IS DIF RNGLE NEG.
YES, GO HRNDLE NEG. RNGLE
GET SUMM OF" DIF" RN~ CURRENT RNGLE
S TORE S U ~1 I N T 0 B
SUBTRRCT 360 DEGREES
IS THE sur'1 .oGE. 360 DEGREES
HO, ~o MOVE MAST TO THIS RNGLE
LORD CURRENT RNGLE
SUBTRRCT 90 IIEGREES
MOVE MRST BY 90 DEGREES
L 0 t=lD CUR RE: NT i=I t~ GL E
SUBTRRCT 180 DEGREES
t'1 0 vE t1 PIS T t=I NOT HE ,~: 9 0 II E I:;: REE :s:
GE T NE I.IJ 1=1 NGLE
:s ~v E A :s c: UR: REN T t'l ~ S TOFt NGL E
GO MOVE M~ST TO NEW RNGLE
GO DO ELEV~TION THING

SET CURRENT RNGLE TO THE SUM (DIF+~Z)

GET NEll.l" RNGLE
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JSB OUTP
Jt11F' nOEL

DIFHG RDR R2
ST~ 1
AIIA .. :3600
SSR ,RS'S
JMP ROTRZ
LDR FlZ
t=iDi=f .ge0
JSB OUTP
LII t1 t1 Z
RDR .1800
JSB'OUTP
LIlA NEt.~

JSB OUTP
LD'B NEW
Ft II B rt1:3 .; ee
STB RZ
J~lP nOEL

NOP
SSR
FI II A .:3600
.JSB CBII
STR Bur
JSB BUSYl
.JSB E·>\EC
DEF *+5
IIEF .2
DEF .27
DEr: BUr:
DEF ?aw

LIIR BUF+2
SLR
.J t'l P ERR2
LD~ BUF+l
XOR :E~ Ur
sz~

.J ttl P ERR2
J~l p OUTP,I

*

GO MOVE MRST TONEW'ANGLE
GO DO tLEVRTION THIN~

THE DIF RHGLE WRS NEG.
~DDRZ RND SI=IVE INB REG.
RII II :3 6 e Ii E 13 REE S
IS t=lNGLE t·~ObJ NEG.
NO, GO MOVE MRST TORNGLE ·OF (Dlf+RZl
~"ES, LORD C'URREN'T RNGLE
f=lIiD 90 'DEGREES
GO MOVE THE MRST 90 DEGREES
LOAD CURRENT RNGLE
~DD 1:::121 IIEI:;:REES 'TO IT
1:;0 MO\,'·E MRST Rt~O'THER 90 DEGREES
LOAD NEW ANGLE COMMRND
MOVE M~ST TO NEW RNGLE
LORD ~~EI.a.I RNI:;LE
SUBTRRCT 360 DEGREES
RND SRVE RS CURRENT RNGLE
GO DO ELEV~TION THING

* ELEV~TION ~NGLE PROCESSING

*DOEL IILD ELEV, I
F~1P Fie
JSB IrIX
STR 1
Ct'1B,IHB
~DB EL
SZB.RSS
.Jt~P 1=IZEL, I
STR 1
RIIB II 50

.Jr1P ERR1
STR 1
RDB M910

LORD FLORTIHG POINT VALUE FOR ELEVATIOH
t'1UL T' BI1·· 113 TO (;;ET TEt~TH:S:

C:Oto~VERT TO t'I XED PO I NT NUMBER
SFIVE IN B REG
T R t:~ E T HEt·i EG. Oct THE RNr.; L E
I=IDD THE CURRE~~T ELEV,t=lT I ON t=I·NI:;LE
ARE THEY THE S~ME

'Oi'ES ,~:ET1JRN TO Ci=lLL'I NG ROUTINE
NO, RESTORE B TO NEW RSNGLE
CHECK IF LESS TH~N -5 DEGREES

YES, PRINT ERROR MESS~GE AND RETURH

CHECK ELEV NOT OVER +91.0
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SSB
,Jt'1P ELOI':::

ERR! ,JSB ERROR
II EF '* + 3
IIEF It 2
DEF' ER~lS

.JNP FlZEL, I
;Eo

ELJ:r~( SSFI
I=ID~ .361313
:STR EL
.JS:B CBD
lOR =B40000
STR BUF
,J s: B BUS: 1,.,1 1
,J:S:B E::'::EC
DEF *+5
IiEF .. 2
DEF .27
DEF BUF
DEF .3
LIIR :BUF+2
SLH
,Jt·1P E~:~:2

LIII=I BUF+l
::-::OR BUF
S:.Z~

,Jt'1P ERR2
,J t=1 P t=I 2 EL , I

ERR2 ,JSB ERROR
DEF *+3
DEF 115
Ii E FER t:l s:
,Jt'lP AZEL!I I

IS IT .1:;r. 91
HO,ELEVRTION REQUEST OK
P~R~METER OUT OF RRNGE

CH~CK IF RNGLE NEGRTIVE
IF NEG, ~DD 360 DEGREES
STORE AS PRESENT ELEV RNGLE
C:1)t,~! ..,IERT TO BCD
SET BIT TO INDIC~TE ELEV~TION

STORE IN OUTPUT BUFFER
WAIT UNTIL BUSS NOT BUSY
OUTPUT TO DEVICE
RETURN RDDRESS FROM RTE
i.•.1 Fi: I T E CO i'l ill Ht~ D
LOI:; I Ct=lL UNIT
BI..JFFER RDII~:ESS:

BUFFER WORD COUNT
LOAD THE STATUS FROM THE BUFFER
Ht'i"." ERRCtF:::S
YES GO PRINT RN ERROR MESS~GE

LORD THE OUTPUT LATCHES
HRE THEY THE SHME HS
OUTPUT COMRND WORD
NO, GO PRINT ERROR MESS~GE

NO ERRORS, RETURN

* CONSTRNTS RND STORRGE
;;:

t1:3600 DEC -:;:6t1t1
t:11 8 ~i ~i DEC -lE~00

~1~lt1 II E c: -910
tl19 121 ~i IiEC ..............

-:::'...,1:::1

• :2 DEC :2
'-a DEC ,-,

• o:J
':J

• 5 !IEC 5
.28 ............. 28eli I:.. ._,

?"? DEC 27'·.:- .
•se IiEC 513
.9121121 DEC 9121121
II 1 t::1 ~3e DEC i 1:1 ~3 t1
.3600 DEC 360121
F1e DEC 10 =
E Rt~ S D ..... •... 41:..1....

FISC ;2 ,RZEL
DIF" Nap
t~ E 1,1.1 t~ 0 P
Bur B:S: S 0"\

.:J

'* E: t~ D
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C
1-·..-
1
_-..-
e

SOURCE s: ..... t-~ FREQ R~NGE

;2 764 1f.jt<:-:3€1rlHZ
7 264 10-2001t:1talHZ
i ,.:, :34:3 ;2 - 8 I~HZ..-
26 343 .... .7-4 .2G:HZ.:.e

:3:3 :34:3 7 1125-7 I: 751~HZ

49 :3:37 8-18 t:; HZ

25.7
;2 5 :I ';.

34.76-2.27*LOG(Fl

!ilt'1EN8IOH RB(64),Rl (64)

RERL LOGF,LOGF2
DRTR Re/-29a8,ea,25~5,-30.9,-30a9,-28.3,-28.3,25.8,.

1 :2 3 • 9 , 2~: • 9 , 10 • , 10 • !l 0 • !' -33 • 4 , - 2' 7 • €. , 121 • ,- 4' 1 II 4 , - 4 1 • 3 ,
2 6.9,25.8,O.,-43.4,-40.3,-41.4,-41.3,6.9,25.7,O.,
3 -48.4,-40.3,-41.4,-41.3,6.9,25.9,O.,-40.4,-49.8,9.,
4 ~i. ,0.',~i. ,O. ,O. ,0. ,O. ,e. ,-'12,.8,-6.9,16.9,34.76,
5 0., 0 • , - 6 1 • 0 , - 6 1 • 121 , 121 • ,2 5 • '3 , (1 ,. ,(1 • , - 5 8. a !I - 5 8 • a II e • •
G 21.6,9. ,0.~-·

Dt=lT~ ~1 ...-·20. ,(i. ,e. ,20. ,20. ,18,.2,18.2,0. ,-8 .• 1 ,-S.l,
1 121., €I • ,121 • ,2121 • , 1 5 • 6 ,e. ,20 • ,20 '. 1 ,-:2 • 3 , €I • , ~3 • 11

2 2811 ,28.1 ,28. ,28.1 ,-2.~I,~i. ,10,. ,2~3. ,210.1 ,210. ,20.1,
3 - 2 • :3 , 0 • ,0 • ~ 2 0 _, 2 13 • 1 ,0 _ ,0 • !I 0 • ,0 • !I €I • ,a . ,0 ~. , 0 • ,
4 0. ,':=t.67,E:.40,-5.1 ,-2.27,O. ,'.3. ,18.5,18.5,0. ,0. ,e.,
5 ~3a ,1711:3,17a:3,0. ,0a ,1-3. ,8 •."-

C THE CRBLE LOSSES1IN db/FT) FOR TIMES WIRE co.
e S·F-214 FROM 10-200 MHZ RRE ESTIMRTED BV:
C -.e1464+lIe174*LOGCF)
C FROM .2-2 G;HZ B~"

C -a1518+.0752*LOG(F)
C RND FROM 2-8 GHZ BY:
C -.6094+.2189*LOG(F)
C THE C~BLE LOSSES(IN dB/FTl FOR TIMES WIRE co.
e SF-142B FROM 2-8 GH2 ARE ESTIM~TED BY:
C -1.0349+.3647*LOGCFl
C AND FROM 8-18 GHZ BY;
C -2.4186+.7203*LOGCFl
C TOTRL ANTENNR CRBLE LOSSES(IN dB) RS R
C FUNCTION OF FREQUENCY ~RE FOUND BV MULTIPLYING
C THE ~PROPRI~TE EXPRESSON BY CRBLE LENGTH RND
C AND SUMMING OVER CRBLE TYPES IF NECESSRRY

LOGF=I=ILOGTCF)
L I] (; F 2 = LI] I~ F "* LOG; F
RGRIN=R0(ISR+ll+RltISR+l)*LOGF

C FOR THE L·OW FREQUENCY LOOPS & THE END FIRED
C COUPLET ONLY RPPROXIMRTE RNTENNR FRCTOR DRTR
C Wt=lS t=lVRILRBLE RS OF 11/27/77. ~NTENN~ GRIN
C W~S COMPUTED USING THE FOLLOWING EQURTION:
C t;t=t I H=-29. 8+2~i*LO(; I: F) -RF (dB). TH I:S: EQ1JRT I Or-~
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C RSSUMES 377 a 50 OHMS RESPECTIVELY FOR THE
C FREE SPACE AND RECEIVER It·1PEDAHCES.

RF=0.
IF(ISR.EQ.0) AF=18.74-10.19*LOGF+3.39*LOGF2
IF(ISR.EQ.3 .OR. ISR.EQ.4) RF=20.1-18.8*LOGF+12.2*LOSF2
IftISR.EQ.5 ~OR. ISR.EQ.6l ~F=10e.l- 88.4*LOGf+21.7*LOGF2
IF(ISA.EQ.13 .AND. FILE •• 007). AF=-12.5-6.9*LOGF+l.87*LOGF

2
I r·J: I $ FI • E Q • 1 3 • FI ND. F'. GT. .' 0 0 7 • t=I NIl. F. LT. 4 0) A F" == 1 2 •
IF(ISR.EQ.13 .FlND. F.GE. 40) I=IF=599.5-662.8*LOGF"+185.5*LOG

FZ
IF'': I S: Fl. EQ I 14 ) Ii F=1 1 8 • 4 - 1 0 1 • a:. ;.:. L lJ G: F+ 2 :3. 1 ;.;. L I) GF" 2
t=lGR I t-~=RGR I ~~-RF'

RETIJRH
END
E:t~ D$
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of

********************************************~**********~***

.,..

.,..

*
'*

'*

16 AUGUST 1979
RERD OR MODltY RF CONSTRNTS

CALL RFCON(RDDR, VRLUE)
RDDR = THE HUMBER Or THE RF CONSTRNT

POSITIVE It RERDING CONSTRNT
NEGRTIVE IF WRITING CONSTRNT

VRLUE = RETURNS THE V~LUE OF THE CONSTANT IF
RERDING OR THE VALUE TO PUT IN THE CONSTRNT
IF WRITING

* CAUTION: CHANGING THE VALUE OF THE RF CONSTANTS IN THE
* SYSTEM RRE~ CAN OFTEN CRUSE SUBTLE ERRORS. THIS
* SUBROUTINE SHOULD BE USED WITH C~UTION.

***********************************************************
'*

E:t~T RFCOt·~

EXT .ENTR,AFRQ
FtDDR HOP
VRLUE: tiOP
RfCO~~ NOP

.JSB .EHTR
DE:F" RDDR

* RESOLVE RNY INDIRECTS IN THE RDDRESS OF AFRQ
LD~ SRDDR GET THE RDDRESS Or RrRQ

I ~~ D S S R', R SSIND IRE CT BIT SET?
JMP GO NO, GO RHEAD
RND =B77777 YES, GET RID OF INDIRECT BIT
LD~ G,I LO~D FROM THRT ~DDRESS

JMP IND TRY IT RGRIN
GO STR S~DDR STORE AWRY THE GOOD ADDRESS
* IS IT R LO~~ OR A STORE

LDR RDDR,I
SSR
.Jt·1P STORE

.. LORD
t=lD~ Ml
RIIR SFlItIIR
LDB O,1
STB '·.·'RLUE, I
.Jt·1P RFCON 11 I

* STORE:
STORE C~lR

RItFi SFtDItR
LIiB VRLIJE, r
STB 10,1
JMP RFCOt-~, I

t11 IIEC-1
S1=IDDR DEF ~F'RQ

Et·~ D
EHII$

CRLCULRTE RDDR = ADDR + ArRQ - 1

GET THE VRLUE
PRSS IT BRCK
RETURN

CRLCULRTE RDDR = RDDR + RFRQ - 1

GET THE VRLUE TO STORE
STORE IT IN Rr CONST~NT RRER
RETURN
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A-2 NEW SYSTEM PROGRAMS

FTti,L

c
r·_.
c

PROGF~AM I(ALNr,

0:3 F1PR 1 L 197'1

C THIS PROGRRM CRLIBRRTES THE DOWNCONVERTERS.
C MEASUREMENTS RRE MRDE Of THE NOISE DIODES THROUGH THE
C DOWNCONYERTERS= FOR ERCH B~ND RBOVE 2 GHZ, LINERR
C CORRECTION F~CTORS (CONSISTING OF RN OfFSET RND SLOPE)
C RRE CRLCULRTED. THESE RRE STORED IN THE BRND TABLE.
C THIS CRLIBRRTION WILL TRKE INTO RCCOUNT RLL DOWHCOHVERTER
C RND RRS400 FRCTORS RSSOCIRTED WITH THE BRND FROM THE
C NOISE DIODE DOWN. RNY RNTENNR GRIN OR LINE LOSS fROM THE
C ~NTENNR TO THE DOWNCONVERTERPORT IS NOT CRLIBRRTED HERE.
1-·_.

Ii I t·t ENS: I (I 1'1 P 1 (2 (1 8) !f 1:: F ( 2 0 i3) ,F REI:;:!:S: ( 5) , ISH f. 1 0) ,s: LOP E ( 1 0:1 ,
1 'y'0 (13) ,lEGt (40) ~F:=:555 (j,I;::1)

El;tUII:.:1 RLENCE (SLOF'E,IEGt:t, t:IEQ(21) ,',-'0)
C F8555 RRE THE START FREQUE~CIES FOR THE 1-,1+.2-,2+,3-,
C 5+,6-,10+,10-,10+ HRRMONIC BRNDS.

DH T t=I F":3 5 55.····1 5 121 ~1 • ,2 IE. 0 121 ., :::: 5 5 [1 • , 46 5121 • ,56121 0 • , 1 0 S 121 0 • , 1 1 750 • ,
1 21050.,19950.,21050. /,
2 ISH/19,49,55,Gl/,
3 C1/4.342944819/,
4 fREQS/2000.,8000.,lS0a0.,26500.,4000B./

c
C SET UP THE ANALYZER
C

CALL A~:S:ET

CI=ILL t=lLGR:::;: (2 J
CALL ATTEt'4 (0)
CI=ILL E:t~DTH (100.l
CFiLL I:;Fi I t'i (:::10)

CI=ILL PORTSf5,1,3)
CALL VIIIEO(lJ

5 IiO 110 I:B = 1 .. 1~i

C
C ZERO OUT THE CURRENT BRND CORRECTION FRCTORS
C

110

CHLL I:.:F COr',J ( -2~i6 9 ,*" IE , 0 )

Ct=lLL F~FC:ON I: -2~37' - 13 .:t: I E: , 121 :1

CALL f;.:FCOr'i ( -20Ei - 9 * I :B , 1:::1 )

C .-.1 I RFCON " -2[1 13 - 9 .~: T 't)
1~1 :t_. n 1- ..... I, eI. ....' ,

DO 50'.::1 IB=1,2
C IF 18-40 GHZ DOWNCONVERTERS USED CHRNGE INDEX LIMIT TO 4

CALL CLEAF::(0)
Fl = FREQSt:IBl
F2 = FREQS(IB + 1)
~JRITE (1,120)

1 2 t1 FOR t·; HT ( i 4 ~-:: if If CCr t·~ ..... E F:: TE ~: C0 f;,: F:: E CT I I] t·~ F HCT I] ~: n )

CALL 8C~IL.. E (F1 ;F2 ;'-10::!i 1~j =)

CALL
r I-I I!._................

CALL
..... I-II I
•.... n ..........

CHLL
CI=ILL

S~XESr. .1*(F2-Fl),1.)
YECT(1~0~126;480)

VECTC2,3,896,480)
FTU~1E(F1)

:S:OURC (ISI=I t: IB))
......................t ..... ',

t-:: H f I r'i I. 1::.1 J
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SUM0=0.
SUt:11=0.
:SU~12=0 II

s: U t:13 = 13 ,.
C RVERAGE 10e MERSUREMENTS

CRLL DIGSU(0,-100,0.,10.)
C MEASURE NOISE POWER WITH NOISE DIODE orF

DO 15tj 1=1,200
F=Fl+I*DF
Ct=lL.L FTUNE(Fl
CALL DIGGO(~,PERKP,PE~KM)

Pi (I) =E:w:P (t=I.'Cl)
150 COt·~TIt·~UE

C,i=lLL riO I SIt (1 )
C TURN NOISE DIODE ON RND ME~SURE NOISE DIODE POWER

CALL FTtlt'~E (f 1 )
DO 250 1=1,20'.::1
F=F1+I*DF
CI=ILL FTUt·~E (Fl
C~LL DIGGO(~,PE~KP,PERKM)

P2 =E~.::Pf.A/C:l)

C GET EXCESS NOISE RRTIO FROM FUNCTION RGRIN(IS~,F)

ENR = AGRIN(ISA, F)
C COMPUTE EXCESS NOISE TEMPERTURE ~ROM ENR

TE:~~=E~'~F' t: ENR.··.. C 1)
C COMPUTE NOISE POWER OUTPUT OF NOISE DIODE fOR 100 KHZ
C BRNDWIDTH,RND RPPLY SRME CORRECTIONS RS RPPLIED TO P2
C: AND Pi (I) =

PCRL=CORECCIRDCR(10.*RLOGT(4.42E-13*TEXl ) )
C COMUTE CORRECTION FRCTOR RT ERCH FREQUENCY.
G 2.5 dB ACCOUNTS FOR EFFECT OF LOG RMPL1FICRTION RND
C ENVELOPE DETECTIONu

CF(Il=10.*RLOGT(P2-P1CIl )-(PCRL-2.5l
FI:;HZ= I: (1(11"* (F-F 1 )
S:Uts10=surs10+CF (I)
8 1...1 t'i1 = 8 Ut'11 + F I; HZ
SUM2=SUM2+CFtIl*FGHZ
SUM3=SUM3+FGH2*FGHZ

250 CONT I t'~UE

D=280=*SUM8-SUM1*SUM1
C COMPUTE GRIN SLOPE FOR THE DOWNCONVERTER.

SLOPET=(200.*SUM2-SUM0*SUM1)/D
C COMPUTE GAIN OF DOWNCONVERTER @ DOWNCONVERTER ST~RT

C FREQUENC··.·· ,Fl.
Y0T = (SUM0*SUM3 - SUM2*SUM1)/D
lEND=2
IF(IB=EQ.i) IEND=4
DO 32121 I=l,IENI!
SLOPECJBHD)=SLOPET

C COMPUTE DOM~NCONVERTER GRIN @ 8555 BRND EDGE
Y0(JBND)=Y0T+SLOPET*.001*(F8555(JBND)-Fl)

320 JBND=JBND~l

C1=iLL :E:LOC:~:~:: I B2)
DO 400 L=l il2t11~1

F=Fl+ (L-l:1 *I1F
FI3HZ= a 0(1 j. * (F-F 1)

C COMPUTE DEVIRTION OF CORRECTION FRCTOR FROM LINEAR ESTIMATE
R=CF(L)-(V0T+FGHZ*SLOPET)
:s: I G~ll=l=:S: I Gtall=1+f;.:*R
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ASMB,L
HED SIHIT - SVSTE:~1 IHITI';RLIZRTION'
NRM SI~~IT,3, 1

8 MAY 1'979

* THIS'PROGRRM RUNS WHENEVER THESYSTtM IS BOOTED UP. IT
.,.. INITIFILIZES S(IME OF' THE CONSTRHTS IN THE :Hlt;H Rt:.~ER(IF

* THAT A~E NECESSARY TO RUN THE ~RS-40e.

* IF" BITlS It~ THE S-REGISTER IS SETRT BOOTUP, THE
of SEC T ION I NIT I RL I ZI NG THE R Z E L P 0 SIT I 0 ~~ E R IS :s: KIP F' ED •
* THE S-REGISTER IS ALWAYS CLEFIRED AFTERlIJRRDS: •
...
* BANDS TABLE VALID FOR VAH 2.

E~~ T B 1'1 DS , AB 1'1 DS ,R F" RQ , RRF RQ , ANF RQ , t=I S TP , t=tD 1.1 t-lt-l, t=lD 1Ji-'
E:~·~T RCTBL ,'RBwor ,RDTBL ,RSTPP ,RDI'GP ~A:S:TI=IT ,RZ,EL
EXT EXEC,·RXSEL,ADCIH,AMEAS,BUSY1.CBD,FLOAT,IFIX

STRRT tiOP
JSB MEMST

* INITIALIZE THE
LDB t1109
STB CNTR
LDB ENDS
S=TB FlIIIIR
LDB CBNDS'

~ L 0'0 P L Ii R 1, I
STFt ADDR,I
I ti:B
ISZ FlDDR
ISZ ct~TR

..J ~1 P RLOOP
...

LIFt 1
'SSH ,RSS
.J:S:B FlZL$T
CL~

OTA 1-
'* STOP

.J8B E>c;EC
DEF *.... 3
IIEF .6
DEt ZERO

* CONSTRNTS

INITIALIZE ADDRESSES
END.S TABLE

r; E T T I-rE C0 U t·~T ER
RND STORE IT
I; E: T THE R D D RES S 0 F THE. B t·~ DSTRB'L E
RNII S TeiRE I T
THE RDDRESS O~ THE CONST~NTS GOES
GET THE NEXT VRLUE
STORE IT IN ENDS TABLE
INCREMENT RDDR IN CONSTRNTS
INCREMENT RDDR IN BNDS
INCREMENT COUNTER
IF MORE, LOOP

CHECK UPPER BIT OF S
IF SET, 'SKIP ~ZEL INIT

RLWRYS SET S-REG TO ZERO

IF DONE, RSK FOR TERMIN~TION

IN 'B-RET;

CBHIfS: IIEF !IBNDS
DBNDS DEC -12

IIEC e
DEC Sf
IIEC 2
DEC 10
DEC 50
ItEC -:3 I ~3566965

DEC 0.
DEC 18
DEC 1999
ItEC 1
DEC 2
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400 CRLL PLOTtf,R,3)
~S I i~ t'l t=I .. :S I 1~ t,1-R ..... 2 9 9 •
VS=20e. *S II:;MR.-'D
V'r'S=S I GMA*SUM3 ..... D
WRITEC1,47S) Y0T,VY0,SLOPET,NS,SIGMR

47:5 FORM!=IT (ax, IIGRIN (dBl =fI ,t?4 ,14X, "\lRRIFtNCE=f' ,E9.6 ,.;",
1 8:W:,III:;;FlIH' SLOPEt:dB/I:;Hz)=11 ,t7-.4,4x,n,VJ.74R·I.J=I'~~CE=tI,E9.6,"·,
Z S >~ ,- .. S T D DE \1 I RT I 0 N= II , E 9 .6 )

lo••IRITE (1!1 45:1
45 FORt'1i=1T(UPress t'li=1R~~ to cor,ti-nue tl

)

:I = 0
C~LL C~POS(I~, I~, Il

500 CONTINUE
DO beG 1:9=1,':'
CRLL RfCON(-206 - 9 * IB, IEQ(2 * IB + 19))
Ci=lLL RFCON(-207 - 9 * IB, IEQC2 * IE + 20))
C~LL RFCONC-208 - 9 * IB, IEQ(2 * IB - 1))
CRLL RFCOH(-209 - 9 * IB, IEQ(2 *-IB))

600 COt..fT I t-.llJE:
CFI' LL CLE FI R ( e)
I.aJRITE:(1,650)

650 F" 0 RMRT ( .. SET SE t~ S E SWIT CHI T 0 UP PO,S I T I 0 ~~ TOR E PE 1=1 Tn )
b.lR I TE': 1-,45:'
I=0
CRLL CRPOSCIX,IX,Il
CRLL SSt•.1 ( 1 ,r'11 )
IF(Ml.NEiI 0) GO TO 5

700 C~LL ~RSET

CALL STOP
E t·lD
Et~II:$
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DEC 205'13
DEC ~3::

DEC -.8254824
DEC 2€i€i0
DEC 2 151 1519
DEC 1
:DEC 0
DEC 5513
IiEC 22::5
DEC 0.
DEC :~;~3~i0

DEC 45 13'3
DEC 1
DEC 1
DEC -550
DEC 22a5
DEC ~3.

Ii EC 4f. 0 €i
!IEC 599'3
IiEi:: 2
DEC 14
DEC 551~1

11[C 22::5

DEC G0~;0

DEC 7'31 131 131
DEC 2

Ii EC
DEC
DEC
DEC
on r" ....
,LI c.. I....

15
-55€;

o a

;:; ~:::I (1 121

10999
DEC :::1
DEC :::
IiEC 550
DEC 24.
or: .- ..... .-.
,LI c.. 1_. ..- II .:'1

T!!:"! ·.7·::I·:::t0
..... ~ I .

DEC 5
·rl .- .-. t::"
.LI 1:.. I.... ._1

DEC -5513
DEC 2:3.1

DEC 18~1t10

DEC 21999
DEC 6
T.r ..... of-I
J..I c:.. I.... J.'::'

IiEC 550
DEC 22.5
DEC ~3 a

DEC 22~100

DEC i 0
DEC ?
DEC -55€i
DEC 22.5
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DEC :31 99'3
DiEC 10
II[C .;,
DEC 550
DEC 22 II 5
DEC ~3 ..
or. 11'""'.- 32'12103.uc.. .....

DEC :~12767

DEC 1 ~~1

DEC .....
(.

DEC -5513
DEC 22 a 5
DIEC ~1 .

01-

1136ae DIEC :360~3

91210 .,.. II""" ..... 91210· ....1c..1...

11 :360 lllE C :36121 ::

1 748 illl:"" ..... o • 1 74805· ..... tl-·...

27 ..... 1:-" .... ..........
II J..I It. '_. a:::: ("

· 1 5 !I lEe 1 5

·1 '.3 DEC 1 I~ II

II 6 DEC €a
..... DEC .-.·.j ..:.
2 DEC .-,

II c..

ZEfr~O NOF'
f'1 1 ~i :;. DEC - 1 ~3 9
Ct·JTR NOP
RItDR HOP

"** MEMST INITIALIZES SOME ADDRESSES IN SYSTEM PARRMETER AREA

~lEM:S:T NOP
LJDi::' Ct·i02
AI~~D =:877777
LDB ~3,I

LItA CN0:~1

:S:TI=I CNTf;,:
LOOP LIii=t Ct~Tt:.:, I

:S:ZR ,R:;S:S
.J 1"1 F' t'1 E t'1 ST , I
I=IND =B77777
LIiH 0,I
STR 1,1
T L! ....,
....... .i:i

CH8:3
CN02
I:: t·~ ~3 1

I sz Ct-iTR
.JI':lP LOOP
DEF C~i01

IIEF r:lFf;.:Gl
IiEF Ht=lF;;;:GI
DEF R~4FRG!
,... ..... ..... .-, .:--- .,.. .-.
..... t:.. r H·'::' I .-

DEF ADut'iri
DEF t=lDUr'l
I1EF t=lCTE:L
DEF A:Br·iDS:
DEF ABI.~IOF

DEF I=IDT:E:L
IIEF ASTF'P
DEF 1=1 II I [;P
DEF ASTAT

87



riOP

* AZLST INITIALIZES THE AZEL PEDISTRL
* THE RPPROXIMATE AZIMUTH POSITION IS INPUT. THE AZEL MOUHT
* IS THE DIRECTED TO GO TO THRT ~ZIMUTH AND TO ~N .ELEYRTIOH
* OF ZERO. THE HOW KNOWN POSITION OF THE PEDISTRL IS
* STORED IN THE SYSTEM PRRRMETER RRER.

AZLST

UP90

SENDR

N&
1':-''''' '1=1 ~.~ S E Loj ..::• .0

DEF *+2
DEF 0")· .:..
.J S:B RDCIt{
DEF *+2
DEF .-,.. c
.JSB R~lERS

.JS:e FLOI=tT
F M 1=' ·1748'"
FSB .360-
F 1'1 P II 10
JSB IFI~'~

:S8A
I=! III=! .900
$TH ~Z

SSA
RIiR .. :361313
JSB CE:D
.JSB S Et·i II R
LIlA AZ
SSI=l
.J t'1 P UP90
CL 1=1

8TH EL
lOR =:B40000
•..1 S B S E t·~ II R
·.JSB R::o:;SEL
DEF *+2
!lEF Z E I:.~·O

.JSB RDCI~~

DEF *+2
DI:"I:" ZERO................ H·.... ' .-..... I._1 1'1 r' -=:. L..~ I ,
NOP
STt=I Ct·~TR

.JSB BU:S'1~1

Jo::""1:' E::·::EC...:- .....

IiEF *+5
ItEr ...,· .::.
LiEF

..... ...,
• r:::. (

DEF Ct-iTR
DEF .....

• ..:e
.J t'i P SENDR , I
END STI=tRT

4090X=720,X=.1748
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A-3 UTILITY PROGRAMS

FTl'~ , L

c
C
C

PROGRRM GSCRtf

11 SEPTEMBER 1978

D, I t'l E t4 S ION ~(1 5 1 ) ,B ( 15 1 l ,M (3 )
C~LL TRi=lP(Sl
GO ,TO 90

10 NUMPTS = 151
CI=ILL ~RSET

Ci=lLL I=I>~:S:EL (0)
CI=ILL CLEI=IR I: 0)

I pI3=-1
1.1.1 Fi~ I TE .: 1 ; 2 :t

2 FORMRT ( ..... /' ,29X, 1113~:C:F1Hn ,I'

1 20~'~' 1Ir.;E:NE:R~L SCRt'~NINr; PROGRRM")
C*********SPECIFY HRRDWRRE PRRRMETERS~********

501 I.I.I~: I TE (1 ,13)

8 F I) ~: t:1 RT ~: 5 ..... ,'20 X , II Rt~ TEN t~ J.i NUMBE ~: F" 0 R SOUR CE? 4- If J
CRLL :BELL
READ (1, *) I :SOlIRC

505 b.lRITEt:l,510)
5 1 0 FOR f:l RT ( 2·..·· !I 2 0::< , II MRX I NPUT L E 'y' E L ( .:1 B ITt )? '- II )

Ci=lLL BELL
~~E~D (1 ,'*) It'1t=1>~

IFCIP8 .GT. 0lGO TO 500
517 I..J~:ITE (1,9)
9 FORt'1t=1T i:2 ....·,20~'<,ff~t-~TE:~~~~~ POI~~TING RZIMUTH'? +It)

CALL BELL
R:ERD (1, *:r FlZ
WR I TE (1,1 1 )

1 1 FOR r" H T (:2 ..... , :2 13 >-; , It ~ N T E ~~ r~ R POI N TIN G EL E V R T I 0 r~ ? To")

CRLL BELL
f.::ERII (1,*) EL
CRLL ~ZEL (RZ, ELl
IF (IF'S .lE. 0) GO TO 523

C** *** '* '* '* '* '* '* '* '* '* '* '* '** '* RED EF I NE S eRN F't=lRAMETER *' **'**'* '* '* '****** ~***
500 C~LL CLE~R(0)

I..JJ;:ITE (1,599)
5'3';' FO~~r'IAT (5 ..·.. , i5:~, u:£~PECIF'V P~R~~1ETERSII

+ II TO BE REliEFINEIl 1I p/

-I- 15X II 11 1. R~~TENNR SOURCE II ,./

-I- 1 5 ).( , It 2. r'11=i X. I ti PUT S I G t·IA L LEVEL II ,/ ,

-I- 15>~, "3. ~NTENt..r1=l POINTING DIRECTIOt~..· ,/
+ 15::'::, "4. STt=lRT'Rt..fD STOP FRE:QUE:t~CIE:'S" ,-,"
+ 15~':: , II 5. PRESELECTOR'1 , /,

+ 1 5 ~.~ , r 6. I. F. BR ~~ DWID T H II ,,"-

+ i5~~!1 7. riEHS:U~:ED (IIETECTOR) TYPEII./
-I- 15)'(, B. Ii I :SPLR'·.o' LOGIC r'10DE" ,/
+ 15~'~, 9. NO CHt=I~~GES:: EXECUTE PROGRAMu,,-',,-'
+ 15~'~, 10. STOP PROGRFI~1 ? +11 ,/,.~

+ 15~'~' pt=lR;:;r~ETER? ",,")
CRLL :E:ELL
REt=lD (1 ,-:Eo) IP9
IF (IP9 .EQ. 10) CRLL STOP
IF(IP9 .LE. e .OR. IP9 .GT. 91GO TO 500
IF'a = 1
CALL CLERRt:0)
GOTO (501,505,517,523,536,534,12,20, 522),IP9

5'22 I P 9 = -1
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(;0 TO 540
523 C~LL CLE~R(0)

WRITE(1,525)

CRLL :BELL
~:ERII( 1,*) Fl
bJF:: I TE ( 1 , 5:3~1)

530 FORfliRT (2~3::':: ,lISTOP FREQUENC'.... (t'1HZJ? ot-
II

)

CI=ILL BELL
f;:Ei=lD (1,*) F2

533 IFCIP8 .GT. 0lGO TO 500
536 CRLL CLERR(01

C" .-,...,
..J~r

wr;~ I TE (1, 5':371
FORt:1RT;: 5:=-::, II PRES:EI_EC:TO;:::~ OFF (T'iPE 0 J 0;::;: C;N I' .,..:..: r-..... ..., 1-. _ .....

I. I I i c.. J.) ': ... J

CRLL BELL
~:Et=lII (1; ,*:1 I PFi~:S:EL

CALL PRSELCIPRSEL)
IF (I Pl:: I: (;T II 0) r;CrTO 51!"j0

534 I;JRITE(1,535l
5:35 FORMHT(2.··.. ,5>{,HI.F .. :B!=lNDI.,JIDTH r:l<:H2) r~1 Ti) HUTO-RHt~GEJn,

1 II I? fo II )

II=tDCI~~ = 2

.. Mi,i·. it ....
'. "....... II'

1 5 ~:-:: , !I €a If T F:: UE I;': I'll :s: HI'll PL I i UIi E t: 1) - !'I'! 0 L T S:) n ; ~."

1 5 ::.:: !I II 7,. PEA r( - 1=1 Iii E F:~ 1:'.1 i; E !=t I'll P LIT UII E ( II B) 11 II .....

1 5 ::.:: , t! f:i II t'i t=i ::.:: - it1 I i··i i=t t'l P LIT UIi E (D B) tI ,01'.,
1 5 ~.t. , II '3. tl1I t·~ I t'1 Utl1 1=1 t'1 F' LIT 1...1 II E (II B t'1) II , ..... , ......

1S::-::,IIT".'.PEI? ..:-11)

Cfi'LL BELL
1:.: E AII ( 1 ,"*) t'i EST "1" F'
I.,JF::ITE (1; 14)
F (I,R r'i A T ( 2 / )
It=lIICI~~ = :3
IF (MESTYP .NE. 3)
C~LL ~DCIN(I~DCIN)

IFCMESTYP .GT. llGO TO 15
T I t:1E;:;:S:=~1. ~3

1:;0 TO 20
t:i E s: T ",., P= t:l E :s T I.," P - 1

+
+
+
+
+

CALL ErELL
REArl ( 1 :;"*) Bt=ltfIlr.IJ
IF(ERNDW .EQ. B) C~LL BWRTRCF2,Fl,NUMPTS, BRNDWl
CRLL TUNECfl)
STP = 1000.*(F2-Fl)/(NUMPTS-ll
rF (I P8 IS (; T II ~3) J; CrT 0 4;2
CRL l CLE R r=.: ( 0 )
1...1 R I T E ( 1 , 1 :3 )
F I) Rr:lA T ( 5 ..... ~ 1 5 X !I .. :S ELE CT ~1 E 1=1 :s: U ~: E ~1 E t·~ T T '"!' P E:S It ; ./'

+ 1S::": ,111= It'iSTI=tt-iTI=tr-iEOUS Rt'1PLITUDE Il
; ,i'

-I- 15::·; , If 2. tllEI:;t·~ 1:,tI1F'L I Tt..JIIE II !I ..

+ i 5::-:: !I 1f:3 = F'EAt< Ht'1F'L I TUDE n , .

+ 1 5 ~.~, .. 4. T f;,: tj E I~: tll:S: t=I tl1F' LIT UII E ( II B t1) 11 ~ .....

T i 5::'::!' II 5. T~:UE ~:tl'!S: l=tr1PL I TUDE

12

13

14

540

15
Ct=iLL :BELL
IF(MESTVP .GE. 3 .~ND. MESTYP .LE. S)GO TO 18
bJI:.: I TE ( 1 ,1 6)

1 6 FOR r:, RT ( 1 5 ::.:: !I II tIl E RS 1...1 RET I t:1 E ( M:s: EC )? -E- n )

F::EI=ID ( 1 !I *:1 T I t'lERS
IF':2=1
IFCIP8 ~GT. 0lGO TO 500
GOTO 2121

18 WRITE(l ~1000)
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10€10 FOF::MFlTf'15X,Ut4 IJMBEFi: (tF ME1=tSIJ};:EMEt"'TS~· .E- II
)

RE:i=lD ( 1 ,*') T I t11E:1=IS
If(IP8 .GTI elSO TO 500

C '* '* * -I- "* "* 1~ '* '* '* '* "* '* '* '* '* '* '* '* LOG leT EST E t-.l T R1,.1 POI NT*'* -:Eo *'* '* '* '* '* '* *' '* '* '* '* '* * "*
C*************L9 IS MOVING AVER~GE LOGIC rLRG*************
20 L~~=-l

CALL CLEAR(l)
b.IRITEt:l,25)

25 F 0 F=-: t~ ~ T ;: 5 ..... !I 1 5 ::-:: II II :s: E L ECT II t=I T 1=1 It I S FI L t=I \,,' L'I) I:;: I C:S: 1 If J./ I .j-

-I- 15;·~, II 1. I t-iDEPENDENT S:CHt.~S It ,-/

.... 15~'~, "2. CUMULi=rTla.iE 1=I1·iERHI:;;E OF SCH~~Su ~.'~.

+ i 5 ::.t., n :~;. tal 0 V I N t~ H I·i ERHG: E 0 F S: CAN S If ,./

+ 1S::·:: p II 4 = CI.Jt'1ULRT! VE PEt=lK Vt=lLUES II ,,,,,' ,,,,,'

+ 15~'::!I .. D I SPLI=t',·' r"i"PE? ..:- II )

CALL BELL
REFlIIt:l,*JL
CALL CLEARt:1)
~~1=1000

IF(L .LE. 2)GO TO 40
C*******************MOVING RVERRGE*******************

IfCL .EQ. 3)GO TO 30
L-"'='- ....
GO TO 40

C*******************MOVING RVERRGE*******************
30 1.1.IRITE(1:;:35)
35 F'ORr'lt=iT ( 15 ...·· , lS::-::, III=1~lERRGE OF' HOld t'lAt~"I" SCRNS? -li-")

REAII (i ;*) Ni
L=2
L9=!

40 I F ( I P f3 II 13 T I 0) 1:; 0 TO 5 (1 (1

C*******************RESTRRT ENTRY POINT*******************
42 CRLL TTRBtIMRx, ISOURC, IPRSEL, ITT)
48 CRLL SPECG(ITT,MESTYP,P,Fl,F2,NUMPTS,JB1)

I T9=€1
CALL SR:SET
CRLL SCNBWCBRNDW,0J
IIC! 70 N=l !IN!
CALL CLERR: t: 1 )
1Fl = Fl
CRLL SCr4FG!(FLCi RT(IF1):; 1E6 '* (Fl - IF1), STP)
CHLL SCNMS(MESiYP,TIMEHS,IP2,1 .0)
C~LL SD~T~(R,NUMPTS)

CI=ILL NSCI=IN CN, 1 ,Ll
It(IT9 .NE. 51GO TO 44
Ir1~~< = Ir·lt=1::·~ + 1121

44
GO TO 42
IFCL'3 .GT. 0
CI=ILL SSW(l,IZ)

.R~~D. t~ • E Q • N1 l H= N1- 1

IFCIZ .EQ. alGO TO 63
C********REPLRCE RRW DRTR W/ SMOOTHED DRTR****************+*~

N~~'·.:'G=5

C i=I L L t=I :s t'l T H ( t=I , 1 ,E: , 1 , t~ Uta1P T s: , t·~ t=l1·l G )
C.-=iLL BLOCt( (.J:E;2)
ItO .45 I R:= 1 !I ~~Ut'1F'TS:

Ct=lLL PLOTt:FLORTI:IF~) ,E:CIR:t ,2)
-45 CONTINUE

C~LL SIGBWCB,1,NUMPTS,10.0,F8,F9l
B5=(F9-F8)*STP
IFCB5 .LT. 1000.0) GO TO 595
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63

65

56

61

.. ....
••10

7a

B5 = B5· ~~ 1000.
WRITE(1,56) :95
FORM~T(3.l·,20~<,1I-10 DB BW (MHZ) = 11 ,F"9.:31
130 TO 59
~.IRITE (1,58) B5
FORr:1RT(3~',20::.::,1I-10 DB BW (KHZ) = ",r7.3.l
F5=Fl+(STP/1000.1*((F8+F9)/2.-1~)

~J~: I T E: ( 1 ,60) r 5
F-{q:.: MFI T ( 2 0 X, II C: ENTEl:.: (I F F 1:.: EJ~ IJ E t..J C'-t .: MHZ) == 11. F ';i 1f :3)
B5 == 100.0
ct=lLL :s: I GBt•.1 (:8,1 .HIJt'1PTS, B5, F6 ,F7)
B5 = INT(10 •. * B5 + .5)/ 18.
WRITE(1,61l BS
FOR tit RT ( 2 13;=-=: , .. s ..... t..f RRT I 0 (D B) = II ,F 4 .0 , ~.. )
Pt=lUSE
GO TO 43
CRLL MVPTR(JB1, 1)
Ct=I LrLS SW ( 2 ,. IS)
IF (IS .EG!. 8) GtJT064
IS = 8
C:ALL SCP'OS (X, 'y' ,IS)
:w: = Fl + 1: F2 -F 1) '* X / NIJMPTS
CALL PEAI{(.999 * X,01.001 * :X:, X, RJ
CALL TUNEt:X)
bJRITE (1, 65) X
FOR r:l 1=1 T ( 3 ..... ," F R·E QUE: NC ...1 I S II "F 10. 3 )
IS = e
CALL SCPOS(X, Y, IS)
CALL CLEAR(1)
CALL S8 1••.I(7, IS:'
IF (IS II NEil €I:' .:; (I T (I 4 2
CALL SSt•.' (8, I:S:e
Ift:IS .NE. 0)·.:;OTO 500
COt~TINUE

130 TO 42
C*******************TRAP 5 FLAG-SET*******************
90 IT9 = 5

Ct=iLL RTJ;:t=lP
CALL. STOP
E r~ Ii

64

SUBROUTINE BW~TR(f2,f1,NUMPTS, B~ND~j

C*********THIS IS R SUBROUTINE TO SET BRHDWIDTH RUTO-RRHGE***
III~1.ENSION B9(11)
II r:I T I=t E: 9 ..... :~: t10 sa D !I:;: €1e • , 1 0 tj • !I 3 €I • , 1 '3 • , :3 • , 1 • !I .:3 J' 1 •• 121:3 • I €I 1 ,.,
BJ."=INDW = 3000.
S = 1000.*(F2-F1)/(NUMPTS-l)
DO 201=1,11
IF .·t:B9(I:t .1;T •• 8 '* S) B1:'4NDI,J = B9(Il

20 CO~~TINtIE

RETUR~~ .
ENIt
SUB ROUT I NESP E CG ( ITT , ME: S T ..... P , TIM E: AS, F.1 , F" 2 , t~ UMPT S , J B 1)

C*********THIS SUBROUTINE WILL DEFINE THE SPECTRUM GRAPHICS.****

**** DIMENSION IBUF(40)
CRLL CLEt=lR(0l
C~LL VECT(1,0,128,1016l
Ct=lLL CODE
WRITECIBUF,l)

1 F'ORta1t=1T (IISSW 1 = SMOOTH Dt=lTR Rt~D ME:FrSURE: SIGt~RL II)
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C~LL LRBEL(19, .IBU~)

CALL VECT(1,G$128,9941
Ct=lLL COIlE
I.I.IF!. I TE ( I BUF" ,5 )

5 FORMRT ( .. :S:Sld 7 I RESTART SCAN SEQUENCE")
CRLL LRBEL(14,IBUF)
CRLL 1a/E'CT(1,0,128,952l
CRLL CODE
WR I T E ( I B'U F , 1 10 )

10 F (I Fi: Mi=I T ( .. SS 1.-.1 8 J Fi: EDEF It~ ESC R~~ ;CCI NIf I T I I:' NS n)
CRLL L~BEL(16,IBUF)

",··l = ITT - 70
.\.12 = ITT
··... 3 = 10.0
IF(MESTVP .GE. 1 .~HD. MESTYP .LE. 3)GO TO 45
IF(MESTYP .EQ. alGO TO 45
'y'1 = e.e
IF (MEST ..... P .GE. 5 .~~~D. MEST¥P .LE. 7) GO TO is
CALL RSCAL(1,Y2,1,1)
130 TO 2~j

1 5 I F ( f:l EST ..... P • GE • ..; •.R t~ D • MEST ..... P • L E: • 7 ) GOT 0 3.~
CRLL ~SCRL(2,Y2,1,l)

2 0 ",., = 1 E· - 1 0
l'y'e = 1

25' IVE:f = (2.6*1'1'13:'
IF(IVe .LT. 1BlGO TO 30
I ',r'e = 1
'y' = 'y'*1e.8

30 IF(Y .LT. (IV0*Y2))GO TO 25
Y2 = Y
..... :3= Y2/10.0
GO TO 45

3~. IFCMESTYP .EQ. 7lGO TO 40
",·'2 = 20.0
'·,·'3 = 5.0
CO TO 45

40 '·,·'2 = 50.0
'·.·'3 = 10.0

45 C~LL SC~~E (rl,F2,V1,V2)
CRLL SRXES((F2-Fl)/le.e~Y3)

ANur'1PT = NUt1PT:S:
CFlLL S:CRLE ( 1 • ,RNU~1PT ,Ie( 1 ,'y'2:t
CALL VECTC1,0,415,16)
C~LL CODE
WR I T E ( I B. UF , 4 7 )

47 FORt'1~T ( II FREQIJEt~C~", ~1HZ It)

C~LL L~BEL(7,IBUF)

IF" (MEST ....:P .EQ. 1 .H~~D. TIMEt=lS .EQ. 9) GOTD 51
GOTD (53,55,57,57,57,63,65,67) MESTYP

51 CRLL VECT(i,0,4B,592)
CI=ILL COIlE:
I.,.IRITE: (IBUF ,52)

52 F"ORt'IHT (!! I tiST II )

CHLL LHBEL(2,IBUFl
1;0 TO 69

58 CALL VECT(1,0,48,592)
CFI LL CO II E
b.IRITE (IBUF ,54)

54 FOR~1F1T ( II ~1ERN II )

CRLL LRBEL(2,IBUFJ

93



1:;;0 Tel 69
~~ C~LL VECT(1,0,54,592)

Ct=lLL CODE
WRITECIBUF,56l

56 FORtll~T ( II PEt=lK II)

C~LL L~BEL(2,IBUF)

GO TO 6.9
57 CRLL VECTC1,0,54,592)

C:t=iLL COIiE
1.••11:.: I TEi: I BUF ,5:::)

5 8 F 0 1:.: 111t=I T ( n ~: 111:s U)

CFI LL LFI BEL ( ;2 , I BUF' )
(;0 TO 6 13

63 CRLL VECTtl,0,16,592)
CRLL COIlE
WRITE(IBUF,64)

64 F'OR~1I=1T ( .. Pt:~-RVG")
CRLL LRBEL(3,IBUFJ
GO TO 69

65 CRLL VECT(1,0,32,592)
CI=ILL COIlE
I.•.i Fi~ I T E ( i BUF !I 6 6 )

66 FORt'1F1T (II Pt(-PI<: 11:'

CALL LFlBEL(3,IBUF)
130 TO 6'3

67 CALL VECT(1,0,48,592)
CALL COIlE
bJ F:: I TE ( I E: UF " c. E: )

68 FORMRTI:II~lIt·t.lI)

CRLL LRBEL(2,IBUFl
69 Ct=lLL VECT (1,0,48,560)

Ct=lLL CODE
llJR I TE ( I :e;UF ,7~3:1

70 FORt'1F1T (II RMPL II)

CRLL LRBEL(2,IBUF)
GO TO (7 1 ,. 7 1 , 7 1 , 7 3 , 7 5 , 7 7 ), MEST YP

71 CRLL VECT(1,0,54,528)
CRLL CODE
i..J Fi~ I TE ( I BUF !I 7 2 )

72 FOR t'1 RT ( II dB mil)

CALL LABEL(2,IBUF)
G:O TO :=:~j

7 :3. CHL L !..JE C i ( 1 , 0 ,5 4 , 5 2 e )
Ct=iLL CODE
1...Ii:': I TEi: I BI.JF ,74)

74 FORt'1t=iT (II ml.•.I!!)
CALL LABEL(l,IBUF)
130 TO E:0

75 CALL VECT(1,0,54,528l
CFlLL CODE
1.1.1 F:: I TE ( I BU F !I 76:'

7 6 f (I Rt'1 AT ( II .,t.J \1 II )

C~LL L~BEL(2,IBUF)

1:;:0 TO 80
77' CHLL VEeT (1,0,54,528)

CHLL CODE
1.••Ii:': liE (I BUF, 7:3)

78 FOi:.:t'IHT ( , II dB!f)
CHLL LRBEL ( 1 , I BUr)

80 CALL BLOCK{JB1)
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C*******************END OF SPECTRUM GRRPHICS*****************
~:EiUf;,:r~

E: t·i D
SUBROUTINE TTAB(MR~, ISOURC, IPRSEL, ITT)

C
C SET THE RTTENURTIOH RHD GRIN FOR TOP OF TABLE.
C SET SOURCE AND PORTS:
C IF ISOURC = 13, THENU.SE PORT 6.
C IF ISOURC = 14, THEN USE PORT 7.
C IF ANY OTHER ISOURC p THEN USE PORT 5:
C IF ISOURC < 15 THEN USE 85801 ATTENUATORS ELSE USE
C REMOTE ~TTENURTORS

C
C~LL RNDUP(M~X, ITT)
I S C f:;: = ta11=t ;.(
IF (ISOURC .GT. 15) GOTO 110
IF (IPRSEL .NE. 0l ISCR = ISCR + 21

l1e

120

180

140

110

150

160

rSCR = r:SCR + 22
IF (ISOURC:GE:23aRNDaISOURC,LE=86) ISCR =
CHLL RNDUP(ISCR, ISCR)
II:;AIN = 20
I~TTEN = ISCR + IG~IN + 10
IF (IHiiEt..f .t:;;E. 0:t GOiO 140
IRTTEN = IRTTEN + 10
IGRIN = IGRIN + 10
IF (II3AIt~ .LTu 50) t:;OTCr 1:::f0
I t=lTTE~~ = 0
I:;OTO 150
It='" (It=lTTEt·~ .LE. 7'0) GOTD 150
IHTiEN = I~TTEN - 10
IGAIN = IGAIN - 10
IF (It:;RIN .GT. 8:t GOTI) 14€1
IF (I~TTEN .EQ. 70) GOTO 15121
IRTTEN = 7'0
CrriLL C:LE~f;.: (e)

b.II~:ITE (1, 1€1)
FORt'1I=1T (1I1.i.!I=IR~~I~~G - CR~~NOT RD.JUST RN~L'T'ZER

1 II t'1 A:x: It'; ut'i S I I~ t~ ALE :=-:: PEe TEII II )

CIRLL BELL
F'I~U:S:E

Cl~LL GI=IINCIGt=lINl
I IF .( ISO URC • LT. 1 5 ) G1) T 0 1':' 121
CRLL RRTTN(I~TTEN)

CI~LL t=lTTEt·~(l2I)

CRLL PORTS(S, 1, 3)
G:OTO 1 :;::0
CRLL RiTEN(I~TTEN)

IF (ISOURC .LT. 1~:) I:;;OTO 1713
C~LL PORTSCISOURC - 7, 1, 1)
GOTD 180

17'0 C~LL PORTS(S, 1, 1)
180 C~LL SOURCCISOURC)

RETlJRt·~

END"
SUBROUTINE RNDUPtI, J)
.J = I
IF (.J .GT. ~1) ...1 = J + '3
.J = 10 * (.J ..... 10)
RETUR~~
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RSMB,L
•

HED NSCRN - 8580B SPECTRUM SCRN/PLOT ROUTINE
* (RRS-400 VERSION)

****************************************************

NSN1RI NSCRN, PRRT 1 tRRS-400)
(6-25-75)

* *
*********+***********************************~******
* HSC~H ~

* SUBROUTINE "NSCAN" IS A GENERAL PURPOSE SCAN- *
* NING AND PLOTTING ROUTINE FOR THE 8580B RUTO- *
* MRTIC SPECTRUM. RNRLY2ER. RErER TO THE "NSCRN *
* USERIS GUIDE" FOR DETRILED RPPLICRTIONSRND *
* OPERRTING INFORMRTION. *

* *
***************************************************** SRSET: SCAN RESET *
* SRSET(NO PRRRMETERSl

** ATS BRSIC BRANCH TRBLE ENTRY: SRSET; *

*************t**************************************
* SCNBW: SC~N I.F. B~NDWIDTH *
* ** SCHBW(BW,VIDEO) *
* BW = I.F. BANDWIDTH (KHZ) *
* VID~O = VIDEO FILTER STRTE (0=OFF; 1=ON) *
* ~
* ATS BRSIC BRRNCH T~BLE ENTRY: SCHBWCR,I);
* ~

*********************~******************************
* SCNFQ: SCRN FREQUENCIES *
* ** SCNrQ(F.MHZ,r.HZ,STEPI)
* F.MH2 = STRRiING FREQUEHCY, MHZ PRRT
* FaHZ = STRRTING FREQUENCY, HZ PRRT
* SiEPI = FREQUENCY STEP SIZE, KHZ

* RTS BRSIC BR~NCH TRBLE ENTRY: SCNFQ(R,R,R); *

***************************************************** SCNMS: SC~H ME~SUREMENT TYPE *

*

SCNMS(MTYPE,TIME,INTRP,DEL~Y)

MTVPE = ME~SUREMENT TYPE
= 1 FOR VIDEO RVERRGING
= 2 FOR SOFTW~RE PERK-HOLD
= 3 FOR TRUE RMS (DBM)
= 4 FOR TRUE RMS (MW)
= 5 FOR TRUE RMS (UVOLTSl
= 6 FOR PEAK/HVG (DB)
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SRMPLING RRTE~ THUS MRXIMUM INTER- *
CEPT PROBRBILITY OF R PULSE). *

= 1 TO EHRBLE INTERRUPT SYSTEM (RLLOWS *
DMR INTERRUPTS FOR REFRESHING THE *

*
*'
*

'*
*

*

= 7 FOR MRX/MI·N (DB)
= ;3 FOR MIr~ (DBMl

TIME = MERSUREMENT TIME (MSECl
FOR MTYPE = 1,2,6,7, HND 8.

= NO. OF MERSUREMENTS ~VER~GED

fOR MTYPE = 3,4, OR 5

INTRP = INTERRUPT STRTE fOR MTYPE = 2.
= e FOR INTERRUPT OFF (FOR MRXiMUM

GRRPHICS, PLUS TRRPS SENSING, ETC.

DELRY = NO. OF TIME CONST~NTS OFDEL~Y

BETWEEN MERSUREMENTS,

'*

'*
*

'** AT S B R S Ie B R F=f N C H T RBLEE N T R 'I" : S Ct~~1 s: ( I ~ R, I ,R ) ; *.

'* ** *' *" *' '* of '* '* '* '* '*"* '* -:Eo '* '* ** '* '* '* '* '* '* -:Eo '* '* *'* '* '*.,.. * '* '* *.*"* *"* *"* *.**** **"** SDATR: SCRN DRTR STORRGE *
* SDRTRCDRTA,NPTSl *
* D~T~ = FIRST STORAGE LOCRTIONCRRRRY) OF *

MERSURED DRTR FROM SC~N=

*'
*
"*

NPTS = NO. OF FREQUENCY POINTS PLOTTED
= ~~ o. 0 F ELEt'1 ENTs: 0 F Dt=I T t=I t=I RR t=I ',.' •

* RTS B~SIC BRRNCH T~BLE ENTRY. SDI=iTI=I(R,I);

******************************************~*********
DFSCN: DIFFERENTIRL SCRN MODE

* DfSCNCMODE,REFl *
* MODE = DIFFERENTIRL SCRN STRTE: *
'* = 1 TOE t·i RBLED IFF ERE NTI RL SCR ti • '*
* = 0 TO DISRBLE DIFFERENTIRL SCRH. *

REF = REFERENCE D~T~ RRRRY; MUST HRVE S~ME *
NUMBER OF ELEMENTS RS DRT~ RRRRY IN *
SD~T~. '*

..•
":':"

*' RTS BRSIC BRRNCH TRBLE ENTRY. DFSCNtI,f();

************** *****"* '* *** '* '* * '* * '* ** '* '* '* '* '* '* '* '* '* '* *"* ** * '* *.** *'LKSCN: LINKED-SC~N MODE

* LKSCNCMODE,ISCAL)

*

MODE = LINKED SCRN STRTE.
= 1 TO EN~BLE LINKED SC~N.

= 0 TO DISRBLE LINKED SCRN.

ISCAL = INTEGER SCALING R~TIO; EQUHLS NO.
OF FREQUENCIES IN E~CH SUB-SCAN OF
L I ~~ KEII :s: C t=l1"~ If

'*

* ATS B~SIC BRRNCH T~BLE ENTRY:

98

Lt<SCt~(I ,I);



* *
*******************************************~********* NSCRN: EXECUTE N~TH SCRN *

NSC~N(N,IPLOT,LDSPL) *
N = SCRN NUMBER (USED FOR WEIGHTING DATA *

I t·~ CUt'l UL RT I \J E R""t ERR GIN I:; TI' iJ DE) • "*

'.:-. 1'''',,,,,,,,,,,,, or-••:-.,...,..,
,.~ I_I r r 1"'=. t:.. .~••~ t:.. J..I =
PLOTTED QS T~KEN.

DISPLRY LOGIC CODE

PLOT STATE
1 FOR Dt=lT~ TO E:E
o FOFi: PLOT TO E:E

1 FOR INDEPENDENT SCAN DISPLRYS *
2 FOR CUMULRTIVE, WEIGHTED ~VERRGING *

SCHN-TO-SCAN. *
= 3 FOR CUMULRTIVE ENVELOPE (MAXIMUM) *

IF-LOT =
=
=

LIISF'L =
=
='*

"*
'*

s: CH t~ - T 0 - S: Ci=! t~ •

* ATS BASIC BR~NCH TRBLE ENTRY: t·~SCRN(I ,I ,I);

****************************************************

EXT ~~ F fC: G!
E:M:T T20
EXT .1:;;P2F

ENT SCNMS,SCNBW,LKSCN,DFSCN,SDRTR
E t~ T ti SC!="1 ri , :s: eN F G! , S F~ SET

* FROM STRNDRRD MRXI RRS-4ee LIBRRRY.u~

EXT .ENTR,ERROR,.STOP
EXT .rRD~.FSB~aFMP~aFD~,IFIX~FLORT

EXT BUSY1,BWDTH,HLDOF,.NFGO,PLOT
EXT PSTEP;SSTEP,STEP;TUNER,TWRIT;VIDEO

** FROM CONTRIBU.TED LIBRRRY aal
ExT" I=t I t~ IT, Ms: E L

* NOTE: MSEL REQUIRES HDDITIONRL COHTRIBUTED
LIBRRRY SUBROUTINES MERSP,MSRMS,PK~VG,

Hr~D VIDi=iV.
;Eo

*******.********************************************* SRSET - SCRN RESET *
*~* *~* ~"* ~"*"* 4"* *;. *;;:."*"* -:;:."* -:;:."* *"* *""* *.*"* ** ***"* -:Eo ** * -:Eo"* '* * of **."."*.". **

SRSET

RGRlt~

IICINE

riO P
.J SE: =ENTr-;::
DEF SRSET
LD~ ;:rTEL
~.T.". TEMF'..:;. I M

CLt=l
LDB ZTBL
ST"I=; TEt:1P , I
CPB TEMP
JMF' DOt~E

ISZ TEtl1P
.J MF' HG: HI t·~

CCt=l

PICKUP T~BLE ST~RTING ADDRESS.
PUT I r4 TEt:1P.
SET NOP IN ~-REG.

PICKUP FINRL TRBLE RDDRESS.
SET CURRENT T~BLE ELEMENT = 0.
DOr~E?

INCREMENT ~DDRESS.

HHt·i G: I t~ THE ~: E =
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STR Or:'SU
·Jf·1P SRSET, I

SET SETUP OK FLRG.
RET1JRri tl

***************************************************** SCNBW - SCRH BRNDWIDTH *
****************************************************
*BW ri OP
VI rl NOF~

SCt-lBW LJ .-. 1:'l._.
•..I:S B .ENTR
IIEF Btl.!
.JSB ERf;:SIJ
JSB BwnTH
DEF *+2
IIEF B1.aJ·, I
JSB VIDEO
DEF .:.:. ......':)

... • c...

DEF VI D " I

HRS SRSET EEEN C~LLED?

B W <: = 3 '3 0 ~:H Z •

SET VIDEO FILTER.

"** DEfINE BRNDWIDTH fLRG:
'* BI.IJFLG = 0.0 TO ·5.121, DEPE:NDlr~G Of-t I.F. BRriDtJl.IDTH'HND
'* 1...1 IDEO F I L TER STi=lTES.

o

IILD BW,I
DS T IF B l.aJ
LDH i20
.JSE: FLOHT
.J8B aFt'1P
DEF D5
nsr BWFLG
DLD D1B
JSB • FDV
IIEF IFEI...I
·JSB :I FRD
IIEF :B1.I.lFLr;
II :s T E: i.I.1 F L G;
.JSB • FSB
IiEr D5

.J r·, P :B I.:.! E r~ D
DLD D5
DS:T BWFLG

BI.t,IEND .JSB TI.eJRIT
:DEF *+2
DEF Bl;JFLG

.,
~

CCR
:STR OI<BI.,.1
JMP S:Cr~BW, I

GET BFltiDW I DTH.
St=lVE.
GET \/ IDE 0 r i LiE R S T HiE •

SET FOR IITI.a.lfoiIT(5.)II IF
VIDE 0 F I L TER II 0 rJ 11 •

s: f=l1...IE •

CRL CU L t=lT E ff T WR I T U TIt·, E •

SAVE.
SUBTRRCT 5 •

BWF'LG >= 5.1
B!.I.I FLG <: 5 •
SET B~JFLG= 5.
SRVE RS BRNDWIDTH fLAG.

DEFINE SETTLING TIME.

SET BWDTH OK FLRG.
RET UJ=~t~

****************************************************
* SCNFQ - SC~N FREQUENCIES *

F.MHZ NOP
F=HZ t·~Op

:STEP i riOP
SC~~FQ ~~OP E~~TRY •
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'*

JSB .Et~TR

IIEF F.MHZ
JSB ERRSU

DLD F .t'1HZ, I
IIST FMHZ
DLD r.HZ,I
DST FHZ

DLD STEPI !I I
DST ISTE:P

eCA
STA OKFG!
.J r" p SCNfQ,I

HAS SRSET BEEN CRLLED?

SAVE STRRTIHG FREQUENCY.

GET STEP SIZE.
s: A '",rE •

SET FREQUENCY OK FLRG.
RET tlRr~ II

***************************************************** SCHMS - SCRN MERSUREMEHT TYPE *
****************************************************

SR'"ltE.

S:t=I'II,IE.
GET INTERRUPT FLRG

1:"1 .... r·
• ... r"'t '-II •

YES. GET MERSUREMENT TYPE.

HRS SRSET BEEN CRLLED?

GET MERSUREMEHT TIME.

S~VE.

SET ME~SUREMENT OK

GET NO. OF TIME CONSTANTS DEL~V.

S~VE.

o ..~riES
SCN~1S , I

.ENTR
MT'...·PE
ERRSU

til T Iy' P E , I
rI1ST'y'P
T I t'l E , I
MTIME
INTRP,I
t·~Tr.::PT

DELR'.... ,r
TCIILly

*r'1T'y'PE r~OP

T I r'1E t~OP

I t~ TFi: P tiOP
DELR't t~ OP
SCt~MS t~OP

JSB
DEF
JSB

;:-

LD"R
STR
DLD
liST
LDR
STt=I
DLD
IIST

.,..
C:Ci=I
SiH
J~lP

*
******************~****~****************************
* SDATR - SCRN DRTR STORRGE *
****************************************************
*
rrATFi NOP
~~ P T:S HOP
SDRTR ~~ (I P

I~. er.
II ENTJ=;:'.";':' D

IfEF Itt=lTt=I
.JSE: EF::RSU
LDt=I Dt=lTt=I
ST!=! Dt=lTt=ll
STH HDHTH
LDr=t riPTS , I
S:TH NPNTS

E~~TR'y' •

H~~: SRSET E:EEN C~LLEII?

YES. GET RRRRY ST~RTING RDDRESS.
s: t=! 1,.,- E •

SHvEIl
GET ~~O. OF DRTR PO Ir~TS •
SAI'IIIE It

CMA,It-.lA
STH NREF

t-.lEGi=lTE.
~n!.JC"
',.:0 n ........

:S:T~ COU~~T
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'..
":':"

*" r'iRf<E H Tj;,~IRL RlfN TH~:U TI-rE DHTHHRRHY·TO VERIF",·-
*" THRT IT HRS BEEN RDEQURTELY DIMENSIONED IN THE
* CRLLING RTS BASIC PROGR~M. IN THE EVENT OF
* F'F::OI~~F::I:~1"1r1EF:: EF::F::OR:, THE II EF::F::OF:: [1ST-i ll t.IJ I LL THEt~ BE
* ISSUED FOR THE Llt'~E OF :E:i=tSIC: THRT CRLLED uSDt=iTt=l tI

*" f;,:HTHE~: Tt'iHt·~ 'F~:iJt'1 THE Lt=liER II HSCHN II (tJHERE I=IN
'* II E R f;,: 0 R Ii s: T - 1 I! I.IJ 0 IJ L D E: E :s: CJ ill E 1).1 H t=I T t'l I) F:: E i="i ~1 BIG U0 U~S) •

TESTn .... I T"
.l,I!_ ,Lo'
,..,':-. .,..
,1..1 ,'::, I

I .:",-,..::.:::.

ADRTR:;I
I-I ,-. .-, .,.. I-I or
MJ..IM1H,1

RDRTi=i

GET R DRTR YRLUE:
STORE IT BRCK IN ITSELF:
C~LCULRTE THE NEXT RDDRESS.

I:S:Z HDHTH
I s:;z COUt,iT
.JI"'IP TESTD
;-, ;.', t';
w ,_""

,J 1"1 P S D H T H , r

IiOr1E?
NO; TEST NEXT DRTR RDDRESS •

SET DRTR DEFINITION OK FLRG.
RETUR~~ II

****************************************************
'.'

":':" II F :s: Ct~-, DIFF E r::: E t~ T I RL :s: CRN :s: PE CS ...w

****************************************************
* NOTE - SDRTR MUST BE CRLLED BEFORE DFSCN s SINCE
* THE DIMENSION OF THE REFERENCE ~RRRY IS
* SPECIFIED VIR SDRTR. (ERROR NSCRN-Sl .
.;:.

REF 10.: :-1 I::::
., '..,' I

DFSCN r10P
.JSB .. ENTR
DEF Dt'10DE
.J :s: :E: E ~: f.:: s: !j

LIIB 15
; r ....·...... :,p·r..... T
!- .l,1 HI_I r'·, .!.,1!'"! !

S:Z!=:, r:;:S:S:
I..... ..... .- .........,

._11'1 r 1:..1":,1":,

LIIi=I D~10DE, I
S:Ti::' FII IFF
,::e,.., 1-; 0 -::e. '::e,...:- .:... ..., , ........:....:.

LIii=J ;::;:EF

HAS SRSET BEEN C~LLED?

YESu GET SDRT~ ERR CODE IN CASE.
GET SDATR OK FLRG:
S:KIP IF OK ..
NOT OKa ERROR NSCRN-5~

GET DIFFERENTIRL SCRN MODE.
S~VE RS DIFFJL SCRN FLRG.
DIFFERENTIRL SCRN FLRG SET?
t,,! 0 n ~: E T U Fi~ t,~ •
YESa GET RRRRY SiRRTING ~DDRESS.

.......-. . .
L..J.JH rit'::!:.!..

..... .......... .. .. I .....

!.:::!:.. I l-,! ri!_I ..
-- _...... _- -_ ..._-
I.'" •• '-' ..... ..... ••• N • "-
.... • ..... •• , •• • ,_.", I ......

S:Ti::-i COUI'"iT
TES:Tr;~ I1LII HI~:E:F, I

...., ':-'"1" ,." ..... r" ..... T

.l,1 ,;:'! !"1 r:, !:.. r :i .!.

I ::::2 AREF
I:S:Z !='~(;':EF

RUNTHRU THE REF ~RRRY TO MRKE
SURE IT IS DIMENSIONED OKa
s: E E r·i 0 TEl r~ :! s: DHT H uF'O R
DETr=JILS IS

I :s:. Z C0 !.J t,~ T
1:' I:" t:" .-. I. I. 1:. I:" , ••::-..... ..... . ..., ........... '........,.:. ...:- .

LKSCN - LINKED-SCAN SPECS
****************************************************
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·JSB cENTR
DEF" Li'10DE
.JSB EFi:F::SU
LDt=I LMOIlE,I
S'T H F L I t4 K
LI!t=I LSCt=lL, I
C~1t=1, I Nt=!
STH NSCHL
J :r-i P L I< S: Cti , !

HRS SRSET BEEN CRLLED?
YESa GET LINKED-SC~N ST~TE.

SH;·iE HS FLHG.
GET LINKED-SC~N seRLE FRCTOR.
t~EGt=lTE.

RETURt-.t •

****************************************************
* NSCRN - EXECUTE NJTH SCAN *

t~ NI) P
I PLOT r~OP

LDSPL NOP
L 1.-.....
1'11..) r

JSE • EHTR
DEF N

...
w

* CHECK THRT RLL REQUIRED PRRRMETERS HAVE BEEN
'* SPECIFIED.

.JSB ERF::SU
LDB 12
LDH 01'::: Bi.IJ

HRS SRSET BEEN CRLLED?
YES. GET NEXT ERROR CODE.
CHECt( FOi:.: S:C;·~Bt.I.1 II

NO PRIOR SCNFQ. ERROR NSC~N-3.

NO PRIOR SCNMS~ ERROR NSCRN-4 .

LDt=i Oi<FGJ

:s: Z t=I , f;.: S s:
.J~lP Ef;,:r;,:
LIlA O~::ME:S:

INB
SZH,RS:S:
.J t:l P E ~: ;;:
I or••-. .-. I ..' or••-. T
I- .1..1 t1 I_I ..... J..I t1 I

T i-.i i:a
J. 11 J..'

S~~IP IF O~(.

t·~o PF:: I OR s:ct~BbJ ..
CHECI< FOR SCr~F!~l.1l

= :~:

:S:~:::IP IF OK ..

CHECt( FOl=-: :S:Ct~t:1S 11

= 4
St(IP IF 01< ..

...... I : r- .... I.,' ........ r-. .:-. ,........ .,. ,'.,
1_. n t:.. 1_. ro

•• r I_I 1"=. .::.. J..I 14 I t1 II

_. c::.........'

ERROR N','i'OiJ-':'
II"" '_'111. _.

'*

•...I~1P E~~R:

..-..... ..... .... ..-"...
..J .:::. .t:i 'L! ri I:.. H

DEF' F i'i HZ
or, ..... r- r- I I ...,
.1..1 t:.. r r n r::..

~L."TO TI:"" ;-1:. ..
'.." I", J. I J. I s:

NO PRIOR SDRTR. ERROR NSCRN-5 .

.... 11 •• .-. - -._ ""1- ._ •• _ .

, !_! '''1 I:.. I !_! .:::. I H I"'~ I J. f"1!.:: t" 1":: t:.. !.:.! U I:. N '_. r II

* IF LINKED-SCRH MODE SELECTED, BRCK UP INITI~L

* TUNING BY 1/2 OF R SUBSC~N, EG:
* CRLL STEP(-FLORT(LSCRL-l)*STEPI/2.)
* SINCE NSCRL = -LSCRL, THIS REDUCES TO:
* C~LL STEP(FLO~T(NSCAL+l)*STEPI/2.)

LIrA FLINt(
:SZH;R:S::S:

GET LINKED-SC~N FLAG:

J t:i P
LDI=I

.... a-• .0:". r .,..
i r'.. ..::.::.. :

NSCI=IL

;.1 ...••
:'1 J..) It

'.... ESu G:ET ·-t·~O. OF

...ISB FLOHT
DST TEMP

cOt~;·iERT TO j;.:E~iL II

.:"..... iIi"
·'::·14 'tl c.. II

103



DLD ISTE?
.J:S B .FMP
,..,r-r- TEMPJ.I c.. r

JSB . FDV
DEt D2
nST TEt'lP
.JSB STEP
DEF *+2
liEf TEMP

GET FREQUEf~C'{ STEP SIZE.
=FLOAT(NSCRL+l)*STEPI

=FLORT(NSCRL+l)*STEPI/2 •

SRVE TEMPORRRILY.
RDJUST TUNING.

'*
'** PRESET RRRRY RDDRESStS, LKFLG, PLOT FREQUENCY
* NWMBER, COUNTER, ETC.

GET MRIN D~TR RRRRV RDDRESS.

GET REF RRRRY RDDRESS. (TRRSH
IF DFSC:N NOT DEFINE]'':;).

PRESET MRIN SCRN LOOP COUNTER.

INITIRLIZE PLOT FREQUENCV
I t-i DE ~~ I NG I

'CRLCULRTE ONE TIME CONSTRNT
Cr'1SEC) OF BW (= 1 ....·EW1.

CONVERT TO 100~S OF USEe.

SRVE TEMPORRRILY.
GET VIDEO FILTER STRTE.
SKIP IF VIDEO FILTER orF:
FILTER ON, SET 3.3 MSEC.
CONa·lERT TO RERL.
GET ,0 aI/ERR L L T I ME CON S T i=fN T i

=( BI.a.l+ VI D) DEL~'T'S

MULTIPLY BY NUMBER OF TIME
CONSTRHTS SPECIFIED.

* CRLCULRTE/STORE NEXT FREQUENCY TO BE TUNED.

DLD ISTEP
JSB SSTEP
.JSB PSTEP

GET STEP SIZE.

* IF N=l, INITIRLIZE DRTR ARRAY TO -288.

LI;;:-; N,I
S T.H ri T Hs: r~

HDH I t'12
S:St=l~R:S:S

.JMP COHT2
CL R , I t~ A
:S:TH t·4THSt·~

.JSB RINIT
DEF *+5
IIEF I=IDt=lTI="i, I
DEF Ii

13 E T t-.l.
Si=lVE t=iS !!N-TH SCi=iNu.
= ri-2

t~ .( = 1; S: E T N=1 •
:s:t=lVEIi
INITIRLIZE ELEMENTS 1 THRU NPTS

OF THEDRT~ RRRRY TO -200.
(-200 DBM IS LESS TH~N ~NV

THING THE 85S0 C~H ME~SURE;
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DEF DM200
NOTE THAT YOU C~N~T SET 0
BECRUSE UNITS RRE DBM.)

* START MAIN TUNE/MERSURE LOOP.

COt~T2 LDR FL I NK
SZ~,RSS

J til P B Ld T :s T

GET LINKED-SC~N FLRG.
LINKED-SCR~4?

NO.

* STRRT SUB-SCRN OF LINKED-seRN.

Til ,... T". I...a ......-,. ,"":r 'l"i'ESJ..l I- J..I J..l ••• a:::. t::.l tof .
SiH Ht'i H::-:: PRESET R r·j i=li:: T·O -20e.
ST:S Hr'l H::< + 1
LDH NSCAL GET ( - ) NO . OF' SUB-SCRH E.L E:f'1El..f T S
STH ri s: UB SRVE .

'*
.. SET :e:US T I ME~: ACCORIr I ~~G TO II BWF"LG"

B ll.l T S T .JS :B B US Y 1
JSB HLDOF
DEF *+2
DE F i'i sn L .....

ENCODE ME~SUREMEHT DELAY.

* MRKE SPECIFIED MERSUREMENT •

.JS:E: MSEL
DEF *+5
DEF ta1ST liP
DEF MTIME
It EF t·4 TRPI
DEF Ht'iPL

* SET 100 MSEC DELRY IF BAND-CHRHGE FLRG IS SET.

LIlA .1:;;P2F

.J t'1 P

.JSB
CONT:3
HLDOF

GET BRND-CH~NGE FL~G.

FLI=IG SET?
t·tO B t=I HII - CH t=I ~~ I:;: E •
SET DELRY OF lea MSEC.

ItEF *+2
DEF I1000
.JSB BIJS·.... 1

* GET SYNTHESIZER STRRTED TUNING NE~T FREQUENCY.

COr~T3 LDH NFRQ
.JSB a ri Ft:; 0
I1LD ISTEF'

OUTPUT PRE-CRLCULRTED tREQUENCY
CRLCUL~TE NEXT FREQUENCY:

JS:S
.J:S B

SSTEP
r-•.,:". .,.. ,... r-•r ..::. ! c.. r

* IS THIS H LINKED-SCAN?
...
":":"

I T••-. I:"" I T 1-.. L···..... ..... r1 , ........ 11'··. ':;;ET L I ~~KED-SC~t-~
L I t~ 1< E II - s: CAti ?

E:" I ,-.,-.
• ... .... a,:t •

*
JMP CONT? NO:

* IS THIS THE LRRGEST ~MPLITUDE (SO FRRl or THE

..-
":e:'
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YES. -GET CURRENT MAX AMPL.
=HMHX-HMPL

DEF Rr·1PL

-JMP COt·4T6
Ht'l P L > ~ r·, t=I ~:-'~ ?
NCr.

r~LI! i=iMPL
s: T H H t'l H ::-::

r.J r- .:--
I c.. ..::. 1l

REPLRCE RMRX WITH RMPL.

* INCREMENT SUB-SC~N.

.J r'l P E: I.J T s: T

STH HMPL
STB HMPL+1

COMPLETE?

YES ..

SUE:-SCRN
t·~ 0 .

DEFINE RMPL=RMRX=

NSUBT ·or- -,...~ '-

* SELECT DISPLAY TVPE.
'.-':':'

CONT7 DLD RDRTR,I
S:TH OLDHT

GET LRST D~T~ V~LUE RT THIS ~REQ

s: HI·i E II

STB OLIIAT+1

AD:=: !M3 = LDSPL-:3
SSR,RSS

I t·~ R
S Z l=i

.Jt:1P St.JCH2

LDSPL )= 3; CUMULRTIYE ENVELOPE.

LDSPL <= 1; INDEPEHDEHT SCRNS.
LDSPL = 2; CUMUL~TIVE ~VERRGING•

* INDEPENDENT SCANS ..

SWCH1 IfLD Rt'1PL
DS~VE D~T ~D~T~,I

ISZ ~DI-'=ITt=I

GET CURRENT MERSURED ~MPLITUDE.

St=!'·... E IT.
INCREMENT D~T~ ~DDRESS.

rsz ~DHTi=I

* CUMULHTlvE HVER~GING.

* RMPL = (FLO~T(N-l)*OLDRT+RMPL)/FLOAT(H)

L T'••-. L I 'T' ; I ':-d. r
J.I H ..... n·.':- ....

1·:-- t:: FLOHT........:- ....8

..... .,.. .-. TEt:1P•.::. : t1

:S:TE: TEt'iFI+ 1
.jSB II PSE:
T'. r- a- .,.. tI
J..I !:.. r .1..

'
.L

JS:B .F i'i P
DEF OLDRT

1-::--0 FHIi........:...... II

T'. a- a- .-........... I
J..I !:.. r Hr!r !....

.......,:- ..... I:'i:U
If I .r..'''-

I;EF T E ~1 P
:s: T 1=1 1=1 t:l P L
..-:--T·!:· t="it1PL+ 1-,.:. I .L.'

: 1'.1 ::::: Ii :5: H ~I:' E·...·,,1

I:;;ET N •

SRVE TEMPORRRILY •

=FLOt=lT (t·~) -1.

= FLORTCN-ll*OLDAT

= FLORT(N-l)*OLDRT+RMPL
= bJE I GHTETJ i=ft'lPL"

REPLRCE MERSURED RMPLITUDE WITH
I,;JEIGHTED l:il=tLUE I:FOR PLOTi.

* CUMUL~TIVE ENVELOPE.
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ShJCH3 DLD OLDRT
JSB .F'SB
DEF AMPL
SSi=I
JMP SWCH1
DLD OLDRT
ST~ t=i t'l P L
STB Rr~PL+l

JMP Sl..ICH 1

"*
* PLOT OIJTF'UT?

*CONTS LDH IPLOT,I
SZt=i,RSS
JMF' Ct~T10

LD~ FDIFF
SZHJRSS
J t'l P CONT9
DLD ~MF'L

.J S E: .FSB
D'EF i=lREF,I
STr=I r=lMPL
ST:e HMPL+1
1-::- 7 t=lREF--I (". .., RREF'o:-a:;.

CI) ~rT'9 ..1 S E: F'LOT
DEF" *+4
DEF I t-i D.E :~:

DEt t=lt~ P L
liEF I :3

*'
*' DOt-lE?
'1:

eNT10 DLD INDEX
JSB • FR!r
liEF D1
STR It..fDE>:~
.;-..,..,... INDEx+1..:.:,c
T-:"-? COUt-iT.L '0:- '-

JMP COt~T2

..1 r" p ~i S C i=4 N , I

GET OLD DRTR.

SUBTR~CT CURRENT AMPLITUDE.
OLIIRT )= t=I~1PL'?

tiO.
VES. REPL~CE RMPL WITH OLDRT.

GET PLOT OH~OFF FLRG.
PLOT'?
NO.
YES. GET DIFFERENTIRL FLRG.
DIFFEREN"TIRL PLOT?
·STRNDRRD PLOT.
DIFFERENTI~L PLOT.

SUBTR~CT REF FROM AMPL.
PUT B~CK IN ~MPL.

INCREMENT ~REFTWICE.

PLOT THE MERSURED,
1I1'1RSSRGED" DRTR.

INCREMENT PLOT FREQUENCV INDEX.

SC R~~ C 0 til P LET E ?
NO.
'·{ES. RETLIR~~.

..
****************************************************

ERROR MESS~GE H~NDLING'*
*w
'*
'*
*
*...

ERROR NS:CRt~-l I

ERROR NS:C~~~-2:

ERROR NSCi=l~~-3:

ERROR NSCI=IN-4i
ERROR NSCRN-51

t·~O F'RIOR SRSET.
NO PR I OR S:C~~BW.

t·~O F'R I OR S:Ct-~FQ.

NO PRIOR SCNMS.
NO PRIOR SDt=lTt=I.

****************************************************
*E: RRS U t~ 0 Fe

LDB 11
LDt=I O~:SU

SZR,RS:S:
Jr'1P ERR
Jr'lP ERRSU, I

E:t~Ti=:~t •
GET SU ERROR CODE, JUST IN C~SE.

GET SETUP FLRG.
FLRG SET?
NO. ERROR NSC~N-l.

O~~ • RETURt-i.
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"*
ERR STB ERCOD

1<-. Tr ERROR..J':"D

liEF *+:3 !

DEt ERCOD
DEF E:RRM
.J s: B .STOP

'*ERCOD NOP
E J;: Fi: 1"1 I;EC 5

~sc: :3,NSCAH

'*

PUT ERROR CODE NUMBER IN ERCOD~

ERROR CODE STOR~GE.

'*" *'* '* * '* '* '* '* '* *"* * '* '* ***** ** ***** '* '*.,.. '* **** ****** **** it *** *" *'
'*
'*
'*

CO ~t,ST R NT S RH D POI H T E R S '1:,

***************************************~*********~**

'*
of

DM20e DEC -200.
Dl DEC 1 •
D2 IIEC J')

e:... •

D5 DEC 5 •
I; 10 DEC 1e •
'*I t12 II Ec: -2
i t'13 DEC -3
I 1 DEC 1
I2 DEC 2
or .-, I;EC .-,
J. .:J .:J

15 IIEC 5
I33 DEC 33
11e00 DEC 1eee
;;:.

****************************************************
* STORAGE

* *
**********f*****************************************

CURRENT PLOT fREQUENCY IHDEM HUMBER.

STRRTING fREQUEHCY~ KHZ PRRT.
.. II II II

RDDRESS OF CURRENT DRTR RRRRY ELEMENT
MRX RMPLITUDE IN R SUB-SCRN.

COUtiTEI=: •
FIRST RDDRESS IN D~T~ ~RRRY.

DIFFERENTIRL SCRN FLAG.

II

..

nII

II

..

It

II

..

II

u

II

II

II

..

CURRENTMERSURED RMPLITUDE
(MRY BE DB, DBM p MW, OR UV)

ADDRESS OF CURRENT REF RRRRV ELEMENT.
l.r. Bt=lHIII.•.IIDTH FLRG (FOR uTI.I.IFilTU)

LINKED SC~N FLRG.
2 ST~RTING FREQUENCY, MHZ P~RT.

I.F. Bt=lt~DWIDTH.

.;.:-

RTBL DEF
RDRTR tiOP
Flt-1FtX t..fOP

t~OP

i=iMPL NOP
NOP

FlREF NOP
Bl.dFLG ~10 P

NOP
COUt~T t~ 0 F'
DRTi=ll ~~ OP
F"DIFF' NOP
FHZ riOP

t·~ (I F'
FLINK t~ 0 P
FMHZ B 0:"••:0-.:..~
IFBW t~ 0 P

NOP
INDEX NefF'

NOP
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II

..

II

II

IIn

. IIII

11

TIME CONST~HTS OF DEL~Y

BETWEEN MEASUREMENTS.

FIRST RDDRESS IN REFERENCE RRRRV.

8660 PH~SE-LOCK FLAG.
MERS'MENT DELRY, 1ee J S OF USEe.
MERSUREMEHT TYPE.
MEASUREMENT TIME, MSEC.

If It n

SCRN STEP SIZE J KHZ.

Nur'1BER OF IIATR (~HD REF) POINTS.
(-) NO. OFDRTR ELEMENTS~

(-) NO. OF FREQ'S IN LINKED SUBSCRN.
SUB-SC~N ELEMENT COUNTER.
N-TH S:C~~i Nur'1BER (> = 1).
I ~iTERRtfPT FL~G (F'OFC~ PER~~-HOLD r'10DE).
BWDTH FLRG, =-1 RFTER SCNBW EXECUTION
IIATA fLFfG, =-1 RFTER SIIRTA E:~ECUTICIN

FREQ FLAG, =-1 RFTER SCNFQ EXECUTION
ME:~S FL~G, =-1 t=lF'TER S.CNMS 'E~{ECUT I ON
S~TUP rL~G, =-1 RFTER SRSET EXECUTION
OLD D~T~ RT CURRENT FREQUENCY.

HPHTS
NREF
t~SCRL

HSUB
~~THSH

NTRPT
OKBW
OKDFlT
OKFQ
OKMES
OKSU
OLDr:"T

ISTEP NCiP
N"OP

LKFLG ~~OP

MSDLV NOP
r'lST'T'P HOP
MTIME NOP

NOP
NOP
NOP
t~OP

~~OP

~~OP

HOP
NOP
NOP
NOP
t~OP

NOP
NOP
N(IP

REF! NOP
TCDL't NOP

t~OP

ZTBL DEF' *-1

** THE PRECEEDING STORAGE. LOC~TIOKS, COMMENCING WITH
... (SRSET IS Ct=iLLED B'T' RD'T~t'iS).

TEMPORRRY DRTR STORRGE.TEMP NOP
NOP II .. II

EHD
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RSMB,L
HED PKAYG - 85SeB MIH/M~X/RVG AMPLITUDE

t·~ R tal P.' I=JlyfG , 7

****************************************************
of

*'
"*

* PKRVG WILL BE CRLL~BLE FROM EITHER fORTRAN OR *
~ ~TS B~SIC, RS. *
* ** C~LL PK~VG(TIME,~MIN,RVG,RMRX) *

RM I t·t =
HVi:; =

F1~1RX =

********************************************.********
*
'*
*
'*

NO NON-ST~NDI=IRD SUBROUTINES OR fUNCTIONS
HFi:E USED.

*
of

*
"*

****************************************************

* RF1 t'1 27 .JUNE 1977

"*
*MODIFIED FOR RTE *

* *****************************************************

a ENTR !I BUS.,.. 1 ,E::-::EC
COREK,FLORT
IF I::.:: ,.FAD, .FDV
aF~1P!l .FSB

• Et..fTR
T I t1 E

ENTR'y' PO I ~~T •
** PRSS IN PRR~METERS.
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*4 WRI1 UNTIL BUS IS NOT BUSY.

*i-- CL.E:RR REP E RTF L 1=1 G j SET T I) -1.
'* SET FIRST TIME FLRG.
* SET RPE~T: ~SSUME ONLY 1 LDOP

** or < 30K RDC vRLUES NEEDED.

*'* GET I NTE1:;RI=IT I ON T I ME (MSEC).
-:Eo TIt1E ~~EI:;:ATr""'EI7"

* TltllE >= 0.
-:Eo =SET T I tl1E TO €1 1

'* SR'VE IITIME n
•

* TEST FOR MAX OF 60900.
* (SUBTR~CT 60000.)
'* RES IJ LT >= i0?
* TIME < 60000, GET IT BACK.
'* LIMIT TIME TO 60000.

** GET B~CK TIME.

** :~~Ct=lLE uTIr1Eu TO T(ITALHI..J~1:BER

'* OF ~DC RE~DINGS REQ~D.

* SRI·... E I t~ NFL T.
* SUBTRRCT 30000.

* REMAINDER >= 01
'* < 30000 SRMPLES REQUIRED.
* >= 30000, M~KE INTEGER.
'*" SET RPERT FOR 100 LOOPS.
* I:;ET BRC~:: .. T I r1E II •

* DIVIDE NrLT BY '100
* RND ROUND arF TO
* GET COUNT/LOOP, CREF.

* ~CCOUNT FOR POSSIBLE
* TRUNC~TION ERROR IN
* CALCULRTION OF CREF BY
* COMPUTING EXRCT NFLT.

**
** GET BHCK REQ 1 D NO. OF TIMES.
* RDD .5 TO ROUND
'* 0 F F 1"1

1 I=IL UE •
* TRUNC~TE TO INTEGER.
-:Eo ZERO?

* ZERO~ SET FOR 1 ~DC RERDING.
* CONVERT TO RE~L.

** NEG~TE; STORE ~S COUNT
** REFERENCE, CREF.

* CLE~R n 1=110.1 TI Bn t 1 ....

"* REi:; I STERS;

** I t~ I T I F~ L 12 E CS U~1 TO e •

111



** INITIRLIZE RSUM
RHD OFLOltJ
TO 0.

* GET COUNT REFERENCE)
** STORE IN COUNT.•

*'** TAKE RN ADC RERDING
* AND RESET THE RDC.

**

** S~VE RDC TEMPORRRILY.
* GET FIRST TIME FLRG.
'* SKIP If NOT FIRST TIME.
*" It-.lITII=tL.IZE: t'lIH ~t·~D r·1RX .•
* COMPARE RDC WITH MAX.
* SKIP IF POSITIVE.
* OL:q ta11=tX I SOK.
'* GET BRCK RTEMP.
* t·~ EG r=t·T E .···t·~ Ell.l ~1 r=t}( •

"* S RVE NEW til R::-:: •
* GET BI=tCK I=tTEMP.
* COMPRRE RDC WITH MIN.
~ S:~(I P IF NEGt=lT IVE.
* 0 L D til I N I:S 0 r< •
.* I;ET EU=lC~~ RTEt·lP.
* NEG~TE NEW MIN.
* S t=I VE ~~ E 1.1.1 tli I t~ a

* GET B~CK RTEMP.
* RCCUMULRTE DRTIR.
* IS ASUM POSITIVE?
* NO. r=tDJUST RSUM ~ND OFLOW.
'* "I"' ES. S R 1",1 E R.S: U t1 •
* I t~CREt'1Et·~T t=lNII TEST COUNT.

** GET NEXT RDC RERDING.

** COUNT LOOP FINISHED.

* GET FLO~TING POINT
* Ef;!U I II"'RLEt~T OF
* TOT'~L r=tDC SUM.

*
'*
*
** CUMULATE WITH CSUM.

**
** I=tLL LOOPS DONE?
** NO. DO NEXT LOOP.

** YES. GET RVERRGE RDC ·VRLUEI
** (It I V I ItE CSUr'1 B'l·' ~~fL T) •

**
112



JSB CO'REK
nST RVC,I
L Ii H t'l I ti
CMFI,INFI
JSB CORE.'
!IST RtI1IH,I
LDR MR>~

CfI1r:l, I t..J~

.JSB CCtREK
nST R~lR~·~, I
.Jt·1P PKt=lVG, I

*FIXIT R~L,CLE,ERR

ISZ OFLOW
.Jr1P ICOHT

* CONVERT TO DBM.
-:Eo

'* GET f·1IH.
* MRKE POSITIVE RGRIH.
* CONVERT TO DBM.
* RETURN t=lS ~MIN.

'* GET MR>(.
* MAKE POSITIVE RGRIN.
* CONVERT TO DBM •
'* RETURN RS RMRX.

** EXIT SUBROUTINE.

** CLERR SIGN BIT.
* INCREMENT OVERFLOW

** A(:CUt'1UL~TOR•

~ NOTE. OFLOW IS ALWRVS POSIT1VE:, SO IT CRN NEVER
of GET SO L RRGEFtS T IJ CALI SET H E: 10 I S Z OFL a1,.1,"
of T 0 JU MP' TOil I NIT n •

ItoJIT cr~R, IN~

S: T t=I tl1I N
STFI MFiX
Cf'1B, I t..JB
ST:a FIRS:T
J tal P RS Ur~,E

** INITIRLIZE MIN RND MRX
* TO NEG~TIVE Ot THE
* fIRSTFIDC VRLUE.
'* t..JEG~TE FIRST TIM'E FLRG.
* STORE BAC~( IN' IIFIRST II •

** RESUME MERSUREMENTS.

'* '* ***' .. '* '* *' '* *' '* '* '* "* '* '* *' **' '* '* '* "* '* '* ',* * '* .. '* "* '* *' '* '* ** '* .. * "* .... ** *' '* ***'*
* '*CONSTANTS & STORAGE.

* ************************************************4****
of

RSIJ t'1
FlTEMFI
C t'1 til t..J D
CO~~S:T

COUNT
CREF
CSUtl1
VAL
• 1
.2

D100
D:3e~::

D60t(
F"RCTR
fIRS=T
Ita1100
MRX
ta' I ti
NfLT
OFLOlJ
PTFIV
RPEFIT

*

BSS 2
NOP
OCT 1'0 0001
!IEC :32768 .
NOP
NOP
BS:S 2
B'··'· ;2........
DEC 1
DEC 2
IIEC 213
DEC 100.
!IEC :38888.
DEC 60000.
IiEC 25.
NOP
DEC -100
NOP
t-.lOP
BSS ;2

NOP
II E c: ,.5
NOP

EHD

RDC ~CCUMULRTION (SEE O~LOW).

CURRENT RDC VRLUE.
~DC i="1IIDRESS.
SCALING FOR OFLOW.
~DC COut~TER (=I=tDC J S ..... LOOP) •
COUNT REFERENCE VALUE.
CUMUL~TIVE SUM (RSUM+OFLOW)'S.

NUMBER OF LOOPS FOR >30K RDCIS.
MRX NO. OF RDCJS PER LOOP.
Mt=I>~. nTI~lEII (MSEC).
SCi=lLE Fi=lCTOR (= t='4DC RRTE, KHZ).
FIF::ST=l IF 1ST RIle (=-1 RFTER).
RPE~T COUNT FOR >30000 RDC~S.

MRXIMUM FIDe VRLUE.
MINIMUM ~DC V~LUE.

TOTRL NUMBER OF RDC READINGS.
OVERFLOW COUNTER (INTEGER Mt=lTHl.

NO. OF REPETITIONS Of t=lDC LOOP.

113



F"TH,L
SUBROUTINE RSMTHCRRRV1,Nl,RRRY2,N2,NTOTL,NRVGl

C RSMTH: ARRAY SMOOTHING
C

IIIt'1EHSIOH RRRVl (1) ,RRR'y'2(ll
C

C: * '*"* *'* *'* '* *'"* '* ** '* '* *** '* '* **,*** **" *" *** * '* '* '* * '* **** *'* '* *****4*44** ***
C * *
C * RSMTH SMOOTHS THE D~T~ V~LUE VARIRTIONS IN RRRY1, *
C * CRERTING R NEW RRRRY,RRRY2. ERCH ELEMENT IN RRRV1 *
C * IS AVERAGED WITH ITS NRVG RDJRCENT ELEMENTS (E.G. *
C * NRVG=l AVERRGES THREE RDJRCENT ELEMENTS; HAVG=2 *
C * AVERAGES FIVE ADJACENT ELEMENTS; ETC.) THIS AVERRGE *
C * IS STORED IN RRRY2. N1 RND N2 RRE THE ST~RTING *
C * RDDRESSES IN ~RRYI ~ND RRRY2; NTOTL IS THE NUMBER *
C * OF ELEMENTS IN RRRYl TO BE ~DJUSTED. NTOTL MUST BE *
C * GRERTER THRN 2*NRVG+l. ~

C * *
C *************4********************************************
C * *
C '* FI T :s~ BFI S: I, C BRRHCH T 1=1 BLEE t~ TR'...' : t=I S t'1TH ( R , I ,R , I , I , I ) J *"
C * *
C **********************************************************
C * *
C * NO NOH-STRNDRRD SUBROUTINES OR rUNCTIONS ~RE CRLLED. *
C * *
C ********************.*************************************
C * *
C * *
C * *
C ***************************************4*****4**4*********
c

Ilio =0 •
11=1
Nt EHD=N 1+HTI)TL-·I 1
N2TMP=t'~2

NSTOP=N l .... t..J~VG
50 RTEMP=D0

"DO lee J=Nl,NSTOP
100 RTEMP=RTEMP+RRRY1CJl

c
NTEMP=NSTOP-N1+I1 '
ARRY2(H2TMP)=~TEMP/FLO~T(NTEMP)

NSTOP=tiSTOP+Il
H2TMP=H2Tr1P+ 11

c

300

c

(=

c

2ee H1TMP=Hl+HAVG-Il
210 N1TKP=N1TMP+I1

..1 1 =t..J 1 Tt·1P.-teit:iVG
J2=t41 Tt:1P-I-NI=IVG:
ELMTS=2*~~FJVG+I 1
~TEr:fP=D0

II 0 :3 €I €I .J =.J 1 !I.J;2
~TEMP=~TEMP-l-~RRV1(J)

/

I=IRR·.... 2 (N-2Tt=lP) =I=lTE~lP"'''ELt1TS

N2Tt'iP=N2Tt'1P+ll
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c

c

It (J2-N1ENDl210,400

400 N1TMP=N1TMP+Il
RTEMP=D8
DO 500 J=N1TMP,NIEND

500 RTEMP=RTEMP+RRRV1(J)

RRRY2(N2TMP)=RTEMP/FLOAT(NIEND-H1TMP+lll
N2TMP=N2TMP+Il

IF (N1TMP-N1END)400,600

600 END
END$
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F'TN,L
S UBR OUT I t~E S I J;BW (DRTR , NS TRT ,N STOP ,'DB, r'STRT , FSTOP)

C S I GB 1.1.1 I S I GNR L B 1=1 t~ DtJ I DT H (& S ..... t..J EST I ~1l=t T I 0 t"~ lOr:- 1=1 R. R R t)' DR T R
C

DIMENSICtl..~ DATA (1) ,Rr1MM (4)
c

********************************'*.************************

HOH-STRNDRRD EXTERNRL SUBROUTINES CHLLED HRE:
i=i t:1 ~1 t:1 :s:

'* I=I:S: E 1=1 R CH IS THEN CO ND UCT,E DINE t=I CH D I~: E C T I 0 t·~ F R I) M
4 THIS M~XIMUM TO FIND THE FIRST ELEMENTS WITH R MRG-
'*' NITUDE OF uIIB Ii LESS THRt·~ THE IIDt=lTt=llItI1t=1::'~ItI1Ut'11 Of:;~rII-

'*' NRRILY, THIS WILL REQUIRE INTERPOLRTIONFETWEEN
* AII.JACENT IIIIRTA,II VALUES. THE It'~TEF:.~PCILHTED i,:,IHLUES OF
* THESE POINTS RRE RETURNED AS FSTRT AND FSTOP.

"* SUBROI.JTlt~E SIGBW SEi=lRCHES THE RRRt=lV' "D1=IT~1I FROt·1
.:.;. E L E til E r~ T NS T R T TON :s TOP, I t·~ CL IJ S I IIIII E, L 0 C t=I T I t,~ (; THE
* LRRGEST DATA YRLUE. NSTOP MUST BE >= HSTRT.

"* CULHRL·...• USEF"UL C·t=lLL TO PRECEpe: IISIGBW II WHEN THERE .;Eo

-* litH 1•••1 BE i·iOt:i:E THt=iT Or~E :S:IGt·~HL It,~ THE !tDHTi=i U i=iRRi=i"I"; *
"* II t.~FLCT II 1...1I LL LOCI=ITE I~LL THE LOCi=lL t:1 I N I t:1i=l i=!ND ~1i=i::'~ I MQ ;:-
"* IN THE RRRR··.·· If Di=lTR II • THE Pi=I I RS OF t'i I N I r'li=1 BRHCKET I r'~G *
* R PARTICULRR tI1R:=-=:I r1Utl1 HJ;.~E THEt~ USED B"I·· liSIGBl.lJIi AS ITS *
* S~RRCH LIMITS. *

'* IF THE REQIJESTEII uDB" FOR 1..JHICH THE Bi=ir4DI,.JIDTH IS T'O ;.:.
* BE DETERMINED IS TOO LARGE FOR THE RCTURL S/N RATIO *
* OF THE DRTR (SO THESERRCH WOULD RUN OFF THE ENDS OF *
'* T HE 1=1 RR 1=1'•••'), II FS T F<T It 1=1 N D II F S TOP If ~J ILL BE RET URN E D r:- 0 R .;Eo

"* H REDUCED l.lt=lLUE OF" II riB II • THIS: t~EW 1•••It=lLUE OF II DB II LJ I LL .:Eo

* RLSO BE RETURNED TO THE CRLLING PROGRRM~ SO CHECK THE "*
* 1:/1=1 L U E 0 F II DB" RET U R~~ EDT 0 B E :s: U RE 'rl

I) U I:; 0 T bJ HR T 'T' 0 U *
* W~NTEDl ~ SPECI~L C~SE OF THE RBOVE OCCURS WHEN THE *
.;.:. n DHT H II t'l i=I ::.:: I .tll Util I:S E I THE R THE FIR s: TOR L ~ s: TEL E r:l E t"~ T 0 F' .;Eo

'* THE t=iRRt=i'l-'. I t~ iH I S Ci=iSE, !! DB!t IS: RETURt'4ED i=iS ZERO. *
* *'* S~100THING OF THE D~T~ t::S:UBR(IUTII"~E "!=ISt"ITH") IS OFTE~~ *
* ~ USEFUL SIGN~L PROCESSING CRLL TO MRKE PRIOR TO R *
* C I=IL L TO tI S I GBW". :s: UB R (I UTI ~~ E II ~~ F LeT II I:S: R P I~ RT I - *

........

c

c:
c
c

c
c
C
C:
C
C
C
C:
C
C
c
e
c:
c
c
c
c
c

c

c
c

c

c
c

c
c
.-."_.
e
c
c
c
c
c
c
c:
c
,-._.
1-·_.
r·...
C
C.-......

c
I 1 =1

c
C *"*.;.:. F I t~ D L (I C t=I T I Cr H t=I ND V i=I L UE OF II D t=I Tr:l 1I jli t=I ;,; I til U tIl.

CALL AMMMS(DATR(l) JNSTRT~NSTOP~LMIN,LMRX,RMMM(1))

Ii i·1 t=I ~,; =R tIl t'l t'l ( 3 )
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(:

C *~* IS LM~X=NSTRT OR LMRX=NSTOP?
IF (LMRX-NSTRT-Il150,10

Ie IF (NSTOP-LMRX-Il)S0,lSe
50 DB=0.

FSTRT=FLOAT(LMAX)
FS:TOP=FSTJ:;~T

RETURN
(:

C *** CRLCULRTE TEST LEVEL, DBM.
100 TDBt=l=Dt=lt=tX-DB

c:
C *** SERRCH FROM LMRX TOWRRD NSTOP.

INCMT=Il
ISTOP=NSTOP

110 I TE:ST=Lt=1~~<
120 Li=lST=ITEST

ITEST=ITEST~INCMT

c
c *~* H~VE WE RE~CHED THE END or THE ARRAY?

IF CINCMT*(ISTOP-ITEST))3e0,20e
c
c ~** NO. IS THE NEXT D~TR VRLUE LESS THAN THE TEST DBM
C *** Vt=lLUE, .. TDBM" '?

2ee IF (TDB~-DATA(ITEST))120,4e0

c
c
c
C

3ee

3113

320

C
C

40121
C
C

*** END OF RRRR',.J, WITHOUT SRTISFYlt'{G "DB II TEST.
* FIND MIMIMUM DRTR VRLUE BETWEEN LMRX RND ISTOP,

*** THEN RE-DEF'INE IIDBn.
N1=Lt'1A:X:
N2=tiSTOP
IF (INCMTl310,320
HI 1=t~STRT
N2=Lt1R>~

CALL RMMMS(DATR(ll ,Hl,N2,LMIH,LMAX,RMMM(1))
DB=~LOAT(IFIX(DMRX-RMMM(l))) .
I:;OTO 100

*** Ci=lLCULi=lTE INTERPOLRTION SCRLING FACTOR.
SCi=lLF=(TDBM-DATA(ITEST)/(DRTR(LRST)-DRTRCITEST)

*** C~LCUL~TE FSTRT OR FSTOP?
IF '(INCMTl410,420

c
c * ** CHLeU LHTE I ~~TERP I) LHTEII FLO t=lT I Nt~ - P I] I NT F:S TRT "lRL LIE.

419 FSTRT=FLORTCITEST)+SCRLF
RETURN,-.-'C *** CALCULRTE INTERPOLRTED FLORTING-POINT FSTOP VALUE.

420 FSTOP=FLORT(ITEST)-SC~LF

c
C *** SEARCH ARRAY FROM LMRX TO NSTRT.

I ~~CMT=- I 1
I S:TOP=t-.lS:T~~T

GO TO 110

END
ENI'$
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FTt~,L

:s: UB~: I] UTI NE RS: CAL { I TV P E , DR T ~~ , NSTRT, .HS T0Pl
C ASCAL: RRRAY AMPLITUDED~TR SCALING
C (DBM TO/FROM MW, UV, OR ADC VRLUES)
C

DIMENSION DRTR(l·)

*****************************************************'*****

* RSCRL CONVERTS (SC~LES)THE ~MPLITUDE VRLUES IN THE *
'*" ELEt'1EHTS NS:TRT THROUG:H NSTOP OF ~RRR'·I·' .. DRTR" FROr·, *
* FROM ONE SET Of UNITS TO ~NOTHER, E.G.. *
* *

'**

.,..

'*

*..

*
*REV. 4: 5-31-75 *

OUTPUT UNITS.
MILLIWRTTS

MICROVOLTS (50 OHMS)
ADC

INPUT UNITS
IIBM
DBM
DBM

JULY 11, 1973

8580B - RMPLITUDE UHIT CONVERSIONS

* HRI

* ** FOR NEGATIVE V~LUES OF ITYPE, THE INPUT AND OUT~UT *
* UNITS RRE INTERCHRNGED. E.G. ITYPE = -1 CONVERTS *
* MILLIWHTTS TO DBM. *
* ** NSTOP MUST BE >= NSTRT. *
* ***********************************************************
* ** ~TS B~SIC BR~NCH TRBLE ENTRY: RSCRL(I,R,I,Il; *

*********************************************4************
* ** NO NON-ST~ND~RD SUBROUTINES OR FUNCTIONS ARE CRLLED. *
* *
**********************************************~***********

,-._.
C
c:
1-·_.
i-·...
C
i"'·....
I··_.
1-·....
i-·....

c
c

c
C

c
C
1-·_.

C,...._.
C
r·....
i-·....
C
C
C

C
i...·_.
1-·_.
c:
c
C
r·_.
,-._.

c ***** ******.;:. ****"* *'* '* '* '*"* *"* '*''* ** '* '* '* '* '* *'* * '* '* '** '* '* '* '* '* '* *'* '* '* '* '* '* *'* '* *'
I...·_.

I~TYP=I~BS(ITYP~)
DO 1000 I=NSTRT,NSTOP

DRTRI::DRTR(I)

c:

C
1-·_.

100 COTO C200,300,400lIRTYP

*** CONvERT MILLIWRTTS TO DBM.
DRTRI=4a342945*~LOG(DRTRl)

GOTO 1000
c:
r·_.

300

r·....
i-·_.

413121

1-·_.

*** CONVERT MICROVOLTS TO DBM (S0 OHMS).
D~T~I=8.68589*RLOG(DRTRI*4.47214E-06)

'::;OTO 10~)0

*** CONVERT ~DC TO EQUIV~LENT DBM.
D~TRI~COREC(IFIX(DRTRI))

t:;OTO 1~)t10
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500
C
C

G00

C
C

7ee

C
C

800
C
1ees

c

GOTO (600,700,See)IATVP

...... .;. C0 t~ V E: RT DBt1 TO 'M I LL I 1.\1 R, TT S •
DRTRI=EXP(DATAl*.2302585)
COTO 1'000

*** CONVERT DBM TO MICROVOLTS (58 OHMS.)
DRTRI=.223607E+0~*EXP(D~T~I*.115129)

I:;OTO 108e

*** COt·~VERT DBM TO EQUIVRLENT' ADC \/RLUES.
D~T~I=I~DCR,(D~T~I)

IIFlTA t: I ) =DFlTFI I

E: t~ D
END$
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SUBROUTINE RMMMS(DRTR,NSTRT,NSTOP,LMIN,LMRX,RMMMS)

C RMMMS. MIN, MERH, MAX, ~ND SUM (or ELEMENTS) O~

C RH RRRAV
C

*****~****************************************************

DIM E~~ S ION DRT R ( 1 ) ,R MMMS ( 1 )

*** SEARCH DAT~ ARRRY •
DO 130 I=NSTRT,NSTOP

'*
*
*
*

RM~lMS(l) = MINlt'lUt1
Rr1r'lr'lS (2) = t" E t=I N
RMMMS(3) = MR~'~ I MUM
Rt'1Mt1S (4:t = SUt'1

* ** SUBROUTINE RMMMS ~LSO RETURNS THE LOCRTION OF THE *
* MINIMUM FIND MFI>::IMlIM, FlS IILt1It~1I FIND IILMRXII. *

************************.*********************************
* ** SUBROUTINE RMMMS DETERMINES THE MINIMUM AND MAXIMUM *
;.:. V t=I L LI ES I H THE i=I RRl=I'y' II D t=I T R ( I ) II F" 0 R I =t~ S TRT TO t·~ S TOP , *
* INCLUSIVE. RMMMS RLSO CRLCULRTES THE MERN OF THE *
'* II Ii~Tt=I II V~LUES BETWEEN THESE TWO BOUt-~DS OF" I. THE *
* MIN, MERN, MRX, RND SUM RRE RETURNED TO THE CRLLING *
* ROUTINE VIR RERL RRRRY RMMMS, RS FOLLOWS: *
* *

* .;;:. "* ti 0 TE = THE CURR Eti T II RTJ=I 'v'R LII E!, D1=1 T t=I ( I ), I S RE-
* t=lSSIGNED TO R SIMPLE Vt=lRI~BLE, D~T~I, TO SPEED UP
* EXECUTION (THE SUBSEQUENT REFERENCES TO DRTR(I)
* NEED HOTRE-COMPUTE THE RDDRESS OF ~ SUBSCRIPTED

*** VFlRIRBLE). THIS RLSO SRVES SOME CORE.
DRTRI=DI=lTt=I(Il
DSUt:l=DSUtll+DI=ITR I
I F (Ii i'1 H:=-:: - DHT i=1 I ) lee , 1 1 0
Ilt'1F1:":=DFlTt=I I
Lt1F1X=I

* NSTOP MUST BE )= NSTRT. *
* ***********************************************************
* ** ~TS BRSIC BR~NCH TRBLE ENTRY: RMMMStR,I,I,IP,IP,Rl; *

*** INITIRLIZE POIt'~TERS, MIN ....·r·1RX nr=lT.t=I Vr=lLUES , ETC.
L til I ti = ti S T RT
Iii'1 I N=Iit=lit=i fNSTRT)
LMFI::-::=NSTRT
DMFI}'(=DMIN
DSUM=0.

~*********************************************************

* *.* NO NON-STAND~RD SUBROUTINES OR FUNCTIONS RRE CALLED. *

100

C
C:
C
C
C
c
c:
c
c
c
c:
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c:
c
c
c
c
c
c

c
c
c
C
c:
C

c.-.-'
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118 IF (DRTAI-DMIHl120,130
120 DMI·N=DATRI

L~1IN::I

130 CONTINUE
c
C *** RSSIGN VRLUES TO RETURNED MIN/MtRN/MQX RRRRY.

F~t'i1"1t'1:S (i) =Dt'1 I N
RMMMS(2l=DSUM/FLORT(NSTOP-NSTRT+l)

Rt'i t'1 t'1:S ( 4 ), =II :s Ut'1

ENII
END$
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FTH,L
SUBROUTINE RINITCDRTR,NSTRT,NSTOP,YRLUEl

C AIHIT: RRRAY INITIRLIZATION
C

DIMENSION DATR(l)

**********************************************************

* *"
***************************************'*******************

DO 100 I=NSTRT,NSTOP
II~T~ (I :- =r.iFlLIJE

*..R I N I,T ( R , I , I , R ) ;

**********************************************************
* '** SUBROUTINE RINIT INITIRLIZES ELEMENTS NSTRT THROUGH *
*' NSTOP OF THE: RRRRV .IIDRTR II

, SETTING ERCH ELEMENT EQURL *
of TO "VRLUE II

.. of

*
'*
*

* NSTOP MUST BE >= NSTRT. *
* *
******************************************4"'**~***4**4~***

* NO NON-STRNDRRD SUBROUTINES OR FUNCTIONS ~RE C~LLED. *
* *
*******************************************************~**

*... ~TS BRSIC BRRNCH T~BLE ENTRY:

c

c
c
c
c
c
c
c:
C
r'-'i-a-'c:
c
c:
r'_.
C
C
C
c:
r'_.

C
.-.
-'
C
r'...

E t-~ It
END$
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SUBROUTINE MSELtMTYPE,TIME,INTRP,RMPL)
MSEL; 8580B MERSUREMENT SELECT

FTt"4 ,L

,-.
oJ

C
C
C
1-·-"
C
1-·-'

"*
'*
*

8580B MERSUREMENT SELECT

C * SUBROUTINE MSEL SELECTS R MERSUREMENT TYPE RCCORDING *
C '* TO THE tyf t=1LUE OF III·r1T'...'PE II It

C
1-·-',-.
-'
C
c:
C
C
c
c
C
(:

c

*
'*
'*

*
"*

1

3
4
5

"':'
I'

o....

t'i E R:S UF:: E t'1 Et·~ T
SUBROUT I t'~E

Dr (;:(;0
n T ,-• .-. II..... ... '':' ''::' '-'

t'l :s R: t'1 :s:
t'l S Fi: i'l S
P ~~: r::; '..a' G:

PKI=lVG

1=I"lERt=lGE
11:.1:"" .-......
U I- n I" •

Tf;.:UE Rt'1S
TRUE ~~t'1:S

T r;:~ U E R til S
F' E i=i .~: .,.... i=i '",' E F:: i=i GE

..... T ... 1'il ... 11

Ut~ITS:

DB t·,
II:B ~1

II B ~1

t·11.1.1
UV
DB
DB
DB

'*

'* *
**4*******************************************************

NON-STRNDRRD SUBROUTINES OR FUNCTIONS CRLLED RRE:
~1 :s: r;.:t'1:S, P .<R 1".1 t:;

* THE P~RI=t~1ETER:S: UTIME II
FOf::~ nItlt~t~OIl OR lIP~:'HLIIIIJ IIt·1SECI•

"* FOR II D I ::; G 0 II, ;::; t·~ D 11 t·~ I=i V G II FOR II M :s: R MS II I=I REP i=I :s:s E DIN T 0
'* ra',iSEL !...! r H &1 T I i'iE!! • THE pt=lRi=ir'1ETER II I NTRP II IS IGNORED.

*

.:.:..'.
*

MS E L ( I !I R !' I !' R ) ;** ~TS B~SIC BR~NCH T~BLE ENTRY:

c
c

c
c
c
C
(:

C
C
C
C
c:

.-.r...

* *
* ;.:-

'* '*

c **********************************************************
C
C
C
C '****'***************************~~*******~******~*~~**~4~***
C

ITlt'1E=IFI:>~ t:TIt1E)

*'** INITIRLIZE MERSUREMENT SWITCHING
'* MSELR = MSRMS SWITCHING POINTER

i-·-'
c:
c
c *** MSELP = PKRVG .::-- 1.1 T T .-. U T ... r.-' 0 .-. T 1 T I:"" 1:1...:. .1..... . ._. I I ... 11 '':' I ._· 1 I ..... I".

POINTERS.

i'l:S: EL P = iai i··... P E - 5

C *** SELECT MEASUREMENT TYPE.
GOTD (10e;11e~120~120,120,150) MTYPE

100 CRLL DIGSU(0, -30*ITIME-l, 0., 50.)
CALL DIGGO(RMPL; Pi ~ P2)
(;:OTO 9999

C
110 CALL DIGSU(1, 0; TIME, 30=)

CRLL DIGGO(H, RMPL, P2)
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c

c

c

c

c:

,-.
'...

GOref 9999

120 CRLL MSRMS£ITIME,POWER,RMPL)
GOTO (9999,13B,140)MSELR

13~j R~1PL=F'OldER:

(;OTO ',999

1 5·0 CHL L F' Ki=I VG ( T I f'1 E: ,. R t:l I t~ !I t=1 '...' I; , I=r ~1 ~ ~.~ )
1=1 ~1 P L =1=1 t'll=1::'~ - 1=1'='" G
GOTO (9999,160,170)MSELP

160 RMPL=RMRX-RMIN
130TO 99';"9

99'~9 f.:r·~D

E t·~ II $
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rTt-~,L

*
MSRMS ( I ,R ',' R ) ; '*

**********************************************************
* RTS BRSIC BRANCH TABLE ENTRY:

* *** *,;';'"* *' '* '* '* '* '* '* '* '* '* '* *"* ***"*"* '* '* ,*,,* ,*;';' '* '* '* "'".* '* *'••44. **"'";.; w**;r;;,; '* '* **** *
* ** NO~~-STR~~DARD SUBROUT I ~~ES OR rUNeT I O~~S CRLLED RRE: *
* BWSTP '*
* *
**********************************************************
* *
* *
* ***********************************************************

*** DETERMINE VIDEO FILTER CONDITION.
CRLL RFCON(36, IVID)
CRLL VIDEO(0)

**********************************-****************'*******
* *
~ MSRMS - 8580B TRUE RMS MERSURINQ ~OUTINE *
* ** SUBROUTINE MSRMS MAKES H MEASUREMENTS AT THE CURRENT *
'* TUHED fREQUE~~CY. EACH IS CON\.JERTED TO t1ILLII...1F1TTS F'OR '*
* CRLCULATIOH OF THE SUM, AND ULTIMATELV THE RMS (MEAN) *
* VRLUE. THE RMS VRLUE IS CONVERTED TO DBM RND *
'" RET IJ RHED FI S RDBM• THE RMS V~ LIJ E IN MILL'I I..J RTTSIS *
* RETURNED RS RMW. *
* '*4 FOR THE NRRROWER BRNDWIDTHS (= .1 KHZ), R 1/2BRND- *
* WIDTH TIME CONSTRNT DELRY IS INSERTED BETWEEN MERS- *
* UREMENT~. *
* ** ~444*4******************************************** *
* * * ** * THE VIDEO FILTER IS TURHED OFr DURIHG * '*
* * EXECUTION or MSRMS. 11 IS RESTORED RFTER * *
* * EXECUTION OF MSRMS (IF IT WRS ON WHEN * *
* * MSRMS WRS CRLLED). * *
* * * ** ***************************************.********** *
* *

c
c

SUBROUTINE MSRMSCN,AMW,RDBM)
C MSRMS: RMS MERSUREMENT ROUTINE
C
C
c:

c
c
c
c
c
c
C
C
C
C
C
C
C
C
C
'C
C
C
C
C
C
C
C
C
C
C
C
C
C
(~

C
C
C
C
C
C
C

c
c '* '*" '* DE T ERr'l I t1 E I. F II B Rt1 D J.IJ I DT Hie RL Cf.lL RTED EL R ~I t, I t~ 1 0 0 .. S 0 F
C '"** MICROSECONDS.)

CRLL Bb.ISTP (121 ,BI.I.I)
IIIL ....11=IFIX .:5 If/Bt.I.I)

c
C *** CHECK FOR N <= 0.

N0=N
I F( N€I - 1 ) 1 e , :2 a

10 N0=1
29 :sur·1=9.

*** ME~SUREMENT LOOP. (~CCUMULATE SUM Or MILLIWATTS.)
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DO 100 I=1,N0
CRLL MEAS(RMPL)
CALL HLDOF"(IDL.V)

100 SUM=SUM+EXP(.2302585*AMPL)
c
C *** CALCULATE AVERAGE POWER (MWl RND CONVERT TO DBM.

AMW.SUM/FLOATCN0)
RDBM=4.342945*ALO~(AMW)

c
C *** RESTORE VIDEO FILTER (IF NECESSRRY).

CRL.L VIDEO(IVIDl
1_"-"

EHD
E:tiD$
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FTH,L
SUBROUTINE BWSTP(HSTEP,BWF)

C BWSTP; BRNDWIDTH STEP ROUTINE
C

DIMENSIOt4 BWC10l
c
c ******************************.***************************
C * *
C '* S IJ B R 0 UTI NEB teJ S T P I HeR E r'l E ti T :s (0 R DEC RE rl

' E H T:S) T H·E '*
C '* c t.r RRENT I II F II BRND1.1.1 I DTH B'l" N.S: TEP II THE F I t~ ~ L !: F :: *
C * BRNDWIDTH IS RETURNED RS BW~. IF NSTEP = 0, THE *
C * CURRENT I.r. B~NDWIDTH IS RETURNED. *
C * *
C * IF ~N ~TTEMPT IS M~DE TO INCREMENT BEYOND THE sae *
C * KHZ B~NDWIDTH (OR DECREMENT BEYOND THE :01 KHZ BRND- *
C * WIDTH), THE BA~~DWIDTH IS SET HI 8ee I{HZ (OR .91 KHZ) *
C * ~ND BWF IS RETURNED ~s -BWF. *
C * *
c **********************************************************

***~~******************************************************

'* NO NON-STRNDRRD SUBROUTINES OR FUNCTIONS RRE CRLLED. *

* *
*********************************~******4***4*************

* ***********************************************************

Bf..JSTP (I .R) i

27 JUNE 1977
'*
'*'

* ~TS B~SIC BRANCH T~BLE ENTRY:

*** SET UP BRNDWIDTH REFERENCE T~BLE.

:81...1(1)=388.
:BW(2)=100.
BWC3:)=30.
BI.I.I (4) =10.
:81.t.1 &:5) =3 ..
BI.I.I (6,) =1.
B~J(7')=.3

BI.'-' (8t) =.. 1

Bb.1 t:9) = .~3:3

B1.1.1 ( 1 13 ) = II e 1

c
c:
c
c
c
c
C
c
(:

C
c:
c:
C
c

c
C *** CRLCULRTE NEW BRNDWIDTH CODE, NEWBW.
c:
C *** (FL~G IOK CHECKS WHETHER THE B~NDWIDTH LIMITS HRVE
C *** BEEN EXCEEDED WHILE EXECUTING BWSTP.)

ICIK=:l
C~LL RFCON(32, ICURBW)
NEWBW=ICURBW+1-NSTEP
I F ( t..f·E 1.1.1 B 1...1- 11 ) 1 10 , 20

10 IF (-NEI.IJB~J)100,30

20 NEWBW=10
(;OTO 40

:3 8 t..f E l.t.1 B 1.1.1= 1
40 10.(=:-1

c
10e CALL BWDTHCBWCNEWBW))

BWF=BW(NEWBW)*FLORTCIOK)
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FTt·~ , L
PJ;.: 0 r:; F:: i=1 til COt'l:E:
II I t~l E t·~ :s: I 0 t·~ I t=I ~: J;.: ( 1 ~1:t ,F L ( 4) ,F' U ( 4) ,D F t'l HZ ( 4 )
~[lRT~ FL.··.. 21ZItl~1 II , E:0~3~:1. ,1 :3~3~~11;3. ,2650 Ij • .."

DRTR FU/800011,18000.,26500.,40000./
Itt=-4 T 1=1 II F tit HZ ..... 25 II ,4 0 • ,5 ~3 • , 1 ~3 0 • .."
C t=I L L t=I. F:: SET
L 1 :::~1

Ci=ILL I=ITTEN ((1)

Ct=lLL CLEt=Ir.:: (~1)

Ct=lLL PORTS(5,1,3)
Ct=lLL VIIIEO(l)

1 ~:1 FOr-::tI1t=1T ( II ENTEF:: STt=lRT I=lND STOP FF::EQUENC I ES")
I.•.IF::ITE( 1,20)

2 ~3 FOR tai t=I T ( II ENT E F:: C0 til E: GENE R 1=1 TOR t=I It It F: E.S S .. )
::::~I F.OF::t'·It=lT ( II ENTEF:: IF E: t=lN II 1.,.11 DTH II )

4~1 FOF:~t'1RT (II Et·~TEr.:: t'11-7~::':: I t'lUt'l Rt'lPL I TUItE")
R:Et=-~It'( 1 ,-:s:-) I SI:I

45 Ct=lLL CLERR(0)
IC r 1"l:E: ::: ~3

IF ISR.EQ'.20) ICOMB=l
IF ISR.EQ.50) ICOMB=2
I F I S t=I;. E G! • 5 .:. ) I C0 til E: = :;:
I F I S i=r u E G! • €a 2 ) I C I] til :E: = 4
I F I Cq'tal E: II E G! II ~~I ) GOT 0 1 0
Fl=FL (ICONE:)
CI:ILL FTUt'~E (F 1 )
F2:::FU ( I COt'1I:)
II F ::: II F til 1-1 Z ( I C I] t'l B )

50 Ct=lLL CLERR(0)
CI=ILL SOUF::C ( I SI=I)
I F;:t=I=L 1. +40
IF(IRt=I.LT.0) IRR=0
IF(IRR.GTII70) IRR=70
I G I=-~ I H= - ( L 1 + 4 ~~I )

IFCIGRIN.LT.0) IGRIN=0
IFCIGRINAGT.50) IGRIN=50
CI=ILI... Gt=1 I t··1 ( I [;1=1 IN)
CI:ILL BI.•.II1TI-I B)
Ci=ILL F::t=lTTN IF=:t=ll
1.1.1 r.:: r T E ( 1 ,I:a (I

€a 121 FOR: t'11=J T ( 2 (I ::.:: II C0 t"; E: GENE F:: 1=1 TOR S PEe T F:: Ut1 .. )
CRL L :s: c: RL E F 1 ~I F 2 , L 1 -::: 13 II , L 1 )
CI=ILL :S:I:I~:'::ES II 1* (F2-F 1) ,1 1;3 • )
CI:ILL CODE
1••.1 r.:~ I T E ( I 1=1 ~~ r.:: , 7 1~1 )

'? 121 F I] r.:: t"1 ~ T ( II F F=: E G! 1...1 E t··1 C' ..... ( til Hz) II )

CRLL VECT(1,0,440,3~)

C~LL LRBEL(7,IRRR)
Ct:ILL BLOCK (I E: 1)

:::~1 F:::F 1
9 121 C0 ;."~ T I t,~ 1...1 E

C'=ILL TUt·,IE (F)
C I::: L L :s: S 1...1 ( 1 ,t"1 :L )

IF(MluNEnO)CO TO 500
C 1=1 L L :s: :s: 1,.,1 ( :~: !I t"l 2 )
IF(M2uNEuOlGO TO 600
C Fl L L :s: :s: b.l ( :;: , tl't :~: )
IF(M3~NEa0)GO TO 700
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C 1=1 L L :s: :s: 1.•.1 ;: 4 , tIl 4 )
IF(M4.NEu0) GO TO 800
C 1=1 L L :s: :s: 1.•.1 (,~) !I 1'll!5 )
IFCM5uNEu0) GO TO 900
C 1=1 L.L :s: S 1,.,1 ;: 6 , tIl i:, )
I F ( tl'l 6 u 1"1 E II (21) ,G 0 T 0 1 I) [1 1~1

C 1=1 L L.. :S::S: 1.•.1 ;: ? ,. t't? )
IF(M?aNEa0) GO TO 1100

c~ ~Zl (1 C0 I"~ T I t'·1 UE
C C~:ILL BU:S:\'P

C1=1 L L I'll E I::-~ S ( R )
Ci=ILL PLOT;: F', t=I, ::::)
F::::F+IIF
IF(FuLTnF2) GO TO 90
C I::j L L t"II,l P T ~:: ;: I E: 1 , t )
GOTO :::~~I

500 C~LL CLE~R(0)

WR I TE ;: 1 ,10)
F::EI:~D ;: 1 !I ':1:') F 1 ,F2
DF= 111211~1'::I,':';, (F2-F 1)
GO TO 5121

600 Ct=lLL CLERR(0)
I,I,I~: I TE (1 , ::':~3)

R:EI=JII (1 , -:-:-) E:
GO TO !::~t21

7~1~1 1.•.1=13
CRLL SCPO:S:(F0,P0,W)
WRITE(15,?10) F0,P0

7 1 ~3 FOR til t=I T ( 1 0 ::.~ , II F 0 = II ,F 9 a 3 ,leX , .. Pe=" ,1 ex , F 9 • 3 )
c:t=ILL CLERR (0)

GO TO 5~1

E:0~1 CONT I t~UE
1;0 TO 21210

900 CRLL CLERR(0)
I.•.IRITE (1,40)
R:Et=lII (1,-:-:-) Ll
1;0 TO 5(1

1000 CRLL CLERR(0)
I.•.IRITE (1,213)
~: E t=I II I: 1, '* ) I S t=I
GO TO 45

'1100 C t=1 LL CL E r:l F::( 13 )
Ct=lLL RRSET
Ct=lLL STOP
E t·~ II
Et--ID$
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5

15

60

150

PRcd:;Rt=lt'1 ~~O I SE
IIIt'1Et·~SIOt·~ Fl (9) ,F2 (9) ,Pi (201)
IIIt'1ENSION 'l··L(9:t , ..tH(9) ,YSCRLE(9) ,IGRIH(9)
F::Et=lL t·~F

IIt=lTt=I ·l"'L ..···2*3. ,10. ,2*1. ,3*10./,YH/2*33. ,30. ,2*6. ,3*30./
Dt=lTR YSCt=lLE/2*3.,2.,2*.5,3*2./,IGAIH/2*30,40,2*10,3*40/
Dt=lTt=I Fl (11,10. ,2000. ,3700. ,7250. ,8000.,18000. ,26500 •."·
Dt=lTt=I F2 ··1 ~3. ,2(100 • ,8000 • ,4200. ,7750. ,18000. ,26500. ,40000. /
IIt=lTi=I C 1 4 .3429.·...
Ct=lLL i=lF::SET
Ct=lLL POF:::TS (5,1 ,3)
Ct=lLL t=lTTEt4 (0)
Ct=lLL t=lLGFi:S (2)
Ct=lLL CLEt=lF:: (el)

lIJF:::ITE (1,15)
FORt'1t=1T (IIEt4TER NOISE DIODE RDDRESS")
F::El=iD (1 ,of) ISR
l. =la
IF(IS~.EQ. 2) L=l
IF(IS~.EQ. 7) L=2
IF(ISt=I.EQ. 19) L=3
IF(IS~.EQ. 26) L=4
IF(ISR.EQ. 33) L=5
IF(ISR.EQ. 49) L=6
IF(ISR.EQ.55) L=7
IF(IS~~EQ.61) L=8
IF(L.EQ.O) GO TO 5
IF(L.LT.7l CRLL BWDTH(3.)
Ct=lLL FTUNE(Fl(L))
Ci=ILL SOURC (ISR:t
IF(F2(L) .LE •. 2000.) CRLL .PRSEL(l)
CRLL F::RTTN (0)
COt·~TINUE

CI=tLL BI.IJIITI-I (:;:E10. )
Ct=l L L 1",1 I II E I) &: 1 )
CRLL GRIN(IGRIN(L))
Ct=lLL t·~1) I SD &: e)
Ct=lLL E:LCIC.::: (IB1)
Ct=lLL CLEt=lF:: (0)
I...IRITE (1,100)
FORt'lRT ( 1',::·::, II CONVERTER NOISE F'I SURE II)
Ct=lLL SCt=lLE(Fl (L) ,F2(L) ,YLCL) ,'-(H(l))

Ct=lLL St="~>::ES (.1* I:F2 (Ll -Fl (L)) ,""-SCALE (L))
Ct=lLL E:LOC.( (IB2)
DF=.005*(F2(L)-Fl(L))
Ct=lLL DIGSU(0,-100,0.,10.)
III) lsel 1=1,200
F=Fl (L)+(I-l)*DF
Ct=lLL FTU~~E (F)
Ct=lLL DIGGO(R,PERKP,PERKM)
Pl (I) =E::·::P (t=I.··.. Cl)
CONT I t·~IJE

Ct=lLL NOIsnt:1)
Ct=lLL FTUI·~E (F 1.. ( L) )
IIO ~~5(1 1=1,200
F=F1 (L)+(I-1)*IIF
Ct=lLL FTUNE(F)
Ct=lLL DIGGO(t=I,PERKP,PERKM)
y=( EXP(R ..... C1}/Pl(I) )
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Et~R=RGRIN(ISR,F)

NF = EN ~: - 1 0 • '* RLOG T ( I',J - 1 .)
CRLL PLOT(F,NF,3)

·250 CONTIt~UE

l~1 F:: I T E ( 1 , 4 5 €I )
450 FORt·1RT ( .. SET SENSE SI.a.1 ITCH 1 TO UP POS I T I ON TO REPERT II)

1,1,1 ~: 1 T E ( 1 , 5 (10 :-

1=3
5 0 0 F CI Rtil t=I-T ( II P re ::: ::: t'l 1=1 F:: .::: to.: 0 n tin u ell)

CRLL CRPOS(IX,IX,!l
Ct=I L L SS 1.1,1 ( 1 , tlol 1 )
IF t:t·11 .NE a (1) GO TO 5
Ct=lLL RRS:ET
Ct=I.LL STOP
E to~ D
ENrl$
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FTN4,L
PROI:;Rt=lM FIT
D I t'l E t·~:S: I 0 t·~ II I F' F ( 50) , I CH1=1 R( 20) ,r (50) ,F CAL ( 50 ), Y ( 50)

10 C~LL CLE~R(e)

20 ICOUNT=0
I..JFi~ITE (1,:30)

:30 FOR:t'lRT t: 11-3::·:: , .. ENTER MONTH, DRTE, VERR It)

RE~Ir (1, *) t10NTH, I DRTE, I ",·'ERR
1.•.1 F:: I T E ( 1 ,4 0 )

40 FORt'1r:1T ( 1 €1~·:: , II Et·~TER DEVICE T ..... PE")
REt=lD t: 1 ,50:t I CHt=lF::

50 FORM~T(20R2)

I).IRITE (1,60)
6 \3 F 0 F:: .tll RT t: 1 0 >:: , II ENT E R II E V ICE SER I RL NUMBER .. )

f;.: E~ D ( 1 ,*) .I s: t·~

l•.IF::ITE (1,70)
7(1 FOF::t'1~T(10::-::,nlt~PUT HIJt'1BER OF" DRTR POIHTS")

f;.:Et=lII (1,*) NPTS
1•••If;.:ITE (1,75)

75 F OF:: t'lt=1T (2::-:~ , .. TOGGEL SSW 1 TO CONT I HUE II)

76 C~LL SSWC1,IPOS)
IF (IPOS: .EG! .. 0) 1:;0 TO 76

77 Ct=lLL SSW(l,IPOSl
IFt:IPOS .. NE .. 0:tGO TO 77

80 C~LL CLERR(0)
E~5 I.I.I~~ I TE ( 1 ,',0)
'3 0 FOR t'l RT ( 10 ::.:: , II E t·~ T ER F RE I~ UENC~f ( GH2 ) 8: VOL TAG E PRI R·II

)

I COUt·~T= I COUt·~T+ 1
F:~E~It C 1,*) F (ICOUNT) ,"I (ICOUNT)
IFCICOUNT.LT.NPTSl GO TO 85
1.•.IRITE(1,75:1

95 C~LL SSI...II: 1, IPOS:'
IF(IPOS .EQ. 0lS0 TO 95

96 C~LL SSW(l,IPOS)
IFt:IPOS: liNE .. 0:t GO TO 96

100 S0=011
:5:1=0.
:5:2=0 ..
S:~:=0 ..
ItO 110 l=l,NF'TS:
S0=S:~3+F t: I)

:5:1=$1+V(I:1
S2=S2+Ft:Il*VCI:r

110 S3=S3+VCI)*V(I)
D=t·~PT:S:-*:S::3-S1 *S 1
SLOPE=(NPTS*S2-S0*Sl)/D
Y0=(S0*S3-S2*Sl)/D

DO 120 1=1 ,t~PTS

FC~L(I)=SLOPE*V(I)+V0

D1FF(I)=FC~L(I)-FCI)

TEMP1=RBSCDIFFCI))
S=S+DIFF(I)*DIFFCIl

120 IFCTEMP1.GT. TEMP) TEMP=.002*IFIX(1000.*TEMP1)
S=4=S.····NPTS
:s:5=t·~PTs:*:s:4.····D

:S6=S4*S 1.····n
CRLL BLOC.::: ( I B1 )
C~LL CLEt=lR(0)
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CRLL SCRLE(-1.,11.,-TtMP,TEMP)
C~LL S~XES(l.,-.l*TEMP)

CRLL VECT(1,0,128,480)
CRLL VECT(2,3,896,480}
Ct=lLL E:LOCK ( I B2)
DO 1:3:3 J=1 ,~~PTS

CRLL PLI)T (V (.J) ,IlIFF (J) ,3)
133 COt·~T I t·~UE

llJ R I T E ( 1 ,75)
134 CRLL SSW(1,IPOS)

IFt:IPOS .EQ. 0l GO TO 134
135 C~LL SSWC1,IPOS)

IFCIPO:S: .NE. 0) GI) TO 1:35
Ct=lLL CLEt=lR(0)
WRITE(I,130) MONTHJIDATE~IYERR

1~:e FORt'1t=1T (10~·~, II Dt=lTE : 11,12,11..-'",12 ,tI/lf, 14)
WRITE(I,140l ICHRR,ISN

1 4 0 F 0 F:: til R TC 1 0 >< , 2 121 1=1 2 , / , 1 0:X: , .. D E V ICE S E R I A L ~~ U MB E R- 11 , I 6 , / )
I.,JF::ITE (1,150)

150 FORt'1t=1T(5)(,"TU~~INI:; VOLTRGE r(MERSURED) rfCt=lLCULRTED
) II )

I10 154 ....1= 1 ,HPTS
154 I.,JRITE (1,155) V(J) ,F ( ...1) ,reRl (J)

155 FORMRT(5X,F6.3,15X,F6.3,10X,F6.3)
WRITE(1,160) Y0,S6

1 .:. 0 FOR til RT ( ..... .,.. , 5 X , &1 S T RRTFRE QUE NCY= If , F 6 • 3, 5:X:, II VRR I RHCE=II ,E 9 •
4 )

I.IJ F:: I T E ( 1 , 1 7 ~3) S LOP E ,S 5
llJ F:: I T E ( 1 ,1 E: 0) S 4

1 7 ~1 FOR til R T ( 5 ::.c: , II T UN I NG SEN SI T I VI TV = 11 ,F" 6 • 3 ,5 X , .. V t=I R I t=I NCE=" ,E 9. 4 )
180 FORt'1t=1T (5)·:: , .. SR~1PLE VRR I RNCE= II ,E '3 • .4)

I..JRITE (1, 113~1)

190 FORMAT(10X,"IF DRTR PONT CORRECTION REQUIRED,ENTER 1")
Fi~ E RD ( 1 , * J t'1

L
l

IF(~11.EI;!.1:t GO TO 500
,;0 Tef ';r~1~3

50~~i COt'~TINUE

CRLL C:LEt=lR (0:t
I.,.IRITE t: 1,510)

5 1 0 F 0 F:: tit AT ( 1 0 :=<: , II EN T E R I ,F ( I ) ,V ( I) .. )
REt=lII(l,*) I ,F(I) ,VCI)
I.,.IF:: I TE ( 1 ,520)

52~1 FORt'1i=1T (10:=<:,11 IF ~10RE CORRECTIONS F:~EQUIRED, ENTER 1")
F:: E AD ( 1 , *') t'12
IFt:M2.EQ.l) GO TO 500
Ci=rLL CLERF~ (0)
';0 TO lee

900 r...IF::ITEt:l,600)
E,~1~1 FORt'1AT (IIEt·~TER 1 TO STRRT NEW FIT")

REAII (1 ,*) ~1:3

IFCM3.EQ.l) GO TO 10
E ~~D

Et·~II$
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FTH4.,L
PROGRAt1 TRRK
Ci=lLL C:LEAR (0)

5 WRITE(1,10)
10 FORt'lRT (5X , "CONVERTER F"REQUENCY BRHD 2=2-8GHZ II)

WRITEt:l,20)
20 FORt1RT (S){, "CONVERTER FREQUENC'" BRND 3=8-18GHZ")

1...IRITE(1,30)
30 FORt'lRT (5X, IICONVERTER F"REQUENC"." BRND 4=18-26 .6GH2")

I.aJRITE(1,40)
4 e fa Rt'l RT.(5:X: , II CON VERTER F REQUE NCV BRND 5 =2 6 • 5 - 4 0 GHZ If )

50 1...IRITE(1,60)
6 0 FOR r·1.R T ( 5 X', II E NTERe 0 NVE RT E R F' RE QIJ ENe Y BAN D 11 )

REI=tIt (1 ,*) IB~~D

~.IRITE(1,70)

70 FORt'lRT (5X, "ENTER 15 fOR OUTPUT TO PRINTER; 1 FOR OUTPUT TO
CRT II)

RERD(l,*) LU
l•.IRITE (1,100)

1 0 10 'F 0 Rt'l RT ( 5 >( , " E· ~~ T ER 0 SC. ST RRTF REQ. I H GHZ..... &TII N I NG SEN S GHZ
". VOLT II

)

RERD(1,*) F0,T0
l•.IRITE (1,110)

110 FOR~lRT (5:~ ,II Et~TER r I L TER START FREQ. 8: TUNING 8ENS I T I V I TV If)

RERD(1,-Ie) Fl,T1
CALL C:LERR (0)

I.aJRITE(LU,120) Fe
120 FORt'lRT (10X, "OSCILLATOR STRRT FREQIJENCY=u ,F7 .4)

1.aJ RI TE ( LU, 1 3 0 )T 0
1 3 0 F OR t'l RT ( 1 0 X, " 0 SCI L L A TOR TUN I NGS E ~~ SI T 1 VI T"( ( GHz ..... VOL T ) =" ,F 6 • 4

:.

140

150

160

170
t~ II )

200

210

250

260

270

bJRITE(LU,140) Fl
FORr'lt=1T (leX, "FILTER STRRT FREQUENC·.... (GHz) =1t.,f7 .4)
I.a.IR/~TE(LIJ,150) T1
FORt'lt=1T (10::-::, "FIL TER TUNING SENSITIVITY (GHz ..... VOL Tl =11 ,f6 .4:t
la.IRITE (LU, 160)
FOR~lt=1T (,.- ..... , 18>~, "OSCILLRTOR TUNIt'~G ',/OL TRGE COt·~STANTS" , ..... 01'.)

I...IRITE CLU, 170)
F I) Rt'l RT (II H t·~ ", 1 0 X , II + PRE ( VOL TS ) 11 , 1 0:X: , " - PRE ( V (I L T S )... , 1e >:: , II GJ.i I ;'

GO TO (20£1 ,200,250,27121 ,300) ,IBND
DO 210 1=1,3
H~~ =I
R=(2.05*HN-F0+.4)/T0
B=(2.05*HN-F0-.4) ..... T0
C=HN*(.205 ..... T0)
WRITE(LU,320)HN,R,B,C
~~ =1
1:;0 TO 350
DO 260 1=2,5,1
H~~=I
R=(2.05*HN-F0+.4)/T0
B=(2.05*HN~F0-.4)/T0 /
C=HN* ( • 205.··'T0)
WRITEtLU,320)HN,R,B,C
~~= 1 . ,...

GO TO 350
IIO 280 1=1,5,2
HN=I
IF(HN.EQ.l) HN=2.5

135



R=(2.05*HN-F0+.2)/T0
B=(2.05*HN-f0-.2)/T0
C=Ht·~* (.205/T0)
Ht·~=2 .*HN

280 WRITEtLU,320) HN,A,B,C
K=2
GO TO 350

300 DO 310 1=5,5
H ~~ ="1
R=(2.05*HN-F0+.2)/T0
B~(2.05*HN-F0-.2)/T0

C=Ht·~* ( • 205/T0)
HN=2 • *Ht·t

3 1 0 1.1.1f;.: 1 TE ( L,U , ·320) HN ,R ,B , C
.<=2

320 FORMRT(IX,F3.1,12X,f8.4,13X,FS.4, eX,re.4)
350 OFSET=(K*F0-fl+.1S)/Tl

1.1.1 ~: 1TE ( LU, 3 6 0) 0 F" SET ..... ~

360 FORt'lRT(/./!·, 10X, II+FILTER Or:r:SETYO't:TAGE=." ,F7 .4)
oF SE T = ( K *' F 0 - F' 1- • 1 5 ) ,., T 1 ".
llJ ~: I T E( L 1I , ~: 7 0 ) 0 r's E: T .

370 FORt1RT (10~-:: ,1I-FIL:rER .oFFSET VOlTA(;:£i:'· ,';'P7.4)
FGt=I 1N=.(*T0/T 1
WRITE(LU,380) FGRIN

38 €I FOR t'l RT ( 1 0 X , II F I L T E R ,S R I N r: AC TOR =II ,r 7 .4)
400 lIJI:.:ITE (1,410)
4 1 ~1 FOR t'l RT I: .. E t·~ T ER 1 TOR EPEA T CRL CUL AT ION")

r;~Et=lII (1 ,of) IGO
IF(IGO.EQ.l) GO TO 5
END
E~~II$
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TOSSEL SSW 1 TO CONTINUE +

11.900

.1200 • ,
E-01 • I

• •
• 1200 • I

,', t • , •. $ ..
.

(-02 I •• •
/DIY • •

• 1

• I

• I

• ,
• •
I •, I

I ~., 1

• •
I,
I

I

I

- • ,1200

E-01 -1.000
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DRTE: 2/20/ 80

..t I G 0 SC ILL RTOR
DEVICE SERIRL NUMBER- 141

+

TIJNI NG VOL Ti=lGE'

.064

1 .738

3.4€i5

5.12158

6.737

8.410
10.072

f (~1Et=lSIJRED)

2.000

3.000

4.000

5.12100

6.000

7.000
8.000

F'(CALCULRTED)
1 .999

3.003

4.002

4.993

6.000

7.003
8.000

VRRIANCE=.6293E-06
VRRI ANeE = • 12 41· E- 06

STRRT FREQUENCY= 1.961
TUNING SENSITIVITY= .600
Si=lMPLE VRRIRNCE=.9670E-05

IF DRTR PONT CORRECTION REQUIRED,ENTER 1

OSCILLRTOR STRRT FREQUENCY= 1.9610 +
(I SCI LLRT 0 Rr,T UN I ~fG S'E NSITIV ITY(·GHz/VOLT l = •5996

FILTER STRRT F"REQUENCY(GHz)=1.9930
FILTER TUNING SENSITIVITY(GHz/VOLT)= ~6002

OSCILLRTOR TUNING VOLTAGE CONSTRNTS

HN + PRE;/ ( VOL T S ) ...·PRE (VOL TS) GRIN
1,. 0 .. 8155 -.5187 .3419

2.0 4.2345 2.9003 .6838

3 .. 0 7.E.534 6.3192 1 .0257

+FILTER OFFSET VOLTRGE= .1966

-FILTER OFFSET VOLTRGE= -.3032
FILTER GRIN FRCTOR= .9990

ENTER 1 TOREPERT CRLCULRTION
A

138



FORM OT-29
(S-7S)

u.s. DEPARTMENT OFoCOMMERCE
OFFICE OF TELECOMMUNICATIONS

BIBLIOGRAPHIC DATA SHEET

1. PUBLICATION OR REPORT NO 2. Gov't Accession No.3. Recipient's Accession No.

NTIA Report 81-58

4. TITLE AND SUBTITLE

Transportable Automated Electromagnetic Compatibility
Measurement System (TAEMS)

~ AUTHOR~) C. H. Chilton, A.H. Diede, W. M~ ~~lch,
R A Ml"T.~.:::an J=lnd 1i' ~ ~.&o.PtJ.:::a-·.&.

8. PERFORMING ORGANIZATION NAME AND ADDRESS
National Telecommunications & Information Admin.
Institute for Telecommunication Sciences
1-3449 325 Broadway
Boulder, CO 80303

11. Sponsoring Org'lnization Name and Address

USA eSA
Attn:" CeM~CCS~A(Mr. 'Ha.rold Keite1man}
Fort Monmouth, NJ 07703

14. SUPPLEMENTARY NOTES

5." Publication Date
January 1981

6. Performing Organization Code

9. Project/Task/Work Unit No.

910 3382

10. Contract/Grant No.

12. Type of Report and Period Covered

13.

15. ABSTRACT ()l 200-word or less factual summary of most significant information. If document includes a si~nificant

bib1io~raphy o:t literature survey, mentiaait here.)

An automated', computer-controlled receiver system developed by
ITS for the U.S. Army Communications Command provides a unique
solution to such problems as spectrum management, EM hazards measure
ments, and site surveying. This receiving system is designed around
a commercially available automatic receiver system and covers the
frequency band 1 kHz-40 GHz, thus extending the capability of the
receiver system by providing extended frequency coverage, multiple
antenna selection, improved noise figu~e performance, built-in test
capability, noise figure measurement capability, and 160 dB measure
ment range;· as well as 10 Hz frequency resolution to '40 GHz, computer
controlled directional antenn~ pointing, and automatic real-time
calibration to 40 GHz. Three rf prese1ector/down. ·converters were

(continued next page)
16." Key works (Alphabetical order, separated by semicolons)

Key words: computer controlled rec~eiver; 1 kHz to 40 GHz;
electromagnetic compatibility spectrum"management;
EM hazard measurement

11. AVAILABILITY STATEMENT

PrJ UNLIMITED.

D FOR OFFICIAL DISTRIBUTION.

18. Securi ty Class (This report)

Unclassified

19. Security Class (This page)

Unclassified

20. Number of pages

138

21. Price:

VSCOMM-DC 29716-P73



15. ABSTRACT (cont.)

developed by ITS for' use with the receiver to cover frequencies
between 2 and 40 GHz. High sensitivity and low transmission loss was
achieved by attaching the down converters directly to the antennas
and mounting the complete system package on the elevation/azimuth
(EL/AZ)positioner. The'- down converters mix the rf signals to IF
(150 MHz), and this IF signal is transmitted through the EL/AZ pedestal
via coaxial cable to, the bus structu·re interface unit, mixed to 50 MHz
and then fed to the rf-microwave section of the automatic spectrum
analyzer for further processing. In·addition, a real-time-executive
(RTE) software operating system was developed for the re'ceiver system
by ITS to extend t~e operating. capability of the receiver system.
The RTE allowsmultiprogram execution, aawell as program scheduling,
file manipulations, and editing. Using the'editor, FORTRAN measure
ment routines can 'quickly be WTitten or modified. Both source and
object programs are stored on magnetic disc with measurement data
stored on magnetic tape for further analysis.

u. s. GOVERNMENT PRINTING OFFICE 1980 - 778-612/220 Reg. 8


	XEROX-41103278
	XEROX-41103279
	XEROX-41103280

