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ABSTRACT 

System 621B is a concept for a highly accurate, satellite-navigation .. ,·stc m which enables any number of users anywhere on the globe to determine in r eal time, their position and velocity in three dimensions. The most impartant performance parameter of this system is the degree of navigational accuracy which is provided th<' users. This accuracy and other pertinent performance characteristics depend to a large extent upan the chosen orbit configuration and the resulting geometry betwC' <'n the user and the satellites. However , it has been necessary to evolve user nav ignti11 receiver designs capable of performing within the system constraints and wh ich con­tribute negligibly to the overall system accuracy degradation. It is the purpose of th is repart to document one such receiver design, designated to the MX-450 Navigation Receiver , which was developed to further refine and verify the predicted performance 
of System 621B. 
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1. 1 GENERAL 

SECTION I 

INTRODUCTION 

There were two major objectives to be achieved in order to successfully 

complete the airborne receiver development phase of the Task VI - Phase [I Field Test 

Program. First, it was necessary to verify in the laboratory that the receiver could 

meet the performance requirements associated with a highly dynamic user, such as 

an F4 high performance jet aircraft, operating in a low-signal-power, high-jamming 

environment. The second objective, and one which was of central importance to the 

System 621B program, was to demonstrate in a field environment simulating an oper­

ational satellite configuration that the receiver could in fact measure pseudo-range 

and range rate within the allocated error budget. 

The first objective was successfully achieved prior to the shipment 

of the receiver to Grur., .. nan Aerospace Corp., Bethpage, Long Island, to support 

their System Integration Test which commenced the last week of November, 

1971. In fact, the results of simulated testing in the laboratory at MRL during 

the latter part of 1971 showed that the receiver's performance met or exceeded 

performance requirements specified by the Government. (See Receiver General 

Requirements - appendix C. This performance was officially verified and accepted 

on behalf of the Government by SAMSO/Aerospace Corp. personnel on 11 November 

1971. Since that time, the receiver has operated both in the laboratory and during 

the flight tests. 

The second objective was achieved by participating with the Grumman 

Aerospa~e Corp., in the flight test program conducted at Holloman Air Force Base . 

New Mexico , and at nearby White Sands Missile Range. 

1. 2 OVERVIEW OF THE RECEIVER FUNCTIONAL DESIGN 

The MX-450 Navigation Receiver was designed to acquire, track, and 

process a composite signal consisting of four unique pseudonoise (PN) modulated, 

L-Band-carrier signals for the purpose of deriving very accurate estimates of signal 

arrival times and doppler frequencies relative to a local frequer.cy-time standard. 

These pseudo-range and range-rate measurements are combined with various receiver 

status indicators (such as automatic gain control levels) and formatted in a manner 

suitable for transfer to an incremental digital tape recorder for subsequent off-line 

-:1ata reduction and processing. It ts worthy of note that while the receiver/tape 

1 ecorder interface is a custom design and implemented tn a modular sense to be 

an integral part of the signal processor package, it can readily be adapted and/or 

changed to satisfy a wide variety of interface requirements with no particular impact 

on the receiver design. 

1 



The receiver was designed and fabricated to withstand the environmental 
rigors associated with actual flight testing in the field. Figure 1 illustrates the phy­
sical appearance and dimensions of the various units which comprise the receiver 
and associated peripheral equipments. During the development phase it was not con­
sidered essential to optimize the packaging concept. However, if it were necessary 
and/or desirable, a significant reduction in the volume required for the receiver 
could be achieved by the use of custom designed power supplies and an integrated 
microwave package.

As an alternate receiver, it was necessary to constrain some of the receiver 
design electives in order to accommodate the transmitter design implemented by the 
field test contractor. In particular, it was necessary to conform to his choice of 
pseudonoise code design and at least partially conform to the method selected at the 
transmitter for accomplishing initial signal acquisition at the receiver. A typical 
transmitter signal consists of an L-Band carrier biphase modulated at a 10-Mbps rate 
with a pseudorandom code sequence. This code sequence has a period of 2^^ bits so 
that it repeats approximately every 3.36 seconds. The initial signal acquisition 
technique chosen by the field test contractor is implemented at his transmitter by 
inserting a special 255-bit sequence at the beginning of the transmit period and trans­
mitting at a boosted power level for the duration of this special short sequence in 
order to allo\^ him to perform matched filter detection upon reception. Immediately 
following this short sequence, the last 2^5 -255 bits of a long code generated by a 25- 
stage, maximal-length, linear-code generator is transmitted at nominal power level. 
Since the initial acquisition procedure was selected on the basis of contractor con­
venience in accordance with the ground rules established by SAMSO, the Magnavox 
Research Laboratories elected to implement at their receiver a rather inexpensive 
but very effective radiometric type detection technique to detect the increase in 
receiver power during the 25-microsecond period of power boosted initial sync signal. 
The relatively small amount of initial time uncertainty remaining after the detection of 
power boost is resolved by means of a short reacquisition search. Finally, each of the 
transmitter Icmg codes are generated by a sequence generator with different feedback 
arrangements which uniquely identifies each individual emitter and which in turn, 
permits each of the four signal processors in the airborne receiver to track only the 
intended transmitter signal.

Figure 2 illustrates the essential functions performed by the L-band micro- 
wave receiver. The incoming 1575-MHz composite signal is first bandpass filtered 
by the fixed-tuned preselector prior to radio-frequency amplification. The pre­
selector's frequency response is less than 1 dB down within 10 MHz, 3 dB down within 
15 MHz and 80 dB down within 60 MHz of the center frequency. The preamplifier has 
a noise figure of approximately 3.5 dB and provides a signal gain of 30 dB. The 
down-converter generates the 135-MHz, intermediate-frequency signal by mixing 
the received 1575-MHz signal with the 1440-MHz, local-oscillator signal. This 1440- 
MHz signal is derived from a fixed-reference frequency by means of a phase-lock 
multiplier which helps to ensure the generation of a local-oscillator signal charac­
terized by a high degree of spectral purity.

The 135-MHz, intermediate-frequency module performs three essential 
functions within the receiver. Two of these functions satisfy the need to provide a 
controlled intermediate-frequency gain prior to correlation; namely noncoherent 
(or total power) age and what will be referred to as max-channel coherent age. Since 
noncoherent age is required in any case, it is a relatively simple extension to detect 
the increase in total receiver power level during the 25-microsecond power boost
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Figure 2. L-Band Microwave Receiver 

period by ac coupling the output of the square-law detector in the noncoherent age 

loop to a threshold device. For example, during the long-code, transmit period , 

the age square-law detector will effectively see only the front-end noise power at -96 

dBm since the received signal level will be at the nominal level of -123 dBm or lower. 

When the power-boost signal is received at -100 dBm the square-law detector sees 

an apparent increase of approximately 33 percent in the total receiver power level 

for 25 microseconds which is more than adequate for the threshold device to detect 

signal presence reliably. 

The remaining functions shown in figure 2 have to do with the calibration 

and self-test of the receiver. In either of these modes the switch closure provides 

either a modulated or unmodulated 135-MHz signal as desired. This signal is up 

converted to 1575 MHz and applie{I to the preselector input through a couple1 as a 

method of simulating a transmitter signal. The purpose of the age loop is to control 

the calibrate-signal, power level to something on the order of 1 dBm. 

At this point in the signal flow, the composite 135-MHz, intermediate­

frequency signal is separated into its constituent elements by means of the correlation 

process in order to perform the necessary parameter estimation tasks on each of the 

unique pseudonotse signals. If we now consider a typical signal processing channel 

as depicted functionally in figure 3, we see that each channel basically consists of 

two loops; one ts a carrier-tracking, third-order, phase-locked loop while the second 

ts a delay-lock, code-tracking, third-order loop. The fundamental operation per­

formed by the carrier loop ts the generation of a phase-coherent, local replica of the 

received carrier signal while the code loop generates a time synchronized local 

replica of the received-code signal. 
4 



It should be noted that the block diagram shown in figure 3 is merely func­
tionally representative of the essential elements of the delay-lock receiver and does 
not reflect the many novel techniques incorporated in the receiver design. In su~ 
sequent sections specific details regarding these techniques will be prflsented from 
a functional and circuit design viewpoint. In this introductory section, figure 3 will 
suffice as the vehicle for conveying the general principles upon which the receiver 
was developed. 

Assuming, for the moment, that the particular channel of interest bas 
acquired frequency, phase, and time synchronization with respect to the received 
s ignal, the local reference at the pseudonoise correlator will consist of a biphase 
modulated carrier whose frequency, except for an offset equal to the intermediate­
frequc::ncy, is identical to the received carrier frequency including doppler and 
doppler rate and whose modulating code is aligned exactly in time with the received 
code. The correlation properties of pseudonoise codes are such that once the local 
code is time aligned with the corresponding received code, a continuous-wave signal 
appears at the correlator output and all other received codes will be discriminated 
against and appear as wideband noise at the relatively narrowband, intermediate­
frequency input. The cw signal is then amplified, down converted and filtered before 
being applied to the baseband processor which, among other things, derives the 
tracking-loop-error signal by synchronously demodulating the cw signal at its input. 
This error signal is then operated upon by the loop filter before it is applied to the 
vco to maintain phase coherence with the received carrier. Biphase modulating 
this regenerated carrier with the synchronized code from the code-tracking loop 
and applying it to the correlator closes the carrier-tracking loop. 

The functional operation of the code-tracking loop is not very different from 
that described for the carrier-tracking loop. The major difference ts the way the 
correlation function is implemented to derive the appropriate code-loop-error function. 
The delay-lock technique which bas been implemented for tracking the pseudonoise 
signals is theoretically far superior to the more traditional approaches such as tau­
jitter although it is somewhat more complex to mechanize. The operation of the 
delay-lock loop can be readily visualized by means of the baseband model as shown in 
figure 4 (a). There are some serious problems aHociated with the practical imple­
mentation of the baseband, delay-lock loop. For example, it does require an excessive 
amount of circuitry and power and considerable care must be exercised to match the 
two correlation channels. The particular implementation incorporated in the MX-450 
design produces the desired results while avoiding the problems just cited by delaying 
the local code separately by a full-code chip and by a half-code chip. If this latter 
code (i.e., one-half chip delayed) is now applied as the local code replica to the 
carrier channel, then once code correlation is achieved in the carrier channel we see 
that the undelayed local code ls one-half of a chip early while the full chip delayed 
local code ts one-half of a chip late. Performing a differencing operation on thdse 
local early and late codes gives rtse to a three-level waveform which, when correlated 
with the incoming received code, produces exactly the same error characteristic 
cul·ve as obtained for the baseband model. These functional operations are illustrated 
'lll figure 5. 

Since each channel generates a local replica of the received carrier and 
code signals, it only remainll to derive estimates of the pseudorange and pseudo­
doppler frequency for the receiver to complete its primary function. In order to 
describe the method used to accomplish this task, consider the receiver as being in 
the calibrate mode. In this mode, each of the four channels simultaneously tracks a 
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common code and a carrier frequency derived from the local frequency reference. 

During this process the receiver measures the relative delays between the locally 

simulated transmitter code and the individual channel codes induced as a result of the 

different electrical paths traversed by the slmulat3d transmitter code. These delays 

are accumulated in what will be referred to as r~ige registers until the end of the 

calibrate mode at which point ln time the range registers are reset to zero and thereby 

compensate for the static differential delay among the four channels. Postponing the 

fine grain detail for subsequent sections, the receiver can now be considered to be in 

a coast mode until a power-boost signal ls detected. In this coast mode, the local 

carrier frequl~ncy and coder clock are effectively derived from the local frequency 

reference and both the carrier and code voltage-controlled oscillator, which are 

essentidly digital implementations, are inhibited from responding to their re-

specti via control signals until the initial acquisition mode begins upon detection of the power 

boost. At the end of the calibrate mode (Which also happens to be the start of the 

coast mode), the pseudonolse code generators are reset to their initial-state con-

ditions and at the same time, a time-of-day counter ls reset to zero. For the re-

mainder of the coast mode both the pseudonolse generators and the time-of-day 

counter are stepped forward by a 10-MHz clock derived from the 5-MHz frequency 

standard. Once the power-boost, sync signal (Which marks the beginning of the 

received sequence) ls detected for the channel under consideration, the contents of 

the tod coonter represents the number of pseudonoise chips by which the origin of the 

received pseudonolae sequence and the origin of the local pseudonoise sequence are 

separated in time. Since all four pseudonolse codes ln the receiver have a common 

time origin (i.e., end of calibrate) and at least in principle, sinciP. all four transmitted 



sequences also share a common time origin, the four time-of-day numbers derived 
at the receiver could be utilized to generate a coarse estimate of the differential 
slant ranges between the transmitter grid and the airborne platform. As soon as the 
r-"WPr-boost event is detected the local pseudonoise code generator is reset to its 
initial condition :ind a small aperture atuosearch is begun to achieve code synchroniza­
tion. As digital devices, the vco's (or as they more properly will be referred to later, 
incremental phase modulators) respond to digital control signals such that the carrier 
\·co advances or retards its phase by 3 degrees per pulse and the code vco advances 
or retards its phase by l / 256th of a code bit per pulse in accordance with their re­
spective sign information. Accumulating the algebraic sum of the code-loop, control 
pulses during the autosearch routine in the fine range register provides the pseudo­
noise chip fractional count to the time-of-day count which, after suitable scaling, 
provides readings of sign~l arrival times relative to the local on-board clock. In a 
s imilar manner, the :iigebraic sum of the carrier-loop, control pulses is accumulated 
in the doppler registe:r to provide readings of doppler measurements relative to the 
local frequency standard. 

The contents of the pseudorai;ge registers are sampled every o. 2 seconds 
and stored in a 4096-bit, buffer mem01 y. The doppler registers are also sampled 
every 0.2 seconds for their contents accumulated over the previous 0.1 seconds. 
Finally, the contents of the buffer memory are transferred every second to an incre­
mental digital tape recorder for postflight data reduction and processing. 

lt is perhaps instructive to complete this overview discussion of the receiver 
functional design with a summary description of the acquisition (or rear,quisition ) 
mode peculiar to a particular channel. When in this mode a channel attempts to verify 
the presence of a cw carrier signal in the 6-Kllz bandwidth of its final 1. 25-Mhz, 
intermediate-frequency stage. The decision as to whether signal is present or not is 
basej on a time-variable, sequential-decision strategy where the decision "signal 
not present" is manifested by a pulse. This pulse increments the phase of the local 
code by one-half a paeudonoise chip and a signal-present decision is reviewed again. 
The sequential detector continues toge· . 3rate pulses indicating the absence of signal 
as long as the received and local paeudonoise codes are misaligned in time by a 
pseudonoise chip or more. Sooner or later, by stepping the local code in half-chip 
increments, the two-code sequences become time aligned and a burst of cw energy 
appears at the intermediate-frequency amplifier output. The sequential detector 
~inally decides that the signal 1s indeed present and advertises this decision by not 
creating a pulse. As a result, the local code hovers without any additional half-chip 
phase stepping so as to maintain the correlation which resulted in the appearance of 
cw at the intermediate-frequency. In the meantime, the inphase and quadrature 
channels of the synchronous demodulator are monitored by a digital frequency 
discriminator to estimate the initial frequency uncertainty of the cw stgual. This 
estimate, in turn, is .ipplied to the digital-loop filter to aid the third-order-tracking 
loops' frequency pull in until the point ls reached where the loop automatically phase 
locks. At this point the code loop is closed and the time alignment of the received 
and local codes is further ?eftned. On the occurrance of this event, the acquisition 
mode is terminated and tbe cbannel enters tbe tracktng mode. 
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SECTIO II 

RECEIVER FUNCTIONAL DESCRIPTION 

The functional details of the MX-450 receiver design are presented in this 

section. The receive r consists of four major assemblies which are identified as the 

microwave receiver assembly, the signal processor assembly, the power supply 

assembly and the control-display panel assembly. 

The most significant functional elements of the receiver are shown in the 

system level block diagram of ~igure 6, The microwave receiver input interfaces 

to the aircraft antenna subsystem to receive the four transmitted pseudonoise (pn) 

modulated carrier signals at 1575 MHz. The output of the microwave receiver con­

sists of the received composite pseudonoise signal which has been frequency down 

converted to 135 MHz and appropriately filtered and amplified. The microwave 

receiver contains its own fixed frequency synthesizer which is excited by the 5-MHz 

frequency standard located, for convenience, in the power supply assembly. For 

the purpose of receiver calibration and self-test, a pseudonoise calibrate/ test 

sequence and a 20-MHz, local carrier, both of which are derived in the signal 

processor, is supplied to the microwave receiver. The signal processor also 

supplies to the microwave receiver the four individual chann1.~l coherent automatic­

gain-control (age) signals in order to allow the weakest receih0 d signal to control 

the gain of the 135-MHz, intermediate-frequency amplifier which is common to all 

four received signals. In conjunction with the noncoherent age, an event pulse 

marking the occurrence of received-signal power boost, is generated in the micro­

wave receiver which performs a control function in the signal processor during the 

initial acquisition mode. In the calibrate mode, this event pulse is generated in the 

signal processor and used in the microwave receiver to control the attenuation of 

the simulated transmitter signal prior to its injection in the front end at 1575 MHz. 

The first operation performed in the signal processor is to separate, by 

correlatiu":l, the four components of the 135-MHz, composite pseudonoise signal 

received frl,:n the microwave receiVP!". Each of these individual pseudonoise signals 

correlates with its local reference to provide two relatively narrowband signals at 

21. 25 MHz for the purpose of carrier and code tracking. As shown in figure 6, each 

member of this narrowband pair is amplified, filtered, and frequency down con­

verted to 1. 25 MHz in identical intermediate-frequency sections prior to synchronous 

demodulation which results in the baseband tracking error signals for the carrier 

and code loops. The inphase and quadrature components of the demodulated carrier 

signal ls also used to develop an estimate of the initial doppler frequency uncertainty 

as an aid to carrier loop lock during the acquisition mode. A sequential detector, 

operating on the output of the 1.25-MHz-carrier, intermediate-frequency amplifier 

to determine the presence of carrier signal, controls the process of code search and 

synchronization. 
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At thi s point the signal processor services the four carrier and four 
code- loop-error signals with a single time-shared, third-order, loop filter. To 
accom plish this feat, an eight-channel, analog multiplexer is used to sample the 
loop-error signals sequentially in time. Each code loop error signal is sampled 
625 times a second while each carrier-loop-error signal is sampled at five times 
that rate or 3125 times per second. Each analog sample is converted to a digital 
word and applied to the digital loop filter. As shown in figure 6, a simplified 
r epresentation of the loop filter algorithm consists of a set of 256 bit recirculating 
shift registers which effectively performs the integration of the error signal as 
dictated by the mathematical model of the filter. Each register contains a set of 
eight 32 -bit words; each word corresponding to a particular loop out of the eight 
loops being time shared by the filter. At any instant in time a particular word in one 
of the registers and the corresponding pair or words in the two other registers 
represents, in engineering units, the appropriate loops present estimate of acceler­
ation, ve locity, and position. Needless to say, the recirculation rate of the registers 
is synchronous with the multiplexing of the loop-error signals. 

At this point the system demultiplexes and applies the most signifi cant 
part of the contents of the position register to the carrier or code content address-

ble memory (cam) depending on which loop is being sampled. The least significant 
bit of the position word corresponds to 2-7 Hz for the carrier loop and 2-8 chips 
for the code loop. The cam accepts this digital word from the filter, regards it as 
an integer and applies that number of pulses at an almost uniform rate to an incre­
mental phase modulator (ipm). Depending on the sign bit associated with the integer, 
the ipm advances or retards its output phase by 2-7 cycle in the case of the carrier 
ipm or 2·-8 chips in the case of the code ipm in response to each pulse received from 
the cam. 

The implementation of the ipm is relatively straightforward. i or example, 
the carrier ipm in its quiescient state divides a 40-MHz referen,:e frequency by 128 
and frequency translates back up to 20-MHz. For a positive-sign bit the divide-by­
eight counter is forced for one time to count short or reset after seven periods 
rather than the normal eight periods of the 40-MHz input. The effect on the 20-MHz 
output appears as a discrete phase advance of approximately 3 degrees. In a 
similar manner a negative sign bit causes the ipm output phase to retard by 3 degrees. 
Analogously, the code ipm which provides code clock can be advanced or retarded 
by 1/256 of a chip or approximately 0.4 feet. The carrier loop is now closed directly 
through the correlator/local reference module and the code loop closes through the 
pseudonoise code generator and the correlator/local reference module. 

The range and doppler extractors are implemerted in the form of counters 
which accumulate, with due regard for sign, the pulses which are applied to the 
code and carrier lpms respectively. The fine-range counter accumulates the net 
count of quarter chip steps of the local code which occur in pairs during the acquisition 
mode and the 1/256 chip steps. which occur in the tracking mode. When the fine-. 
range counter accumulates a net count corresponding to a complete 01_1e chip code 
displacement, the counter, containing the time-of-day count marking the time of 
occurrence of power boost, la incremented by one count in the appropriate direction. 
The integer chip time-of-day, count and the fractional chip count in the fine-range 
register are combined every o. 2 seconds and transferred to the recorder interface 
module. Similarly, every 0.2 seconds the contents of the doppler register, accumu­
lated over the previous 0.1 seconds, are also transferred to the recorder interface 
module. 
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The recorder interface module performs the functions of strobing each 
processor channel for range, doppler, and channel status information in addition to 
formatting and storing the data for subsequent transfer to the airborne data acquisition system on a once-per-second basis. 

The executive control of the receiver is performed by the master controller 
module. This module provides the command and control functions required by the 
individual processor channels for the purpose of initialization and acquisition. Each 
individual channel has its own controller which effectively operates as a hard-wired 
programmer to cycle the channel through its various operating states from standby 
through acquisitian to the tracking mode. 

The remaining functional elem nt is the fixed frequency synthesizer which 
is excited by the 5-MHz, frequency standa 1·d to provide the various clocks and 
r eference frequencies required throughout the signal processor. 

2.1 MICROWAVE RECEIVER DETAILED DESCRIPTION 

A detailed functional block diagram of the microwave receiver is shown 
in figure 7. The input from the antenna subsystem is first filtered by a -fixed tuned 
pre selector with a measured 3-dB bandwidth of 47 MHz centered at 1575 MHz. The 
75-dB-rejection points for this preselector occur at approximately 80 MHz on either 
side of the center frequency which is an indication of the excellent image rejection 
characteristics of the filter. To maintain a relatively low system noise figure , the 
preselector has a measured insertion loss of 0. 5 dB. 

The preselectt1r is followed by a signal limiter which protects the L-band 
preamplifier from permanent damage as a result of high-powered, in-band inter­
ference. The limiter is a Hewlett-Packard back-to-back, pin-diode device rated 
at 0. 8 watt of cw power or a peak power of 75 watts for 1 microsecond. The output 
of the limiter ls attenuated by 0.3 dB at input levels of up to -30 dBm. For much 
higher signal levels, the limiter output stays relatively constant at about +10 dBm. 

The output of the limiter is routed through the direct leg of a 30-dB, 
directional coupler with an insertion loss of 0.2 dB. The purpose of the coupler is 
to permit introduction of a test signal simulating a transmitter signal. The sidear m 
attenuator is normally set at 30 dB to establish the proper power level of the test 
signal. This attenuator also serves to increase by 30 dB, the 25 dB of isolation 
inherent in the coupler design. 

The output of the directional coupler ls applied to a low-noise preamplifier 
with a gain of 31 dB and a noise figure of 3.3 dB. This device effectively establishes 
the system noise figure which is less than 5 dB. 

The frequency down• converter was implemented as a broadband balanced 
mixer . By means of the 1440-MHz local oscillator, it translates the .received 
1575-MHz signal to the first intermediate-frequency amplifier centered at 135 MHz. 
The image frequency at 1305 MHz ls suppreBSed by at least 80 dB by the preselector 
and the largest in-band intermodulation product at 270 MHz la suppressed by the 
balanced mixer by at least 50 dB. 
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Before proceeding with a description of the 135-MHz, intermediate­

frequency section, we consider the frequency synthesis required to generate the 

local oscillator signal and that which is required to simulate a transmitter Elignal. 

The synthesizer in the microwave receiver is excited by a high~, low-distortion, 

5-MHz standard . This frequency standar d is applied to a snap-recovery diode which 

gener ates a wideband line spectrum with spectral components occurring every 

5 MHz . Two custom-designed, narrowband, crystal, bandpass filters are utilized 

to extrnct two of these line components: one at 90 MHz and a second at 25 MHz. 

The fil ered 90-M Hz reference frequency is then applied to the phase- lock multiplier 

for multiplication by 16 to 1440 MHz. The 90-MHz and 25-MHz, crystal filter out­

puts are also mixed to obtain a 115-MHz reference for up converting to 135 MHz for 

a loca l 20 -MHz replica of the received carrier derived in the signal processor. 

Provision is also made to biphase modulate this 135-MHz carrier with a pseudonoise 

calibrate code fo calibration and self-test purposes. This 135-MHz, calibrate 

signal is up converted to 1575 MHz in a balanced mixer similar to that used for 

down converting the received signal. The reference frequency used to perform the 

up conversion is the 1440 MHz generated by the phase-lock multiplier. The purpose 

of the bandpass filter in the calibrate signal local oscillator path is to increase by 

at least 60 dB the isolation between the received-signal and the calibrate-signal 

modulation. The 1575-MHz, callbrate signal is filtered and Its power is equally split 

between two paths. In one path a measure of the calibrate-signal, power level is 

made and is applied as a control signal to &. solid-state, variable attenuator in order 

to maintain the calibrate-signal level within 1 dB of nominal. In the second path the 

calibrate signal is connected to a solid-state, microwave switch which simulates the 

signal power-boost condition of the transmitted signal. In one mode, which corres­

ponds to the long code transmission, the fixed attenuators are connected to the 

calibrate signal path which establishes a calibrate signal level of -123 dBm at the 

preamplifier input. In the other mode, the calibrate signal is connected to the path 

without the attenuators so that a calibrate-signal level of -100 dBm is established 

for 25 microseconds at the preamplifier input. The signal which controls the switch­

ing is developed in conjunction with the calibrate code at the signal processor. 

Returning to the received signal flow we see from figure 7 that, after 

frequency down conversion, the 1~5-MHz, intermediate-frequency signal is bandpass 

filtered in a 20-MHz filter and amplified by 32 dB prior to the noise age circuit. 

The noise age loop consists of a variable attenuator/intermediate-frequency 

amplifier, a two-way power splitter, a bandpass filter/power detector and a noise 

age amplifier. The bandpass filter, prior to the age detector, has a gain of 10 rlB 

at 135 MHz and a bandwidth of 10 MHz. The square-law detector output ls de coupled 

to the noise age amplifier which develops the required control signal for the solid­

state variable attenuator to maintain the loop intermediate-frequency amplifier gain 

essentially constant at 48 dB. The square-law detector output is also ac coupled to 

the power-boost amplifier and filter. The power-boost filter was designed such that 

the 3 dB points occur at 0,35 and 10 kHz. This filter is followed by a threshold 

device which indicates the occurrence of power-boost~ An analytical derivation 

which influenced the selection of this relatively simple method for initial synchron­

ization is presented in appendix A. 
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The second output of the two-way power splitter in the age loop is again 
bandpass filtered before it is applied to the final 135-MHz amplifier whose gain is 
controlled by the largest of the four-channel age voltagea. 

2.2 SIGNAL PROCESSOR FUNCTIONAL DESCRIPTION 

Functionally, the signal processor accepts the composite signal at 135 MHz 
from the microwave r~ceiver and by means of the correlation technique separates 
the four unique pseudonoise-modulated signals for subsequent i,rocessing by four 
independent processing channels. Each of these processing channels consists of a 
carrier and code tracking loop which maintains a phase-coherent local replica of 
the appropriate transmitted carrier and modulating code Signal. Since each of the 
four processing channels are functionally identical the remainder of this discussion 
wi ll be focused on the operation of just one channel unless it is otherwise noted. 

2 . 2 .1 CORRE I.ATOR AND IF SECTION 

Jn figure 6 the correlator-local reference module has three basic inputs. 
One is the 135-MHz received signal and the remaining two consist of a 2.0 MHz version 
of the locally generated carrier and the 10-MHz, local-code sequence. The purpose 
of this fur,ctional element is to construct two local signal rep1icas at 113. 75 MHz 
which correlate with the desired incoming signal at 135 MHz to provide two narrow­
band signals at 21. 25 MHz for carrier and code tracking. A more detailed block 
diagram illustrating the operations necessary to achieve the objective is shown in 
figu1·e 8. Fir'3t consider the operations required to derive the pseudonoise-modulated 
local-reference signal for the carrier loop. The 20-MHz replica of the carrier 
signal is up C"onverted to 113.25 MHz by the 93. 75-MHz reference from the fixed­
frequency sy the sizer. This signal is then power split to provide the local carrier 
reference for both the carrier loop and code loop. For the carrier loop the next 
oper•~ion con ists of biphase modulating the local carrier reference with the local 
10-Mttz pseudonoise sequence in order to accomplish correlation with the 135-MHz 
received signal. The biphase modulation is implemented by means of a two-stage 
process to achieve maximum carrier suppression in the modulated reference signal. 
The output of this process results in a cw signal at 21. 25 MHz. 

A two-stage biphase modulation process is also implemented in the code 
loop to achieve the desired degree of carrier suppression in the modulated local 
reference as shown in figure 8. 
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Both the carrier and code loop contain identical intermediate-frequency 
sections which provide the necessary signal gain and filtering for the decorrelated 
signals supplied by the correlator/local-reference generator module. The first 
intermediate-frequency amplifier has a center frequency of 21. 25 MHz and a band­
width on the order of 1 MHz. The amplifier which was designed to provide a 
nominal gain of 28 dB is followed by a current controlled variable attenuator which 
operates to maintain the intermediate-frequency signal level constant over a 25 dB 
range of input signal level variability. The age signal which is derived from the 
carrier loop is utilized to control the intermediate-frequency gain in both the carrier 
and code loops . 

Between the 21. 25 MHz and 1. 25 MHz intermediate-frequency amplifiers 
a three-pole Butterworth crystal filter was inserted in each intermediate-frequency 
section. The crystal filter has a center frequency of 21. 25 MHz and a 3 dB band­
width of 6 kHz which limits the noise power at the input of the synchronous 
demodulator. 

The final intermediate-frequency amplifier in the chain is centered at 
1. 25 MHz and has a nominal bandwidth of 500 kHz. 

The characteristics and specifications for the intermediate-frequency 
section are tabulated in table I. 

Table I. Intermediate-Frequency Section Specifications 

Characteristics Specifications 

21,25 MHz IF 

Bandwidth 1 MHz (3 dB) 
Input Signal Level -40 dBm Max. 

-60 dBm Min. 
Input Noise Level -21 dBm Max. 
AGC Range 25 dB 
AGC Gain 15 dB/volt 
Output Signal Level -30 dBm Nominal 
Output Noise Level -15 dBm Max. 

2l, 25 MHz Crystal Filter 

Type 3-pole Butterworth 
Frequency 21.25 MHz 
Bandwidth 6 kHz (3 dB) 

40 kHz (40 dB) 
Temperature Coefficient 20 ppm (0 to 10• C) 

1.25 MHz IF 

Bandwidth 500 kHz Nominal 
Output Signal Level -7 dBm Nominal 
Output Noise Level +8 dBm Max. 
Aperture 4 v p-p Min. 
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2.2.2 POSTCORRELATION RECEIVER 

The postcorrelation receiver module is perhaps the most active element 

of the receiver in terms of the variety of functions it is required to perform. 

Re ferring to the blocks identified in figure 6 as PC Rece iver No. 1 and No. 2, we 

ee the major functions which were implemented in this module. During the tracking 

mode the essential function performed relates to the coherent demodulation of the 

l. 25 MHz intermediate-frequency signal in order to generate carrier and code-loop 

e rror ignals . lncidential to this process several indicators such as carrier loop 

phase lock are developed as well as the control signals required to activate the age 

circuits. In the acquisition mode it is necessary to estimate the initial carrier 

frequency uncertainty in order to aid the narrowband tracking loop to acquire carrier 

frequency. To accomplish this objective, a digital frequency discriminator was 

im plemented which operates on the inphase (I) and quadrature (Q) channels of the 

carrier loop synchronous demodulator to provide an initial velocity correction and 

subsequent updates to the tracking loop filter. A variable time sequential detector 

was also implemented in this module to detect the occurrence of code synchronization 

by sensing the presence of cw signal in the 1. 25-MHz intermediate-frequency of the 

carrier tracking loop. A related function entitled code-sync verification was incor­

porated into the design to perform as a local event controller during the acquisition/ 

reacquisition modes. A detailed block diagram illustrating these various functions 

and their interrelationships is shown in figure 9. • 

The synchronous demodulators required to develop the loop error signals 

are essentially generically equivalent for both the carrier and code tracking loops. 

The major difference is that in the code loop the lnphase component of the 1. 25 MHz 

demodulator reference is utilized to coherently amplitude demodulate the code-loop 

error si~nal. In the tracking mode, the effective low-pass filters operating on the 

loop error signals is 75 Hz and 750 Hz for the code loop and carrier loop respectively. 

The block diagran1 of figure 9 shows that the low-pass filtered output of 

the synchronous demodulator I channel is utilized to develop an indication of the 

occurrence of carrier tracking loop phase lock and an estimate of received signal 

level for the purpose of generating channel age. These measurements are made at 

this point since the parameter available at the I-channel output is directly proportional 

to the product o! the carrier amplitude and the cosine of the phase error. The signal 

age estimate developed for a particular channel is applied at the corresponding 

21.25 MHz intermediate-frequency amplifier. This same signal age estimate is 

filtered further at each channel as indicated in figure 9. The largest age signal 

among the four channels is selected to control the gain of the 135-MHz amplifier 

contained in the microwave receiver and which is common to all four received 

signals. A high-pass filter on the I-channel output with a low-frequency corner at 

200 Hz, allows an envelope detector to derive an estimate of the noise power contained 
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in the inte rmediate -frequency bandwidth. This noise power estimate is filtered, as 

indicated in figure 9, and used prior to carrier loop lock to establish the approp-riate 

intermediate-frequency amplifier gain for the subsequent arrival of signal which 

occurs with the alignment in time of the local and received codes. Once the indication 

of carrie r phasP lock appear s (denoted by a true K state) the channel automatically 

sw itches from noise age to s ignal age. 

Referring to figu:re 9, we note that the spectral occupancy of the demodu­

lated signals in the I and Q channels are first restricted by a 3-kHz, low-pass filter. 

Each signal thus filtered is s imultaneously applied to a parallel combination con­

sisti ng of a limiter and a 750-Hz , low-pass filter / limiter pair. Depending on the 

state J , which marks a particular point in the acquisition process, the di.gital 

freq uency discriminator operates on e ither the wideband or narrowband I and Q 

outputs . Consider the occurrence of the true state J as partitioning the process of 

est imat ing the initial carrier frequency offset into two segments. The first segment 

occurs when code sync has been conditionally accepted for approximately 3 milli­

seconds . During this period of time the initial carrier frequency uncertainty can be 

as much as 3 kHz in magnitude which in turn gives rise to a beat frequency in the 

I and Q channels of the demodulator of the same magnitude. To estimate th is initial 

frequency offset, the digital frequency discriminator operates on the 3-kHz low­

pass filtered output to determine the average beat frequency over the 3-millisecond 

per iod. Since the s ignal-to--noise ratio is relative ly low in the 3-kHz bandw idth, 

the frequency offset estimate developed by the discriminator is relatively coarse 

with a deviation from true val .1e amounting to as much as 200 Hz. This c0 rse 

estimate of initial frequenc~ offset i i; applied as a doppler correction to the carrier 

tracking loop filter which ~,as the effect of pulling the local carrier frequency to 

somewhere within 200 Hz of the actual received carrier frequency. Assuming the 

conditional code-sync state has not changed, the discriminator inputs are next 

switched to operate on the 750 Hz filtered I and Q channels. This results in a 

signlficant improvement in signal-to-noise ratio and a corresponding reduction in 

the variance of the frequency estimates developed by the discriminator. These high­

quallty estimates of the residual frequency offset are applied as velocity updates 

to the loop filter at each sarnpHng time witil the frequency error has been reduced 

to 'i:he point where the loop automatically phase locks. 

It was alluded to in the previous paragraphs that a digital frequency 

discriminator was implemented as part of the postcorrelat,on receiver design to 

estimate carrier doppler frequencies in order to slgniflcantly red•,ce the time 

required by the narrowband tracking loop to achieve a phase locked condition. The 

concept upon which the discriminator design is based is relatively simple and relies 

on the Tr/2 phase displacement between the synchronous demodulator's inphase and 

quadrature channel outputs. For example, in the absence of noise, the inphase output 

is proportional to cos 2w6ft while the quadrature output is proportional to sin 2Tr6ft 

where 6f is the difference between the received carrier and local oscillator frequencies, 

fc and fo respectively. We note that this difference frequency, 6f, can be either 

positive or negative dependl~ on whether fc ls greater or less than fo and wlll be 

reflected in the sign of the quadrature output. Perhaps, the simplest method of 

illustrating the dlscrimlMtor concept ls to consider a phasor representation er the 

20 



inphase and quadrature sinusoidal outputs of the demodulator. For a positive fre­quency offset, the phasors will rotate in the frequency plane in counter-clockwise 
fashion so that a positive going inphase zero crossing is represented ln the phasor 
diagram by the inphase vector crossing from the third Into the fourth quadrant to be followed subsequently by the quadrature vector. An alternate situation occurs when the offset frequency is negative. In this case, the phasors rotate in a clock-
wis manner and a positive going inphase zero crossing is represented by the inphase 
vec tor crossing from the second to the first quadrant after the quadrature vector has already made its transfer to the right half of the plane. Conceptually, then, the 
stra tegy for estimating the frequenc:Y offset is to simply count, on a per unit time basis, the nu mber of times the inphase vector crosses from the left hand side to the 
r ight hand s ide of the frequency plane given that the conditions placed on the quad­rature vector in the preceeding discussion are satisfied. The polarity of the fre­quency offset is determined by the polarity of the quadrature zero crossing. The comparative performance of three types of digital discriminators with respect to that of a theoretical discriminator, ls presented in appendix B. 

A functional element of major importance which was incorporated as part 
of the postcorrelation receiver design is the sequential sync detector. A block diagram of this function is shown In figure 10. 

The full-wave rectifier and low-pass filter develops a measure of the total power (noise or signal plus noise) in the 6 kHz bandwidth of the carrier loop intermediate-frequency. Defore code synchronization is achieved the output voltage, 
-Vi, from the low-pass filter is proportional to the measured nois1~ power and its magnitude is less than the bias voltage -Vb. This causes the outpr.tt of the integrator 
to ramp downward in the negative direction from zero until its magnitude exceeds that of the threshold voltage +Vo, The threshold detector output voltage which is 
normally at zero volts, now changes to +5 volts indicating a dismissal of code sync. 
The positive change in the detector's output-voltage level initiates a sequence c,f events by means of mode control logic which maintains an average search pulse rate of 2 kpps. 

When code correlation ls finally achieved, a cw signal appears in the intermediate-frequency Increasing the total power to the full-wave rectifier by 6 dB. 
The magnitude of the voltage, -v1, becomes larger than the biaa voltage so that the 
integrator output now grows positive, The threshold detector remain~ dormant and 
no search pulse is generated, 

1.25M FUUWAVE 
RECTIFIER 

CFAR I ,-------------..... IANDD 

HfflGRAlt 
AND 

DUMP 

DUMP PULSE 

TlllfSHOLD 
DrnCTOR 

MODE SAMPlf SAMPU CONTROL 1----1~ AND LOGIC PULSE HOLD 

Figure 10. Sequential Sync Detector Block Diagram 
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r 
The mode control logic in the detector is also used to make the conditional 

sync decision. After 3.2 milliseconds if no search pulse is generated, the mode 

logic moves to a state H. This causes the current frequency offset estimate to be 

dumped into +:he digital frequency discriminator filter. At the next 625 pps clock 
(assuming no search pulse), a state J occur~ which declares code sync. Simul­

taneously, the carrier loop filter is being slowly updated from the initial coarse 
off set estimate made in state H. These upd:1tos every 1. 6 milliseconds continue 

until the carrier loop locks completing the synchronization procedure (state K). 

This is achi eved on the order of 10 seconds, 

2 . 2.3 A ALOG/ DIGITAL CONVERTER 

After sequentially sampling the carrier and code loop error signals from 

each channel , an analog/ digital converter applies the resulting digital word to the 

loop filter as shown in figure 11. 

The multiplexer is an eight-channel, high-speed MOSFET devlce that 
samples each code loop error signal every 1, 6 milliseconds and each carrier loop 

error signal every 320 microseconds. The samples are each tracked for 20 micro­

seconds and then held for 20 microseconds and applied sequentially to the A/D 
converter. A convert command to the A/D converter module starts an internal 

750 kHz square-wave and resets the previous output word to zero. Bit decisions 
are made on successive positive edges of each clock cycle of the square-wave. After 

eight clock times the parallel output data is valid, The parallel to serial conversion 

is performed by a comparator circuit. Each outputted eight bit word ls a bipolar 

2 's complement representation of the error signals which is provided to the loop 

filter. 

2.2.4 DIGITAL LOOP FILTER 

The digital loop filter uses a time sharing technique and functions as a 

third order filter for: (1) four independent carrier tracking loops and, (2) four 

independent code clock tracking loops. The key components are shown in figure 12 

and consist of a shift register for scaling, arithmetic adders, shift registers whi.ch 

function as accumulators and switching logic for time sharing purposes. 
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Figure 11. Multiplexer-AID Converter 
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Each shift register contains eight independent sig1 als in series. Each 

register and adder combination forms a digital integrator. One of the registers 

contains the acceleration components of the tracking error signal for all eight loops. 

A second and third register contains the velocity and positlon error signals for all 

eight loops respectively. 

The input shift register functions as a scaler by shifting the digital error 

s ignal from the analog-to-digital converter with r nspect to the word position in each 

register. The scaler in effect provides the coefficient terms in the third order 

equation. 

For time sharing, a particular channel can be placed in a "hold mode" 

by r ecirculating the error-signal words in each register without adding an error 

signal. Provision for injecting initial conditions into the velocity register is also 

provided to implement doppler correction. 

During each integration interval (1/3125 second for the carrier loops, 

1/625 second for the code loops), tracking error data is sent out to the appropriate 

rate multipliers. This data consists of the most-significant-bit position of the word 

errors from the position register. Since the tracking error data is used within the 

phase locked loop, the extracted data is replaced with zeros, thus the position registers 

actually contain only the residual position error to prevent truncation errors. 

The implementation of the carrier- and clock-loop scaling is shown in 

figures 13 and 14. 
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Figure 14. Clock Loop Scaling 

LOOP FILTER CLOCK 

8BITS/R 

The function of the loop fllter clock is to provide all of the timing signals 

in proper phase relationship for the operation of the digital filter, rate multipliers, 

channel controllers, and master controller. A block diagram of the filter timer is 

shown in figure 15. 

The prime concern of the filter timer is to keep track of address locations 

within the reclrculatlng dynamic shift register memory which is· on the digital filter 

card. This digital filter time sharing sequence ls shown ln figure 16. All bit 

addressing, word selection, channel addressing, and iteration cycle counting 

originates on this printed circuit assembly. 

2.2.6 RATE MULTIPLIERS 

2 .2. 6.1 Clock Rate Multiplier 

The function of the clock-rate multiplier card is to interface the digital 

loop filter with four incremental clock phase modulators by means of translating a 

binary 6-bit word into an evenly distributed rate taken over a fixed period of time. 

The design ls completely modular In construction and rate multiplication for all four 

channels is accomplished on a single point-to-point assembly. All unique timing 

signals are taken from the filter tlmer. A block diagram of the rate multiplier is 

shown ln f lgure 1 7. 
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Figure 16. Digital Filter Time Sharing Sequence 

There are three basic operations performed in the rate multlpHer: 
• Four 6-bit input data words are channel addressed and stored during each lteratlon interval. 

• Counter decoders are associated with the stored data. 

• Each data word ls converted to twos complement and trans­lated to a serial pulse stream which ls proportional to offset frequency. 

-

Operations 1 and 2 are combined in a single device called a Content Addressable Memory (cam). The cam device provides for four randomly accessed 2-bit words of read/write/associate storage. 

rY 

As data arrives serially from the digital loop filter, tlmlng signals are used to enter clock data into a six-stage, serial-shift register. Channel address timing signals are then used to address the cam and, at the end of each iteration interval, the shift register contents are transferred to the cam. Two cam devices are used to process the four least-slgnlflcant bits for each of the four channels. Separate latch storage ls provided for the fifth blt and the sign bit. 
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In the next operation, one of 32 different pul e rates are selected by 
gating the appropriate outputs of a five-stage counter. Each stage of the counter 
provides a nonoverlapping sequence. 

This card also synchronizes the fine increment output with the coarse 
increment output to prevent them from being applied simultaneously to the IPM. 
All increment pulses are synchronized to a 1-MHz clock. Finally, the fine s ign 
bit is supplied as a static "1" for advance, "0" for retard. 

2 . 2 . 6.2 arrier Rate Multiplier 

The function of the carrier rate multiplier card is to interface the digital 
loop filter with four carrier incremental phase modulators by means of translating a 
binary 10-bit word into an evenly distributed rate taken over a fixed iteration inter­
val of 1/624 seconds. This printed-c ircuit card is the same as the clock rate 
multiplier with the addition of devices to operate on 10-bit words instead of 6-bit 
words. Nine stages of ripple binary count, instead of five, provide counter decodes. 

The counter is incremented at a 1. 6-MHz clock rate. Up to 512 even!j· 
distributed pulses occur every 320 microseconds or at a 3125-Hz rate. The block 
diagram in figure 18 illustrates the carrier rate multiplier. 

2.2.7 INCREMENTAL PHASE MODULATOR 

A pair of incremental phase modulators (ipms) are used in each of the 
four channel processors as shown in figure 19. In the code clock tracking loop an 
ipm is used to advance or retard the phase of the coder clock in discrete increments 
of either 1/256 bits or 1/4 bits. In the carrier tracking loop, an ipm is used to 
advance or retard the phase of the carrier in increments of ::!:_ 12 8 Hz . 

The two ipms for each processor channel have been conveniently imple­
mented on a common print d circuit assembly shown in figure 20. The mixer and 
bandpass amplifier circuits are contained on shielded subassemblies on one side of 
a mother board while the logic circuits are contained on additional assemblies on the 
other side of the mother board. In addition to holding the subassemblies, the mother 
board distributes and collects the signals to and from the individual circuits. 

Delay variations in the ipm were minimized as they directly effect ultimate 
range accuracy. Long-term variations in delay are zeroed out during the range 
calibration mode. However, careful consideration was given in the ipm circuit 
design to minimize the delay variations as a function of temperature. Tests on the 
completed ipm design over a temperature range of O degrees to 40 degrees centigrade 
revealed an absolute time drift of 1.3 nanoseconds. In addition, the worst-case 
tracking difference between two lpm assemblies over the same temperature range 
was O. 2 nanoseconds. 
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l''igure 19. Incremental Phase Modulator Functional Block Diagram 

The pertinent specifications of the ipm are as follows: 

40 MHz Input 

Waveform: 
Level: 
Load: 
Spurious Response: 

35 MHz Input 

Waveform: 
Level: 
Load: 
Spurious Response: 

Fine Step Command 

Increment Rate 

Level 

Condition for Step 

1 duration 

Fine Direction Command 

Level 

Tran!l.lition Time 

Duration till Change 
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Sinewave 
+7 dBm +1 dB 
50 ohrns-
-30 dBm maximum 

Sinewave 
0 dBm +1 dB 
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-35 dBm maximum 

S3 ,3 x 106 PPS 

TTL 

1 step per 0 to 1 transition 

~0.15 µs 

TTL "1" Advance 
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~0.15 µs after step rise 
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Course Step Command 

Increment Rate 

Level 

Condition f0r Step 

Pulse Duration 

Course Direction Command 

Level 

Transition Time 

Duration till Change 

Outputs 

Frequency 

Load 

Level 

Waveform 

s3.3 x 10
6 PPS 

TTL 

l step per O to 1 transition 

>0,1 5 µs 

TTL "1" Advance 
"0" Retard 

2:25 ns before rise of course step 

~O .15 µs after rise of step 

10 MHz +2. 5 MHz 
20 MHz +78 kHz 

50 ohms 

MECL levels 

Symmetrical Square Wave 

The digital portion of the ipm utllizes extremely high speed MECL III 

logic. The choice of this logic family was dictated by the requirement that the ipm 

have absolute minimum propagation delay variation. The MECL III logic provides 

a typical propagation delay of 1. 8 nanoseconds per gate. 

The analog circuitry in. this ipm consists of a double balanced mixer whose 

inputs are 5 MHz and 35 MHz driving a 40-MHz bandpass amplifier. This circuitry 

is used twice in this ipm, sine~ two mixing and filtering operations are required. 

The bandpass amplifier stage uses a high FT transistor (2N918), with a 

single tuned circuit in the collector circuit. It operates in a Class A mode and is 

implemented as a common emitter stage and provides the required selectivity to 

eliminate unwanted mixer products. The nominal output frequency of this stage is 

40 MHz and unwanted mixer products can occur +5 MHz from center frequency . By 

virtue of the balanced mixer these produ .ts are down 20 dB from the desired signal. 

The lower sideband mixer product at 30 MHz, however, is equal in strength to the 

desired 40-MHz upper sideband. It is required that all undesired frequencies be 

down at least 30 dB from the 40-MHz signal level. 
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2.2. 8 CODERS 

The exper ience of Magnavox in the deslgn and use of shift register 

generators has demonstrated that long maximal linear sequences possess all of the 

propertie s required for adequate protec tion against most jamming strategies. The 

word "long" used in conjunction with pseudonoise sequences denote ,-; that the period 

of r epetition of the sequence substantially exceeds the receiver integr?.tion time. 

It is also des irable that the sequence be longer than the time uncertainty to be 

r esolved to gain protection against repetitive or spoof jamming. In fact, the pseudo­

noise sequence should be sufficiently long to prevent 'a jam mer from recording and 

later rebroadcasting the s ignal in time sync with a subse,1uen~ repetition of the 

sequence. A register of 25 stages will generate a sequence with a length of about 

3 x 107 which will run for about 3 seconds without repetition of that sequence using 

a 10 MHz clock. 

The bit duration of a typical voltage-waveform generated by a line~r shift 

registe r is inversely proportional to the clock frequency, fc, Figure 21 is the 

power spectrum of the sequence; the first zero crossing of the power spectrum 

envelope occurs at the frequency of the code generator. After translation to the 

desired rf frequency, the first zero crossings of the power spectrum envelope 

occur at fRF :!:_ fc. It can be shown that an rf channel with !'. 3-dB bandwidth of 1.4 fc 

will incur approximately 1 dB of signal power loss. Therefore, a 25-MHz rf band­

width is well suited for a wideband signal generated from a 10-MHz clock. 

When a correlation receiver must extract a signal from an environment 

which includes other slgnals modulated with binary sequf'nces which may be maximal 

linear sequences but which are generated by a shift register havlng dlfferent or 

related tap connections, then the performance of the system will depend on the cross­

cor relation function of the blnary sequences lnvolved. In such a case, the false alarm 

rate will be somewhat affected durlng a reacqulsition mode of operation at times when 

the cross-correlation function of two pseudonoise sequences have high values for 

particular phase positions. Experience and statistical studies have shown that 

selected 25-stage maxlmal shift register generators w ll1 meet the mlnimal correlation 

properties. 

.,. hf 

Figure 21. Power Spectrum of Sequence 
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The coder assembly is a multilayer printed circuit card implemented with intet,rated circuits. The circuits on the coder card are divided into two relati ve ly independent functions; a pseudorandom code generator operating at a nominal 10-MHz clCJck rate, and the pseudorange logic for accumulating the 12-most-significant bits of pseudorange data. 

The signal processor coder was designeJ to be compatib~ with a transmit coder with the format given in figure 22, The long code length is 2 5 chips, and the coder operates at a nominal 10 MHz. The four-channel code tap selections using a sim ple shift register generator (ssrg) implementation are as follows: 

Channel Mod-2 Feedback Taps 

1 22, 25 
2 3, 25 
3 13, 21, 22, 25 
4 22, 23, 24, 25 

The coder actually implemented is a modular shift register generator (msrg). lt produces long code sequences identical to the ssrg described above, except for the absence of the 255 bit short code interval immediately following the "all ones" vector of each long code interval. Since the short code interval is not needed for initial itcquisi tim 1 in this receiver, this implementation represents a substantial savings in hardware and power dissipation. 

The coder shown in figure 23 can produce different code streams when programmed with one of four code tap connectors. A control signal will logically select the calibrate code stream regardless of which code tap connector is used. Additional features of this coder are the following: 

• Injection of "all ones" vector with sync power boost (xspb) 

• Detection of all ones vector 

INITIAL STATt 

INITIAL ACQ CODE :~-

LONG CODE 

Figure 2:2. Transmit Coder Format 
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Flgure 23. Coder Block Dlagram 

• Synchronization of code start command 

• Detection of sequence generation (automatic malfunction 

monitoring) 

The injection of all ones vector occµrs when sync power boost falls. The 

input to the first flip-flop in the coder shift register chain is helJ in a "one" state for 

at least 25 bit times. The coder thus fills up with all ones. Each time 25 ones are 

counted in a string 25-bits long, a ~ounter outputs a coder incidence (C1) pulse. Any 

zeroes ln the string reset the counter. After sync power boost rises, the synchron­

izations circuitry supplies a start pulse of one 10-MHz period to the range circuitry. 

The edge of the next clock transition enables code start. Automatic malfunction 

monitoring simply indicates whether or not the coder is generating a sequence. 

Implementation of the pseudorange logic is shown Ln figure 24. Pseudo­

range data ls the accumulation of code phase displacement from some arbitrary but 

well defined time-of-day vector. The tlme-of-day vector is generated by a 12-bit 

counter driven wlth a common 10-MHz clock reference. This counter is zeroed 

with a master reset pulse at end of callbration. The counter vector ls transferred 

into an up/down counter upon receiving an end of sync power boost from the coder. 

All 1-chip displacements of the tlrne-of-day vector from that time on are entered 

into the up/down counter after fractional bit accumulation by the range extractor 

circuit card. 
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Range readouts ar e only valid if the processor channel is tracking. All four pseudora1 ...,e counters are simultaneously sampled and pseudorange data ente r ed into a 20-bit par allel to serial converter . The eight least significant bits are brought over with par alleL wires from the range extractor card. The serial data is then formatted in the recorder lnterfac,e buffer memory . 

2.2.9 CONTROLLERS 

2. 2 . 9 .1 Master Controller 

The master controller provides a set of control functions for the initialization and acquisition phases of the indlv ual channels. A blcck diagram of the master controller is shown in figure 25. The frequency estimate status bit (x nonzero) is multiplexed and channel addressed and sent directly to the digital filter from the maste controller. Seven system test set switches interface through the master controller by introducing an overriding set of functions which include: 

• Standby Enable 1, 2, 3, 4 
• Test Sync Power Boost Enable 
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• Calibrate Enable 
e Blanking Disable with X Sync Power Boost 1 

The master controller contains the logic needed to selectively enable 
channel acquisition by control of individual sync power boosts. During acquisition, 
a channel will receive a sync power boost only if it is presently in standby status and 
if this particular sync powe r boost has not been blanked by a tracking channel. 
Blanking occurs if the "all ones" vector of an acquired channel's code aligns with a 
detected sync power boost. The master controller monitors the standby and track 
status bits of all channels by demultiplexing X word 0 and X word 7, respectively. 

2 . 2.9.2 Calibrate Mode 

Upon system-on or calibrate enable commands, the master controller 
forces a calibrate sequence by generating command signals. All channel contro11ers 
are initialized to standby status, a calibrate pulse of 16 seconds dur-~tion is generated, 
and simulated sync power boost pulses are sent in place of the sync power boost 
detector pulses to all four channels: At the end of 16 seconds, the channel controllers 
are reinitialized to standby status and all calibration signals are disabled. At this 
moment all channels are waiting to be begin their acquisition phase. 

In this calibrate mode, each of the four channels simultaneously tracks a 
common code and a carrier frequency derived from the local frequency reference. 
During this process the receiver measures the relative delays between the locally 
simulated transmitter code and the individual channel codes by comparing the respective 
range accumulators induced as a result of the different electrical paths traversed by 
the simulated transmitter code. These delays are accumulated ln what will be referred 
to as range registers untll the end of the calibrate mode at which point in time the 
range registers are reset to zero and thereby compensate for the static differential 
delay among the four channels. 

Under normal operating conditions the calibrate mode of operation initializes 
the signal processor by supplying a CAL code (which is simply a 1, 1, 0, 0 binary 
sequence at a 2. 5 MHz rate) and a 20 MHz fixed frequency CW signal from the fre­
quency synthesizer of the signal processor to the test signal generator in the micro­
wave receiver. (Refer back to figure 6.) This generator provides a 1575 MHz biphase 
modulated signal at a constant level of -123 dBm to the input of the microwave 
receiver. 

When a calibrate mode is initiated, all 4 channel processor channels switch 
to a CAL code and acquire the calibrate signal. Sixt~en seconds later, after the 
tracking loops have nulled and AGC transients have settled out, the calibrate signal 
is removed and a master reset pulse (generated from the 5 MHz reference oscillator) 
zeros the 4 pseudorange data registers and forces the proces~or channels to a stand­
by mode to await the arrival of a synchronizing power boost signal. 

After a calibrate cycle ls completed, any differential delay between pro­
cessor channels is cancelled and zero range is referenced to the input port of the 
microwave receiver. 
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2. 2. 9. 3 Channel Controller 

Each channel controller board contains hard-wired programmers for two channels. A reduction in number of output wires is obtained by multiplexing programmer output enable signals. Each programmer duplicates the flow-state diagram of eight words shown in figure 26. Word cycle time is 250 nanoseconds, which is the minirnwn decision delay of thfs machine. This design is capable of ite rating and counting loops, and weighting multiple exits from selected states. Uncondit ioned entry points are provided to initialize the program and to force selected test states. Conditional jump decisions are also provided for test modes. 
The object of each programmer is to reach word 7 (track state) through the monitoring of channel symptoms and the resulta:it corrective commands. 
A typical initial acquisition sequence for one channel is as follows: Starting from standby, one bit is entered into an eight-.stage shift register of the controller. This bit clears the digital filter carrier and clock memory. It also monitors sync power boost and will remain in word O (standby) until sync power boost occurs. Word 1 is the next bit in the 8-stage shift register and is entered upon receipt of a sync power boost from the master controller. During word 1, the cocer is initialized and the ipm is advanced until the 1/4 and 1/2 bit positions in the lower 8 bits of pseudorange are zero. If the test switch is in track position, the J:>rogram would have jumped from word 1 to word ': and continued to track in word 7 regardless of normal system operations. 

At the end of sync power boost, the program advances to word 2 as the upper 12 bits of the range counter are replaced with the present time-of-day counter state. The pseudorange counter can be initialized from any sync power boost that results in a track status. Word 2 enables an advance in code clock relative to a reference 10-MHz rate. During lnltlal acqulsltlon, upon receipt of a sync power boost, the code clock Is advanced 512 bits. Upon reaching this retrace limit the program steps to word 3 (search). Search pulses are also counted for 512 bits of code-clock backward movement. The actual mechanism which implements code clock retrace and search is an incremental phase modulator (lpm). The program provides +1/4 bit pulses to the ipm during search or retrace. The retrace rate is 1 MHz and ihe search rate is approximately 1000 chips per second but ls dependent upon the sequential search decision circuit. Detection of a search limit jumps the program back to word 2, if H (Initial sync decision) did not fire during the search process. If this loop is counted for 4 cycles, the program returns to word O (standby). Words O through 3 will auto­matically loop through ln the above sequence until H fires· during search, at which time a new sequence ls developed. 

By the time H fires during the search process, an estimate of carrier doppler has been collected. It ls scaled and injected into the carrier and clo~k loop filters. Word 4 enables the injection of a coarse doppler estimate during one iteratic~· •'>f the digital loop filter. The program steps to word 5 and continues to inject flnt: ,k t>Pler corrections until the frequency error ls within the pullln range of the loop and a track mode ls establlshed. During this process the program ls waiting for either J (time doppler correction mode) to fall or for K (track mode) to fire, assuming J fired after H fired. If in fact J never fired or does fall before K fires, the program steps to word 6 and zeros the digital loop since the estimated doppler offset was ln error due to a false alarm or a combination of events which drive the code out of correlation. For this case, the program loops out of word 6 to word 3 and continues the search sequence for the remainder of counted cycles. 
1.1 



Word 5 (pullin) can enable two exits. One has been described as stepping 

to word 6 and looping back to search. The remaining exit has priority, that is, if both 

J fell and K fired simultaneously, the program would jump to word 7 instead. Word 7 

(track) closes the loop permanently and prepares the program for a reacquisition pro­

cess if K falls at any time. 

Reacquisition start~ as a jump back to word 3 and searches the code clock 

while maintaining constant vt•locity hy zeroing acceleration in the loop filter per that 

channel. An expanding search aperture i s implemented in small, medium, and large 

partitions of 16 passes each. 

Small 
Medium 
Large 

+256 bit~ 
+ 512 1,ics 
+204 8 bits 

ll.t = 8 sf'conds 
Cl.t = 16 seconds 
i:.\t = 64 seconds 

If search rate is 1 kHz and retrace is 250 kHz at the bit rate the tot~,l reacquisition 

could take 39 seconds at which time the programmer jumps back to word O (standby) 

or initial acquisition. 

2.2.10 RANGE EXTRACTOR 

The range extractor (figure 27) is designed to monitor the alterations in coder 

clock and coder state in order to provide a running sum of range from propagation 

delay. The range extractor data is in the form of a 20-bit binary word, least-signif­

il!ant-bit equivalent to 1/256 of a code chip. The lower order 8 bits ar.J acct~:nulated 
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Figure 27. Range Extractor Operation 
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in two 4-bit parallel adders in order tc. add in both+ 1/256 and + 1/4 of a code chip during the extrapolated search rec Jquis1 tion 111ode. - .I'he higher order 12 bits are accumulated in three circuits each containing 4 bits of up/down binary counter. These higher order bits accept, carry, and borrow from the eighth stage of the lower order segment and can also be broadside loaded from a 12-stage binary counter which is running at the 10-MHz reference clock. All 20 bits of range data are converted by a parallel-to-serial converter into a serial format for inputting of the recorder inter­face range data. 

The operational procedure for obtaining range in this manner is entirely automatic and once the system is tracking, range can be monitored to within+ 1/256 code chip. The main concern of the range data collection is to ensure simultan0ous strobing of all four range extractors during system track mode. If any channel breaks lock am: enters a reacquisition mode requiring a new code search, a re­establishment of code vector state is also required in the range register. The system utilizes a sync power boost to initialize the coder, and simultaneously enters the reference count from the 12-stage counter into the higher order bits of the range register. The lower order bits are previously adjusted so that the coder block is within 1/4 of a chip of the 10-MHz reference clock. This allows unambiguous broadside load of the running reference count. Prior to any system-track mode, the calibrate mode is entered in order to let all four channels track the reference coder and enter1:1 all zeros in the lower eight-order bits of range which establishes referenr.e clock phase data. 

2.2.11 DOPPLER EXTRACTOR 

The doppler extractor (figure 28) is designed to monitor carrier frequency tracking data by integrating this data over 0.1 second in a binary format of 20 bits, with the least significant bit weighted at 1/128 carrier chip. Carrier- track data is available in pulse and sigr digital signals. Therefore, by counting pulses weighted at 1/128 carrier chip and utdng the sign bit for directing an up/down binary counter 
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Figure 28. Doppler Extractor 
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ove r a r ange of 20 stages and over an interval of O. 1 secondo between clearing of this 

counter, doppler information is obtained. This 20-stage, up-down counter is strobed 

each o. 1 second and dumped into a 20-stage, parallel-to-serial converter for serial 

doppler data interfacing the recorder. Carrier track data is also displayed on the 

control box by meters. The ?Jlse and sign data is integrated but not dumped in a 

digital-to-analog converter which drives the meter movement. 

2. 2. 12 VELOCITY DIGITAL-TO-ANALOG CONVERTER 

This circuit converts the dopple r pulses from the carrier-rate multipliers 

to an analog voltage which is displl:l.yed on the control-display panel velocity meters 

(see figure 29). 

The doppler ?Jlses can occur at a maximum rate of 400 kHz. The sign bit 

is 1 for a positive velocity and O for a negative velocity. A positive sign pulse is 

inverted at the input to the upper exclusive or causing the one-shot to fire on a doppler 

pulse. This output is integrated through the R-C integrator and the analog current 

drives the meter. Alternatively a negative sign bit causes a negative current through 

the integrator and the meter. 

Lamp drivers for the control/display panel are also locar.ed on the velocity 

digital-to-analog converter card. 

2.2.13 RECORDER INTERFACE 

The recorder interface performs the function of strobing each processor 

channel for 1ange, doppler, and status data. It sequentially stores and frames these 

32-bit words into one 2560-bit word for the airborne data acquisition system. It also 

sends each processor channel a multiplexer clock which controls two 20-bit, parallel­

to-serial registers associated with the range and doppler for each channel. Every O. 2 

second a strobe line parallel loads the registers in each channel processor. The serial 

data is then multiplexed into a memory which stores five sets of data each second. 

Once per second this storage is transferred to the airborne data acquisition system 

along with a 32-bit Barker sequence preamble. A logic diagram of the recorder inter­

face is shown in flgure 30, and a timing diagram is shown in figure 31. 

T.C. 2.5 
DOPPLER 
PULSES ONE 

SHOT 

P01lNTIOMETtR 

SIGN ONE 

IUPIDOWNI SHOT 

Figure 29. Velocity Digital-to-Analog Converter 
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DAlA STROBE 

LOAD MEMORY 

UNLOAD MEMORY 

DATA STROBE 

STROBE IR IG 

TP~~--T-P2--TP-3 ISEC.-~---TP-5--..l~T~I 

I I I I I I 
-1 l-2, 56MS 

A 

DATA DATA D DATA DATA GROUP 15 
GROUP ti GROUP f2 GROUP f3 GROUP f4 .., ,..12. qt, MS 

---------------¥®----
--t-:2 src+.2 src+.2src +.2src~ ~2. 72MS 

DATA WORD 33 

I I 

D£TAI L A 

160 -.1 
DATA WORD 42+--'µS(C-, 

: I I cl 
DETAIL B DATA WORD 48 ------------~ 

t- I6o 12. 96MS j 
1-- ttSE~ , ,,-..,..,,.,,.,,.,,.....~__, 
I 7 WMD 11 WORD 2 I IJ I WORD I I @0 I J 
SYNC WORD I STROIE IRIG AT RECORDER 

Figure 31. Recorder Interface, Timing Diagram 

The recorder interface logic has been implemented on three printed-circuit 
assemblies which were constructed using point-to-point wiring techniques, The fourth 
card which is also part of the recorder interface group is an analog-to-digital converter 
assembly. 

Recorder Interface #1, shown in figure 30, contains a 4096 bit random-access 
memory (ram) addressed by a 12-stage counter. Sixteen parallel signals are multi­
plexed and sent to the memory every 0, 2 seconds, The output data from the memory 
is serially shifted out once per second. It is preceded by a sync word, reclooked and 
sent to the airborne recorder. 

The first five stages of the address counter are the word counter. One cycle 
of this counter addresses 32-blt locations in mt.mory (one word), The next four stages 
are the word group counter, one cycle of this counter addresses 16 word locations 
(word group). The next three stages are the frame counter, one cycle of this counter 
addresses five-word grwp locations (a frame).-

The clock to the address counter iE! enabled by a start address clock }Xllse 
and disabled after a word group ls loaded into memory once every O. 2 second. With 
the exception of the fifth time interval, the clock ls not disabled after a word group 
continues running. The sync generator is enabled for a 32-blt period once per second, 
after which the address counter is reset. The memory is placed in the read mode and 
the entire contents of the memory ls read out to the airborne recorder after which time 
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n pul se is generated which disables the clock to the address counter, resets the 
address counter and generates a memory unloaded pulse. When the memory is placed 
into the write mode nothing happens until a start address clock pulse is received. 

The multiplexer is controlled by the word-group counter. In addition, a 
16-state decoder decodes the states of the word-group counter which enables the 
various remote-word registers. 

The sync word is generated by a five-stage, ~.n-sequence generator which is 
preset and enabled by address inhibit signal. 

The read-write logic for the memory is controlled by the read- ;- rite llip­
fl op. The read-write signal is a 200-kHz square wave offset by one quarter period 
from the 200-kHz square wave that drives the address counter. 

Recorder Interface #2 consists of a divide by 80,000 counter followed by a 
divide-by-five counter. The input to the divide by 80,000 is a 400 kHz square wave 
producing a 5-Hz, square-wave output which is used to gate range and doppler coun­
ters. The 5-Hz square wave in turn, drih,B a divide by five which produces a O. 2 
second pulse every second. In addition, the 5-Hz square wave fires a Schmitt trigger 
which generates five short address clock pulses every second. These pulses are used 
to enable the address counter on Recorder Interface #1. The data clock is obtained 
from the first stage of the divide by 80,000. 

In addition, this board contains a 32-stage parallel load serial shift status 
register, automatic malfunction monitor combining logic and a recorder ready pulse 
stretcher which lights a lamp on the control display panel for O. 2 seconds each time 
a recorder ready pulse ls sent from the airborne recorder. 

Recorder Interface #3 contains a 32-stage parallel load serial shift status 
register along with coder automatic malfunction monitor combining circuitry. In addi­
tion, a three-stage, analog-to-digital address counter is located on this board for use 
in multiplexing the six age signals. 

Recorder Interface Data Format 

Figure 32 1bow1 the format of recorder interface data. Notice that data 
words 1 thrrugh 16 are collected five times during each frame i:a.nd that frame word 1 
is a sync wo~d which 1s not repeated but precedes the 80 data words ·1pon delivery to 
the airborne recorder. 

Frame Word 1 - This • s a data syachronizing word. It consists of a 32-bit 
Barker Sequence which contains the desired correlation properties for synchronizing 
a serial data stream, even under noisy line conditions which result in bit errors. 

Data Word 1 - The first 8 bits represent the flight number which is pro­
grammed using two thumwbeel switches at the control-display panel. The remaining 
24 discrete bits represent the modes of operatim in each of the four processor channels 
and their assignment ls shown ln table n. • 
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TIM£ -

FRAME DATA BIT NUMIEA WOAD WOAD I 2 3 4 5 6 7 a 9 10 II 12 13 14 15 16 17 11 19 20 21 22 23 24 25 26 27 21 29 30 31 32 I I 1 0 0 l I I I l 0 0 0 I l 0 I l l 0 l 0 l 0 0 0 0 l 0 0 I 0 1 FLT. NO. DISCAETES 2 I I 2 4 8 10 20 ~ Ill I 2 3 4 5 6 7 8 9 IO 11 12 13 14 15 16 17 18 19 20 21 22 23 24 .--- EVENT MARKER ----. ,- DI SCAETE --, ,--- FRAME COUNT --, DISCRETE 3 2 I 2 4 8 D O D D l 2 3 4 5 1 2 4 8 l 32 64 128 14 15 16 17 18 19 20 21 22 23 24 
4 3 Lse RANGE fl Mse o 0 
5 4 Ls RANGE 12 Mse o 0 L e 
6 5 Se RANGE 13 Mse o 0 1 6 Ls RANGE 14 Ms 0 0 L e B 8 7 OOPPL£R fl Ms 0 0 Sa 

Me 0 9 8 Ls OOPPL£R 12 Sa 0 ID 9 L e 
OOPPL£R 13 Ms 0 0 Se 

MB 0 II 10 Lse OOPPL£R t4 
0 

0 Lse - AGCfl - Msa 0 
Se 

0 Lsa - AGCf 2 - Mse 
12 11 0 
13 12 0 0 Ls _ AGC f3 _ Ms 0 0 Ls - AGC 14 - Ms B B I e 14 13 0 0 Ls - AGC 15 - Ms 0 0 Ls - AGC f6 - Ms 15 14 0 0 I - ANALOG SPARE _ I 0 0 _! ANALOG SPARE - e 16 15 NOT USED 
17 16 NOT USED 

18-33 17-32 REPEAT OF FORMAT FOR DATA WORDS l THAU 16 
34~ 3HI REPEAT OF FORMAT FOR DATA WOADS 1 THAU 16 
50~5 ~-61 REPEAT OF FORMAT FOR DATA WOADS l THAU 16 
66 .. l 65-«I REPEAT OF fO!!MAT FOR DATA WORDS l THRU 16 

Figure 32. Recorder Interface Data Format 

Table II. Discrete Bit Assignment 

Chan:.1el 
Stand By Search Pull In Track CodeAMM Spare Number 

1 1 2 3 4 5 6 
2 7 8 9 10 11 12 
3 13 14 15 16 17 18 

4 19 20 21 22 23 24 

Data Words 2 - The first 4 bits represent the event marker number which is programmed using one thumbwheel switch at the control-display panel. Bits 14 through 21 represent a mod -128 frame counter output. This counter ls toggled with 1 second ticks and its starting vector is arbitrary. The repeating 128 count 



r iilii s ::x; 

sequence may be used as a diagnostic tool du:.: ing data reduction to determine if the 
a irbo rne recorde r has skipped any frame. The discrete bit assignments for data 
word 2 are listed L.,iow: 

1. 
2. 
3. 
4. 
5. 

G- 13. 
14- 24 . 

Synthesizer Automatic Malfunction Monitor 
Microwave PLL Automatic Malfunction Monitor 
Magnavox Research Laboratories/Hazeltine 
Calibrate Mode 
RF Signal Present 
Fr ame Count 
Spa res 

Data Word 3 through 6 - Represent pseudorange data for processor channels 
1 throuf?:h respectively. The digital weighting facto:.:s for each pseudorange word is 
given below 

• Code phase of arriving signal minus code phase of 
(imaginary) airborne standard code • 

• 20-bit number (straight binary) 

• i,east significant bit = 1/ 256 code element duration 

NOTE: Pseudorange is modulo 4096 chips (68 nautical miles) 

Data Words 7 through 10 - Represent pseudodoppler dat;, for processor 
channels 1 through 4 respectively. The digital weighting factors for each pseudo­
doppler word is given below: 

• Frequency oi arriving signal minus frequency of airborne refer­
ence averaging over 1.0 seconds just preceding the 6 per seconds 
sample time. 

• 20-bit number (straight binary) 

• LeaE, s111;r.!ficant bit = 10/ 128 Hz 

NOTE: Negativ,) values appear in twos complement form. 

Data Words 11 through 13 - Contain six 8-bit age words. The weighting of 
each age word is given in the engineering performance data of section III. After con­
verting and combining these six age words in the software program, the signal level 
of each processor channel can be determined to within ! 1 dBm. The age designations 
are given below: 

AGC 1 
AGC 2 
AGC 3 
AGC 4 
AGC 5 
AGC 6 

Channel 1 
Channel 2 
Channel 3 
Channel 4 
Maximum age 
Noncoberent age 
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Data Word 14 - Represents two spare 8-bit analog-to-digital outputs. 

Data Words 15 nnd 16 - Are not used. 

2. 2. 13. 1 Recorder Interface Specifications 

The interface between the 621B User Receiver and the airborne re~order 
buffer is hown in figure 33. Additional specifications for this interface are given 
be low: 

* 

• Data (from Receiver) 

Frame Length 

Words / Frame 

Word Length 

Format 

Gating 

Sync Word 

• Clock (from Receiver) 

Rate 

Gated or Continuous 

Duty Cycle 

Clocking Edte 

• Oltput Interface (from Receiver) 

Levels 

Source 

Cable 

c~nnector 

• End uf Frame (from Recorder) 

Type of Signal 

Rate 

Duration 

Rise Time 

Does not include sync word. 

50 

2560 bits (fixed)* 

80* 

32 bits (Fixed) 

NRZ 

None 

32 bit maximal sequence 
(Refer t.o Receiver Data 
Format Diagram) 

200 kHz (nominal) 

Gated 

50% 
11111 to 11011 transition 

TTL 

1000 (resistive) 

RG 195 

T. N. C. Female 

Pulse 

1 pulse/sec 

3µ. S nominal 

<30 nS 

" 



., 

MOTOROLA W., 312(,lf 

--t>o--· DATA RG1'15 
CABl.E 

MOTOROLA 1K. 312(,lf 
-:-

C I( RG l '15 
CABLE Al RBORNE 

1121 -8 USER RECEIVER -:- RECORDER BUFFER 

0. 5 
END Of FRAME RG 195 

CABLE 
-:-

FAIRCH ILD 14 AW!lll 

Figure 33. Recorder Buffer Interface Diagram 

2. 2.14 FREQUENCY SYNTHESIZER 

All of the fixed frequencies required by the signal processor are generated 
on frequency synthesizer boards 1 and 2. All signals are generated from a stable 
5-1\.filz frequency standard. Synthesis is accomplished using step recovery diodei- fo r 
multiplication, double-balanced mixers for summing and emitter-coupled-logic (eel) 
fo r division. A block diagram of the frequency synthesizer for the signal processor 
is shown in figure 34. 

The two synthesizer boards were constructed on standard size boards us ing 
a combination of printed circuit wiring in the critical rf circuit areas and point to 

point wiring in the low frequency and de signal areas. Figure 35 shows one of the 
frequency synthesizer boards . 

Synthesizer Requirements 

• 5 MHz Oltp.it 

Number of Oltpits 

Level 

Waveform 

Destination 

• 8 MHz Oltput 

Number of Oltpits 

Level 

Waveform 

Destination 

51 

One 

TTL 

Square Wave 

PC Receiver 1 

One 

TTL 

Square Wave 

Filter Timer 



FFS 12 

FFS 13 

• 

• 

XTAI. 
FILTER 
«I MHz 

XTAI. 
FILTER 
85 MHz 

- 2 WAY 1-----' I 
POWE_R ______ j 

.----3. 75 MHz@ 0 dBM 

3. 75 MHz@ 0 dBM 

3. 75 MH z@ 0 dBM 

---,-93. 75 MHzf O dBN. 

------1►35 MHt @ 0 dBM 
Afl 
('0' • FAUl Tl 

..._ ____ _,► 5 m 

~-----------• 10 m 
>---------•► 20 MECl 

-------------- 20 MECl 

-----.---------- 20 MECL 

»------------ 20 MECL 

-----------.► 20 MECL 

>-------► CJ MECL 

------- CJ MECL 
,_ ____ CJ MECL 

«I MECL 

---[Z)-----------.• 8.0 TTL 

Figure 34. Frequency Synthesizer Diagram 

10 MHz Output 

Number of Outpui:s Five 

Level TTL 

Waveform Square Wave 

Destination Coders 

20 MHz Output 

Number of Outputs Five 

Waveform Square Wave 

Level ECL 

Load 50-obm nominal (each) 

Destination IF Assy and FFS 1 

1 

41 
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• 35 MHz Output 

Number of Oltputs 

Waveform 

Level 

Load 

Spurious Responses 

Destination 

• 40 MHz Output 

Number of Oltputs 

Waveform 

Level 

Load 

Destination 

• 93. 75 MHz Output 

Number of Olt?,1ts 

Waveform 

Level 

Load 

Spurious Responses 

Destination 

Four 

Sine Wave 

C dBm ± 1 dB 

50-ohm nominal (each) 

-40 dBm max. 

IPM 

Four 

Square Wave 

ECL 

50-ohm nominal (each) 

1PM 

Four 

Si.ne Wave 

0 dBm ±1 dB 

50-ohm nominal (each) 

-40 dBm max. 

Correlators 

Figure 36 shows how the 30-MHz and 93. 75 MHz signals are generated. 
The 35-MHz signal is generated by multiplying 5 MHz by seven using a comb gener­
ator and a crystal filter to provide spectral ?,lrity. Four separate outputs were 
provided by using a four-way hybrid splitter. The 93. 75-MHz signals were gener­
ated by synthesizing an 85-MHz signal and mixing with 35 MHz divided bv 4. A 
crystal filter at 93. 75-MHz was used to provide spectral purity. 

The comb generator consists of three parts: a driver, a step recovery 
diode, and an output matching network. The step recovery diode has the capabilit 
of being driven ln the recerse conduction state for a time controlled by the depletion 
rate of the majority carriers about the pn junction. When the pn junction becomes 
depleted, the step recovery diode abruptly shuts off, typically in the low pico seconds 
region and a sharp voltage spike ls produced which is rich in harmonics of the 
fundamental. A matching network ls employed to match the diodes low impedance 
to its respective crystal filter loads for extraction of the desired frequencies from 
the generated comb. 
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-4 -3 -2 -1 1234
CENTER

FREQUENCY

20 MHz/CM

-4 -3 -2 -1 12 3 4
CENTER 

FREQUENCY
20 MHz/CM

Figure 36. Comb Generator Output Spectrum

Figure 36 shows a typical output spectrum of the step recoverj' diode circuit 
used in the frequency sjmthesizer. The "tooth" notched out in the photo is 135 MHz; 
sweep speed of the spectrum analyzer is 20 MHz per centimeter; the "teeth" of the 
comb are spaced at 5-MHz increments.

A common wideband amplifier was used throughout the synthe­
sizer design. This flexible design provides a wide range of gain variation, flat 
frequency response out to 200 MHz, low harmonic distortion at output levels up to 
+ dBm and excellent temperature characteristics. The design is straightforward 
using common collector stages for gain and a common emitter stage for impedance 
matching of 50 ohms at the output. The response of this amplifier along with the 
relative second harmonic distortion at an output level of +5 and +12 dBm is shown 
in figure 37.

To insure the requirements for high spectral purity, crystal filters were 
used extensively in the frequency synthesizer design. The specifications for the 
various crystal filters are given below:

• Passband Characteristics; The bandwidth and insertion loss 
of each filter shall be such that the attenuation of the defined

/ center frequency (above) shall be attenuated no more than 
6.0 dB across all environmental conditions.

• Stopband Characteristics: The attenuation of each filter shall 
be 40 dB (minimum) from 5 MHz to Fq - 5 MHz and Fq + 5 MHz 
to 120 MHz.

• Temperature Range: 0 degrees to 70 degrees centigrade

• Source and Load Impedance: 50 + 10 ohms in parallel with 
a capacitive component of 0 to 15 pf.

• Case Size: l/2 inch high by 1.0 inch wide by 2.375 inches 
long (maximum sizes).



WBA lO dB GAIN 

+12 dBm 

OUTPUT Tr.ANS I STOR • 2N3866 
TEMP • 250C Vee • -15V 

o • +12 dBm 
x • +5 dBm 

RELATIVE 2ND HARMONIC 
AT +12 dBm OUTPUT 

0 

.,_ _______ ...., _________________ -60 

l MHz 10MHz 100 MHz l!XXl MHz 

Figure 37. Wideband Amplifier Characteristics 

The design of fixed frequency synthesizer number three (FFS 3) is similar 
to the design of FFS 2. Additionally, however, emitter coupled logic was used to 
divide 40 MHz down to 8 MHz. An ECL logic family manufactured by Motorola (MECL) 
was used to provide the high-speed countdowns. The ECL/TTL level converters were 
used to transform lower frequency squarewaves to TTL levels. 

2.3 

2.3.1 

MECHANICAL DESIGN 

SIGNAL PROCE~OR PACKAGING 

The signal processor packaging shown in figure 38 is a basic 1-1/ 2 ATr. 
size, 15.38 inches wide by 7.63 inches high by 18.1 inches long. The design is gener­
ally in accordance with the requirements of MIL-C-172 for an MS91403 case. Total 
weight, including electronics is 36 pounds. Basic construction of the unit is sheet 
aluminum, with integral honeycomb sections which, in addition to structure, allows 
free passage of cooling air and rfl protection between rows of circuit cards. A stand­
ard mounting arrangement is provided for mounting in MS91405 type mounting tray. 
The internal card rack is divided into three sections separated from e~ch other by the 
honeycomb partitions. Each section ls furtbifr divided into functional groupings of 
printed-circuit cards separated by rf shields. Figure 39 ls a plan view indicating 
card locations. Packaging of the circuit elements makes broad use of microelectronic 
techniques. 'l11e circuit cards, supported in the case by means of metallic card 
slides, plug into printed circut_t edge connectors located on the connector plate at the 
bottom of the unit. 'lbe circuit card outline is depicted in figure 40. 
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Figure 40. Circuit Card Oltline 

2.3.2 MICROWAVE RECEIVER PACKAGING 

The microwave receiver is 15. 38 inches wide by 4. 00 inches high by 18. 1 

inches loDr, :flgµre 41). Total weight, including electronics, is 16. 25 pounds. Bas ic 

construction of the unit is sheet aluminum. The unit is basically a large plate that 

provides a convenient surface for layout of the· microwave equipment and its inter­

connecting semirigid cable. Sides and cover are provided, as necessary for emi 

considerations, although some components are mounted to the ver~ical surfaces. 

Four long screws at the comers are provided for mounting the unit to a survace 

plate or to the auxilliary unit. 

2.3.3 AUXILLIARY UNIT 

The auxilliary unit is 15. 38 inches wide by 10. 00 inches high by 18.1 inches 

long (figure 42). Total weight, including electronics and power supplies is 88 pounds. 

Basic construction of the unit is sheet aluminum. The unit is divided into two sections, 

component and plenum. A top cover is not provided, since the microwave receiver, 

when installed, assumes that function and ope·ration of the unit does not require a 

cover. A standard mounting arrangement is provided for mounting in an MS91405 type 

mounting tray. 
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Figure 41. Microwave Receiver

/ ■ ‘

Figure 42. Auxilliary Unit 
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2. 3. 4 CO TROL DISPLAY NIT 

The contro l-rlis play unit is 5. 75 inches wide by 9. 00 inches high b~· 6. 00 
inches long (fig ure 43) . The uni t is bas ically a control panel with a connector bracket 
and dust cover mounted to provide rear of the panel pr otection and we ighs 4. 25 pounds . 
Panel s ize and faste ner arrangement is generally in accordance with MS25212 . Indi­
cators of acquis ition and tracking fo r each channel augment the meters which indicate 
re lative speed in knots . Calibr ate , Lamp Tes t, and Powe r Switches are s imple push­
button s witches . The automatic malfunction monitor lights upon receipt of a fau lt 
indication signal. 

2. 3. 5 TH ERMAL CONSIDER.A TIONS 

The cooling des ign is based on satis fying the r equirem ents for installation 
in a transport aircr aft of the KN-125 type. Since the quality of the cooling air (cabin 
air) is suitable for direct flow through the electronics, a simple fan/ fil te r assembly 
attached to the rear of both the s ignal processor and auxilliary unit is all that is 
required. Cooling air therefore enters the enclosures at the rear and exhaus ts at 
the sides just behind the front panel. No air passes di r ec tly out the front of the boxes 
where it could cause discomfort to an operator. 

As was noted previously , the honeycomb partitions allow free passage of air 
through the signal processor electronics. Power dissipation in the s ignal processor is 
less than 200 watts. Using a fan which is rated at 110 cftn at free delivery , ai rstream 
temperature rise does not exceed 5 degrees centigrade. 

The auxilliary unit contains the power supplies wr-ich, in all but one cas e , 
are forced air cooled. Cooling air travelling through the plenum must pass through 
the power supply heat exchangers before reaching the exhaust ports . Temperature 
rise in the airstream is less than 10 degrees centigrade. 

Both the microwave receiver and the control unit are low thermal dissipators 
and therefore do not require forced air cooling. Cooling of these units is by natural 
convection and conduction. 

2.3.6 EMI CONSIDERATIONS 

In the signal processor, a high degree of rf isolation is provided by the 
honeycomb partitions and the shields between the printed-circuit cards. In addition, 
local shielding is provided around critical circuit elements on the circuit ca rds them­
selves. To reduce the effects of conducted interference, filters are provided on 
input/output power and signal lines. To prevent radiated noise from entering or 
leaving the enclosure, the case ls rf sealed using tight rivet connections at llll joints 
and rf gaskets on the top and bottom covers. 

A single point grounding philosophy is employed. A fioating groond plane 
is provided at the bottom of the case to which all grounds are connected. Metallic 
card guides which are case grounded can provide additional grounding when in contac t 
with the metallic edges of the circuit cards. • 

In the auxilliary unit the shielding requirements are less stringent. Since 
each of the power supply modules are provided with a sufficient degree of rf protection, 
no additional shielding or filtering is required. 



channu 1

channel 2

m-. ■

Figure 43. Control-Display Unit 
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The microwave receiver shell is fabricated from a single aluminwn sheet. 
All corners are welded. The cover utilizes an oriented wire monel-silicone rubber 
gasket to seal the enclosure. The front panel is a separate piece, bolted on to prevent 
loss of rf integrity. All power and signal lines are filtered. 

The control unit presents no discernable rfi problem. 

2.3.7 MAINTAINABILITY 

In the signal processor, virtually all circuitry is packaged on plug-in, 
printed-circuit cards. Removal of the top cover provides access to all cards in the 
rack. Test points are provided along the top edge of most cards to assist in fault 
isolation. All circuit cards plug into edge connectors located in the lower portion 
of the case. Faulty cards can, therefore, be simply extracted and replaced. Removal 
of the bottom cover permits access to the connector back plane wiring and the main 
wiring harness. Both covers utilize quick-turn fasteners to facilitate openings and 
closings. A test connector ls located on the front panel to facilitate fault isolation. 
Since each power supply module in the auxilliary unit ls a self contained unit, main­
tainability problems are minimized. The cover utilizes quick turn fa~teners for ease 
of opening and closing. 

Removai of the microwave receiver cover (which also utilizes quick turn 
fasteners) provides ready access to all elements of the electronics. Removal of the 
control unit dust cover provides access to all components. 

2.3.8 VIBRATION 

Design of this system was predicated on the system being operated in low­
level input environments. Hence the trays of the signal processor and the auxilliary 
unit/microwave receiver are mounted on vibration isolators on the outside shell. In 
addition, the 5-MHz oscillator (located in the auxllliary unit), ls provided with a (low 
frequency) second level of vibration isolation. This second level of vibration isolation, 
inside of the MX-450 mounts the oscillator into a special cavity suspended by damped 
springs. Figure 44 shows the cavity into which the oscillator is mounted. The figure 
does not show the oscillator but rather how the mount was tested using a simulated 
weight for the oscillator and a small accelerometer to measure loads. Hidden by the 
bottom bracket is a larger spring mounted on the underside of the oscillator which 
compensates for the downward weight. Outer dimensions of the mount are 6" x 3" 
x 3". The mount was designed for a 3.5 Hz, High Q resonance in et:!ch of the mutually 
perpendicular axes. The spring design was accomplished through use of a helical 
tension/compreeslon spring computer program. The bottom spring is made of . 041 
diameter music wlre, and its overall diameter is 1.088 inches. A three coil spring 
configuration was selected for ease of fabrication, low stacked height and high degree 
of directional stabllity. Maximum dynamic stress developed with the spring bottomed 
out was 75,000 PSI, which ls well below the elastic limit of music wire. Static deflec­
tion was one lnch with the 1 lb. oscillator, wlth 0.5 inches of deflection freedom still 
remaining, with the system capable of withstanding o. 6 G's of constant vertical 
acceleration. 
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Figure 44. Oscillator Vibration Isolator 
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Side spr ings were made of 0.01 8 inch diameter music wire with an overall 

diameter of O. 705 inches. This three coil spring was also selected because of the 
low stacked height and high directional stability. The maximum dynamic stress 

developed with spr ings bottomed out was 75, 000 PSI. O. 3 inches of deflection freedom 

r emained for constant lateral acceleration of O. 4 G's of the input to the isolator. 

Tes t data on vibration can be found in section III. 

2 . 3 . 9 RELIABILITY PREDICTION 

A reliability prediction was performed on the MX-450 by the part-class, 

part-type teclmique described in MIL-HDBK-217A. This method provides guidelines 

for pr edicting reliabili ty when the number of each part-class or part-type is avail­

able , but when part application stresses are not known. It is essentially a process 

of counting the number of parts of each class or type and multiplying this number by 

the generic failure r ate for each part-class or type. The pr&diction was compiled 

under the following assumptions: 

a . Airborne environment 

b. Amhient temperature (35 degrees centigrade) 

c. No r edundancy or duty cycle considered 

d. All circuit elements are in series 

e. Failure rate for each part type assigned with assumed part 
stresses. 

f. Failure rate sources are MIL-HDBK-217, RADC and vendor 
supplied data. 

The mean-time between failure (mtbf) Qt of a number of series elements is just 

6 
where ~i is the failure rate per 10 hours. The following ·data was extracted from 

appendix G. 
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6 MTB;F 
Unit Failure Rate-f/10 Hours (Hours) 

Control Box Assembly 21. 900 45662.1 

Signal Processor 2051. 229 487. 5 

Auxilliary Unit 638.970 1565. 0 

Total MX-450 2712. 099 368.7 

Thus, the predicted mtbf for the MX-450 is 369 hours. 

2. 4 POWER SUPPLIES 

Four power supply modules are contained in the auxilllary unit. The modules 

are driven by the 400 Hz aircraft prime power supply. The output voltages are + 5, 

+ 20, + and -15 and - 5. 2 volts. Specific features include short circuit protection 

through automatic current limiting which protects against momentary overloads and 

continuous shorts and overvoltage protection which protects the load in the event of a 

supply failure. Typical ripple is O. 2 percent + 10 mv over -20 dt,grees to + 80 degrees 

centigrade. The specified mtbf is 35000 hours. 
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SECTION III 

TESTING PROGRAM 

3. 1 TESTING PROGRAM RESULTS 

During the course of this program, the MX-450 was subjected to extensive 
in-house testing in order that a high level of confidence would be obtained prior to 
field testing. This was borne out by the successful flight .test program during which 
the MX-450 performed as advertised. This section of the report provides heretofore 
unpublished test data taken at Magnavox as well as performance data taken during 
the Readiness Test. 

3. 2 IN-HOUSE TESTING 

Testing at Magnavox included a complete readiness test as well as various 
related tests which confirmed performance in new technology areas (e.g., digital 
discriminator). Other tests were performed to simulate the expected flight test 
environment. Finally a compatibility test was made between the MX-450 and a Hazel­
tine transmitter. The major in-house tests results are presented herein; many are 
appearing in print for the first time. 

In preparation for the flight test environment, several tests were performed 
which simulated the temperature changes and vibrations to be encountered. The equip­
ment was cycled up to 60 degrees centigrade and its performance verified. Significant 
vibration tests were run to determine the incidental frequency modulation induced in 
the oscillators. Table Ill ahowa the incidental frn induced on the 1440 MHz local oscil­
lator. The oscillator was subjected to a 2g acceleration by rotating it 180 degrees 
on each axis. The corresponding frequency deviation in the output was measured. 

Table III. 1. 4 GHz Local Oscillator Vibration Test 
(Model No. SLN6039SP, Serial No. 108030) 

Rotation 
Induced Frequency 

-9 
Deviation Xl0 /g 

X-axis 2.85 

Y-axis 0.60 

z-axls 0.52 
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Significant vibration tests were performed on the 5-MHz reference oscil­
lator. Figure 45 shows the test set up for those tests. The oscillator under ttst 
was subjected to a double amplitude (d. a.) of O. 4 inches p-p. In three configura­
~ions; bard mounted, in the cage in the modem chassis and in the auxilliary unit . 
Figures 46 and 47 show the relative amplitude variations as the shake frequency 
was var ied from 5 to 1000 Hz. 

Various performance checks were made prior to the Readiness tests. 
Fig-itre 48 shows a curve of the performance of the digital discriminator ir; channel 
4. Differences in the I and Q voltages at the input to the discriminator produce 
pulses proportional to the difference in received carrier and local oscillator fre­
quencies. The zero crossings represented by the pulses are accumulated in an 
up-down counter. The contents of the counter is an estimate of the frequency offset 
and is used to control the local-oscillator frequency. 

5 MHz OSC X 18 
REF. 

5 MHz OSC X 18 
lIST 

~,r 
SHAKE TABLE 

SENSITIVITY -~8 X la° /g 9 

q() MHz DEVIATION - 8 X to"9 
X D. 09 X 10

9
• 0. 7 Hz/g 

2 
O.A. a 5 Hz & 0.5g • o fgl X 20/fm • 0. 5 X 20/25., 0.4 INCH P·P 

' - -

H.P. Ml5A RECORDER 
- VECTOR VOLTMETER OUTPUT -

rwl' • 1 VP-Pl 

lIST FOR 5-lllXI Hz 10.5G & 3AXIS 
HARD MOUNT OSC. 1 -

2 OSC IN CAGE.. -
3 - OSC IN AUX. 

Figure 45 . Reference Oecillator Vibration Tests 
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Figure 46. Reference Oscillator Vibration Response (Modem Mounted) 
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The age calibration curves were taken which enable a calculation of the 

input signal level to the MX-450 using the binary age s ignals available on the receiver. 

Figures 49 through 54 show the calibrations of noncoherent, maximum and the vari­

ous channel age, all normalized to -123 dBm. To ascertain the input signal level 

from the age counts, the corresponding attenuation for noncoherent, maximum and 

channel age a re added to -123 dBm. For example, if the following were typical air­

borne recorder data as shown in table IV, the corresponding input s ignal levels would 

be -123 dBm + (1 / 2 + 1-1 / 2) dB + (channel), 

A test was run to compare the performance of the digital tracking loop with 

theory. Figure 55 shows two data points and the theoretical performance of loops 

with 1. 5'1T and 3n noise bandwidths. The MX-450 loop has a B = 2'1T so it was expected 

that the data points fa ll between the two theoretical curves. Actual implementation 

was about 1 dB from theory. 

Performance under jamming was calculated using a similar computer pro­

gram as given in the Readiness test results (appendix D). Figures 56 and 57 are 

curves of the standard deviation of pseudorange and pseudodoppler. For varying 

jammer to signal (J/ s) ratios. 

Finally in p1 ·:- 1. ration for the readiness tests, a preliminary performance demonstra­

tion test was made on 25 October 1971 for SAMSO personnel. 

Table IV. Signal Level Calculation 

AGC Binary Count 
Attenuation (dB) Input Signal 

from Curves Level (dBm) 
·-

Non-coherent 2 + 1/2 

Maximum 6-1 / 2 + 1-1/ 2 

Channel 1 3 +9 -110 

Channel 2 18 - 4-1/2 -125 1/ 2 

Channel 3 9 +2 -119 

Channel 4 3 + 10 -111 
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The demonstration consisted of the following tests: 

a . Calibrate Mode: The Magnavox receiver has a self-calibrating mode 
which automatically neutralizes the differential static delay between 
channels. In this mode an internally generated calibrate signal ls 
injected through a directional coupler into the receiver front end 
which all four channels track and cause the static delays through the 
receiver to be accumulated in the range registers. At the end of the 
calibrate mode (16 seconds) these registers are reset to zero so that 
differential delays between channels ls effectively zero. 

b. 

c. 

Since Magnavox did not have a 621-B transmitter available, a portion 
of channel 4 in the signal processor was utilized to derive the appro­
priate 621-B transmit signal which ls routed back to the front end in 
a manner similar to the calibrate signal for injection at 1575 MHz. 
The remaining three channels in the receiver then tracked this simu­
lated transmit signal. 

Initl&.l Acquisition: The rece{ver repeatedly passed the initial acqui­
sition test with the power boost synch signal at thP. -100 dBm level 
and the long code PN signal at -123 dBm. 

Reacquisition: With the received signal level was set at -123 c\Bm 
in accordance with the specification, the receiver was_ deliberately 
forced to drop lock to determine its ability to reacquire. Each 
time the receiver reacquired easily. This teat was successful 
for received signal levels as low as -126 dBm. At a signal level 
of -127 dBm not all channels could reacquire in a reasonable time. 

At a later point in the demonstration essentially the same perform­
ance as noted above was observed with simulat.ed signal dynamics 
corresponding to 1000 knots of velocity. 

74 

; 



d. Tracking - Hold on and Dynamics: ln this test the signal level was 
set at -123 dBm for reacquisition. With all channels tracking the 
received signal level was decreased to -i40 dBm to determine if 
the receiver hold on satisfied the specification. It was necessary 
to decrease the received signal level to -149 dBm before one or 
more channels broke lock. 

At a later point in the demonstration essentially this same perform­
ance as noted above was observed for simuJt:tted s ignal dynamics 
corresponding to 1000 knots of velocity. 

e. Tracking Acceleration Rates (Jerk): With the receiver tracking at
3 

a signal level of -140 dBm an acceleration rate (Jerk) of 320 ft / sec 
was applied for approximately one-half second until the acceleration 
increased to 175 ft / sec2. The acceleration was held constant at 
175 ft / sec2 until a velocity of 7000 ft / sec was reached. At this 
point a negative jerk was applied to reverse the signal dynamics. 
The dynamics simulation was automatically programmed from the 
System Test Set to cycle the dynamics as seen by the receiver 
between the limits of R = 320 ft / sec3, R = 175 ft / sec2 and R = 7000 ft /sec 
as specified for a signal level of -140 dBm. This test was repeated 
successfully for signal levels down to -145 dBm with all channels 
maintaining lock. At a signal level of -146 dBm not all channels 
could maintain lock. 

f. Data: Correct pseudorange and doppler data readouts were observed 
with signal dynamics corresponding to 1000 knots and simulated range 
of 123 feet. 

During November 10, 11, and 12, readiness tests were performed in accord­
ance with the Readiness Test Procedures (MRL Document R-4168) shown as appendix C. 
The complete results for these tests are given in appendix D. The MX-450 met vr 
exceeded all contractual specifications. Table V summarizes the readiness test 
results. 

The MX-450 was checked out with a Hazeltine Transmitter at Magnavox 
to ensure compatibility during the flight test. · Appendix E dee.cribes those compati­
bility tests which were performed on 27 October 1971. 

Table V, Summ ry o( MX-450 rteadl ness Tests , Parts 6.5 . 2 and 6 . 5. 3 

P\IU:' 11D1 RA NGE PSl::t'QOOC PPLEll 

CHANNEL V s 7000 fps Sampl.es A 175 fps2 Sample V 7000 fps Sam ples 175 fps 2 Samples 

1 2. 28 It, 10 3.87 n. 5 o. 156 fps 10 0 . 25 fps 6 

2 1. 93 n. 10 o.625 n. 5 0.172 fps 10 o. 227 fps 5 

3 2.94 n. 10 4.4 n. 16 0. t3G fps l G o. 302 fp 

4 3.20 n. 10 2. 33 rt. 10 0 . 253 fps 10 o. 154 rps 7 
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3.3 RECOMMENDATIO S FOR MX-450 IMPROVEME TS 

The MX-450 utilized new technology in that it implemented its carrier and 

code loops digitally. A further advance in technology would occur if those digital 

loops were implemented by software within the airborne computer as opposed to by 

hardware within the MX-450. While this is not a direct improvement to the 450 it 

takes note of the fact that any 621B user equipment would contain a P receiver as 

well as a processor for t!1e navigation solution. The use of that processor to do 

digital P receiver functions depends of course on the size and capability of the 

processor. 

Obvious improvements to the MX-450 involve repackaging and productization 

for a mission oriented operational airborne environment as opµosed to the relative ly 

benign experimental environment of the Holloman tests . 
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APPENDIX A 

POWER BOOST DETECTOR 

The 621B experiment uses a power-boosted short code for initial synchro­

nization. A simple method was implemented for detection of this power boost. 

The quantitative problem statemnent is as follows: In a backgroundof white 

gaussian noise (N = -169. 5 dBm), a 25 microsecond long burst of 10 Mpps pseudonoise 

(binary PSK) at -ftn dBm appears; the problem is to detect the pulse. Other 

pseudonoise signals at -123 dBm or less may be present throughout, 

The implemented technique is simply a square law d,~tector, ac coupled to 

a threshold device. Davenport and Root (chapter 12) shows that in the absence of 

signal, the detector output spectrum near de is 

S (f) = N 
2 B2 6 (f) + N 

2 (B - I f I ) 
rum o o 

where B is the intermediate-frequency bandwidth, and with signal present 

S (f) = N 
2 

B
2 

6 (f) + N 
2 

( B - I f I ) + 2C N B 6 (f) + 2C N + C 
2 6 (f) 

0 0 0 0 

= (C + N B)2 6 (f) + 2 CN + N 
2 

(B - I f I) 
0 0 0 • 

where C is the carrier power. The ac coupling removes the N 
2 B26 (f) term in 

both places. If we place a low pass filter of noise bandwidth 'w"('N«B) prior to the 

threshold device, then the situation becomes 

Noise Power to Threshold C/kT, no signal= 

Noise Power to Threshold C/kT, with signal= 2 W N
0 

2 B + 4 C N
0 

W 

Net increase ln do due to signal 
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Without any particular attempt to optimize the values, let B = 20 MHz, 

W := 30 kHz. Then r elative to the no-signal noise power, the witti-signal noise 

power is 

N ws 
-- = 
N 

TIA 

and the 'de rise' is 

c2 
N ns 

2WN
2 B CN W 

0 0 C 

= 16 dB 

N B + 2 C 
0 

N B 
0 

= 2. 3 dB 

For a false alarm rate of about 2 per second, the detectio~ probability is 

96 percent. For a 3 dB drop in carrier power, the detection probability falls to 

27 percent. 

It is concluded that this power detection scheme is just adequate. Some 

optimization of bandwidths and threshold seems in order, but this is probably best 

done experimentally. 

In the mechanization, when a "hit" occurs all search-mode channel coders 

are immediately started and a sliding search (in the usual slow-the-coder direction) 

over 100 to 200 chips is initiated. If there is a miss, stop the search and return to 

standby. 

1. Davenport, W. B. and 'Root, V/. L. • Rapdom Sipp!, ap1 Noise, 

McGraw Hill Book Co. , N. Y. 1958. 
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APPENDIX B 

PERF RMANC E OF DIGITAL FREQUENCY DISCRIMINATORS 
AND A Dir.ITAL AFC 

In ord r to reduce phase-lock-loop acquisition time when there are relatively 
large frequency offsets, it is desirable to have an estimator of carrier frequency 
independent of the phase-lock carrier loop. A frequency ·discriminator is such an 
estimator. Digital frequency discriminators are of interest due to ease of mechani­
zation and avoidance of mechanizatioo problems such as drift. The performance of 
three digital frequency discriminators and an afc loop employing one of the discri­
minators is discussed in this appendix. The performance was determined by digital 
computer simulation of the devices. A discussion of the performance of frequency 
discriminators as determined analytically is also presented. 

The first digital frequency discriminator (dfd) of interest is shown in 
figure 58. The signal plus noise is separated into its inphase and quadrature com­
ponents after filtering by the bandpass filter centered at the nominal carrier frequency. 

RECEI VED CARRIER 
PLUSNO.,.I_SE __ _ 

84NDPASS 
FILTtR 

COS , .. t + INPHASE NOISE 
ZERO CROSSING OETtCTOR 

ZCD 

----<LOCAL OSCIUATOR 
FF 

R 

ZCD 

SIN 6., t + QUADRATURE NOISE 

Figure 58. Digital Frequency Diacrlmlnator I Block Diagram 
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The bandpass filter used in the simulation was a two pole Butterworth filter. The 
two sided bandwidth was set equal to the total frequency uncertainty expected for a 
particular appHcation, namely 6 kHz. The zero crossings of the two components 
are detected by zero crossing detectors (zed) whose outputs set and reset a flip-flop. 
The number of esets per time of the flip-flop indicates frequency and the average 
value of the output indicates the polarity of the frequency offset. The effect of 
polarity reversal of ~he offset frequency is illustrated by the dfd waveforms shown 
in figure 59. 

Examination of the waveforms associated with the dfd (for no noise) shows 
that the dfd can be looked at as a coincidence detection type of device. This stems 
from the fact that a count occurs only when an inphase zero crossing is followed by a 
quadrature crossing (the order is reversed when the offset frequency polarity is 
reversed). This tends to cancel false alarms or zero cro_ssings due to noise. Refer­
ence to the "rotating vector" representation of the signal in figure 60a shows that an 
inphase positive going zero crossing means the signal vector has moved from either 
the second quadrant into the first or from the third into the fourth, i.e., from the 

-, ,----, r---, ,----, ,-----, r----
L-J L_J L.J . L.J L_J 

INPHAS[ SIGNAL 
COMPOHENT 

QUADRA T\JIU SIGNAL 
COMPONENT 
(DOTltD LINE INDICAT[S 
NEGATIVE OFFSET 
FREQUENCYI 

INPHASE ZCD OUTPUT 

QUADRAT\JRE ZCD 
OUTPUT 

FLIP FLOP OUTPUT 

FLIP FLOP OUTPUT FOR 
t«GATIVE OFFSET 
FREQUENCIES 

Figure 59. Waveform■ (No Not■e) A■■octated with 
Dtptal Frequency Dt■crtmtnator I. 
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left half plane into the right . This followed by a positive going quadrant zero cross­ing is declar ed a frequency count. Note that between the inphase zero crossing and the quadrature zer o crossing, the noise may cause the vector to move back into the left half plane , as shown in flgure 60b. This event, fohowed by the quadrature zero crossing is s till declared a frequency count. 

The r esults of s imulating this dfd are presented ln table VI. The large bias rror in the mean frequency at the low frequency offset (100 Hz) is the most s ignificant s ingle r esult. This bias at low offsets is explained by the fact that at low freque ncies , the "window" or time between a set and reset of the flip-flop due to signal alone is longer and thus the probability of a reset due to noise is higher. The r esults in table VI wer e not plotted since the number of simulatior, trials was not high enough 
to insure adequate statistical averaging. However, the observable trends are valid. 

The next dfd simulated was similar to the last except for the strategy for declaring a set and reset. The strategy used is best explained by referring to the rotating signal vector diagram in figure 61a. A cycle or frequency count is declared when the signal vector moves from Quadrant II to Quadrant IV. Reference to table VIII shows that this dfd has considerably improved performance over -the first dfd discussed. This may be explained by the fact that in the first dfd, after a positive inphase zero crossing it is only necessary to move from the upper half plane to the lower half plane whereas in the second dfd it is necessary to move from one quad­rant to the diagonally opposed quadrant. The biggest drawback with this second dfd is that due to the symmetry of the detection criteria, the polarity of the frequency offset ts lost. 

The third, and most successful dfd was implemented by using the detection strategy shown in figure 61b. In this case ·it is necessary for the signal vector 
(actually signal plus noise) to move from the left half plane to either the first or fourth quadrant. Once in either of these quadrants (positive going inphase zero cross­ing) a positive going quadrature zero crossing indicates a plus count and a negative going quadrature zero crossing indicates a minus count. Reference to table I shows that this dfd has superior performance to either of the two formerly considered. 

QUADRATURE COMPONENT QUADRATURE COMPONENT 

SIGNAL PLUS NO I SE 
VECTOR TRAJECTORY 

....._........_........_.~~-'-' ........ ......_ ___ INPHASE -------------

A. FREQUENCY COUNT DUINED BY 
INPHAS( ZOO CROSSING FOLLCWED 
BY TRANSRR FROM ANYWIIRE IN 
SHAD(D AREA TO LOW£R HALF PLANE 

COMPONENT 

B. ERRONEOUS FREQUENCY COUNTS 
CAUSED BY NOISY SIGNAL 

Figure 60. Vector Representation of Discriminator I Counting Process 
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Table VI. Performance of the Three Digital Frequency Discriminators 
Obtained from Digital Computer Simulations 

Counting Interval = 0.1 Sec 

Type of Offset 
Discriminator (Hz) 

I 100 
' 100 

100 
100 
100 

1000 
1000 
1000 

II 100 
100 
100 

1000 
1000 
1000 

Ill 100 
' 100 

100 
- 100 
1000 
1000 
1000 

-1000 

QUADAA TURE COMPONENT 

A. DISCRIMINATOR II 
FREQUENCY COUNT DEFINED BY 
TRANSFER FROM DIAGONALLY 
OPPOSED QUADRANTS 

S/N 
(db) 

40 
20 
6 
4 
2 
6 
4 
2 

6 
4 
2 
6 
4 
2 

6 
4 
2 
4 
6 
4 
2 
4 

Mean RMS 
(Hz) (HZ) 

100 0 
116 10 
274 29 
445 45 
70S 64 

1005 12 
1044 39 
1126 38 

144 19 
264 40 
453 85 
996. 5 

1008 19 
1038 18 

85 15 
85 31 
.ftO 37 

- '18 28 
939 34 
804 85 
700 46 

- 845 28 - . 

QUADRATURE COMPONENT 

+ COUNT 

• COUNT 

B. DISCRIMINATOR 111 
FREQIDCY COUNT D£FIN(D BY 
TRANSFER FROM LEfT HALF PLANE 
FOLLOW£D BY EIMR i'OSITIV£ OR 
N(GATlvt GOING QUADRATURE 
ZIRO CROSSING 

Figure 61. Vector RepreaentatiClll of Diacrimlnator II 
and Ill Counttn1 Proceaa 
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Thi s is most obvious at low frequencies, where the large bias error is not present 
as it is in the two other dfd 's. This is due to the fact that this dfd allows for both 
positive and negative counts and positive going zero crossings due to noise are as 
equally probable as negative going zer o crossings due to noise. Thus, noise caused 
counts tend to average out to zer o. Furthermore, since this dfd counts in both 
directions , the polarity of the frequency offset is automatically accounted for. 
Finally, it can be se n from table VII that as the signal to uoise ratio goes down, the 
output frequency goes down. Thus, this dfd suppresses the indicated frequency for 
low s ignal to noise ratios just as conventional analog frequency discriminators do. 
The compression and normalized r r or obtained from the simulation of this discrim­
inator is compar d in table VII with the analytical results. In considering the 
"coar sen ss" of the simulation data due to low number of simulation trials, the 
agreement is fairly good . 

Table VII. Comparison of Digital Frequency Discriminator 
Simulation Results with Theoretical Results 

Theoretical Re1ult1 Sbnul•tt• n 'D--•'•• 

S/2N
0

B (db) 7 3 I 4 

Compre11ion o.993 o. 864 o.939 .o. 804 

Normalized 2.3xl0-3 l.lxlO-I l.'1x10-3 4.2xl0-3 
Error 

BT• 300 

A digital afc loop was simulated by using the dfd III. The afc loop block 
diagram ts shown in figure 62. The loop filter, 1/S, was mechrulized digitally by 
simply adding the new dfd output to the old output on each successive sample. The 
vco gain was made variable to speed up frequency acquisition. The gain for the 
first 3 milliseconds of acquisition was set at 390 and thereafter the gain was set at 
26. With the large value of vco gain, the loop nulls out the majority of the frequency 
offset with the first digital correction. The smaller remaini1'.g offset is then nulled 
out in small steps aower value of vco gain) so that the final vco frequency quanti­
zation error is small enough for a phase lock loop to rapidly acquire. In addition to 
the gain change, the bandwidth of the bandpass filter was changed from 6 kHz (2 sided) 
to 1. 5 kHz (2 sided) after 3 milliseconds had elapsed. This was done to increase the 
S/N in the loop once the loop started pulling in so as to reduce the frequency jitter.· 
A plot of the loop pull in performance is shown in figure 63. 

BANDPASS 
flll[R 

BW 1 

BANDPASS 
FllllR 
BW7 

vco 
GAIN• 

K 

Figure 62. Digital AFC Loop 
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ACCEPTANCE TEST PROCEDURE
|yla3na VOX Tiiimi.cuirMiit

OWG NO. I S
PASE 1 OF

SUBJECT:
Readiness Test Procedure

1.0 SCOPE

The purpose of this document is to describe the test procedures to be followed during 
the readiness testing of the user receiver developed by the Magnavox Research 
Laboratories for the User Equipment Definition and Experiments Program Task VI - 
Phase II field tests. As required under this contract, ^e Magnavox Research Lao- 
oratories will perform tests on the receiver at Torrance, California, to ensure that 
the requirements contained in Appendix A are satisfied. SA MSO approval of the 
receiver readiness test results shall be required prior to delivery to the test range.

Although this procedure considers only those tests required to verify receiver per­
formance as specified by Appendix A, it should be noted that considerable engineering 
data on the detailed operation of the receiver will be accumulated prior to the formal 
readiness tests. This engineering data will be available for review by the cognizant 
SAMSO/Aerospace personnel.

Section 2 of this procedure is a reprint of Appendix A entitled "Receiver General 
Requirements'. Section 3 describes the testing area requirements appropriate 
to the readiness tests. Section 4 describes the standard laboratory test conditions 
under which the readiness tests will be performed. Section 5 lists the special test 
equipment required to perform the readiness tests. Section 6 addresses the specific 
tests to be performed to ensure Oat the requirements of Appendix A are satisfied.
Finally, Appendix I describes the MX 450 Test Set which will be used during the 
readiness test to exercise the receiver and to display test data. Appendix II 
describes the calibrate and test modes of operatlan.
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SUBJECT: 
Readiness Test Procedure -------------------------------·------ -

11 

2. 0 RECEIVER GENERAL REQUIREMENTS (APPENDIX A) 

The r eceiver shall extract precise range and range rate information from protected 
s ignals transmitted by four transmitters, and wlll be designed and packaged for an 
aircraft environment without in-flight maintenance. The receiver shall compr i e 
1 RF module, 4 precision signal processor modules, a frequency source module, 
an interface module to the G FE tape unit and power supply. 

Input Specification 

SignaJ Sensitivity Measurement 

Center Frequency 

Anti-Jam Marlin for Input Slgnai at -130 dBm 

Dynamic Range 

Maximum Dynamics for Measurement Accuracy(l) 

-140 dBm (min) 

1575 MHz 

45 dB (min) 

60 dB (min) 

~ = 7000 ft/sec 
If = 175 ft/sec2 
if= j) ft/ sec3 

Maximum Oynamlc1 for n:acklng R • ~ 320 ft/ sec3 

(1) Speclfled llmlta of R, ii and 'it' are upper lilrlts, neither one may be 
exceeded wben acoaracy measurements are required. 

Measurement AccuraclN at -140 dBm 

Standard Deviation 

Pseudo-Range (each channel) 

Pseudo-Doppler (each channel) 

Measurement Blas Error 

Pseudo-Rance (each chaDDel) 

Pr.otected stpal Cbaraoterlatlo1 

llodulatlon 

Blt Rate 

Code Leacth 
Code Type 

lniU&l Acqulaltlon 

10' 

5 ft 

0. 5 ft/sec 

o. 2 ft (max) 

Bl-Phase 

10 MBPS 

2~~ Bits 

Pseudo-Random 

The recelYer ■hall baYe die capability to acquire tbe Gnunman Aerospace 
C----tlOD - •ltlaD _. __ • at-100 dBm. 

;ii".~:_:::11 I I I I I I I I I I I I I 
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Magnavox 
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IY: 
SUBJECT, 

Readiness Test Procedure 
..,._ ___________________________________ _J 

i I 
I 

Reacquisition 

The protected signal channels shall have the capability to reacquire without 
aiding in a reasonable time under reasonable aircraft velocity and acceler ation 
conditions whenever such signals are momentarily lost due to maneuver s. 

Digitizer Characteristics 

Pseudo-Range Resolution (per channel) 

Pseudo-Doppler Resolution (per channel) 
counted over o. 1 sec nominal 

Output Characteristics 

0. 5 ft 

0. 05 ft/sec 

5 sets of measurements (l. e. , pseudo-range, pseudo-range rates) pe1 second. 
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ACCEPTANCE TEST PROCEDURE 
Magnavox 
a1s1uacN Laao•aro•11s 

YlttllCl,ClllfNIII 

IUIJECTi 

Readiness Test Proceduret 

3. 0 

3. 1 

TESTING AREA REQUIREMENTS 

WORKJNG SPACE 

DWG. NO. ES 877381 

PAIE 4 0, 

113, 1. 1 Bcnche 

I: 

I l Two standard foot benches \\1ll be required for the MX-450 Navigation Receiver 

and its associated test equipment. 

3. 1. 2 Screen Room 

A\. least one screen room will be required for readiness testing. This screen room 

will be used in conjunction wlth teats requiring low signal levels on the order of 

-140 dBm. 

3. 2 CLEARANCE STATUS 

The laboratory teats may be conducted ln ILi" Unclassified area. Attending personnel 

other than Magnavox employees wlll be escorted. 

3. 3 EXTERNAL INTER FA CE 

3. 3. 1 Cable Harness 

Major Atiaemblies of tbe MX-450 Navigation Receiver will be int.';:cc.>nnected using a 

Magnavox furnlabed interface wiring harness. 

3. 3. 2 Prime Power 

A prime power source of 115 VAC, 60 Hz, 8 amps., and 28 VDC, 4 amps., will be 

required by the MX-450 for laboratory readiness teats. 

3. 3. 3 Teat Set 

An MX-450 Test Set will be uUUzed by Magnavox to simulate signal dynamics and 

to dlaplay receiver data ln lleu of an airborne data recorder. A detailed deacrlptlon 

.>f thla teat set la presented ln Appendix L 
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SUBJECTS 
Readiness Test Procedure. 

4. O STANDARD TEST CONDITIONS 

The MX-450 Navigation Receiver wlll be tested under the following standard test 

conditions. 

! 4. 1 TEMPERATURE 

: 1 Ambient room temperature between the limits of 15°c (59°F) and 35°c (90°F). 

4. 2 ATMOSPHERIC PRESSURE 

Prevailing room ambient. 

4. 3 HUMIDITY 

Prevailing room ambient. 

4. 4 WARM-UP PERIOD 

The equipment shall be operated for 15 minutes before making any measurements 

for record. 
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5. 0 

Readiness Test Procedure. 

TEST EQUIPMENT• 

Item 

Counter 

Frequency Converter 

Interval Time Unit 

Oscilloscope 

Spectrum Analyzer 

Spe trum Analyzer 

Power Meter 

RF Voltmeter 

Power ~pply 

A~nuator 

Coax Cable 

Manufacturer 

Hewlett Packard 

Hewlett Packard 

Hewlett Packard 

Tektronix 

Hewlett Packard 

Hewlett Packard 

Hewlett Packard 

Boonton 

Harrison Labs 

Kay 

Type No. 

5245L 

5254B 

5262A 

547 

8554I/8552A / 
141S 

8551B/851B 

432A 

91H-S5 

520A 

461B 

RG-223 

• Equivalent equipment may be aubaUtut.ed as required. 

Quantity 

2 

1 

1 

1 

1 

1 

1 

l 

1 

A/ R 
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Readiness Test Proc~ure 11 
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I 6. o READINESS TESTS 

6. 1 PROTECTED SIGNAL CHARACTERISTICS 
I I 
, 6. . 1 :\1odulation 

Monitor the correlator 113-3/4 MHz L. O. of channel l in the signal processor with 
a scope. Set the sweep rate to 5 nS per division and synchronize the scope to the 
r.oder clock. Obaerve the biphue modulation. Repeat for channels 2, 3 and 4. 

Requirf iment: Biphase modulation 

6. 1. 2 Code Type 

Monitor the correlator 113-3/4 MHz L. O. of channel l in the signal processor with 
a 1pectrum analyzer. Set the horizontal scale to 5 MHz/division centered at 
113-3/4 MHz. Notice the 1in x/x dlatributlon ~ the L.O. 1ignal which characterizes 
a paeudo-r~dom code. Repeat for channela 2, 3 and 4. 

Requirement: Paeudo-random code 

6.1. 3 Code Bit Rate 

C011Dt the PN coder clock rate ~ channel 4. Rep•t for cbannela 2, 3 and 4. 

Requirement: Bit Rate• 10 MBPS 

6. 1. 4 Code Leqth 

COWlt the PN coder clock in cbannel 1. Use the "all one■" detector output of the 
coder to ■tart/atop the counter. Count the number ~ clock pul1e1 between the 
"all onea" intervall. Repeat for cbannela 2, 3 and 4. 

Requirement: Code Leqth • 225 • 33554432 bite 

6. 1. 5 RF Freguency 

Remove the PN modlllaUcm from the teat 1ipal 1n the microwave receiver and count 
the teat alpal output frequency. Uae a H.P. s2,eM counter and a H.P 5254B 
frequency c01Werter. The freqaaeacy abould be wttlwl the accuracy of the reference 
oactllator wbtcb ia ff, x ur-8. 

Requirement: RF Frequ•cy • 1575 MHz 
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6.2 DA TA OUTPUT CHARACTERISTICS 

6. 2.1 Format 

The MX-450 Teat Set which is described in detail in Appendix I, demultiplexes any :c. 

of 13 data words strobed from the signal processor during each O. 2 ·second interval . 

These two words are selected with toggle &Witches and are displayed on the front 

panel of the test aet. Referring to the data format shown in Figure 6. 1, select 

the deaired worda and verify the presence of the following data with the O. 2 second 

update rate: 

Data Word Number 

0 

1 

8, 7, 8, 9 

10. 11, 12 

Type of Data 

Flt. No. 

4-channel Status 

Event Marker 

System Status 

Frame Count 

4-Range Words 

4-Doppler Words 

8-AGC Words 
·- __ _ .1 

Requirement: 5 ■eta ~ meuurementa o. e. • pseudo-range, pseudo-range rate) 

per second. 

8.2.2 Ruolution 

Wltb t.~e aid~ the dlaplay cbarta~ the data format shown ln Figure 6.1, observe 

that tbe leut alplficant bit la 2 ~ a code cblp for paeudo-range readout. 

The paeudo-ranp ruoluUon la: 

100 ill X 2-I code chip 
oc&oilp - IJI 0.39 n8/IBB 

Reqlllrem•t: Paeado-raap r•oluUon • o. 5 ft. 
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DATA 
WORD 

0 

l 

2, 

3 

4 

5 

6 

1 

• 
9 

10 

11 

12 

1J 
14 

15 

BIT Nllt\lER 32 31 30 2CI 28 27 26 25 24 23 22 21 20 19 11 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 ~ l .. , DISCRETES 
' ,--FLIGHT f ---. i 

80 40 20 10 8 4 2 l 
1

• 

24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 l , DISCRETE ....,~ FRAME COUNT L, ,--DISCRETE°"'"' ,-- EVENT MAR KER ---... 14 MS B 12 11 10 9 
24 Z3 22 21 20 19 18 17 16 U 8 1 s

8 
5 4 3 2 1 0 0 0 0 8 

211 CHANNEL fl RANGE 
211 CHANNEL f2 RANGE 
211 CHANNEL f3 RANGE 
211 CHANNEL f4 RANGE 
r2 CIWIE. fl DOPPll.R 
z12 CHANNEL f2 DOPPLER 
212 

CHANNEL f) DOPPLER 
212 CHANNEL ,,e DOPPLER 

Ms1 - AGC f2 - ls1 X X Ms1 - AGC fl - ls8 X 
Ms1 - AGC,,e-ls1 

X X Ms. - AGC f) ~ Lsa X -
Msl - AGC f6 - ls1 X X Ms,- AGCf5 -Ls, )( 

NOT USED 
NOT USED 

NOT USED --. 

WORD ,0 DOA•L 
WQltDfl DETA•L 

D•SClffl IIT ASS•GNMENT IITf DISCRETE BIT ASS•GNMENT CHNlf STANDIY "•N ... anr n..AMM ~Ml( 
l SYNTHES•ZER AINA l l z ) ' 5 6 z M•CROWAV£ PU NI#. z 1 I 9 10 11 lZ ) MltLMAmTINE TAP£ J 1J 1, 15 16 17 11 ' CAL• BRAT£ MOO( ' •• • ZI Z2 D • 5 Rf S•GNAL PttESENT 

6-1) FRAME COUNT 
lC-M SPARES 

NOit: l • LOG•CAL l • TIii • 5 V NOM•NAL • lAMP CII Z • NIM • AUl'OMAt•c MAIIIIICT•CII MONITOI, LOG•CAL l • MAlflltCT•CII J • FUME COUNf • I Ill IINAIY COUNT Of l SEC. DATA 'IIANSRR PULSES •·UNGELSI •llm6n 
5 • DOPPLII LSI • lllJ.I Hz 6·AOC••••• .. 10NaMTA 

Flpn 8. 1 MX-460 Teat Set Data Format 

4 2 l 

z"B 

z"8 

z"8 

f8 

z-7 

z-7 

z"7 

f7 

X 

X 

X 

-
-

! 
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For pseudo-doppler readout obaerve that the least significant bit is 2-7 Hz of carri e 

The pseudo-doppler resolution is: 

1 

1 575 cy,cles X 27 iAB X 0 1 second sam le • o. 049 ft/sec/U,B 

• t cycle • P 

Requirement: Pseudo-doppler resolution• 0. 06 ft/sec 

6. 3 ACQUISITION TESTS 

6. 3. 1 Initial Acguisitioo 

For initial acquisition the receiver will operate in the teat mode which is described 

in Appendix II. The synch power boOBt signal will be set at -100 dBm and the tracking 

signal level will be set at -123 dBm. To simulate a transmit signal, channel 4 will 

provide a PN code at 10 MHz, a 20 MHz L. O. and a synch power boost logic signal 

coincident with the "all ones" vector m the code to the teat signal generator located 

in the microwave receiver. The signal level m this teat signal will be adjusted with 

an external 0-100 dB attenuator. Cbannela 1, 2, and 3 will use the channel 4 code 

and will acquire and track thla teat signal. Thia procedure utilizes the test setup 

shown in Figure 6.2 and couiata of the following steps: 

A. Ret the power booat alpal level to -100 dBm. 

1. Set tbe H.P. 61.U aipal generator to 1575 MHz and calibrate its output 

level at -20 dBm ualq a H.P. 432A· power meter. 

2. Apply a -100 dBm CW algnal to the microwave receiver. 

3. Disable the 135 MHz max. AGC. 

4. MODitor the 135 MHz IF output with a H.P. 8554L/8552A spectrum 

analyzer. 

5. Disconnect the PN modulatiOD from channel 4 to the test signal generator. 

6. Switch the tut ■ipal pnerator to a cODtinuOll8 power bOOBt mode. 

7. Adju■t the teat ■tpal level with a Kay 481B attenuator u shown in 

Fl8Ul"e 8. 2 until lta level I■ equal to the CW 1eaerator level u measured 

at the 1315 MIiz IF 011tpat. 

8. Remcwe the CW p11•ator and terminate the RF input m the microwave 

receiver wltb a 5o'2 r•t■ttve load. • 
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9. Enable the 135 MHz AGC and remove the continuous power boost. 

10. Reapply the PN modulatioo to the test set. 

B. Acquire the test signal driven by channel 4 with channels 1, 2, . and 3. 

1. Initiate a test mode from the test set paueL 

2. Observe the acquisition of processor channels 1, 2, and :' indicated by the 

track mode lighta on the controJ/display panel. All· up to 20 seconds for 

acquisition. 

3. Repeat steps 1 and 2 ten times and record the successes. 

4. Raise and lower the power boost level of the test signal in 1 dB steps from 

-97 to -103 dBm with the external attenuator ud repeat steps 1, 2 and 3. 

(Note that the -123 dBm signal will vary !_3 dB eluring thjs test.) 

• 5. Simulate a 1000 knot doppler at the test set and repeat steps 1, 2 and 3. 

6. Exchange the foil owing P. C. cards between channel 3 and 4 and repeat the 

applicable parta of steps 1, 2 and 3: 

A - Correlator/Local Ref. 
B - IF Aaaembly 
C - P.C. Receiver #1 and 2 
D - Incremental Pbaae Modulator 
E - Coder 

Requirement: The receiver shall ititUally acquire with a -100 dBm power boost 

slpal. 

6. 3. 2 ReacguiaiUon ; , 

For tbla teat the tracldq aipal will be set to -123 dBm and channel 4 will operate 

the teat aipal generator in the microwave receiver to provide a simulated transmit 
: 1 

sipal u de■cribed In Appendix II. Thl■ t•t procedure uUllzes the teat configuration 

shown in Flpre 8.2 and con■lata ~ the following ■tep■ : ii 

A. Set the tracking slpal level to -123 dBm. 

1. Set the H. P 81U ••ID&l pnerator to 1575 MHz and calibrate the signal level 

at -20 dBm ualJli a H.P. 432A power meter. 

2. Appq a -100 dBm CW ■lpal to the microwave receiver from the CW 

alpal pnerator. • 

3. Dlaable the 13& llllz AOC. 

,I 
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4. Monitor the 135 MHz IF output with a H. P 8554L/8552A spectrum 
analyzer. 

5. Disconnect P N modulation from the test signal. 

6. Adjust the t st signal Jevel with the external attenuator until its level at 
the 135 MHz IF output is equal to the CW generator level. 

7. To adjust the signal tracking level to -123 dBm, add an additional 23 dB 
attenuation to the test signal attenuator, 

8. Remove the CW generator and terminate the RF inp 1t to microwave 
receiver. 

9. Enable the 135 MHz AGC and reconnect the PN modulation from channel 4. 

B. Acquire the test signal driven by channel 4 with channels 1, 2, and 3. 

1. Initiate a test mode from the test set panel. 

2. Observe the acquisition m processor channels 1, 2, and 3 indicated by the 
TRACK lamps on the control/display panel. 

3. Disable the sync power boost at the test ■et. 

c. Reacquire channels 1, 2, and 3. 

II 
I ' 

: ' 

1. Break lock by momentarily disconnecting the teat signal with a switch at the I' 1 
teat set. 

2. Reapply the signal after a 5 second interval and observe the acquisition ~ 
channels 1, 2, and 3 at -123 dBm. Allow up to 20 seconds for reacquisition. , • 

3. Repeat steps 1 and 2 t¥ times and record the successea. 

4. Successively lower the signal tracking level with the test sipal attenuator 
in 1 dB steps and each time break lock and reacquire by repeating 
•tep• 1, 2 and 3. 

5. Return to a tracking leval of -123 dBm. 

6. Simulate a 1000 knot dappler, break lock and reacquire by repeating 
atepa 1, 2 and 3. 
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Readiness Test Procedure ~----------------------------- • .. 7. Select a dynamics program at the test set which simulates a 175 ft / suc­with a max. velocity m 1000 knots. Break lock and reacquire by repeatinb steps 1, 2 and 3. 

8. Follow step 6.3.1.B.6 to test channel 4. Repeat the applicable parts of 6. 3. 2 B aoo C. 

: I 
Requirement: Protected signal channels shall have the capability to acquire without aiding in a reasonable time under reasonable a·ircraft velocity and acceleration conditions. 

6.4 TRACKING TESTS 

All tracking tests will utilize the same test mode described tn Appendix n. Various signal and/or jamming levels will be set up to a reference level from a calibratec CW generator . The 4th channb1 processor will provide the common PN code to the test signal generator along with a power boost synch signal for initial acquisition . When driven with the fl~ dYJJAAlica generator in the teat set, channel 4 '"1ill provide the required 1\, R, and R 1ipal dynamics to the teat signal generator in the microwave receiver. 

6. 4. 1 Anttjam Margin 

A. Set the tracking signal level to -123 dBm. 

1. Follow steps 6. 3. 2-A. 

B. Acquire channels 1, 2, and 3 with the teat signal. 

1. Intttate a teat mode from the teat set panel. 

2. Obaerve the acquiaitton of channels 1, 2 and 3 indicated by the TRACK lampa on the control/dJaplay panel. 

C. Race t),_J tracking aignal level to -130 dBm. 

D. Provide a Jamming aignal aource to teat the antijam capability m channel proceaaora 1, 2, and 3. 

1. Apply a calibrated 1575 MHz CW aignal to the microwave receiver at a level of -100 dBm. 

2. Gradually increue the CW Jammer to a level of -so dBm. Observe that cbannela 1, 2, and 3 continue to track. 

3. Slowly increue tbe Jamm1n1 l.evel until each channel looaee lock. Observe the ant1Jam level at wblch lock wu loet. 

lfi!mic-1 I I I I I 
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Readiness Test Procedure 
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4. Re~quire the three channels by raising the tracking signal level to 

-123 dBm and removing the CW jamming signal. 

5. Repeat steps 1 - 4 ten times and compute the average antijam margin. 

6. While tracking the test signal with a J / S ratio of 45 dBm, adjust the CW 
jamming signal to various points across the 20 MHz RF bandwidth to ... heck 
for jamming sensitivity across the signal spectrum. 

7. Follow step 6. 3 .1. B. 6 to test channel 4. Repeat 6. 4. 1 with respect to 
channel 4. 

Requirement: A minimum A/J margin of 45 dB for an input signal at -130 dBm. 

6. 4. 2 Dynamic Rangt: 

A. Set the test signal !evel to -123 dBm and acquire cbann£:la 1, 2 and 3. 

B. Vary the signal tracking level over the maximum dynamic range. 

1. Vary the signal level from -80 to -140 dBm. 

2. Ra11e the 1ignal level from -80 dBm 1n 6 dBm steps until one of the three 
proceeaor channel■ lOOIIM lock. 

3. Reacquire the three channels and reduce the 1lgnal level from -140 dBm 
in 1 dB atepa until loe1 of look occur• in each channel. 

4. Repeat step 3 ten times and calculate the average threshold to loss-of-lock 
for each channel. 

5. Follow step 6. 3.1. B. 6 to teat channel 4. Repeat the applicable portions 
of 6. 4. 2. . 

Requirement: A minimum dynamic signal range of 60 dB. 

6.4.3 Tracking vs. Jerk 

A. At tbe teat aet panel, aet 

R0 

320 ft/1ec3 

ii 115 tt/1ec 
2 

i 7000 ft/1ec 
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2. To check the magnitude of the signal dynamics on the carrier, monitor the 
20 MHz carrier signal and the output of the signal dynamics generator. 
Toggle the dynamics switch to AUTOMATIC and me~sure the duration of 
the jerk pulse. Ten seconds after the end of the jerk pulse-, switch 
channel 4 to ACQUffiE and measure the doppler offset on the 20 MH z 
carrier (ACQlJmE opens the loop and zeros the acceleration register.) 
Calculate the signal dynamics with the following equation: 

where 

1. 575 Hz .. l ft/sec 

a= v/10 

j • a/t
2 

= v/10 x 1.6 x t
2 

... 
j • jerk ( R) 

(1) 

(2) 

(3) 

I' 
:• 

I 

I I 

a .. acceleration ( ff ) i i 

3. 

v • velocity in Hz after 10 seconds o\ ) 

To check the mapitude ~ the aignal dynamics on the code, repeat step 2 
and meuure the doppler olfaet on the code clock. Calculate the signal 
dynamic• with the following equation: 

1 code chip • 100 ft. 

a• v/10 

j • a/t2 •v/10xl.6xt2 

where 

j • jerk (\\
0

) 

a • acceleration ( R ) 
. 

v • velocity in Hz after 10 seconds ( R ) 

t
2 

• jerk duration in aeconds 

(4) 

(5) 

(6) 

B. Acquire and track cbanaela 1, 2, and 3 with the tut aipal 1et to -123 dBm. 

C. Appq the aip&l dynamic• (aet up in Step 6.4.3-A) to channel 4 by toggling the 
lllpal dyaamlo awttch from MANUAL to AUTOMATIC. 
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D. Monitor channels 1, 2 1 and 3 insure that they remain in the track mode for 

10 jerk intervals 

--, 
ii 
I! 

E. Follow step 6. 3 .1. b. 6 to test channel 4. Repeat the applicable parts of 

section 6. 4, 3. 

Requirement: Maximum dynamics for tracking is il°=320 ft/sec
3 

6. 5 MEASUREMENT ACCURACY 

Since the test da4l will be statistical in nature, it will be necessary to record 

sufficient test data in order to "'8timate the true statistical parameters of the 

actual measurement data. r rlteria for measurement a.ccuracy will be such that 

for a 90% confidence interval the product of the normalized confidence limit and 

the sampled standard deviation will not exceed the one-sigma specification for 

pseudo-range and pseudo-doppler. 

The tests for meaaurement accuracies will be made with a signal level of -140 dBm. 

Pseudo-range and r11eudo-doppler for the reference channel (4) and for the tracking 

channels (1, 2, and 3) will bs read from the test aet data display. 

6. 5.1 Paeudp Range Accuracy 

A. Set the tracking signal level to -123 dBm. 

B. lnltialize all four processor channels with a calibrate mode as deacrtbed in 

Appendix D. 

1. Modulate the teat signal generator with a CAL code and a 20 MHz CW 

signal from the signal processor synthesizer as shown in Figure 6. 2. 

2. Initiate a calil>rate mode by depressing the CALIBRATE button on the 

control/dlaplay panel. 

3. Wait 16 second• for all four channels to go to a standby mode indicating 

that the calibrate mode la oomplete. 

C. Track the teat signal with channels 1, 2, and 3, and reduce the teat signal level 

to -140 dBm. 

D. Pruet tbe mulmum 1ipal dynamic• cm the tut 1et by followt111 
atep 8.4.3-A and apply the aipal dynamic• to tbe t•t signal and obaerve that 

oJwmell 1, 2, and 3 are tracklns. 

E. Teat fs paaado ranp accuracy With a velocity of '7000 ft/1ec. When the teat 

aipal reacbu a dappler of 11 kHz nitcb cbannel 4 to STANDBY. ,-tandby 

mad• nmona the err.- ajpal from the loop filter and zero■ lta acceleration 

repater.) 
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F . Record pseudo-range data JJamplea simultaneously from channel 4 on 
register A and channel 1 on register B of the test set. Repeat for 
channels 2 and 3. 

. Test for pseudo range accuracy with an acceleration of 17 5 ft/sec
2

. 

1. Betw the limits of -+'7000 ft/sec with a• 175 ft/sec
2

, record pseudo-
range ata samples simultaneously from channel 4 on register A and 

from channel 3 on register B. 

H. Repeat Step F for channels 2 and 3. 

I. Follow Step 6. 3. 1. B. 6 to test channel 4. Repeat the applicable portions 

of 6. 5.1. 

J. Calculate the standard deviation for pseudo range. For pseudo range, the 
equation for computing the standard deviation is: 

~ !>R/R -J ii t [ Jl(Cbnl t) - R(l:hnl 1, 2 or 3) r 
Requirement: With a signal level ~ -140 dBm, the standard deviation of pseudo­

ranp shall not aceed 5 ft. 

6. 5. 2 Pseudo Doppler Accuracy 

A. Repeat Steps 6. 5.1.A - D. 

B. Teat for paeudo doppler accuracy with a velocity m 7000 ft/sec. Follow 

Step 6. 5.1. E. 

C. Record pseudo doppler aampl• 1imultaneow1ly from channel 4 on register A 

and channel 1 cm repater B-of the teat set. Repeat for Cibannels 2 and ~-

D. Teat for pseudo doppler accuracy with an acceleration of 175 ft/aec
2

• Follow 

Step 6. 5. 1. o. 

E. Repeat Step D for cbuwela 2 and 3. 

F. Follow Step 6,3, l.B.8 to teat channel 4. Repeat the appl1cabl9 portions 

~ 6,5,2. 

110 

' , I 

I 1 

I 
1' I 



.. 

I 
I ACCEPTANCE TEST 

Magnavox 
IIIIAICtl 1.AtOIATOIIII 

PROCEDURE 
Ttll&ICl,C&llf-lA 

DWG.NO. ES 877381 _j ' 
Hal 19 OP PMf'S ' 

..,_ ___________________________ _ 
IUBJECTi ..,. i! 

Readiness Tast Procedure 
' I i----------------------------------· ·◄ 

G. Calculate the standard deviation for pseudo doppler. For pseudo-doppler 
the equation for computing the standard deviation is: 

, N 

cr~V/V • / .!.. , [ •• ]2 
\ N 

1
fi V (~hnl 4) - V (Chnl 1, 2 or 3) 

Requiremer.t: With a signal l8'1el of -140 dBm, the standard deviation of pseucio 
doppler shall not exceed o. ·s ft/sec. . 
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APPENDIX I 

MX-450 TEST St;T DESCRIPTION 

Ba ically, the test set provides three major functions: 

I. 

2. 

Receiver data display 

Signal dynamics simulation 

3. Mode control 

Both the data display logic and the signal dynamics generd.tor will be described in 
this section. The mode control simply consists of switches which provide logic 
levels into the channel and mllater controllers of the signal processor which over­
ride the existing modes of operation. A block diagram of the test set ls shown in 
Figure I. 1. 

DA TA DISPLAY LOGIC 

In order to have qualitative short-term observable knowledge of the MX-450 data 
flow, the test set has two independent lamp bank.a (A and B) each containing 32 data 
bits. Three refreah rates are provided - contlnuous or synchronous wlth data flow, 
once a second, and a oa:, time manually activated rate. Tbumbwbeel word select 
switches provide the operator a choice of 1 out of 13-32 bit data words which 
are strobed from the receiver at a o. 2 second rate. Theae words are subsequently 
displayed at the aelected refresh rate on either of the two lamp banks. 

The hardware which implements the data display logic ls straightforward. The word 
addressing logic for the recorder interface data to tbe receiver was merely 
duplicated and word select and data refresh logic was added. Thus, two gated 
clock streams enter data IDto two shift register groups of 32 statlc bits each. 
Lamp driver■ tran■late the preaence of a "1" or 11011 blt to the front panel lamp bank. 
Thus, the data dl■played will dul>llcate the data collected and ■tmultaneously he 
entered into the recorder IDterface memory. Data eventually dumped to the 
recorder la not dlr'!)layed. A loctc diagram of the data dtaplay la ahown ln 
ngure L 2. 

L 2 SIGNAL DYNAMICS GENERA TOR 

The slpal dynamic■ pneratur works ID conjunction with channel processor #4 
to simulate a tranamit ■tpal wlth tbe dealred ■lpal dynamics. This generator 
provide• analog error ■lpala to tbe carrier and clock loops of channel 4. The error 
signal■ operate on the open loopa to implement the desired st.pal dynamics responses 
selected on tbe te■t ■et puel. A lope diagram for the ■tpal dynamics generator 
ts ■hown ID Flpre L 3. 
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REFRESH RATE 
SEL£CT SWITCHES 

MANUAL 
0.2Hz 1 Hz 

LAMP TEST 

WORD GROUP~------------, 

FROM THUMBWHEEL 
WORD SEL£CT SWITCH 

GATED CLOCK 

RESET 

DATA~T IITS 

FROM THUMIWHW. 
WORD SWCT SWITCH 

W0R D ADDIESS 
COllRDS C. REC0RDEI 
IN1DFACE DUPLICATED 

--n--

lC. USEUC'r 
LINES 

I Hz 

lt&IESMRAll 
SIIICISWITQB 

l9IDH 
IAlt 

LOGIC 

SR 
INPUT 

CCINTIIOL 

SI 
INPUT 

CONTIOL 

DWG. NO. ES 87738~ 

PAIi 22 0, 

lZ lAMP DRIVERS 1 
32 IIT STATIC SHIFT REGISTER A 

TO FRONT PANEL LAMPS 
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ii 

Readiness Test Procedure .. 

1 . 2. 1 Automatic Mode ex Operation 

The test signal to be generated is 
b 

+E 
0 
- E 

C 

d 

e 

f 

h 

k 

m 

b 
j"j 

_a_i I_ 

which, when applied to the channel 4 loop filter, will generate acceleration 

and velocity prcxUe as follows: 

Jerk: 

Acceleration: 

Velocity: 

+a 
0 
-a 

+v 

0 

-v 

Pul~! _amplitude Ab • Ad • Af • Ab • ~ A1 • E, where IE IS 2 volt and is set by 

the R pot on the tut control panel. R • 2 volt repruenta the maximum Jerk 

that can be pnerated by the tut ■tpal. 

Pulae dur•Uon ~t, :' Td ~ .Tf • Tb • 1-• T1 • t1 where t1 la determined by the 

pot. ■etttnp al R and R and the tntep-ator fl time constant ,-1 (T1 • . 24 sec) i.e . 

•• 

• • • • • 
For a pven R, the R pot will determine the mulmum accel81"aUon that can be 

attained 1D t1 aeoond■, t. e. , 

iiNiioii~:__,,---,---r---r-T--"""P""'__,. __ r--_______________ - --! 
~===:::::::::~==~======~==~==!:::::::!:::::::::!:::::::::!:::::::!:=:~=.:_- . I 
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IUIJECTs 
Readtneas Teat Procedure . 

. . . . . 
a = Rt = RT 

l 1 

Duration Tc = T k = t2, where t2 is determined by the pot. Settings of R and R, 

a scale factor of 64 and the integrator no. 2 time constant T 2 ( T 2 = . 62 sec) i. e., 

• 
= _40......,;R~ 

•• 
R . . . 

.for a given R, R will det.ermine the maximum velocity that can be attained in t2 

second■ , l. e. , 

. ' 
v = at2 = RT 

1 
t
2 

= 40 R T 
1 

The int.erval T 
1 

(between poaitlve mu. V and ne1&Uve max. V) ia equal to 2t2 + 3t1. 

The maximum velocity uen by the receiver i■ det.ermtned by the following equation : 

• • •• 

Duratlona Te uJ T 1 are 18-HOODda and are for meuurement purposes after maximum 

velocity i■ attained. 

I. 2. 2 Manual Mode of OperatiOD 

In the manual mode of operation, R ■eta the amount of jerk. The two push-button 

awttcbea on the teat control panel allow po■itlve or negative jerk to be applied 

to the ayat.em for any duration de1tred. 
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APPENDIX 11 

MX-450 CALIBRATE AND TEST MODE DESCRIPTIONS 

A LIBRA TION MODE 

Under norreal operating conditions the calibrate mode of operation serves to in1ti liz 

th signal processor. This is accomplished as shown in Figure 6. 2 by supplying a • 

CAL code (which is simply a 1, 1, O, O binary sequence at a 2. 5 MHz rate) and a 20 MH z 

fixed frequency CW signal from the frequency synthesizer of the signal processor to 

the test signal generator in the microwave receiver. This generator provides a J 57 

MHz biphase modulated signal at a constant level of -123 dBm to the input of the micro­

wa e receiver. 

When r, c,.ilibrate mode is initiated, all 4 channel processor channels switch to a CAL 

cod.: and acquire the calibrate signal. Sixteen seconds later, after the tracking loops 

have nulled and AOC transcienta have settled out, the calibrate signal is removed am. 

a master reset pulae (generated from the 5 MHz reference oscillator) zeros the 4 

pseudo-range data regtater1 and force• the proceaaor channels to a standby mode to Ii 

await the arrival of a 1ynchronlaing power booat atgnal. 

After a calibrate cycle is completed, any differential delay between processor channels 

is cancelled and zero range 11 referenced to the input port of the microwave receiver. 

11. 2 TEST MODE 

During a teat mode of operation a tran■mtt 1lgnal la simulated to provide signal dynam­

ics for 3 of the 4 prooeaaor channel•. The equipment configuration for this mode of 

open.tion la shown in Figure 6. I. · In thl1 configuration, channel 4 provides a PN code 

and a 20 MHz CW 1lgnal to the teat 1lgnal generator which is part of the microwave 

receiver. Stpal ct,umtca are atmulated by providing error signals from the signal 

dynamics generator which 11 part of the teat ■et to thP o~n carrier and code clocl : 

loop■ of channel 4. 

All four proce■aor channel■ uae a common code during a teat mode of operation. 

For initlal acqut■lUon the teat alpal pnerator output la power boosted from -123 

MRL 66716-2 
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to -100 dBm for 25 fLS with a solid state ~witch during each "all ones" vector (ro n1 

t.he PN coder of channel 4. 

When a test mode of operation is initiated at the test set, chann ls 1, 2 a a 3 Lr, t. ~~ 'j 

acquire and track the simulated transmit signal. During a track mode , ' igna· .._, ,ld. ·. -

ics is applied from the ti.et set and the transmit sigi~al amplitude is var i d w tn 11, 

external attenuator at the microwave receiver. 
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1~'/0 Pdi\11' TAflCll)J"FT/5~r.","FT/$ ~ r." · 
1 ~rrn ?::>~·. I • I TO N 
1 '.19 0 r>:: l Nl" I J T/\HC 11) JU?.•,:< I), IJP.•'f< I> 
1 ,,nn ~:·::.-:i· I 
1 11 t () !) . ·. INT 
J ,,~n :~ i: HJT "T!i~i1r.: f\n,:: "J:-U" SAr-'. PL~5" 

111:ln , 1:'I!\,!,T "~TA~')l\r~n nWit\TlON or. 'fHF. ~ i1; , 01Hr'T/S~r.> = " .JS 

t 111~n Pi ;l ~''r 
11,r;q n:. n-·,. 
,,.,..,,.., 11:.t~T"nP~ I FOR MOiii:.: li'JN5,T'li>C: tl IF r'INISHt;:n"J 

11,·m I \ '.?\l'f ' i~ 1 
t 11!\0 Iti' M 1 a l 'f!JU:N 110 
11.1') fl i-' ,'). ~ I • 1 TO 5 
11,y; :: : rt,, 
l :;o '> :,~ 1;:;: T I 
t c;1 n ,~~! n 
Hr.:.l\n'f 
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11/10/71, 

i·'. . :J. STl\'fl S IC J. i) irnC H/\l·l TO COMPTJT t:: STANOt"l :-:. n m:vI ATI ONS· 

:F p:.j r.: ·mo- ' l\~ r- r.: AND ? S'-':IJDO-DOPi')J. T•~! l FO:t Tl! S r,210 i1 '!:C EI Vl!il 

-:: ' · 1 .. •: : ; ·o . o;;- :;A:·:il.~5?1 '1 
·.:: ·· ,· ,:: .. 0 ·1.c;1~:. i.i ,• 1L ~•: , .r~t,· E.i ~'1,:r.: or.T"J. nl'ITl\ 

}'I ,) ,'•OT ~;~'l": i . !,:u~.s Til A"l '/ nI CI TS ri-:: i~ Ct-fA\1:'-i:~L 

:• , • • l t l • 1 r, , r; ., 7 l l 

i' '. • • \ • ~ ? , :"' 1., "l ~ :? 
r) • : • -.,, •) • 3 ? Lo 1 ~., ,, 1 L: 

: ·•. : • . • n • 

p •. • ' J•l • 
i-' ,' . ·: O• 

,, 
'l 
~ 

7 

? t •;., '.l l l 

111n, :'\~" 
1i;1 n , 1:3~ 
? 1 'Vi ., t 70 

j>"·. o • l ,.) e H ? f) ? I•, •';~~ 

? :. • I f). I) ?11'{,1\11/I 

l', ; • ,·W • t O ? ~ l '/., 3 \ '> 
1' 11 ,: 1·'.v I-:;:~; TH ~ I N?'JT Ol\'1' A TY?~ 1, NO HE\11::: t•l T'fP1.=; O?l 

C,) .. ';)L ~ O::NTAP 'l' DATA Is CONVtmti::n TO N~GATI iii-: F.QUI VAI..ANCF:• 

Ps~uno fil\NO! 1'Al3~LATI ON 

I' tl :-1s H!F' 

F'l' FT 

11.1, .~19 178•51':, 

S? 131•641 132•0~1 

3 ,o~.90~ 104•6R7 

" r;.07'31P. 10•937'1 

5 f3/!e37~ fl6e71fl7 
,., lP.~ •1~5 l ~5 • l sr, 
7 11~.l)~R7 t1t;.R7-'i • 

n 157-~1~ 16l•3~fi 

9 ~7-10911 ~9 • 01!,P.'l 

10 JJOeRS911 .. 0.116~7 

r;1~;:r.: I':~? 10 :#l=·-~?Lt:::; 
~-rl' ~O'\. ::l n~1,1 l\fl0~ 0~ ·r•-t~ 'll!Hll0.:.O'."! '!T>• ~-~•,9n5 

111 



e, l,1. , l. JI. I 
F -: • . ,, ;...~ ,I I '. • l! 
/.. , ' , ' . ... . ~ ,~ ~'7· , . 1 / ~ 

,: ., . , .. . : I • 1t) o , ) :,• $/'t i,(; f. ~ '·. '/'/ 
•:,\ ( : .. 1 ·1~:.--;:, ·:~:-,111,r::., .- ::;;;-,;;:, ~~1r.r:: Or.Tl".L OATA · • 'J , :1·/ '•Y T·:. ; r,:01:r.; 'ni t\ : 7 lllrI'f :·; P~d C:f ."\'1'1:.~L • •!•J o ? 0; :111.,6~ 8 

I I • • • " ) . ~ ? ' l .', 1' .1 6~/5 
.1 ? ,,, n I l ., 1, 7 l 
11 ?"nt . ~111 
'i ? I j 1j r! .f ~ ,s 1) 

· · • . \i r] . 

. , : • :,!() . 

I ' .. • . '') • 

: I • 0 • 'J 0 

/'i ?'i 'q., I '1fJ1 
7 ? / 1 'l 7 ., 'i 3 '.> 

) ,. 
' . J 

l:J5oCJ11 
2 ILJS•3l:~ , 

100 
l1 5n. 19'Vi ,-::, 11, 11. S 1 l 
r, 1 lilJ • 71.i6 ·, 1 p~. :l'i~) 

p~ .;-; mo ·nA\lr~ T/\R "JLf.\TI a I m::r,• 
F'T 

160 OJ CVi 

171eHP.8 
H~2.~,;i'l 
73.1, :ns 
11n. 1n, 
P.O 1 • 1 '/ ~ 
13'1•719 

'!'!-r;.::,~ 4li~ ., S4MPf. :;:s 
)_; 'fl\ •,; nt'!i:n J".l r. vIAl'ION !Jr, no~ r,;:11 : )"' (r:'o;::E:T>• ~-9fl81jLJ 

:;\i J "'.H NO. u~•· St\t\Jf)Lr.:s?5 
-~;\:'f:-:::1 0133t:;, . iJ1\nr.~., n:::;;-r.:,nNCE: OCT/\L nl\TI\ 
) (J ~WT r.:N'f :~; . MO,,~ 'frf ,'.\N 7 DI C'II TS P!fi . Cl-f_ANNF.t. :"> :" •\IQ. 1 ?~.11,(!73 

?i1 • ''0• ?. 1~, P.LI" 
Pil e :rJ. 3 -?~70, 56'.l 
j>; ~e T,.Jf). 4 ?~1,;,sn11 
i' :; .· ;o. s 1:v .. 1.,,;06 

Psr::uno RANG!:: TI\R r1LI\TI QhJ 
I! 011S ll!P' i:-·r . 

FT 

1 7•81~5 73.01.a,;9 

. -
~ •76125 611ell5:Jl 3 11 .rnr;_ I /llhC)22 ,, 55e/a6/J7 1~5-~(,~ 5 H7e89()t; -l 5'h :v,4 

... ·- ·· 

11·1 r.:i t !I: 4n E 5 SA:.f PL C:S -· - ·- ·--· ·- ·· !;TIUDAdO r,w::v1,:.r10~ OJI' Tfflt '!:,li~o:·?CP'"=~T>• 1•611155 

- - -· ·-- •• --·· --

... 



-------

C.I /..J t. II- I 
p ,:;·r vDO /.),J /'." J. ~tt. . . 
\IE'L:O~,,y:: 7000 ~,,, . 

\ / 1 : {) l) 11/11/71 

.·, .. !. ,(_i TIHI SI Cf'\ J. p,· OClM'-1 'l") r,QMP'IT!:'. STANnA : n l)\o~i)I A'fl O lS 
O F' 1) :_;.-;;uno-; il\ ! 'O: /\ ~JD ! '~j f ,~ ! J l) (l •DO i:>f• L sa F'O d TH 1~ '1~1}3 r\ 1,:cr.:tvi:.:11 

'l.'. 1 1 TS':: '0· OF ~A~PLC.:S? 1n 
sxr ::.: ORSF:J: !Jf\ '1L:0:.1 ~ T:'.F-C: :1 4-~cc.: OCTAL OATA 
DO 1or i.;r,n~:~ r-~ Oi.~ Tiff\ : 1 7 DI GI TS P'!:n CHAN~P.::L 
p: \ • .lO • l ?'.l.1'.l 
i-1 : ! • !''. 0 • ' ?. 17 , l ~ 
;-> i : • 1\ lh ~ ? 0., 1 
? :1 • W ) • ti 14, :~ 
P: .• 11.1. '; ?'1,3 
P : • ~-'. l) • 1 7 1 l ., 1 
i' 1: • ~~ •J • 7 "3, '.l 
Pi': . ~•.1 • ll ?~; 3 
p1 : . 1;0. 9 74.,3 
F :: • ~JO • l O ? 1 ~ • ~ 
, · i) i !;~i/lEw TH.:: INi'IJT Di\TA T'f?F.: t, ~JO ni::vl~\-; T'{PE ()?!) 

'f() r.~ltiNGF. I NPTr OAT/\ 'f'tP~ l, NO Cll~Ncft T( l') t~ 070 

fl O~J 5 
FTISF.C 

l •1'1881 
?. • 31172P.P. 
3 ., 
A •198413 
5 •P.976i9n 
6 •'4'lf;ll89 
7 •l/JflHl 
6 •l'1f~81 
9 •l9Rlll3 
l O • 11960 :\~ 

PSF. 1JDO OOPi'L"ga VEt..Or.IT'i TAD:)t..l\TION 

ai.:::ir 
FTISP:C 

elllARl 
•49fS():.~ 
• 14881 
•lbARl 
•lllRRl 
•lll8Rl 
•14861 
•lA861 
•111881 
• 14861 

Tl·l~nc: AH'! • tn !iAMPL~S 
STANntian nc:vIATION OF THi:: ,;nnor:<FT/5'tC) 11 
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C,Jh t, .If I 

P 'S :-v D <> po,Jri.. lllt. 

A tc..l!L ln ·i 1JT 1HJ c , --,s fps,. 

T 1'Pf.'. 
I { ,:> .', 

?I). i•10 i"•. ,. '.i J. ''., , TY P::: 0 I r F l NI S!·F:n ?t 
FO i 1 PSSrJ !"? /\\!Gr.: , Tt 1'i:_: 0 . F O,~ PSF:rJDO DO PPL r.:r.70 

::::.: rs, IJO • OF SOM?LSS?6 
:':: i~ T-C: "; 07 .:; r.: _l l.'f.\ Ll":'. , , ' :::ri:::1iSNC •. OCTAL DflT 
T)0 NO!' ,,:;1· ·r.:,~ M0 :! 1~ Tl!A'.'IJ 7 nI GI TS j>J::!l C~ ANN ':L 
p ! ' . 1\J O. l ? /1 I ' LI:=! 
,> · : • Q . ~ ?S , 11 
, > I • . 1 f) . 1 7 1 3 , 2 
' , : ! • JO • / .? ~ I) , ~ ,, 
l' i • ~ 1 0 • '1 ? :-> ') , 3 l 
i' . oNO o r) ?~::; . :'ilJ 

TO i~EV I ;;:; .. ; Tl!E I N1 :JT OA TA TY ?S l • NO E!:'.V I J;; t•. TYi1r.: 0 ?O 
TO CHA~(~ I NPUT n TA T fP~ 1. NO ~~ A~rs TY ?~ 0 70 

?sr-::mo DO?PLSl'i Vr-:L OCI T'i H \nIJLAT I m i 

t.' ()DS n r.:F' 
· FT / ;; -::r, FT/ si.:c 

1 l • r, ~i -:,9 1 • 13 ti 6 51 
:=! • ~/1,VJ J ,") • l llt1 M'.!9 
3 • 5l15(, 3 5 9 . 9~ri ~ :m- ~ ,, 1. nqt?.7 e99Nl '5 ~ 
5 1. n,, 1r, 7 1 • ~/10 013 
~ l • n1, I ',.'I 1 e 1 RR A9 

Tl lr.:ai:: /US 6 Sl.'\ll'?L F: S 
SlA~~f)o ,:n n:=:iJ IA 'fIOi~ O!i' THi:.: i:: .1aon CrT/'iSC> • . ~513 I ,nR 
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CIIJ.;L. 'ff: 2 
~ _: /. u /J O /-!. I. 1v G. E 
vr:,.~,, ~ ,r,,,. = . 7o oo "t(-IS. 

11114fi ll/ll/71 

Mf l.. --~ 'fl\T I SI CAL :>nO(iRAM 'l'O COMP 1JTE STA~DAHn DSVI AT-I 0:l f, 
CF l'S -~. IPO- ~~A \i (·S f\ ~ D PS2:JDO-DOPPL Si F OH TH S 6P. l f3 f<F:C SI vi:.:n 

E 1·r:;:. 1 ~JQ . Or C' /\MPLF..S? 10 
r.:r' i' r;: :: :J1l.Sl-: r VA i'iL S, n ;.:F,;;Hr-:Nr,~ OCT.f!.L D TA 
DO , •JT ·-:;:: ·;;:: \ · :-iO. r.: THAN 7 DI GI T:j p ;~:, CHAt Nl~L 
p;·, . :-.; n . 1 1 3 1, , 1~ 
P • ; • ' i :i • ~ 7 5 l , '' ., 
!' : , :•) -- . 3 1111, 5 1 
:) ; ' . ')i) , / t 77,17 

PH • , 0 • !:) 7 ~Vi , S : ; 

p ;1 . ~10 . r--. n v~ , 23 
?i • d u • 7 7 S, c; 
P n. ~- o • fi 1 s 7, r, ~ 
P ; lo \) ') • ".> 7 2 , 5 
P P. . ;\,' (I . tn 1110 ,~1, 
TO :·:-~v I -r.:t-: ,1t1:; I NPUT DAT.~ T'fP~ l.1 :\!O nr-:VIE\; TYPE 070 
TO Cll ti t·JCS IN !" JT n/\T/\ T'f?'! l.1 NO r.HAi 1f:E TYPi.~ 070 

PS!tmO HANG! TABt.n..ATl ON 
' (i 0 13 5 r~2:1 

FT FT 

1 10.9375 10 • 54,,9 
e . 16.• '1156 l S•P.34'1 
3 1s.~3, .. ,1 16•0156 ,, 2•73'137 5 •859 3'i 

· s tp/.91';~7 l7•5781 
6 7efJl~5 7•42187 
7 l •953L8 , 1•95312 
8 10 • 31\94 19 •9219 
9 •78 1~5 le9S3tn 
10 l P. • 5 7•81S5 • 

THinF. /\:~s 10 , SAMPl4!S 
STl\~J)A ;'. 0 nr-:v1 !\Tl ON Oil' TH~ ~-MOR< FF.F:T> • 1 •92955 
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·r.; : I\: • OF" S/\ i,: PL r;,S ? 5 
l~'l'ff:; : 0 11,c;r,: i, Vf\ ", lL'•: , :n;:F'F:;'i F: lC~ OCTAL [)flTO 
n o • ·o , :i:. 1TF:n 1Y: rJ.{;,; THA 1 7 DI r-1 T.$ P8 fi r.HANN~L 

I ' '.J 10NO. 1 ? 1 :-,5, ')()/1 
P; l . ~)(l . 2 ?66~ , 123 1 
P t • • • ~ ? 3 3 c: , ·,n () 
Pli • JO. 11 ?30~., r,r;,, 
;, r, .·No . s ? ~ ,, 1 ., , 1 ,, 
TO f,S\J I '::t THr.: H ' PUT DA1'4 TYP~ l, :-..10 -:::VIEU ry ;·,i.~ O?O r o C~l/'\ \i GS I NPLn- DATA T'fPr.: l, NO Cfll'li' GE TYPO::: O?O 

fl 0'1S 
F'T 

~6 • 3P.R l 
2 1690531 
:l Rr,.~rRl 
4 7,;.9:;31 
5 65e2'.J/ilJ 

F'T 

l?.6•562 
r,59.7~,; 
175 
llS7•1137 
155•469 

THO::rt r-: Ai',F. 5 5t\M4.,L~S 
. - ... - - ..... - - -- - . - - - . 

~TANDAno OEVIATIO~ OF TII~ ~HRO~<F~~T>• -~25 



i .11» l # Z.. 

f s EtJDo oorn,,'-
v ,...Loc, r.,; • ?ooo tps• 

::: :Trn O • OF' S~M PL ·.S? l 0 
·.:: , 1Tsi·; ()q ,c_; r.:r. vA HLE, Ei::Fr..:nr..:NGF: OCTAL ntiTA 

no NOT S~T~R MOHE THAN 7 DIGITS pi;;n CHANN EL 
BoNO o l 1 2 ., 3 

Pl • NO • ~ 13, 3 
Pi'? oNO o ~ ?7,13 
Pi I • t\J O • ,, ? Lt, 3 
Pil oNO. 'l ?3,3 
Pl1 oNO . 6 ?13,~ 
PE oN Oo 7 ?1,3 
P1\ e NO e O ?0,3 
P:l•NO• 9 77,l~ 
i'HeNCo 10 ?C,,3 
TO m::v I i.;t,; TH~ I NP;JT DAT/\ T'f PE 1, NO m:v1 Et•: T'f PE O?O 

TO CHnNC~ INPUT nnrA TYP~ l, NO CHA NGE TYPE O?O 

PSEUDO DO?PL~il v,;:LQCI TY TABULATION 

I OBS R~ 
FT/S ~C FT/SEC 

l 9 e9P.Oli 3~-P, •14881 
2 · , l.46fi l • ! 48A I 
3 e3Ll72C2 • 5ll5-S35 
ll el9 fMl3 •lllf381 
5 elL18'3I •14681 
6 • ~i/15635 •14881 
7 4•96038!-2 • 14881 
8 0 •14861 
9 • 311 222 •5115635 
10 -~9 7619 •111881 

TH'=;RJ!: Aii~ 10 ' SAMPLES 
STANDAnD DE\IIATION OF THP.: znnoncp-r1s11.:c> • • l 71 ';1~4 

.• .. - - ··-- . .. . - - .. 

-· -- - ·· .. . ... . .. 

.• 
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c, /-Iµ L # -z.. 
P.S FvDO /;oPPL. E't. 

AC.C-fil.E~AiJOltJ = , , ~ .fp~,.. 

TYPI."'. l F'Oil MO hF. ;~·JNS•T'l'P !:: 0 IF FI .: I SHY::0 71 
T'fPi::: 1 FO 1 P51:.: i.mO HAN riF. . 'f'{, E O ~Oh Sr.UDO nOPPLEii ?O 

1;: NTr::H NO• OF' !3A11:>L:0:575 
r.NT S1 i 0 :JSC::WI\RL~ •. ;:::r.:-:nsNC~ OCTAL DAT~ 
no NOT F.:N r:a MO Hi:: THAN, DIGITS p.;:n CHANNF:l. 
p~ . o. 1 72 70.30~ 
p ;1 1 IQ• P. 111 • 5 
P rt ,NO, 3 7Ll5• 50 
Pil. , l'JO , '' ?23.215 

' Pn ,NO, 5 175•7, 
TO HF:i/ISW THE I : ;? :.,r nATt\ Tl'?~ 1. LlO R"'.\JI~\•; 'T'fP::'. 070 

TO Cfl/\NGS IN?UT D~i' ll T'fP :i: l• NO r.Hf'\NC:r-: T'fPi:_: 07(") 
PSEUDO DO??Lr.:: VELOCI T'f TABTJLATI 01\J 

II ORS i<l:'.!i' 
FT/S;:C FT/S~C 

1 9 • 12690 9,11;?.302 
~ •'~41SM!9 -~/18016 
3 1,835:3~- 1•98bl3 
4 ,9/IP.M, 1,()4167 
5 :3,0P.57<) 3,02579 

TH~n~ A~S s ,SnMPLES 
:,l'A"IO/\HD n1~VI I\TION OF' TH::: r.:nr.OHCFT/;;l~r.) • ,P.2709Lt 

I 
I 



C,NAJ l It "3 
f'j -v)) o ~ IJ f'J (', £ 

\lfL. o t,1'( • ,ooo f.,-s . 

i .· A r ST/'\ 16 t 0~ 11/1()/71 

,.1·,~L ST/'\TIS I CAL ?a0C: ,\l.\l'1 TO COM? tJT E 5Tl\ ,iDA;m o :;:'J l f.\ TIONS 

OF' PSE l )l)(J- ! :A :\J(; E MD ?S ~UDO- DO : i>L i::« r'O~'i TH~ 6 ~ 1 ~ nECEI v -.:: ;1 

TYP~ 1 FO~ PS!UDO ~ANGE1 TYPE O FOR PSEUDO DOP?L E~?l 

".1\lT~fi NO • OF SAM PJ. E:5 ?10 
'!:;~Ti::R 0 11 :; r.:,iVARLr.:1 l! ·.;;r,- 1~:1ENCI~ oc ·rAL Dt\'r A 

DO NO T r.:N T·:: :-: MOilF: 1'!-i AN 7 nI rI TS PF.::1 C!IANNEL 

PR •NO• 7~~116 b5 
Pi! • NO• ~ 7M~314~4 
P~ • NO• ~ ?~2 51227 
P;{ .NO• lt 76 7316~'.'J 
Pi1 • NO• 5 ? ?. Ofu~Oll 
p; .No. 6 ·rn3 ~12su 

, PH •NO• 7 ?1511 l6Lt 
P11•NO• R ?71101731 
PB eNO. 9 7~ ~~1641 
Pri eNO• 10 ??.~41 ?. 3'; 
TO·R!Ul ~~ TH ~ INPUT DATA TY ? ~ 11 NO E8VI ~U TY PE 0?1 

t OMPL~1~NTARY DATA IS CONV~~ T~n TO ~~CATIVE ~C~IVAL A~c~. 

PS~!JDO nA'NG~ TARTJLATION 

I! ' BS RF.F 

P'T FT 

l l6?.eH9l 1~4.,, i:;3 

~ 101 .,,2e 107•81~ 
3 58e~O~H ~Ii• 1) 8 411 

4 173•0"7 1'19•9~~ 
i; SP. • 31, ,1 5le51fi 2S 

6 60·.1~62 67•916 7 

7 4P. e?ISH 7 b5e31P.5 

8 187•5 1 R.4 • '1 66 
9 · 160• l !'; ,; 161h A91 

10 60 . 9 375 ~l • lg8 l 

THJ::HJI; AHJ;; 10 SAMPL~S 
STAN.DAHD ni:;UIATIO\J OP' THP: c:nno~t<,tt~T>• Ae9:l913:\ 
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(!.fl lvl.. tt- ~ 
PSIYL,,oo /<ANG. I.: 
.<Jee E 1.. c:1-: A,,. ;.,,rv ~ 17 $.fr s'" 

1>:·! • r-!O • ?~qn.,~~r, 
1> H ·• tv O • ~ 7 111 ., 6 6 • 

PU oN O. 3 ?~r.,i 16'5 
P l oNO• ~ 7~6 2 , 3S l 
;, : i . ~ o. r; ? ·1 s '>. . 1 n 1: 7 
TO I ;;:0 1 ,:;..' ·1·!1~ I NPJ r n/\Tl'\ l \' ()::: 1 • . ' 1) ;·:~·. 11·-: u -T.i '. 1

· -~ () 1() 

'Q CH '\ :r·,~ I ;·~.-,·.11 n~Tf, T'f PS t. 7'!0 C: {.'.'I NG;~ TiP t:· 0 ? 1l 

r>si:: mo :~ ·'\"JO.: TA l\ 'JJ., I\ TI ON 
(I ORS nEF' 

FT FT 

1 1 31, • ~75 158 • 594 
2 4e6H7!i 21 .119 37 
3 P. l • 09 37 4!;.7031 
4 69e 5:1rn 91 .o 156 
5 19leN)6 P.15-234 

THF.:fit;_: AH'!: 5 SPMPJ..C:S 
5TANDAHD DZVIATI O'.\J OF' THi:: EimOB<F"F:~1'>= 3•051 H~ 

PReNO• l ? 3~6, 1156 
pn.No. ~ ?f,17,709_ ~~--
PHeNO• 3 , ,, . # 4 / f I :J s ... 
Pll•NO• /J ?~ 5., 373 
Pn•NO• 5 ?OM?, 120 
PReNO• 6 1371,42~ 
Pn.ilio. 7 1~311,'101 
Pile NO• H .13lf3• 4S!II 
PR•NO• g ?332,371 
PH•NO• 10 ?471,f>Ol 
Pih NO• l l ? 315,411 

PS~tJnO HAN~E TA~i.n.t\TI ON , OBS nE, 
w;"T - FT 

l 96e0937 11?•969 
2 155• 8';9 l 7!i 
3 92• lfJ7"> ll1Je0"l~ 

" 80e'l7Kl 913 • 01~1-) 

s 13 • 2fU P. 31.ns 
6 . 97 • 21i56 107.031 
7 85•9375 100 • 39 l 
8 88•6719 107•812 
9 85•1562 97 • P.~_56 
10 IP.2•Rf,6 l 50• 391 • 
ll 80•0781 103•516 

TH!ll11! All! 11 SAMl>t.&S 
STANDARO D!VIATION O~ ·TK! r.anoncrg~T>• 4a9986 



~ ~Iv/.. ~. :: 3 
p S- ITCJ J.J o PO ~I~ I, ,r /l. 

llet.Dt If'( :, 7 0()0 fps 

19 :20 11/10/71 

1·! :.iL 5TA TI SI CAJ. ? IWGi •. '-\1~ TO CO:t,1 ,: J'f,=: STAN DA1·1n DEVI AT! ONS 

.JF' :?S ~:JnO• E~~i ('i:: AND P5SUD0-Dl)P?L ~i1 F011 1"1!~ 62 ,lA m:r. 1::1 VEn 

d 1~-:: ~ Fb,-t ? St"'. .JnO :!O .. f:S, T'tP?. O· FOR PSEUDO DOPPL Sr! ?O 
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APPENDIX E 

RES LTS OF COMPATIBILITY TESTS BETWEE 621B 

RECEIVER (MAGNAVOX) AND TRANSMITTER (HAZELTINE) 

E.l COMPENDIUM OF EVENTS 

E.2 

a. Ray Halen of GAC delivered the Hazeltine transmitter and wi tnessed 

the unpacking at 10:30 AM on 27 Octobrr 1971. 

b. Jim Woolard of Hazeltine arrived at MRL about 1:30 P. M. 

c. Xmtr. equipment was set up in a screen room at approximately 

2:30 P.M. 

d. At 3:00 P. M, the Hazeltine Xmtr and Magnavox Rcvr. were 

interfaced. 

e. Upon application of the transmitter signal, all four of the receiver 

channels locked within 5 seconds. 

f. An external lab power supply was substituted for the internal 

power supply of the transmitter at 9:00 A. M. on 28 October 1971. 

g. Compatibtltty between the 4 Hazeltine codes and the 4 MRL codes 

was verified about 9:30 A. M. 

h. The Hazeltine Xmtr. was repacked at 10:30 A. M. 

i. Jim Wollard departed MRL a.t 11:00 A. M. 

INTERFACE TEST RFfSULTS 

a. Xmtr level referred to the Rcvr input was set to -123 dBm during 

long code and -100 dBm during the stiort code interval (power boost). 

b. Hazeltine Code D and MRL Code No. 4 was used initially. 

c. After acquisition hit.el been established and during a track mode, 

the Q channel of processor No. 3 indicated the presence of incidental 

phase modulation on the transmit signal. The PM occurred at a 

rate of 120 Hz (synchronous to line) and with a deviation of 

approximately 200 peak. 
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d. Lnitial acquisition performance indicated the follo,,•ing iirobability 
f detection for a given received power boost signal level : 

-102 dBm 

-103 dBm 

Reacquisition performance was as follows: 

-126 dBm 

-127 dBm 

f. A check for recei .rer track hold on performance indicated 

4 channels remained locked @ -143 dBm 
1 channel remained locked @ -146 dBm 

g. An external lab. power supply (Lambda, Model LK-341A) was 
substituted for the internal supply of the Hazeltine Xmtr. As a 
result, the 120 Hz PM component in the transmit signal was 
substantially reduced. 

h. Compatibility between the 4 Hazeltine codes and the 4 MRL codes 
was verified. Figure 1 shows the test setup for interfacing the 
xmtr and rcvr. 

E. 3 CONCLUSIONS 

In general the Hazeltine transmitter and Magnavox rece:ver are compatible. 
Each of the four PN codes match. The power boost sig?1.al level appears 
to be 23 dB above the normal transmit signal level. The 120 Hz incidental 
PN compor.Ant at the output of the Haz,eltine transmitter using the internal 
power supply degrades the track performance of the MRL receiver about 
2 dB. Experiments with an external supply indicate that, if a battery is 
"floate,j'' across the output of the transmitter power supply to smooth the 
120 H •. ripi,ile during the flight tests, the tracking performance of the 
receive:· will ,Je degraded less than 1 dB. 

r-----------..... -7 
I 
I 
I 
I 
I 
I 
I 

SCA££N ROOM 

XMTA 60dl 
ATTN. 

AG-223 CABl! l50 n.1 0 -130 dB 
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L---, I 60 Hz PA IM( PWA. I 

,~ - - - - - - - - _J 

Figure 64. ·Transmitter/Receiver Test Setup 
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APPENDIX F 

TRIP REPORTS 
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REPORT NO. 2612 TRIP REPORT FORM DATE 6 March 72 

PLACE VISITED Holloman AFB, AlamolJordo, N.M. DA TE 23 March 72 

PURPOSE OF VISIT ___ F_le_l_d_S __ up.,.p._o_r_t _6_2l_B_P_r_og._r_am _______________ _ 

CUSTOMER PERSONNEL: 

Ralph Labo 

Capt. Cecil Rose 

Ed Graber 

SUMMARY: 

6 March 72 

MAGNAVOX .PERSONNEL 

M. Taylor 

On site for prefilght activitle1. Equipment lnatalled and functionally teated, 

7 March 72 

PRE FIJGHT NO. 1 

621B/MX-450 functional. Teat tape■ made and the dump looka eooct. Tbl1 being the first 
actual ·m1ht al11eem1 to be 1otns well. 

INFIJGHT NO. 1 

The inflllht actlvltle1 appeared to have 1one 1moothly. Tbe equipment operators apparently 
have a r••onable under1tandtqi of how to operate the 821B equipment■. The MRL receiver 
acquired the four tranamitter1 and the pewer v1 AOC profile• look encouraging Fllght No. l 
look■ very good. 

POST FIJGHT NO. 1 

It wa• later learned that two of the airborne data recorders did not function properly. No 
data wa• recorded from either of the airborne receiver,. 

FOLLOW UP ACTION REQUIRED 

cc · MBL Peraonnel Above 
R. CnoaNn 
F. Cbarle• 
W. Trappen 

MllLU422A 

COGNIZANT FIELD SALES PERSON 

REPORTED BY: Mel Taylor 
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Trip Report 
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16 March 72 

Made initial checkout of the MX-450 system, all OK. Flight No. 2 departed on schedule, 

but the fligh t was aborted due to a fuel leak in the right wing, 

21 March 72 

FLIGHT NO. 2A 

Preflight OK with master controller board, Infiight operations were no good, system 

would not acquire codes signal. The before mentioned Master Controller Board had 

been modified to inhibit the sync power boost signal during the calibrate cycle. 

Post flight sell test cycle was good, but the system would not acquire a coded signal. 

Replaced the modified master controller board with an unmodified board, and the system 

worked properly and would acquire the coded signal being transmitted. 

After my return from WSMR I made a complete system checkout, and all did appear 

normal. I did notice that the MX-450 system bad been turned on, but that in itseU should 

pose no problems as long as external cooling Js provided. 

I talked to Capt. Bybee regarding the data tape recorder, and was advised that it aad 

retested good and the probable cause of the sync word error was due to the position of the 

slope detector on the recorder itseU. It appears the preflilht tapes cut prior to Flight 

No. 1 were cut using plua and minus detection 10 it wa1 a11umed at that point it made 

no difference and the slope detector was placed in the positive position. 

As Flight No. 1 progressed, the tolerance levels built up, the ay1tem (recording) could 

no longer detect the sync word. 

16 March 1972 

0530 - Preflight power on allowed five minute warmup, initial callbrate good and tracking 

"A" OK. Allowed 25 minute additional warmup at the same time going through various 

steps; system check OK. 

0730 - Self cal OK system needed a little more warmup time. 

I rebriefed the operator regarding ba■ic operations and cal procedures. 

Aircraft airborne 0850. We arrived on the range 1it& and were advised that the flight had 

been aborted at 0813 due to a fuel leak in the right wing. Aircraft diverted to Kirtland. 

All equlpmente on board. Aircraft 0371 ii 1cbeduled to return to Holloman AFB 

Monday 20 March 1972. 
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20 March 72 

Alrcraft returned to Holloman today. Reinstalled control box, made system check, 
check OK . Changed master controller board, repeated checks, all checks good. 

21 March 72 

0530 - Prefl1ght check b~ins. System check after five minute warmup OK. Made 
complete system check; all appears normal and correct at this point. 

Aircraft departed on schedule, at this point I departed shop area enroute to MCS. 

Prior to the filght I asked the project officer if a test tape had been made on the MRL 
tape recorder. The answer was affirmative. , .. 

INFLIGHT 

HOO - First run begins. MRL would not calibrate recalibrate good. Hazeltine channel 
1, 2, 3 and 4 OK prior to the first pass. MRL in "stby". Good signal indication, but 
no lock. Recalibrated. MRL calibrate cycle good, still no lock. 

1900 Z 21 March 72 

Aircraft 0371 departed range enroute to Ht,Uoman AFB. It was learned during the debrief 
both the MRL and Hazeltine data recorders were inoperative. 

Poat flight l)'&tems check did not reveal the system malfunction. Made a check of the 
signal splitter on the aircraft, appears normal and correct. Since all appeared normal 
to me at the time, I made a phone call to MRL. Contacted project personnel, talked the 
problem over. It wa■ agreed the probable cause of the problem wa■ in the Master 
Controller Board which had been modified to negate the signal power boost during the 
ca!ibrate mode. 

Replaced the Master Controller Board with an unmodified boar.d, and the necessary switch 
from "Stby" to "ACQ" occurs with detected a!gnal. On the s1gestion of MRL project 
personnel, I down loaded the MX-450 ayitem to run 11 confidence check on the equipment. 

22 March 72 

Some solution■ are being obtalned from the data sent to New York on Flight No. 1, 
Paa■ No. 4. I confirmed channel 1, 2, 3 and 4 are coded correctly and the data should 
be sequenced into the recorder when and where expected. 
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REPORT NO. 2613 TRIP REPORT FORM DATE 26 March 72 

PLACE VISITED Holloman AFB, Alamorgordo, N.M. 

PURP05E OF VISIT Field Support 621B Program 

DA TE 29 March 72 

CUSTOMER PERSONNEL: 

Grumman Aero 

Hazeltine Aero 

SUMMARY: 

MAGNAVOX PERSONNEL 

M. Taylor 

J. Kruse 

Departed LAX 1945 the 26th of March. Arrived Alamorgordo N. M. on site 0730 
2 7 March 72 . Preflight OK for Flight No. 3. 

l\1X-450 system performed well for flight, but tape recorders for Magnavox and Hazeltine 
did not function properly. 

Magnavox t'ipe recorder "GFE" functioning OK after third pass of Flight No. 3. 

USAF indicat.es no more flight "on the range" until data recorders are functioning 
properly. • 

Jim Kruse and I trouble shot the recentiy modified Master Controller Board and a wire 
was found to have been misplaced. Correction was made and the board retested good. 

We were unable to obtain a coded signal (rom a transmitter at this tlme, so just to be 
on the safe side we decided not to fly the modified board. 

After making as many bench tests as possible, and satisfying ourselves that the equipment 
was performing properly we decided to install the system in the ~ircraft. 

FOLLOW UP ACTION REQUIRED 

cc · Ml:tL Personnel Above 
R. CnoBBen 
F. Charles 
W. Trappen 

MRL 6~422A 

COGNIZANT FIELD SALES PERSON 

REPORTED BY ________ _ 
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28 March 72 

0060 preflight system test good. 

Capt. Bybee cut a test tape on the MRL recorder and the first displayt. were bad. A 

second tape was cut and it checked out OK. A third tape was cut and it ,iidn't check 

properly using the C.R . display. Hazeltines tapes all checked out OK. The MRL tapes 

were taken to the computer building and a printout of the previous tapes were made. 

Two of the three tapes were good. It's unknown at this point why number one tape didn't 

come ont OK. 

At 1 plus 15 prior to flight it was learned that the signal processor at the MCS was 

inoperative, and thought was given to removing the Hazeltine Signal Processor from 

the aircraft and flying with the MRL 621B system. The signal processor used in the 

ACFT is interchangeable with the one in the MCS station. 

The test bed aircraft made its initial pass over the sites at 0909 hours. The initial pass 

appeared normal and little or no information was received from the UHF link. During 

the second pass, it was noticed that the recorders were inoperative. The power was recycled 

and the record circuit breakers were reset. The HAZ recorder remained off the line 

but, the MRL recorder appears to be working properly. Twelve passes were made. Both 

receivers appeared to work. 

During the 12th and final pass of Flight No. 3 the power from the site transmitters was 

reduced 3 dJ , and than an additional 5 dB. The power reductions should be apparent in 

AGC levels ,,hen the tapes are made available. 

The aircraft returned to the baae at 1110 and I was on board at 1118. I rechecked the 

MRL system and it went through all the steps as programmed. Capt. Bybee met the 

aircraft and confirmed that the RAZ recorder was still inoperative. Since the MRL and 

HAZ recorders malfunctioned at or near the same time it's assumed at this point that 

something common to both systems must have caused a power transient and the HAZ 

recorder got the worsi. of it. 

The USAF ls very concerned about the recorder situation, and has implied that another 

range flight should not be scheduled until they are sure the G FE airborne recorders 

will work in flight. 

There are flight schedules for the 4, 5 and 7th of Aprll. 



TRIP REPORT FORM DA TE 30 May 72 

PLACE VISITED Holloman AFB, New Mexico 

PURPOSE 01'' VISIT Field Support Flight Test 621B 

DATE 

CUSTOMER PERSONNEL: 

Ralph Labo, GAC 

Capt. C. Rose USAF 

SUMMARY: 

(1) 7 April 1972 Flight No. 5 Good flight. 

MAGNAVOX PERSONNEL 

F. Charles 

J. Kruse 

M. Taylor 

------

(2) 11 April Channel 2 will not acquire. Others OK. Problem disappeared, 
not defined. 

(3) 12 April Flight No. 6 MRL OK. No data recorder for HAZ. 

(4) 13 April attended TDM F. Charles, J. Kruse others. 

(5) 15 Aprll shipped MX-450 to MRL for callbratlon. 

(6) 17 through 24 April MX-450 repaired, calibrated shipped to HAFB. 

FOLLOW UP ACTION REQUIRED COGNIZANT rIELD SALES PERSON 

REPORTED BY Mel Taylor 

cc · MHL Personnel Above 
:i.:-. Clu..rlcs 
\•;. T.rappen 158 
R. Cnossen 

Y1RL 6242:?A 



.. 

Trip Report 
2635 
Page 2 

7 April 1972 Flight No. 5 

Flight No. 5 appeared to be a normal flight, nothing unusual occurred. GAC did some 
adjusting of the up link power levels down. For the most part we had a good flight. 

11 April 72 

Preflight, channel No. 2 will not track. Channels l, 3 and 4 appear normal on the test 
set panel. The indications were: 

(1) Standby 

(2) Search 

(3) Phase lock loop 

(4) Track for a short period and back to standby and a repeat of the above steps. 

Advised J. Kruse of problem. The problem was traced to P.C. Receiver No. 1. 

Power on, problem in Channel No. 2 would not duplicate. The conditions I had 
experienced earlier could be forced to reoccur if moisture was applied to P. C. Rx 
Board No. 1. 

It appears at this point, the board being one, with High Z circuits, we may have had a 
leakage problem due to dirt and metal contaminates which may have come from an 
unfiltered air conditioning unit in the aircraft. Tbe system appears OK as ts, some 
minor adjustments made to P.C. Rx No. 1. 

12 April 72 Flight No. 6 

Both airborne receivers ready for the Right, but the LTN 51 airborne recorder mal­
functioned and at this point the LTN 51 system ls an abort item. 

14 April 72. 

Applied power to MX-450 system after removal from aircraft. What do you know, 
same problem as before. 

15 April 1972 

Packed and shipped MX-450 system to MRL. 

17 April 72 

MX-450 system set up In the lab. Cause of major failure was secondary and suspected 
cause was a voltage transient which shorted a chip on FFS No. 1. This could have been 
determined in the field, but the spare board was defective, which leads me to other 
areas of the syatem. 
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1 - April i2 

~LX-450 repaired and functionally good. P.C. Receiver Boards No. 1 were cleaned, 

~oated and cured. Sys tem on for long term reliability run. 

_4 Apr il i2 

I made a functional check of the system prior to disassembly and packing for shipment 

to Holloman AFB, :,,;ew Mexico. 

Ac tions taken \ hile l\lX-450 was at MRL: 

(1 Evaluate system problem 

(2 Trouble shoot 
(3) R.:! paired 
(4 ) Calibrate, confirmed Cal sign - 123 dBm+ 1 dBm 

(5 Run in -

(6 Shipped to Holloman AFB 

15 ?\la 72 

Flight No. 13 49206 "A" 

Good MRL flight, no problems. 

17 May 72 

Flight No. 14 49203 GJ 

Gen. Morgan on site. MRL equipment prefiigbt, infiight and post fiigbt good. 

19 l\tay 72 

Flight No. 15 

0600 prefiight equipment working good. 

Program Status as of 18 May 72 

(1) 30. 8 hours on aircraft - conserve aircraft hours for 621B 

(2) Aircraft does not go into phase maintenance unless: 

(a) It is retained by AFSWC past 621B test 

(3) Fly Friday 19th - we did "A" OK. 

(4) Stand down two weeks through 2 June 72. 
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(5) Review rules if there is a change 1n aircraft a~ilabllity, lf data problem 

is not resolved at the end of stand down then fiy area nav until it is resolved. 

When; if resolved and aircraft is available move to ILS ASAP 

if resolved and insuffic( nt time (2 weeks to move) then continue area nav. 

if bias problem ls fixed before stand down ls over and data ls good then 

the x-ray mission scheduled and move to ILS ASAP. 

if bias problem is fixed and prior data ls not usab]e then continue area nav. 



REPORT NO. - -~--26:3 6 TRIP REPORT FORM DA TE 30 May 72 

PLACE VISIT ED. __ H_o_l_lo_m_a_n_A_FB __ , _N_e_w_M_ex_l_c_o ________ _ DA TE 25 Aprll/25 May 

PURP~E OF VISIT Field Support 621B Program 

U TOMER PERSONNEL: MAGNAVOX PERSONNEL 

R . Laho J. Kruse ----------------
M. Taylor 

Capt . Bybee 

SUMMARY: 

(l) Functional test after shipment from MRL. 

(2) Flight No. 8 through 15 OK for MRL. 

(3) F. Charles and B. Glazer on slte for TOM. 

(4) Aircraft on stand d<M'.n status until 2 June. Equipment removed from 
airborne lnstallatlon. 

FOLLOW UP ACTION REQUIRED 
. Charles 

W. Trappen 

R. Cno■aen 

cc · MRL Peraonnel Above 

MRT, 62422A 

COGNIZANT FIELD SALES PERSON 

REPORTED BY: ____ M_e_l_T_a.;a.y..;..lo_r ___ _ 
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25 April 72 

Equipment ready for installation. 

26 April 72 

0700 Back on Site. Installed equipment in aircraft. Preflight OK. 

Flight No . 8 49202a smooth - no problems. 

1 May 72 

Flight No. 9 preflight good - no problems. Run one started, all four channels locked. 

No problems were experienced with MX-450 during flight. EU cal should be -123 + 

1 dBm. -

Cal 

Initial Track 

2 May 72 

Channel 1 

-118. 9 

-118.9 

Channel 2 

-120.1 

-124.0 

Channel 3 

-119.1 

-119.1 

Channel 4 

-119. 7 

-116.0 

Checked system, all appears normal. The AGC readings appeared normal and stable. 

Ran long term burn test on MX-450. The AGC levels appear normal in all respects. 

4 May 72 49204AB 

Flight No. 10 was good aa far as MRL equipment was concerned. However, ch nnel No. 1 

ls slow to acquire what GAC believes to be -118 dB. In reviewing the EU data r. Flight 

No. 8 it becomes apparent that the present indication of -118 dB is more like -123 dB 

baaed on the AGC measurements made when the equipment was in the labs the week of 

17 April. • 

Runs 8 and 9 of this filght appeared good; however, the airborne data recorder failed 

due to a defective cooling fan and defective memory. 

I talked to Captain Bybee after the filght and confirmed by reviewing some quick look 

data that the recorder bad worked until about the last 20 minutes of the flight. 

9 May 72 49208 FK 

Flight No. 11 waa good, for MRL nothing specific to report. 
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25 April 72 

Equipment ready for installation. 

26 April 72 

0700 Back on Site. Installed equipment in aircraft. Preflight OK. 

Flight No . 8 49202a smooth - no problems. 

1 May 72 

Flight No. 9 preflight good - no problems. Run one started, all four channels locked. 
No problems were experienced with MX-450 during flight. EU cal should be -123 + 
ldBm. -

Cal 

Initial Track 

2 May 72 

Channel 1 

-118.9 

-118.9 

Channel 2 

-120.1 

-124.0 

Channel 3 

-119.1 

-119.1 

Channel 4 

-119. 7 

-116.0 

Checked system, all appears normal. The AOC readings appeared normal and stable. 

Ran long term burn test on MX-450. The AOC levels appear normal in all respects. 

4 May 72 49204AB 

Flight No. 10 was good as far as MRL equipment was concerned. However, channel No. 1 
is slow to acquire what OAC believes to be -118 dB. In reviewing the EU data on Flight 
No. 8 it becomes apparent that the present indication of -118 dB la more like -123 dB 
based on the AOC measurements made when the equipment was in the labs the week of 
17 April. 

Runs 8 and 9 of this flight appeared good; however, the airborne data recorder failed 
due to a defective cooling fan and defective memory. 

I talked to Captain Bybee after the flight and confirmed by reviewing some quick look 
data that the recorder bad worked until about the last 20 minutes of the flight. 

9 May 72 49208 FK 

Flight No. 11 was good, for MRL nothing specific to report. 
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Rr.. P ORT NO 26 .:,3 TRIP REPORT FORM DATE 17 Jl\ne 1972 

PLACE VISITED Holloman AFB Alamogordo, New Mexico DATE 

PURPOSE OF VISIT Flight Test 621B/ MX 450 

CUSTOMER PERSONNEL: 

Capt. C. Rose 

Lt. Col. Deem 

Capt. Wilson 

Capt. Edgar 

R. Lano 

SUMMARY: 

MAGNAVOX PERSONNEL 

Mel Taylor 

(1) 7 June Fllght No. 016 CNX due to WX and primary generator failure. 

------

(2) 621B/MX 450 removed from installation for uplink monitor link doppler effects. 
(3) 13 June Channel No. 2 slow to calibrate. Ok prior to first pass. 
(4) 14 June Remove 621B/MX 450 for bench checks after flight "A" ok 

FOLLOW UP ACTION REQUIRED COGNIZANT FIELD SALES PERSON 

REPORTED BY Mel Taylor 

cc · MltL Peraonnel Above 
Frank Charles 
R. Cnoaun 165 
W. H. Trappen 

'MRT . R2A22A 
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4 June 72 

Scheduled to depart LAX to Alamogordo for 621B Flight No. 016. My departure 
cancelled due to flight rescheduling. 

6 Jun 72 

On site for Flight No. 016. MX-450/621B functionally checked good. Equipment 
installed in aircraft and again functionally checked good. 

7 Jun 72 

Flight No. 016 prefL ght tests were performed and performance checks indicate that the 
system is operating properly. 

0700 flight crew on board No. 0371 departed aircraft for MCS. 

1000 advised that aircraft takeoff had been delayed due to weather. 

1030 Flight No. 016 cancelled due to weather and primary generator failure. 

I was requested by R. Labo to pull the MX-450/621B system for uplink, monitor link 
delay measurements. I removed the system as requested and I'm setup and ready for 
measurement test. The delay measurements were made with the use of a Haz trans­
mitter. The salt "1" "A" transmitter was used. The first step was to insure that the 
MX-450 receiver would acquire the transmitted coded signal, it did. 

The MX-450 Receiver Teat Set was then setup to monitor the channel one pseudorange 
(P/R) and paeudodopple7: (P/D) when the receiver and transmitter clocks were sync. 

After the P/D was set t1J a null the P/R was measured as displayed on the test set. The 
P /R was then recorded as read when the count was measured at the uplink output terminal. 
A second measurement was made at the monitor terminal and a range difference was 
obtained. The data recorded was inconclusive. 

9 June 72 

Flight scheduled for 12 JlDle cancelled. 

12 June 72 

On site for flight scheduled the 13th of Jur . Bench tests performed on MX-450 receiver, 
all appears good, system installed on aircraft and retested. The test performance 
was good. 
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13 June 72 

Calibration AGC's are as follows: 

Readings taken at: 

0445 

Channel 1 

7 

0600 

7 

Channel 2 

11 

12 

Channel 3 

8 

8 

Channel 4 

7 

8 

0600 Data recorders and video displa ; s check. 

9000. 0630 departed flight line for MCS. 

In flight operations: 

Channel 5 

3 

1 

Channel 6 

1 

-123 

Just prior to takeoff cal cycle initiated but channel No . 2 would not calibrate. Power was 

recycled callbrate initiated but to no avail. Second power cycle made and extended 

calibration initiated and all four channel performed properly. 

In flight operations were normal. Both receivers operational. 

During pass 3 the salt "A" transmitter became intermittent and the MCS as well as b th 

airborne receivers dropped lock. 

(Haz representative) and I went to Salt site to check the transmitter. The battery power 

and low power monitors were both low. Changed battery, monitor power up some. M CS 

and airborne receivers appear normal. 

In order to ellminate transmission delay differencies between the uplink and monitor link 

the MCS and airborne receivers were all locked to the uplink transmission signals. 

GAC plans to make 4 to 6 more flights in this configuration. 

I removed the MX-450 system from the aircraft for bench test. The Salt Site "A" trans­

mitter was brought lnto the lab from the range and this transmitter was again used to 

confirm the operational readineH of the MX-450 system. Several calibrate cycles 

were performed and all appears normal. 

I looked at the alarm and locked signals of the PLM in the microwave section. The 

levels were aa follows: 

Locked teat polnt: Phase Locked 3. ~ VDC Phase Unlocked 1. 9 VDC 

Phase Locked 1. 6 VDC Phase Unlocked 4. 9 VDC 
( 
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The MX-450 is functionally sound and all four channels acquire to at least -123 dBm as 

best can be determined with equipment available and field techniques. 
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rl EPOnT ;o , 26 54 TRIP REPORT FOHM DATE 30 June 72 ----
PLACE VISITED Holloman AFB Almogordo, New Mexico 

PURPOSE OF VISIT Flight Test 621B/MX 450 

DATE 

CUSTOMER PERSONNEL: 

SUMMARY: 

(1) Flt No. 018 ok MRL 
(2) Flt. No. 019 ok MRL. 

MAGNAVOX. PERSONNEL 

M. Taylor 

'3l,.. Flt. No. 020 Channel No. 2 would not cal. shortly before flight. 
(4) Removed readjusted R32 ''K" circuit 
(5) Ready for flight 
(6) Inflight abort. Plane struck a "goose" 

-----

(7) Decision made to put 0371 in phase. No more 621B flights until 19 July • 

.. 

FOLLOW UP ACTION REQUIRED COGNIZANT FIELD SALES PERSON 

REPORTED BY Mel Taylor --------
cc· MRL Peraonnel Above 

F. Charles 
R. Cnoesen 169 
W. Trappen 

\f Rr , 62422A 
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20 June 72 

Flight No . 018 

Preflight for MRL good. Pass No. 2 of this flight was aborted due to MCS unlock 

condition. 

EC 50 xmtr inoperative aircraft holding 

Runs No. 2 and 5 aborted or delayed 

Runs No. 5, 6 and 7 OK. 
Runs 1 through 5 had a 3 dB pad inserted in the ant line of both receivers. Runs 

5 through 7 had a total of 13 dB inserted. The hold on signal level was in the area 

of -134 dBm. 

22 June 72 

Flight No. 019 

MX-450 - OK 

26 June 72 

Flight No . 0201 

On site 0700 preflight good. No apparent problems. System looks good and AOC's appear 

stable. At approximately 30 minutes before flight time the noise AOC Channel No. 2 went 

to a very high positive level +6 voe. Tried to adjust the K trigger, but to no avail. 

Tried to adjust the noise AOC down stlll to no avall. Informed F. Charles of conditions, 

also talked to M. Wong, but still unable to repair prior to aircraft departure. During 

Flight Channel No. 2 would not calibrate and remained in the "acq" mode. 

During the flight everything with the exception of channel two worked well. 

The system was ·removed from aircraft. M. Wong was consulted regarding repair action. 

I was soon able to adjust the noise, signal and K pots to proper lt,vels and all seems 

to work normal. 

27 June 72 

0700 Equipment operational on for thermal drift teat 

1300 Readjusted suspect K amplifiers 

1800 Levels appear atable 
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28 June 72 

0400 Equipment on looks good 

0800 Still looks good. Installed equipment on aircraft 

1200 Post power transfer calibration OK. 

1300 0371 returned to base after striking a goose while in flight. 
29 June 72 

1400 Decision nc,t to fiy aircraft 0371 made at this time. Frank Charles advised of same. I was aAked to pack and return 621B/MX-450 to MRL for te1t and evaluation. 
30 June 72 

621B/MX-450 packed and 1blpped to LAX. 

3 July 72 

Equipment setup and analyzed. Replaced R32 of PC Receiver No. 1. R32 found to open lnt.ermJttently. Replaced pot readJu1ted level• and all appears normal. 



REPORT NO. 2667 TRIP REPORT FORM 

PLACE VISITED Holloman AFB - Alamogordo, New Mexico 

PURPOSE OF VISIT Flight Test 621-B Pr<>l?'arn 

DATE 10 August 1972 

DATE 7/24 - 8/ 1/72 

CUSTOMER PERSONNEL: 

GA 

MAGNAVOX PERSONNEL 

M. Taylor 

HA 

AM 

U AF 

SUMMARY: 

• 621-B/MX-450 repair and re-shipment to HAFB 

• Control Box shoe~ test 

• Project airplane returned from phaae maintenance 

• Project Flight #21, 27 July 1972 

• Project Flight f22, 1 August 1972 

• 
• 

Project transition from area nav to ILS 

Equipment qe rating time e■timate 

FOLLOW UP ACTION REQUIRED COGNIZANT FIELD SALES PERSON 

---- . 
cc Ml~L Peraonnel Above ; . Long; F. Charles; J. Kruse 

172 
MRL 62422A 

I 
j 
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24 July 72 

The 621-B/MX-450 was transpo ted from MRL and was shipped direct to El Paso; and 

transported to Holloman AFB. 

During the unpacking, and setup phase following shipment from LAX, the control box 

was inadve1.·tently knocked off the signal processor onto the floor. I found it necessary 

to replace about eight or nine of the 327 bulbs, but for the most part, no other damage 

was observed. 

25 July 72 

The airplane 0371 returned from its GEANS mission. After the system was installed, 

I contacted Capt. Bybee regarding the cutting of a test tape. A short time later, I was 

advised that a test tape would not be necessary as long as the video display was functioning. 

I'm satisfied the recorder is working properly, since the monitored video display 

looked good. 

1700 - The flight scheduled for the 26th may be delayed, or cancelled due to a Viking 

launch. 

26 July 72 

0600 - On site for preflight activities, the 621-B/MX-450 is all go. 

HAZ appears to have a problem .in locating the power cable for their auxilliary blower. 

It appears that while the airplane was in phase, several wires and cables relative to the 

621B systems were removed, or tucked into a bundle in areas not relative to 621B. GAC 

could not locate a couple of cables necessary for the interface with the HAZ receiver. 

The cables were finally located in some obscured, out-of-the-way place. The overheating 

problem became very apparent when it was learned the aircraft air conditioning system 

was inoperative. The MRL 621B/MX-450 was on, and operative since its cooling system 

is internal and independent of aircrafts. No heating problems were apparent. 

The flight was cancelled due to the Viking launch, and the 621B program is on the 

schedule for 27 July 72. 

27 July 72 

0700 - On site systems prefilght is good. The flight was uneventful, and receiver worked 

as advertised. 

31 July 72 

1200 - On site. System functionally checked OK; data records and display operational; 

system ready for acheduled Olght activities. 
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1 August 72 

0700 - Systems preflight. The 621B/MX-450 is ready. 

Inflight operations were pretty much the same as previous flights. However, during 

the first three passes of this flight (Flight No. 22) Channels 1 and 4 of MRL would not 

acquire and Channel 2 of HAZ would not acquire. It became necessary to adjust the 

power levels of the transmitter up by as much as 7 dB. All channels appear to function 

after power adjustments. 

GAC has concluded the area nav portion of the 621B flight test program, and is in the 

process of moving from the 50 mile area, to the Northrup strip where the ILS tests will 

be performed. 

The project aircraft 0371 departed Holloman AFB enroute to Alaska via Kirkland AFB 

for GEANS systems tests. The project aircraft is expected to return to Holloman AFB 

on 9 August 72 and the first ILS flight is scheduled 11 August 72. I have recently been 

informed (Mike Moore, GAC, via telecon) of changes in the 621B flight test schedule. 

At this wiring, the flrst ILS flight is scheduled for 16 August 72. 

The 621B/MX-450 system has been operated ln excess of 1400 hours. There were two 

(2) IC failures during system integration and checkout; these failures should be attributed 

to handling. There have been two (2) failures since the flight tests began. 

The defective IC found on the 1PM board may have been damaged due to troubleshooting 

and handling. The defective Pot R32 on the PC Receiver No. 1 may well have been 

defective from day One. 

. ' . 
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Ht•: l •OHT NO ~li!IO TRIP REPORT FORM DATE 5 October 72 

Pl.A 'E v1srn;o llulloman A FD DA TE 3 October 72 

- - -------------------
PllH PUiE OF VISIT Flight Tes t 621 D "ILS" 

CUSTOMER PEHSONNEL : MAGNAVOX PERSONNEL 

M:1 jor D •nni~ 
Mel Taylor _____ __;;. _________ _ 

(.' apl:till Hm;c 

Captain Wilson 

Halph Laho 

Lt . Montgomery 

SUMMARY: 

(1) Flight No. 24. MRL functional Channel No. 1 SPB at xmtr. Low uld not acquire 

channel No. 1. 

(~) Flight No . 25 both receivers operational. Good fllght. 

(3) 22 August advised by R. Labo. No range or doppler information on Flight 24 and 25. 

(4) 24 August 621B/MX-450 confirmed as workirw good. Problem in software 

programming. 

(5) 27 September. First touch and go operattona. 

(6) 28 September Flight 29 six paaae■ . 

(7) 29 September Flight 30 Balloon xmtr inoperative after second pass 

(8) 30 September Fllght 31 MCS rx inoperative after 6th pass 

(9) Flight teat concluded. Equipment returned to plant. 

(10) AGC readings 

( 11) Fllght chart 

FOLLOW UP ACTION REQUIRED 

F. Charles 

L. Jacobaon 

J. Kru■e 

E. Long 

w. Trappen 

R. Cnoa■en 

cc · MKL Personnel Above 

MRI, 62422A 

COGNIZANT FIELD SALES PERSON 

REPORTED BY ___ M_e_l_T~a~y_lo __ r __ _ 
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15 August 72 

Arrived Holloman AFB 11:30 and proceeded to Project Aircraft 0371. Made normal 

sys tem checkout, and everything checks good. 

16 Augus t 72 

0700 on site and normal systems tests r-crformed. 

During the first pass of the IL~ flight it was learned that Channel 1 of the MR L rece iver 

would not acquire . It was soon learned that the SPB signal had been reduced below 

the useable level as a result of attenuation inserted in the short code line. Channels 

2, 3 and 4 appeared to function OK. 

17 August 72 

Systems checked out good, MRL ready for flight scheduled for 18 August. 

1 8 August '? 2 

Normal preflight, no problems. 

The inflight operations were much the same as flights in the past. 

22 August 72 

I received a phone call from Ralph Labo, and was advised that the MRL P/R, and P/D 

did not function for Flight 24 or 25. It was stated that P/R waA 0000 or 2048. P/D was 

O or - . 078 throtWhout both fiights. I asked Ralph if any cba•e,1 bad been made to the 

computer program relative t.o the EU/VAL used. The answer w1a no. 

I talked to J. Kruse, L. Jacobson, B. Glazer and L. Seidle aboui the problem. Armed 

with a wealth of information, I departed for Holloman Air Force Base. Lt. Montgomery 

arrived from Kirkland AFB with the MRL equipment. My approach, baaed on the 

: nformation from Mr. Labo, was that we had an equipment problem. The initial teats 

did not confirm what I bad been told. The data as displayed on the system tester indicated 

the system was working well. The information at the test data No. 2 output was perfect. 

The problem now is confirming the data into RAM is the same information that appears 

on the recorder data output. After a whole day of checking the system and finding nothing 

wrong, I decided to have a teat tape made while dynamics were being applied. The data was 

good. This means nothing la wrong with the MRL system. "GAC" made another dump of 

the 25th flight original tape. The re-dump was good. The data which was at the Kirkland 

AFB was sent via llnk back down to ua. The data waa good. Thia means, of course, that 

the data written into the computer program was wrong. Now I learn that minor changes 

had been made to the computer pr0p'am, those changes should not have effected the 

EU/VAL; they did. 
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25 August 72 

Departed Holloman AFB for LAX. No flights this week. 621B flights cancelled due to 
defense suppression test. 

8 September 72 

Flight number 26 cancelled due to high wind conditions. The balloon crew is unable to 
launch the balloon due to high wind conditions. 

14 September 72 

Arrived Holloman 1145 and was advised that the flight scheduled for 15 September had 
been cancelled about an hour ago due to wet road conditions, and the inability of the 
optics crews to get to the Northrup strip area. I made the normal system tests and 
the equipment is functioning properly. 

15 September 1972 

I advised the home office of the events and that I would be departing. Flights are 
scheduled for the 20th, 21st and the 22nd of this month. 

19 September 1972 

Departed LAX for Holloman, arrived 1130. The ground crew for 0371 was out to lunch 
so I was unable to check equipment at this time. 1330 ground crew returned, 621B/ 
MX-450 eyatem checks OK. 

A tranamitter waa brought ln for baaic EMI te1t1 while the TRW unit was operating. 
The HAZ and MRL receiver■ were locked to the channel two tranamltter, the TRW ~ 

unit didn't aeem to effect the operation of either of the receiver■. 1 

20 September 72 

Prefilgbt for all receivers were good. Aircraft departed for Northrup strip, channel 1, 
3 and 4 locked for MRL and HAZ, nothing received from the No. 2 transmitter. The 
MCS locked to all four ohannela. 

21 September 72 

Preftflbt normal, no problem■. During the early portions of this fiight, it was learned 
that tbe HAZ nor MRL Channel 2 on the airborne receiver would acquire. After a couple 
of puaea the fllght wa1 called off becauae of the Channel 2 tranamttter problem. Flight 
achecluled for Monday 25 September preftight aohedule for 24 September. 
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25 September 72 

Flight No. 27 

Nonnal preflight, both receivers appear to be functional. The flight went smooth. It 
was learned that the optics film didn't come out so no solution appears to be likely. 

27 September 72 

Flight o. 2 

This flight appeared to be a good one. Eleven touch and go passes were made. 

It was learned that the GFE airborne recorder buffer on the MRL system didn't function 
properly. The result being, no data relative to a NA V solution. During one of the 
touch and go landings the MRL receiver dropped lock on all four channels. The MRL 
receiver reacquired one or two channels prior to rotation, and all channels were locked 
prior to flare point of the next pass. 

2 8 September 72 

Flight 29 

Since it was not known at this point that the MRL airborne recorder had malfunctioned, 
and since the HAZ receiver Channel No. 1 was inoperative, it was decided by Ralph Laho 
to make only six touch and go landings this flight. The following events took place dur­
ing the touch and go operation of this flight. 

Pass Hl All channels dropped lock upon touchdown. All channels reacquired prior 
to next pass 

Pass H2 A 11 channels stayed in track 
Pass #3 All channels dropped lock upon touchdown 
Pass H4 A 11 channels dropped lock upon touchdown 
Pass #5 All channels remained in track 

Pass #6 All channels remained In track 

I requested the operator to place the MRL system in calibrate prior to landing at 
Holloman AFB. The system dropped lock upon touchdown. The test performed 
eliminates couplers and input cables to the system. Post flight tests didn't reveal any­
thi~ out of the ordinary. I inspected the shock mounts in the aircraft relative to the 
MRL system. They are rated at 20 - 40 lbs each and they appear to be flat or very near 
the bottom of its travel. Since the system reacquires prior to flare of the succeeding 
pass, I decided to note the condition and not tll troubleshoot the sysoo.m. 
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29 September 72 

Flight No. 30 

Preflight good for MRL. The first pass of this flight looks good, however, Channel 
No. 4 ''balloon" transmitter ls intermittent. I think Pass No. 2 was a good one. 
All channels remained in track during the touch and go. 

The ''balloon" transmitter battery pack just died and there goes the flight for today. 

30 September 72 

Flight No. 31 

Preflight good, both receivers operational. We are· driving two recorders today which 
was done yesterday alao. Thia is being done because nothirw was found regarding the 
recorder problem on Wednesday. E,oth of the MRL recorders worked; still no 
reason for the failure Wednesday. The following events took place during the flight: 

Pasa #1 

Pasa #2 

Pass ,13 

Pass #4 

Paaa #5 

Pasa #6 

Pasa #7 

All channels remained in t::ack "dry rlDl" 

Channel #4 dropped lock shortly after touchdown 

Hard landing, all four channels dropped lock. MCS receiver intermittent 
at times. 

All channels remained in track 

Channel #1 dropped lock reacquired prior to rotation 

Channel #1 dropped lock reacquired prior to rotation 

All channels remained in track; however, MCS receiver ls inoperative. 
Mia■ion aborted at th11 ttme. 

Flight #31 11 the laat flilht for the 621B program. The equipments were removed 
from the aircraft and I'm 1htpplng the MX-450 to MRL. 

The following note• the AOC value• taken at vartou1 time• throughout the flilht teat 
program. 

1 May '11 1 + 00 14 June '12 1 + oo 1 + 30 
Chnl Stby Track Chnl · Stby Track Track 

1 16 • 1 MSG 7 7 
2 14 18 MSG 11. 12. 
3 18 10 ,, MSG 8 8 .» . 
4 18 10 4 MSG 7 8 
5 0 1 5 MSG 3 3 
8 4 s 6 MSG 1 127 

MSG= MlaalJW 
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20 June 1 + 00 

Chnl Stby Track 

1 16 8 

2 22 12 

3 15 9 

4 14 9 

5 2 2 

6 122 122 

28 June + 50 1 +. 25 

Chnl Stby T rack 

1 13 8 

2 13 12 

3 15 9 · 

4 16 8 

5 1 a 
6 12'1 12'1 

16 August 1 + 00 

Cbnl Stby Track 

1 16 10 

2 15 11 

3 15 10 

4 13 10 

5 0 1 

6 3 3 

1 + 30 

1 16 10 

2 16 10 

3 1• 10 

" 1• 10 

& 2 2 

8 2 111 
Time 2 + &O 

1 18 10 

2 11 12 

3 11 10 

" 11 10 

" 11 10 

& 1 1 

8 1M 1M 

Track 

8 
11 

8 
8 
1 
0 

.. 

26 June 1 + 00 

Stby Track 

12 '1 

16 12 

12 8 

13 8 

0 2 

20 1 

i5 July +~O 
2 + 30 

Chnl 

1 
2 
3 

" I 
8 

Stby Track Stby Track 

1'1 14 16 

1'1 12 16 

16 12 15 

16 12 15 
2 2 1 
8 10 12'1 

2'1 September 

Chnl Stby 

1 23 
2 22 
3 20 

" 19 
& 0 
I M 
Time+ &O 

1 13 
a 13 
3 11 
" 18 
I 1 
8 12'1 

Track 

18 
19 
1& 
1'1 

0 
11 

8 
12 

• 8 
I 

12'1 

10 
12 
10 
11 

2 
122 

28 September 1 + 00 

1 11 9 
· a 18 11 
. 3 11 9 

" 14 9 
I 1 1 

I 3 " 
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~ Cbnl Stby Track 

•4 . Time 2 + 30 

29 September Tlme 2 + 00 

Chnl Stby Track 

1 16 10 

1 16 9 

2 16 12 

2 16 11 

3 14 10 

3 14. 9 

4 14 10 

4 15 9 

5 2 2 

5 2 2 

6 2 2 

6 2 2 

DATE MRLRX MRL RECORDER 
REMARKS 

7 Mar OK No 1ood 

15 Mar OK No 1ood 
Fuel leak 

21 Mar NoSPB No 1ood 
Mod to master controller 

incorrectly made 

28 Mar OK 
OK 

5 Apr OK 
OK 

7 Apr OK 
OK 

12 Apr OK 
OK 

Coln filp determined who would 

have recorder - MRL won 

13 Apr OK 
OK 

27 Apr OK 
OK 

Ha• airborne Rx used in MCS 

1 May OK 
OK 

7May OK Pa■■ Us9 DO 1ood 
Sync poise detector in al r-

borne rec. erratic 

&May OK 
OK 

lOMay OK 
OK 

15 May OK 
OK 

1'1 May OK 
OK 

19 May OK 
OK 

Channel 4 que1tionable 

'1 June OK 
OK 

CNX acft generator 

14 June OK 
OK 

Glitch on HAZ recorder 

ao June OK 
CZ 

HAZ drlvinl two recorder 

II June OK 
OK 

Ha• tr, MHz sync detuned no 

10 lilhtl throughout fllgbt 
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DATE MRLRX MRL RECORDER REMARKS 

26 June No go OK Channel No. 2 remaina in 
standby - pot 

28 June OK OK Spruce Goose 

27 July OK OK No record signal U1ht 

1 August OK OK 

16 August OK OK Channel No. 1 xmtr inop-low 
SPB from Xmtr. PR/PD rpt 
no good, software 

19 August OK OK PR/PD report no good software 

problem 

20 Sept OK OK Aborted after a couple of 
pa■1es 

25 Sept OK OK No coarse range Channel 1 

27 Sept OK OK No self test 

28 Sept OK OK No lock Channel No. 1 balloon 
xmtr 

29 Sept OK OK Balloon xmtr inop 

30 Sept OK OK MCS intermittent after 6th paBB 
MSG aborted after 7th paas. 



APPENDIX G 

RE LIABILITY PREDICTIONS 

I 

183/184 (blank) 



.... 0D
 

en
 

"" 

T
H

E
 
IW

la
g

n
c

:8
"
o

~
 c

o
M

P
A

N
Y

 
f
O

l
l
 

W
A

T
N

I
, 

IN
D

IA
N

A
 

4
6

1
0

J
 

M
lt

O
f 

IS
SU

E 
I IIEV

IS
l0

t4
 D

AT
E 

C
O

M
P

O
N

E
N

T
 S

T
R

E
S

S
 A

N
A

LY
S

IS
 

NO
JE

CT
 M
i-

t~
o

 
R

E
L

IA
B

IL
IT

Y
 P

R
E

D
IC

T
IO

N
 

w
u

lP
lll

llf
f 

DI
AW

III
C 

NO
. 

IST
R£

SS
 

S
IG

N
A

L 
~

e
£

S
S

o
~

 
A

S
S

</
. 

9
1

7
4

6
 I 

~
 I

~
 8

1J
/l.

A
)E

, 
11

81
1 

CI
II

Q
JI

T 
F

A
IW

• 
TE

M
P 

lt
A

lt
D

 
A

PP
l.l

ED
 

ST
RE

SS
 

QT
Y 

NO
. 

NO
. 

IA
lt

C
IM

IT
 

oc
 

ST
llS

S 
s,

.s
s 

RA
TI

O 
. 

I 
1 1

/1
42

3 
3

~
 

C
ll .

..
..

 ~•
T•

~L
 

U
C

A
L

 
fE

 ~
r
 
,,

 ••
 .-

4-
-i

 
,,

1
,2

f.
 

. 1
~

 
A

M
P

L
I J

:IE
/l 

4.
 

3 
'1

11
,2

~ 
A

c
f'

 
~

lt
.E

l.
A

T
I.

U
 

~
 

~--
I 

f. 
f1

7f
.2

1-
lk

1'
 C

oU
E

JA
.,

_"
 

{/
. 

RE
J:

,,£
W

El
l 

2,
 

r 
'1

11
42

1 
A/

o 
C

.ll
~

a
rE

ll.
 

2 
, .

 
'll

1
f.

2
i 

l>
#C

lrA
L.

 
L

N
, 

~I
LT

E
lt.

 
I 

? 
fl

1
U

.2
. 

F
,L

ff
'a

 
I 

T
1

•1
t.

 

' 
9,

14
29

 
eA

U
l£

/l
. 

~
~

1
E

 
4f

a,
L

 T
ll
'L

1
5

~
 

I 

9 
9

,1
4

3
0

 
C

J.
M

,IC
 

b 
T

£
 

I 
M

IJ
L T

l P
L1

E
.ll.

 

10
. 

91
74

31
 

L
«,

U
41

tO
JT

lt
L

 
/>

HA
U 

M
tb

ll
l.

A
n

« 
4,

 
11

 
'/1

1
4

3
3

 
C

oO
E.

ll.
 

~
 

'2
, 

'1
11

4-
l~

 
C

ll
lt

N
N

U
-

C
oN

T
~

O
L

L
E

ll
. 

2-
13

 
'/

11
43

~
 

U
A

~
n

~
 

C
o

a
J

T
lt

O
L

L
E

lt
 

I 
If

. 
'1

17
4-

-4
1 

'{
E

.L
D

C
IT

I/
 

IJ/
 A 

uw
 iU

T
E

ll
. 

I 
! ,

~
 

91
11

.3
1.

 
35

" 
b

u
&

c
 I 

o,
,,L

U
. 

I 
U

T
lt

A
cr

,I
!.

 
....

. 

__
__

 , 

~ 

PR
EP

AR
ED

 B
Y

 
'P

AG
E 

I 
Of

 
2 

FA
IL

U
R

E 
RA

TE
 

~
 

2
0

5
I .

 2
2

9
 

-I
' /1

a 
J,

. ,_
__

. 

IAM
B

. 
TE

M
PE

RA
TU

RE
 

I 

2
~

 C
 

ST
RE

SS
 

TO
TA

L 
FR

 
KA

 
FA

IL
U

R
E 

FA
IW

R
( 

SO
UR

CE
 

RA
TE

 
M

AT
E 

'°· 
'2

2
2

 
24

.o
,g

8f
 

41
.1

1.
fJ

 
/ 9

~
. 

1
,0

 

1
5

'. 
3

4
~

 
l,

2
~

. 3
 lo

 

'ID
. 7

0
2

 
3

,2
. 
a,,

 
lf

.U
O

 
3f

. 
'1

2
0

 

f.0
92

. 
q,

o9
i.

 

~-
f.

JI
, 

~.
43

1-

4-
. ~

~
!:

 
4.

 f
'!

~
 

3
.,

3
~

 
~

.l
,3

~
 

5"
,. 
3

,,
 

22
~

4'
4-

9. 
2 

g 
2,

 
4

'.
t,

o
 

~
-

2
1

0
 

12
.d

 2
0

 

7.
 2

8
2

 
7.

 2
i Z

-

4-
1. 

?1
2.

 
41

. 7
?2

 

4
.9

2
~

 
4

.9
2

' 
T

O
T

A
L

 
19

2¢
. 7

tt
. 



T
H

E
 
I
W

l
a

g
n

~
~

 C
O

M
P

A
N

Y
 

f
O

I
T

 
W

A
T

N
E

, 
I
N

D
I
A

N
A

 
•
•
1

0
3

 
D

ll
(O

f 
IS

M
 

I.
V

IS
K

J
N

 D
AT

E 
PR

EP
AR

ED
 B

Y
 

IPA
GE

 
C

O
M

P
O

N
E

N
T

 S
T

R
E

S
S

 A
N

A
L

Y
S

IS
 

2 
OF

 
2 

rw
u

,a
;t

 
FA

IL
U

R
E 

RA
TE

 
C

 .
 

M
t 

-
4

~
0

 
R

E
L

IA
B

IL
IT

Y
 P

R
E

D
IC

T
IO

N
 

...
.,o

~I
 

?
Z

t/
 
~
 1

1
,·

 
i· ,,

 · 
c..

. 
. 

-
. 

a 
. 

. .
 

_,
,..

 
III

AW
IN

G
 N

O
. 

li
T

R
£S

S
 

IAM
B

. 
TE

M
PE

RA
TU

RE
 

S
ll
.~

A
 L

 
A

&
Jt

E
~

S
o

R
 

t:
/l

7
t8

 I 
I 

A
ll<

&
R

.A
JE

. 
?

5
"0

 
-

C.
 

11
11

1 
C

IIC
U

IT
 

F
A

IW
• 

lE
M

P 
IA

lt
D

 
A

P
P

l.lE
D

 
ST

RE
SS

 
ST

RE
SS

 
TO

U
L

 
FR

 
OT

Y 
KA

 
•
•
 

•
•
 

IA
II

C
IM

IT
 

•c
 

S
Tl

l(S
S

 
ST

RE
SS

 
RA

TI
O 

FA
IU

JR
E 

FA
IU

JR
E 

SO
UR

C£
 

R
A

lI 
RA

TE
 

'' 
,,

14
.1

7 
3

~
 

U
c.

oU
W

II.
 

~.
 n

4
' 

5'.
 ll

J 
4-

ZN
TU

.l=
A

t.£
 

I 
I 

11
 

f1
7

1
ll
 

~
E

C
..

_
M

,/
f,

 
I 

!'
,o

l,
~

 
~

.6
1

,~
 

,!e
,r

d
U

C
E

. 
2 

,, 
f 1

74
.J

-Z
, 

~ 
~

U
..

~
b

•l
t.

 
3.

 /
fd

 
3

.1
9

0
 

tl
lT

U
t~

U
 

J 
I 

If
 

'1
11

4.
1.

4 
. 1

-U
4u

a.
ev

 
I 

32
. 8

 2
, 

32
.f

Z
 I 

$
'/

,r
r,

M
S

I Z
Ii

l 
2 

20
 

f1
7f

.f
.,

 
~

fl
lt

}&
J

C
'/

 
I 

,~
. 

37
.;-

,~
.3

1
~

 
9

/f
rt

l/
E

$
J

U
/t

3
 

.... i 
2

I 
• 

2
~

 
3

~
 
,.

,.
,~

, 
l'1

~.
 o

3
 I 

,,5
'. 

o3
1 

t.
JI

A
U

IS
 

P
M

~
 

-....
 

T
O

T
A

L
 

2
2

,.
 4

-8
 3

 



-~
-,

. 
-
,.

.,
. -

-
. 

-
-

-
-

.-
-
-
-
-
-
-

-
-.

..
, 

T
H

E
 
I
I
W

l
a

g
n

~
 co

M
P

A
N

Y
 

F
O

i
l
 

W
A

Y
N

I
, 

I
N

D
I
A

N
A

 
4

6
1

0
J

 

DA
TE

 O
F 

IS
S

U
l 

III
E

V
IS

IO
N

 D
AT

E 
-

PR
EP

A
RE

D 
BY

 
rA

GE
 

C
O

M
P

O
N

E
N

T
 S

T
R

E
S

S
 A

N
A

L
Y

S
IS

 
/ 

O
f 

/ 
ND

JE
CT

 
FA

IL
UR

E 
RA

T£
 

' 
M

t·
 1

,0
 

R
E

L
IA

B
IL

IT
Y

 P
R

E
D

IC
T

IO
N

 
(;

,3
8

. 
'1

70
 

-I'
 /1

0
 

; 
~

II
. 

. 
-I

N
II

IT
 

II
A

W
IN

G
N

O
. 

lS
TI

E
S

S
 

AM
B

. 
T£

M
P£

.R
A 

TU
R£

 

A
ur

.1
tL

r.
R

.c
/ 

U
A

JI
T

 
A

S
S

V
. 

A
l~

60
A

.A
JE

.. 
..., 

~. 
,. 

G
 

11
1M

 
C

lll
:I

H
T 

fA
IU

lll
l 

1E
M

P 
IA

lO
 

A
PP

llE
D

 
ST

RE
SS

 
ST

 !E
SS

 
TO

TA
L 

FR
 

•
•
 

•
•
 

••
G

M
D

 
ec; 

ST
IIE

SS
 

S
H

(S
S

 
Q

TY
 

KA
 

fA
iL

U
R(

 
fA

IL
U

lll
 

SO
UR

CE
 

R
AT

IO
 

RA
T£

 
MA

TE
 

'1
17

4-
13

 
3

, 
l/

le
b

w
A

V
e

 
!8

4.
 4

~
7

 
18

4.
 ,

~
1

 
I 

/l
,E

U
lf

f.
A

 
I 

1J
S

"l
lll

2'
 

t~
/ 

·-

Z,.
. 

: 
'1

11
U

~
 
~
 

&
o

sr
 

I 
/2

1.
 f

"l
,I

 
12

1,
 5

"' 
I 

.3 
'l1

1U
I.

 
~

IM
#U

aJ
t.

V
 

,1
. 9

3
0

 
91

41
11

/E
SI

~
 

I 
I 

6
1

. '
13

0 
A

 
_ 

_
. 

4,
 

s
u

,l
't

'/
 

A
SS

'/.
 

I 
,,

2
. 

4/
Ji

 
1a

2.
4o

&
 

-
O

S
tt

U
A

T
ll

l 
s

. 
A

C
S

'/
. 

(,
zc

,,
, 

I 
g

,4
7

0
 

i.
 f.

?o
 

.... 
, .

 
~
 

1 
I 

3
~

 
t.,.u

A._
c, I

~
 

,8
. 1

.4
-4

, 
ti

. t
t4

' 
T

S 

. 
.. 

.
_

 
Jt

-1
11

4 
TO

TA
L 

,~
f.

 9
1

0
 



- - -

.. ' 

MRL ELIAOILITY ESTUAATE ITCM tlO. IAS SE~~l?b.3 

PRCPARED DAU JO6/£0U I PMEHT AUSSCM~Y NAME ~~~'-l'IEI? 
II! v. - 1- ro 

/ ~ ,.~ii l/~ 

J..P PROVED NE~l ASSEMBLY PACE OF 

-
COl,IPONClll S Tv ~• 

,L QUAIIT .R./106 HF lOTAL F.R. COMl'u' ct-ITS TYPE QUA H F.R./106 Hll TOTAL" .R. 

Com~s. L-L -1. TRANSISTOR ...L --- ..L -- - - --
RESISlOP.S Film ..L I I I 

- - ..L.. - -Film PY1r ...1.. ...1.. 
Gener•I & 

- - - Computer - ...L -- ...L -
Wire \'Ind I I DIODES HP 3 - _ 2...1..z•_ ... 6..16_~ 

POTS Film I "·~ 9..LJ,o Zen~r 2. - / 1U-lJ i 1$2.tl - I.NIEAfi 4, ,,a I ,~t.l Wire \Vnd I I MICROCIRCUITS 

FIXED 
Tantalum ... ...1.. - ... ...1.. Con !O - _ 0.l.!&~ - ~..i,,t_ - -

CAPACITOR [lectrotv ... ..Ln~ ... ...L144-
s2s Pin ..L ...L 

~ - --- -- -
MtlA 01 Oat.I CONNECTORS > ZS Pin ...1.. ...L _,.. - - -

VARIABL E J!(uum - ..L - ...L - --- ...L -- ...L -
CAPACITOR I I I I 

Filament ..I,.. - ...1.. DC Filter 
,.. ...L :s - ...1.. -- -

I = TRANSFO RMCR Power '..J.. ...L INDUCTORS RF & Chet .., O.J.12 ... 0..112~ - - -
Lo Pwr Pis I I Chg React I I 

Rlk.tiver .l. . ...L REl.AYS I I 
[UCTRO~ - - -
TUBES 

Pwr Rocl . .l. .. .l. SWITCHES DIO~ I 2,791 2 1791 - -
X111tr ! I I l - Lamp ...L ...L SWITCHllAMP -- _,_ -

C.R.T. 'S 
l - Cun 

I- .L I- J_ ASSlMILY 2- ump ...L .l. - - - - -- -i- -
3 - Gun I I •· ump ,. I 

KLYSTR ONS I I INDICATOR 
1- ump .L ..l.. -- -- -

THYRATRONS I I IN0N SWITCHI 2· Limp ...L .l. _,_ -- -
MAf,NCTRO'.lS I I • - Lamp I I -
T.W.T. 'S I I IRUSH- l!i 6, !00 rpm .L .l. -MOTORS LESS --- --
AMPLITRONS I I > 6,000 rpm J_ ..l.. FANS - • -- -
lR OR ATR I I BLOWER BRUSH- ~ 6,00l rpm ...L .l. - TYPE --- --- -
DUPlCXER I I > 6,0l1 rpm I I 

MtCROWAYE Mi1er - • .J_ I- ...L 
QUARTZ CRYSTAL I I -DIODE Oeteclor I - .i. RESOLVER I, SYNCHROS • I I -Allmuat 

-i- .L - .l. tlEl.AY 
. RLC ...L .l. - - _,_ -i- -

Direct Cpl 
-1-· :J. - .l 

LIN£ Quarll I I - ,,~ MICROWAVE Loads 
-i- ...L • ..l l,t ·J!.. T"; PL t !.·J;. I 

I- ''...1...441 
COMPONENTS - - - - -- -

Stubs --- 'J..' .. J.. ~,,.~, I - )3.J)1Q. 23..JP9f - - F1LTE'l • - · - --
Ftfd Horn 

- I- J_ '" .J_ 7 - - 0.1.UI_ _ Z.1.f~ - - - - ·-Rollry Jl I I 1)£.TU.Toll. I - - ,..JJI! - ,..19tt - - --
ISOiator 

-i- .J_ '" .J_ Mlt-C z. - _ 1..1.!1f _ l.1.oil - - ,-M b1'110IA - - ·-FCRRlTE c1m,1-11or 
--- .L --- .J.. 1: - O_ifl~ 0..!17~ DEVICCS - - - --

~'iodulltor 
-i- .1 .. _L ~muu'l1'A ... ,.i.1~ = 37.:A - - - - --Shiner I I 1~ AM,L I - _ 4-.1.111_ - 4..Jlll . tlMl-rfA - - --

Rr FtllCKS I I - I - ... 2~!1l - t.J.liCl - - - --
HI VOi.TAG[ Hi P~wcr 

--- .J_ ..l.. S'IMPLl~ I & 20 t1 1t2t: 
DIOD( PACI( -Me:! Powc1 I I 

l'\Jl SE f(IRr.1 LIi Volt 
-i- .l. --- .L ,114 ,4-5'i -tl[n'IORK Iii \l(lfl I I I I 

l.'.RL 10· 1Cll4 



MRL RELIABILITY ESTIMATE ITEM NO. IASSE~,~NJ, 3 
PREPARED DAU JOI/EO'.i I PMENT AS~BLY NAME 

6?i IJ r:., t/ • &Jr.~/& 
APPROVED A 'l.. J ~Q NEXT ASSEMILY PAGE Of 

COM~CNTS T" ,C QUANT 6 . R./10 HF TOTALF.R . COMPO' tNTS T\ ,)( QUANT f .R./106 HR TOTAL ~.R. 

Compos. LL - w TRANSISTOR _ ... ...L _ ... ...L -- -
RESISTORS film .l. .. .J... I I - - Gentr1I & 

film Pwr - .l. - - .l. - Computer ..l. ..l. DIODES -- -- -
WireWnd I I Rectifier ...L ...L -- -- -

POTS Fll:n J... .. ..L Zener I I - -
Wirt Wnd I I MICROCIRCUITS I I 

IT.1ntah•• .l. - .J... - Con ...L ...1.. FIXED - - -- -- -
CAPACITOR [lactrolv .l. ..L s 25 Pin .J... ...L - - - -- _ ... -

I I CONNECTORS > 25 Pin ..l. ..l. -- _ ... -
VARIABLE V~uum - .l. - ...L - - -- ..l. _ ... ..l. -
CAPACITOR I I I I 

Fillmtnl .. .l. .l. DC FIiter ...L ...L - - - -- -- -
TRANSFORMER Power .. ·..1.. .. .l. INDUCTORS RF & Chok ...L .l. - - - -- -- -

Lo Pwr Pl, I I Chg RNcl I I 

R1t1lvtr .. .l. .. ..L RELAYS I I 
EL£CTRON - -
TUBES Pwr RICt ► .l. - ..L 

SWITCHES Nol.Jmp I I - -
Xmtr I I SWITCH/LAMP 

l - LJm11 ... J_ -.- _l _.:... 
3 -

C.R.T.'S 
t - Gun ... J.. - J... ASSEMBLY 2 - l.Jmp ,_S.lJllt ... 15....L(ffll - - - - -
J - Gun I I • - ump 1. I 

KLYSTRONS I I INDICATOR 
1 - ump 

- ..L --- ..l.. ~- -
THYRATRONS I I tot SWITCH! 2 - ump ... o.i.ln_ ... 4-..l{J~ t -MAGNETRONS I I • - l.Jmp I I 
T.W.T.'S I I IRUSH- ~ 6,CXIO rpm ..L ....L 

MOTORS LESS -- -- -
AMPLITRONS I I • 6,CXIO rpm ..L ..l.. FANS -- -- -
TR OR ATR I I ILOWER IRUSH- ~ 6,CXIO rpm .l. ..l.. 

TYPE -- -- -
DUPUXER I I • 6, CXIO rpm I I 

MICROWAVE Miatr -- ..l. - ..l 
QUARTZ CRYSTAL I I 

DIODE -Dllltlor I .. .J.. 1£5Cl.YER I SYNCHROS I I -AtttnUlt 
-- ..l. _,_ .l. DELAY RLC .J... ....L - --- --- -

Direct r.,i ---· ..L -- ..L 
LINE Quartz I I 

MICROWAVE LOlds 
--- .l. ..L . - -~ ..J... -- ....L -COMPONENTS - ME1 E/l. - - --- 4-Stubl -- • • .1: - .l. _,_ O.J...S{4_ :!...Lill - - - - -.... 

FNd Horn 
-i- ..1. --- .l. ...L ...L - - - .... -- -- -

Rot1ry JI I I .J... ..l.. - - .... -- -- -
llolllDr 

--- ..L - .l. ....L ...L - - - - . ... -- -- -
FERRlTE Clrcv•n,r 

-i- ..L --- ..L ..l. I 

DEVICES - - - .... -- -- - -
Mlldulltor 

-- ..L .... ..l. .J... ..l.. - - - -... . .... -- -
Shifter I I ...L .J.. - - -... -- -- -

RF FILTCMS I I ·- j_ . -- .J... - - -... -- -
HI VCI.TAGE Hi Power -• ..l. - .l. 

11 I 
DIODE PACK -Med Power I I 

PULS£ FORM Lo Volt 
-i- ..L J_ -: '· t?n .. -NEn'#ORK Hi Volt I I I I 

MRL 70·102• 
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PHLPAHLO 

APPRG\ILD 
~ 

0 1,\P UHS 

RES ISTORS 

0lS 

rmc 
CArACllOR 

VARIABl[ 
CAPACITOR 

TRANSFOflMrR 

[I EC.TRO."l 
TUBES 

C.R.T.'S 

MRL 11HIADILITY ESTIMATE 
11 £1,\1,0. I Assr~1~ fas 

DAlE J0!l/[QU I PMOH ?i1illJj"ll1 ~1 p .. , ll'IJ PNJsr 

Mt- t(d NEY.1 AS SE ',\BLY 
, PAGE OF 

- . - ~- - - = 
. 

T" .
. 

• L QUAIH .R./J06Hr TOTAL f . r; _ CO,', P(1' ti TS lY r [ QUA::y F.R./I0
6 IIR l OTAl ' .R . 

- -
Comp.,s . - _j_ _1-1. - Tl!AN S I STOR - - ...L - '- ...L -

FIim ...L .. ...L 

I I 

- - - Genual -& 

Film Pwr - ..L - . ...L - Comruk r ,_ J_ -~ ,.@~ 
DIODE S I, -

Wire \'Ind I I 
Rccli!,er - 7-1,"?ftJ_,.. -

J _llm __ ,_ I 1.11'-2 ,_ 1..1.3hJ Zener I I 

-
Wire \'In<! 

Ta ntal um 

[ lcctrol~ 

Vacuum 

Filament 

Power 
---

Lo Pwr l'ls 

Receiver 

Pwr Reel 

Y.rntr : 

1 - Gun 

3 • Gun 

,-

,-. 

I I 
MICR0CIPCIJ ITS LWeAI< , o, 4n 1 ,2n 

..L - ,_ _j_ 
Coax - ?I,, - _ O.JJU ___ ¢..1.!'4. 

- -
_j_ - ,_ ...L 

25 Pin _j_ _j_ 

- - ·- ... -... -
I I 

CONNECTORS "' 25 Pin ...L ...L - - -,_ -

- ..L - _j_ - - ...L --- ..1. -

I I 
I I 

...L - ,_ _j_ 
DC I iltcr - ...L :, ~ _j_ -

- - - CJ...L.4,~ 

'..L _j_ INDUCTORS RF & Cho . l - ... O..lJ'l ... 

- - -
I I 

Chg F. eact I I 

_ .l. _,.. _j_ RELAYS 
I I 

_ _L _ ,.. ..l. SWITCHES No Lamr I I 

I I SWITCH/LAMP l • l amp - .... ..l. - 1... ...1.. -

-.- ..l.. -1- ..L - ASSEMBLY 
2 • l.1 n:p --- ..l. -o- ...1.. -

I I 
• - Limp 1. I 

KL YSTRO:~ s 
I I 

1 • Lamp ..L _j 

INDICATOR _.,. -'- - -

1-_TH_Y_AA_lR_O_,l_~ __ _ . ___ ...._ _ _ ..,__.l ___ ___,1 __ 
1 

INON SWITCH) 2 • Lamp _.._ ..L _._ _J_ _ 

#,~GNCTfl0iJS 
I I 

• • ump I I 

1.W.1. 'S 
I I IRUSH-IS6,0) '.l rp __ ..L _.._ _J_ _ 

AMPLITRONS 
I I MOTORS LESS 6 OCIJ ·p ..L 1 

FANS ---+•-• -· _ r~::i...,. t- - - - '- ~ -

~ _O_R_A_TR ____ --i _______ , __ ..__1 _. BLOWER BRU)H· ~ 6,0JJ w n -- j_ -- _J_ _ 

DUPLEXER 
I I TYPE • 6, o:,J rpm I I 

MICROWAVE Mixer .l. ...l QUARTZ CRYSTAL 
I 1 

DIODE • Detector - ,.. I - - RESOLVER & SYtlCHROS 1 1 

------t---+---1t--~ - ...L 

MICR0IYA\IE 
COMPONEIHS 

Alie~~- - ~ '- .l. _ .l. _ DEI.AY Rl C _,_ ...L _ _ _j_ _ 

Direct f.pl _ ,..· .l. _ .l. LINE Quartz 1 ____.l_ -1 

Loads _,_ ...L _ ..1. _ _ _ __ _.,. ...L _ _ -1. _ 

stut:s _,_ '...L' _:__ ...L _ tF AUPL ____ ~ _._ 4,J.ffl_;fl - Zb_. 

Fffd Horn _ _,_ ...L __ ...L _ ATTEUUAT,lt _ _ _,.. l, _._ i,.JIS _ 'l1..Jfl4 

------1,-Ro_!J_rv_Jt _ _ _ 1 1 f'oWLR /JJ'II~ - __ ,_ 2, _,.. O.Jl _ O_tf?4 

- .... .l. _ .l. _ bET~TOll. _ ,_ I _.._ ,_.JJIO__ , -1_0~ 

lsolltor 

FERRtTC 
OCVICCS 

ClrCl•1~tor ..L _J_ 
.1.. • , 

----- -.... _,_ - • 11~,~- I - - -~ _._ _._ - -

Mo:lulJlor _ ,.. .1 ___ ..L _ .., -,. ~ _ _ __ / _U.3-1.3~ - I 3.i,3a) 

_____ _._S_hi_lte_r ____ _....._, _ _...._-11 f/1l,s- J, - -- ' _ ... ,l-1l1i.,_ /8.i,41j 

,.____R_rr_ll _W_lS _ _, _ _ ____ +-_.1_-t-..._1_. __ 
11
9/71,ff•J -..: __ ,_ / -'-//~f4_ .... //~ 

Ill V0LTAC:[ Hi Po;:er - .... j_ _ ...l 
I t 1 

DI0vC PACI: r.lt:l Po,1er I I 

l"Jl SE FOR',\ In \'olt _,.. ..l ... .L _ 

N[T\'.'0RK Iii Volt I I I I 
121.~,, 
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MRL RELIABILITY ESTIMATE ll(M NO. 
IAS~~~l%- . I 

PREPARED DAlE JOI/EQUIPMENT tsfflLYi2"1· '11 IJ /Jl fl. •(JI 1 f . IVE AMPL , 
·. APPROVED M i- 4~0 NEXT ASSEMILY PAGE Of 

COMP~[NT S T"r i: ~T .R./106 H~ TOTAL F .R. COMPC/' d m TYPE QUANT F. R. /106 HR TOTAL '. R. 

Compos . 5 () 018 ~09~ TRANSISTOR - _j_ ...L - - -- -- -
RESISTORS FIim 5 - 0...1156. O..JJ80 I I 

Gener1I lo Fil m Pwr - .l.. - ..l.. - Computer ..l... ..l... DIOOES -- - - -WireWnd I I Rectllier 
,-{-2'6- ..l... -

9~bQ .. 9.JJ'O --
POTS Fi lm I Ztner 2. 2 ,~20 -

Wire Wnd I I MICHOCIRCUITS I I 

FIXCD 
Tinlllum - .. ..L - ..l.. - Cofx ..l... ..l... -- -- -

CAPACITOR [lactnilv I ~ .l.. i! • .1. - 25 Pin ...L ...L 4- - CONNECi'ORS -- -- -~E 1/~1-te o,oz ~ I /81 > ZS Pin ..l... .J... -- -- -
VARIABLE V~uum - .l.. - ..l.. - -- ..l... -- ..1. -CAPACITOR I I I I 

filimn ► .l.. .. ..l.. DC Filter - ...L _..,_ ..l.. - - - - -
TRANSFORMER Power '..L .. ..l.. INDUCTORS RF I, Chok 2, - ... 0...1J2~- 0.11S"~ - - -Lo Pwr Pl1 I I Chgltmt I I 

Receiver ..l.. ..I.. RELAYS I I 
ELECTRCJ1 - -
TUBES Pwr Rect 

- .l.. - ..l SWITCHES No Limp I I - -
Xmtr I I SWITCH/LAMP 

I • Lin,p J_ ...1.. -- _.., -
C.R.T.'S 

l • Gun 
- .l.. - .L ASS~MBLY 2 • Limp ..l.. .J.. - - - - - ... . ... -) • Gun I I , • Limp I I 

KLYSTRONS I I INDICATOR 
l • Limp ..L ...1.. - ... _,.. -THYRATRONS I I IOI SWITCHI 2 • Lim, .l.. ..l. -- -- _,.. -MAGNETRONS I I , • Lamp I I - T.W.T.'S I I BRUSH· < 6,000 rpm ..L .J.. - MOTORS -- -- -AMPLITRONS I I LESS • 6,000 rpm ..L ...1.. FANS -- -- -TR OR ATR I I ILOWER BRUSH· ~ 6,000 rpm ..I.. .J.. 

TYPE -- -- -DUPLEXER I I • 6,000 rpm I I 
MICROWAVE Mixer 

-- .1. .. J_ QUARTZ '-RYSTAL I I 
DIODE -Dlhdor I .. .J.. RESOLVER I SYNCHROS I I -Attenuet 

-- .1. -► .J.. DElAY RLC ..1. ..l. - -- _,.. -Direct r.,e 
--· .L .l. LINE 0111rtz I I -MICROWAVE l.oldl -► J_ -- J_ _L ...1.. COMPONENTS - - - -- _,_ -- -Stum -► ._J_: ;:__ ..J_ ..1. ...1.. - ►- - -- -- -- -feed Horn 
-- J.. ..l ..l.. ...1.. .. - - - -- -- -- -Rollry Jt I I -- - -- -- ..1. -- ..l. -IIOIIIDr 
-- .1. ..l.. ...l ...1. - - - - . ... -- -- -FERRITE Cim••~or 
-- .L ··- ..J.. .J... I 

DEVICES - - - -- -- -- - -Modulitar .1 ··- ..I.. ..l.. .J.. -- - - - -,_ _,.. -- -ShiHer I I _L ...1. - - -- -- -- -Rf FI LTCHS I I ·- ...L _L - - -- -- _,.. -HI VOLTAGE Hi Powtr -► .l. ..J.. ' I I 
DIODE PACK -Mid Power I I 
PULSE FORM Lo Volt 

-- J_ J.. I~. 3db ·- -N£TWOHK Hi Volt I I I I 
MML 10-102, 
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MRL RELIABILITY ESTIMATE ITEM NO. 
IASSf?1/J&.('- 2 PREPARED DAU JOI/EQU I PMOIY 

1~~1~~iv~r · Arrt:·#J Sw . /JMPL APPROVED ti" ¢~(J NEXT ASSL\41LY , AG( Of 
COMPONENTS T"7i: QUANT .R./106 HA TOTAL F .R. COMPCJ' rJITS lYPE QUANT F.R.1106 HR TOTAL r .R. 

Compos. C. ~I~ ~106_ TRANSISTOR AJ PtJ t -_ /__1_32~ .. ~_iJf~ -
RESISTORS film o .J.JS~ l,.l.O f Z PN P 31a4 0 '11120 -

G1n1r1I &, Film Pwr - ..L - ...l. - ~~- ,- ..L ..L -DIODES - - --Wire Wnd I I RICtifitr 
,- ...1..1,-- ..L -POTS Film ..L ... J_ Ztner 2- - / I 2 0 , 1~20 - -WireWnd I j MICROCIRCUITS I I T1nt.a1,un 

- ..L - ... ..L Con 2 _oJJ,o __ 0...1$24.. FIXED - - -CAPACITOR Electrolv ..L .. L < , 25 Pin 
..L ...l. 1 -

(} lml~ CONNECTORS -- -- -MIOt 0 1 d-~ ► 2S Pin ...l. ..L -- ---- -VARIABLE V~uum - ..L - ...l. - -- ..L -.. ...l. -CAPACITOR I I I I Fi11mtnt ... ..L ...l. DC filttr ..L ...l. - - - ---- -- -- -TRANSfORMER Power ... .J... ... ...l. INDUCTORS If . r.nok .l- ...l. - - - - ·- - _,... _,... -Lo Pwr Pli I I Cha lf•ct I I -

Rtetlvtr ...l. ... ..L RELAYS I I EUCTRO:~ - -
TUBES Pwr Rtet 

- ...l. ,- J_ SWITCHES No Lamp I I - - -Xmtr I I 
SWITCH/lAMP 

I - Lamp .l.. _L - _,_ _,_ -C.R .T.'S 
1 - Gun ... ..L - .l.. ASSEMILY 2 - Lamp .l.. _L - - - -.- --- -3 - Gun I I • - LJmp I I KLYSTRONS I I 

INDICATOR 
1 - Limp ..L _L -.- -- -THYRATRONS I I INON SWITCHI 2 - LJmp .l.. _L -- -- -MAGNITRONS I I • - Limp I I T.W.T.'S I I IRUSH- < 6, IXIJ rpm ..L .L MOTORS LfSS -- -- -AMPLITRONS I I • 6, IXIJ rpm ..l. ..1. FANS -- -- -TR OR ATR I I ILOW£R IRUSH· ~ 6,r.:x>rpm .l.. ..l TY, f -- -- -DUPLEXER I I • 6, IXIJ rpm I I MICROWAVE Mixer 

-- ..L ... ..L QUARTZ CRYSTAL I I DIODE -DlltclDr I ... ..l. 1£501.YER &, SYNCHROS I I -AltllllUII 
-· ..L _L DBAY IL C ..l. _L .- - -- ---- -Direct r.,t _,.. ..L ..l LINE Quartz I I - . MICROWAVE LOICIS J_ ..L ...l. ..1. COMPONENTS - - - - - - - -- -- -Stubs - ... • .. i: .:.. • ..1. ..l. ..1. - - - -,- -- -- -heel Horn 
-• ..L ·-- ...l. ..L ..1 - - - --- -- --- -Rollry JI I I ..l. ..1. - - -... -- --- -lsolllDr _,.. J_ ...l. ...l. . -1. - - - - -- -- -- -FERRlTE ClrcL,•4tor 
-• ..L ... ...l. ...l. I DEVICES - - - -- -- --- - -Modulltor 
-- J. ..... ..L ..L ..l - - - -- ---

_,_ -Shiner I I ...l. -1. - ·- -- _,_ -- -RF mrrns I I -- ..l. ..1. - - -... -- -- -HI VOLTA<,[ H1 Power 
-- ..l -~ .J. ' 1 ' I DIODE PACK Mad Power I I 

PULSE FORM Lo Volt 
-- .L .L ,,.,1~ _,.. -NETWORK HI Voll I I I I MRl 70· 1024 
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----- ..........-- -- ----

MRL RELIABILITY ESTIMATE ITEM NO. 
jASStc"~ ';£~5- 3 

PREPARED OAlE JOI/EQUIPMENT 
Af~~~y~AJ. /t,MJ~ ~~ST 

APPROVED 11/ 'l - J.~o N()(T ASSEMBLY PAGE Of 

COMPONENTS T"
ft. 

rL QUANT .R./106 HI TOTAL F .R. COMPCI tf<ITS TYPE QUANT F.R./I06HR TOTAL ~.R . 

eom,os. --1. - w TRANSISTOR '-JPN 4- - ,_ l..~2o__ ~_i_Zig_ - -
RESISTORS Film q .?...1!5~ I..J...~4, I I - G11m1I & 

.£ilm Pwr - ..L - ..L - Computer ~ ,_ 0 ..1...4 I~ ... OJ!~ 
DIODES -

Wire Wnd I I Rectifle • ...L ..l.. -.----,- -- ---
FIim ..L J_ Zener I I 

POTS - -
Wire Wnd I I MICROCIRCUITS ~ITAL 2 0 1//~ 0 ,2i,i 

1Tantal11"' 2- !.l]~ 2_ig~ Cou ..L ..l.. FIXED - -- --- -
Eladrnlv 

.. ..L !~ J_ - sl5 Pin ..L ...L CAPACI TOR dr -
_,_ _ .... -

.. ,,u1A111~ 0102 0 1 /d"l, CONNECTORS > 25 Pin ..l.. ..l.. -- _._ -
VARIABLE V~uum ..L ...L ..l.. I - - - _,_ _._ -'- -
CAPACITOR I I I I 

Fil1mlfll .. ..L ..L DC Filter ...L -- ...1... -- - - -.-
TRANSFORMER Power "..L -- ..J... 

INDUCTORS RF l Chok ..L ..L - - -1- -- -
Lo Pwr Pb I I Chg RIICI I I 

Receiver ,. .J... - ► J_ RELAYS I I 
lllCTRON -
TUIES 

Pwr Rect .. .J... - ,- .J.. SWITCHES No limp I I -
Xmtr I I SWITCH/LAMP 

I - Limp j_ _ .... -1 ----
C.R .T.'S 

I - Gun -- ..L -~ .l. ASSEMILY 2 • ump ..L _ ... -1 -- - - --)- Gun I I • - Limp I. I 

KLYSTRONS I I INDICATOR 
I· Limp .L _ .... ..1. ---THYRATRONS I I INON SWITCHI 2 - limp ..L .J.. _,_ -- -

MAGNETRONS I I • · Limp I I 
T.W.T.'5 I I IRUSH· ~ 6,IDI rpm ..L -- _J_ -MOTORS -1-

AMPLITRONS I I LESS • 6,IDI rpm .L ..1. FANS -- -- -
TR OR ATR I I ILOWER IRUSH- ~ 6,(DJ rpm ..L -- ..1. 

TYPE - - -DUPLEXER I I • 6,IXXI rpm I I 

MICROWAY( Mlur 
-- J_ ... J_ QUARTZ CRYSTAL I I -DIODE Dlllcior I ,. ..l. RESOLVER & SVNCHROS __l_ I -AtttnUlt _,. ..L _,. ..1. D£1AY RLC 

--- ..L _J_ - -- -Direct c,I -►• .l. .l. LINE 0Ulr11 I I -MICROWAVE Loads _,. .l. - • .J. .. ..J... -- _J_ -
COMPONENTS - - - ... -Stulll -► ·..i.· .:._ J. 1/ltl.D CJ flu.IT ll~EAi i. .. o..J#O_ ... O..Jilt - - - .,- -

FNd Horn 
- ..l. -- ..1. J_ ..1. - - - - ,- -- -- -

Rotary Jt I I ..l.. -- .J.. -- - _,_ --
IIOIIIDr 

-i,- .J. -,- ..1. ...L _J_ - - - -- -- --- -FERRITE ClrcL•'•r -► ..l.. -i,- .l.. ..l.. I 

DEVICES - - - -- -- -- - · -
Modulllor .l. ·-► .l.. ..l.. _J_ - - - - -- --- --- -
ShiHtr I I _!_ ..l. - - -- -- --- -

RF FILTCHS I I · - .L _._ ..l.. -~ . - -.... - .... 
111 't'OI.TAGE H1 Power .J. ~ .l.. \ ' 1 I 
DIODE PACK -- -Mid Power I I ',' 

PULSE FORM Lo Volt J.. .l. //. doi.lJ -~ -► -N[lWOkK HI Volt I I I I 
MRL i'IHIIZ' 
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MRL RELIABILITY ESTIMATE ITEM NO. 
IAS~~~n·es 

PREPAR£0 DAU JOI/EQU I PME.'-4T 1ffl1~~c/ S'l~TJ.IESl~d I 

APPROVED Ml( - tra NEXT ASSEMILY PAG( Of 

COMPON[ TS rv;i: QUAl:T 6 
. R./10 HR TOTAL F.R . COMPO' tNTS TYPE QUANT F.R./106 HR TOTAL ~.R. 

Compos. 3 - ,_~I:[ JLJP5! TRANSISTOR 
AJPAJ /2. - I- /~UJ- ._ IS' _.i 44_ 

RESI STORS Film 41, j ..J.J5~ {,_jJt.,J Pwll. . 3 2 ,,4-o ?1'12/J 
-

Film Pwr ..L 
iCeneral & 

- - - computer I- ...J.. ...J.. -
DIOOES - -1-

Yl ireWnd I I UP ~ 1- 2..1.ZOlJ_._ ~ 
lf.i_1UJ 

-
POTS 

Film ~ tl.JI,~ Zener I I 

-
WireWnd I I MICROCIRCUITS b~ITAL , 0 I II~ C, 1//~ 

FIXED 
T1nlll 11 111 

I- ..L - _J_ - C.1 .L ...J.. 
6 -

_,_ -- -
CAPACITOR lfllt!.A OJ.IO(" O.JlaQ. •25 Pin .L .L 

34- - ,. ., ,u~ CONNECTORS --- -- -
Ul<llUt. o,fq, •25 Pin ...L ...J.. -- -- -

VARIABLE _Vacuum 5 - ~'~ll U.l9Jq, -- ...J.. -- ...J.. -
CAPACITOR I I 

I I 

rn,menl I- _J_ - _J_ 
DC Filter - .L --- ..L 

- - - - 3...tfZ~ 
TRANSFORMER Power ".L .L INDUCTORS IIF I ChOII /7 - _O..J11{_ 

- - -
lo Pwr Pis I I Ch9Rlld I I 

Rettlvtr .l. - . .L 
ROAYS I I 

WCTRa. - -
TUIES 

Pwr Ritt - ...L - .l. 
SWITCMES Nolllllf I I 

- -
Xmtr l I I I· limp .L ..1. 

SWITCHIIAMP -- --- -. 

C.R.T.'S 
1 • r.un - .L - .L ASSlMllY 

1 • lllllf .L ..1. 
- - - --- --- -

l • Cun • I I • • lllllf ,. I 

KLYSTIIONS I I INDICATOR 
I · limp ..L ..L 

--- --- -
THYRATRONS I I NIN SWITCHI 2. llinp .L ..1. 

- --- --- -
MAGNCTRONS I I •-- I I 

T.W.T. 'S I I IRUSH· •UIIOrpm ..L ..L 
MOTORS ms 

_,_ --- -
AMPLITRONS I I .,.111111,... ..L ..1. 

FANS --- --- -
TROR ATR I I ILOWU IRUSH- I .. CIIIO r,111 .L ..1. 

TYPl -- -- -
DUPUXER I I •6,IXIDr,m I I 

MICROWIIV( Mixer -i- • ..L I,. QUAffl CRYSTAL I I 

- ... ~-
DIOOE Dlllellr I - j_ 

RlSCI.V(R & SYNCHIIOS • I I 

-
AltlnUII 

-i- .L ~~ 1- ..1. DELAY II LC .l. ..L - --- -- -
Dinctc,I ---· :..l M ~ ..1. 

LINE Quartz I I 

MICROWAVE Las -- ..1. ~ .L P,w~ Drt1• ~-,,, 2. _o_ill, _ O..Jl7~ 
COMPONOOS - - ...... - -- -

Slulll - - ·.J.' I- .J. - .J... I~ -
..L 

- - - - -- - 0..L3'-i 
F•Hom - .. .1. .. ..1. icr.a, ht~ 2 _O.l]I _ 

- - - - -- -
Rotary Jt I I ~ - ..1. 14:- ...1. -- -- 3 -
lsolllN I- ..L .. ..l MIUll. _ 1.1.SI ... f..Lf4~ 

- - - - - -
FERRlTE Clrcvi..tor 

-i- .L -i- ..L -- ...L 
I 

DEVICES - - - - -- _._ -
....,""' --- J. .. ..L '11tbc,~curr ~'- - I _ 'J..J.(R_ .. O..J/1!. 

- - -
Shiller ' I I •'-A - 2 0 1"'11 J...i,41 - - - --

Rf FILTERS I I • - .L -i-- .l. -
~ - -- --

HI ~•Cl.TAC[ HiPOWlf' :..i- ..L I- ..1. 
., I 

DIODE PACK 
-Mell,_ I I 

PULSE FORM ll Volt _,. L - .L , 7. 930 -
N£1wo•1t HI Veil I I I I 

MRL 10· 11124 
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-
MRL RELIABILITY ESTIMATE ITEMNO. ASSEMBLY NO. 

--· .. PREPARED DAU JOI/EQUIPMOfT A}J?'~~ faW£t Su f PLV 

APPROVED M~-'/sa NllCT ASSEMILY PAGE Of 

COi, PONWTS T";t QUANT 6 .R./10 H~ TOTAL F.R. COMPO' diTS TYPE QUANT f.R./106 HR TOTAL ~.R. 

Compo,. l-1. - w TRANSISTOR ..1. _.,_ ..1. -- - ---
RESISTORS Film - ...L ... ...L I I 

- Cener1I l 
FIim Pwr - J._ - ... ...L - Computer ~ ...L -~ .L~-DIODES -
Yli reWnd I I Rectlller I .. l..!S6Cc! ... 1...1.Si -

POlS film J._ .l. Zener I I 

- -
Wire Wnd I I MICROCIRCUITS I I 

FIXID 
T•ntal11111 J._ - ~ ...L Con ... ...L _._ ...L -_.,_ - -

CAPACllOR I El!!drolv ► ...L,.M .L s Z5 Pin 

~ = 
... 2-.J!.bQ .... 2.JL6q 

-re, 11 I I 10 010J4 CONNECTORS ,. Z5 Pin ... 3..J§24. ... &~ 

VAR IA BL( V.cuum - .J_ - ...L - _.,_ ...L --- .J_ -
--;; 

Cl- PACllOR ' . I I I I 

f j(jlllfflt .J_ - ...L DC filter ...L --- ...L -- - ---
TRANSFORMER Power '...L - .. ...L INDUCTORS· RF l Ctlak ..1. .J_ - - --- --- -

lo Pwr Pis I I Chg Rm I I 

Recalvtr .J_ - ... ...L IBAYS 2,. I l(Uln z. 1!/f/J 
WCTR~ -
ruw Pwr Reel .J_ - ... .L SWITCHES No Lim, 4- o 1SA z,m 

_.,_ 
Xllltr l I I l • lllllf .l. ..l 

SWITCH/lAMP ---
_.,_ -

C.R.T.'S 
I -Gun ... J_ - ... ..L ASSEMILY 2 • LIIIIO .l. ...L - - --- -... -
)- Gun • I I ' - LI_, I• I 

KLYSTRONS I I INDICATOR 
I· limp ...L .L -~ _.,_ -

THYRATIIONS I I NIN SWITCH! I· ll,np .l. ..l --- -- -
fMCN[TIIONS I I ' -"'"" I I 

-- .. 'f .J.mll_ - 'I~ 
T.YI.T. 'S I I HUSH- s ,.cm""' I 

MOTORS LESS -
MIPL ITRON' . I I ,.,,cm""' .l. .J. 

FANS --- -· -
TROR AIR I I ILOW£R HUSH- s6,CIIOrpm ...L -- -1. -

TYPE ---
DUPLEXER I I •6,CIDrpm I I 

MICROWAY[ ~•lur 
-- ..L ... ..L QUARTZ CRYSTAL I I 

DIODE -
DlllttDr I ... .J.. IESOLYUI & SYNCHROS I I 

-
AlllnUII - .L . - ... ...L DllAY RLC ...L _.,_ ...J.. - - -... -
Dl11ctc,I - -· '...L .. .J.. LINE Quartz I I 

-
MICROWAVE lDNI J. .. .L - ..L - ... .J. -
~ IPllNOOS - - - -J,/FC,, - - -

~tu• _,. ·..1.· ... .J.. l\..,u r:;IJ ,,tl/ - ,4, - JI§!~ ... I I 4, .l.~ - - ,.._. - ':" 

fMHom .. ..L -- ..L - I - .. .l. - ... ..l. ~ - - [jAqc.: Rollr, .It I I Co~\JElT~ - I / - .. dJ.tJJQ. ... 43.J.7. 
lsollllll' .. J. ... ..L 

i ...1.. .J.. - - - - - . - -- .... -
FERltlTE Clrc.1._, 

-- ...L .... ..L .J. I 

DEVICES - - - .. -- _._ - -
Alodulllllr -- ..L .. .J_ .L -1. - - - - . - -- .... -
Sllllllr • I I ..L -1. - - . - --- _._ -

RF fllT(RS I I - .l. _.,_ .L -- - . - -.. 
HI \'OlTACE HiPOdt' -- ..L ... -1. 

•1 I 

DIODE PACK -,., .. ,.., I I 

PULSE FORM Lt Veit _ ... .1. .. .1. liZ.d.tJS - -
N[n'IORK Hi VIII I I I I 

MRl 10-102' 
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MRL RELIABILITY ESTIMATE !TEM NO . I ASSEMBLY NO. 

PREPARED DAU JOI/EQUIPMENT A,MICMBL y NAME IR 
SCIL £.Ji'TO ASS c/ 

APi>"R J VE D IA 't. - ¢.~CJ NEXT 4SSEMBLY PAGE Of 

COMPON( TS rv ::c QUANT .R.1106 HF TOTAL F. R. COMPC,' tr.TS TYPE QUANT F.R./106 HR TOTAL ~.R. 

Compos . L-L - LJ TRANSISTOR ..L ..L -- - _,__ --
RES ISTORS Film - ...L - .. .J_ I I 

Gener1I & 
FIim Pwr - ...L - - Computer ...L ...L 

DIODES 
_,_ -,- -

WfreWnd I I Rectifier ..L ...L _ ,_ -,- -
Film J... ..L Zener I I 

POTS - - -
Wire Wnd I I MICROCIRCUITS I I 

Tantalum ...L ... ..L Coax ..L ...L Fl ED 
_.,_ - - _,... _,_ -

CAPACITO fliw::trolv ...L ...1. 25 Pin ..L ..L -_,_ - - _,__ _,... 
I I CONNECTORS > 2S Pin ..L ...1.. _,.. _,... -

VARIABLE \'~uum - ...L - .J... - _,_ ...L 
---

...1.. -
CAPACITOR I I I I 

F1l1ment ...L .. .J... DC Filter ..L _L --~ - - -,- -.-
TRANSFORMER Power '..L ... ...L INDUCTORS RF & Chok ...L ...L - - - ---- -,- -

Lo Pwr Pl, I I Chg React I I 

I 
Rtulvtr .J... .. ...1. RElAYS I I 

ELICTROO - -
TUBES 

Pwr Rect ...L .l. SWITCH£~ No l.Jmp I I -~ _,.. 
Xmtr I I SWITCH/LAMP 

I - Lamp J... __L ---- ---
c .n.T.' 

l - Cun ..L J... ASSEMBLY 2 - l.Jmp ..L ..1.. _,.. - . - _,_ --- -
3 - Cun I I 4- Lap I I 

KL YSTRONS I I INDICATOR 
l - l.Jmp ..L ..1. -_,_ --

THYRATRONS I I INON SWITCHI 2 • ump J... ...L -- _,.. -
MAGNCTRONS I I 4 - l.Jmp I I 

T.W.T.'~ I I BRUSH- < 6, IXXl rpm ..L ...L -MOTORS -- --
AMPLITRONS I I LESS , 6,IXXI rpm J... ..1. FANS -,- -- -
TR OR ATR I I BLOWER BRUSH- ~ 6.IXXI rpm J... ..1. -TYPE 

_,.. --DUPLEXER I I • 6, IXXl rpm I I 

MICROWAVE Mixer 
- - ...1. - ..L 

QUARTZ CRYSTAL I I -DIODE Cetector I .. .J. R[S01.VER lo SYNCHROS I I -AtttnUII 
--- ..L - .. ...1. 0£1AY RLC .J_ _j_ - - - _,... -

Direct r.i,1 -.- .J... .l. LINE Ou,rtz l I -
MICROWAVE lolds - .. .l. _,_ ..L - ...L - .... ..L -COMPONENTS - - - -- I -StubS - .. • .. 1: .:. ... ...L OSC.I L L/f ~/l. l-'Z~ll_ ... 8_i91Q.,.. D'_j_47~ - -

Feed Horn ..L ... .J. ...L ..L --- - - - -- - ... _,... -
Rollry JI I I ...L ...1. -- - -- _,.. _,_ 
lsolllDr ..l. --- .l. ..1.. .J.. 

--- - - - ..... -,- -- -
FERRITE Cirw'~IOr --- .J... .... .l. ...L I 

DEVICES - - - .... -- -- - -
Modulllor .l. .... .l. ...L ..1. - .. - - - . ... -- -- -
Shifter I I ...L ..J. - - -- -- -- -

RF FI LTCRS I I • ·- ..l. .J.. ·-- - . ... -,- --
HI VOLTAGE Hi Power - .. .l. .l. - ' 1 I -DIODE PACK Mid Power I I 

PULSE FORM Lo Volt - .. .J.. .J.. e.410 ··- -N(1WORK HI Volt I I I I 
MRL 70· 1024 
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.. 

MRL RELIABILITY ESTIMATE ITEM NO. I ASSEMBL y NO. 

·. 
PREPARED DATE JOI/EQU I PWNT 

A}t~~ym~f/ IJNIT 
APPROVEO Mt- 4S'tJ NOO ASSEMBLY PACE Of 
~ 6 F. R./J06 HR COMPOhENTS 1vr· QUANT . R./10 H~ TOTALF.R . COMPOf ·N1S TYPE QUANT TOTA" F,lt 

Compos. I _j_ TRANSISTOR 
Silicon .J_ . .L - - - -- -- -

FIim .L .J.. Cerm,nl um I I RESISTORS - -
FIi m Pwr .L .l. Cener11 • 

- - - Comouter .l. .l. DIODES - --
_,_ -

Wire Wnd I I Rectifier .l. .L _ ,.... _ ,_ -
POTS fil m .L .1. Zener I I - -

Wirt Wnd I I MICROCIRCUITS I I 

FI XED 
IT11nt.aliim .L - .. . l. Cou ~- .. O.J.!6Q. - 0 .l.811. - -

CAPACITOR f lanMlv .L .. .l. iL 
s 25 Pin ~- :. 2..J..16~ - ¢.>~~ - 0 ttU4 CONNECTORS Other I 01/1 "25 Pin 3 - _!...lf24 - J(J 

VARIABlI Vacuum - .L - .. .l. - -- .l.. -- .l. -CAPACITOR Other I I I I 
Flllment .,L .l. DC filler .J_ .l. - - - -- -- -

lRANSFORMUI Power - .l. - .l. INDUCTORS RF I Chok ...l. .l. - - - -- -- -
Lo Pwr Pis I I I Chg R•ct I I 

! 

- RICtlver .l. - .L RELAYS I I 
WCTRCJ4 - -
TUBES Pwr Rici .. .l.. - .l. 

SWllCHES Nol.Jmp I I - -Xmtr I I SWITCHILAMP 
I · u mp J_ ..l. - ..... -- -

C.R.T.'S 
I· Gun .. .J_ - .L ASSEMBLY 2 • I.Jr,111 .L .l. - - - -- --- -
J· Gun I I • • Lamp I I 

KkYSTRONS I I INDICATOR 
I · ump 

.L . -- .l. -- -THYRATRONS I I INON SWITCH) 2· 1.Jmp J_ .l. -- -- -tMGNaRuNS I I •·ump I I 
T.W.T . 'S I I IRUSH· S6,IXJO~ I - .. 'I.JIB_ - 1...Jlll. 
AMPLITRONS I I MOTORS LESS ,. ,,ooo rDm .L .1. FANS -- -- -TR OR ATR ., I llOWER IRUSH· ! 6,000~ .L .1. 1'YP( -- -- -DUPLEXER I I .. ,.cm~ I I 

MICROWAVE Mlur ._ - .l. - ..1. 
QUAR\Z CRYSTAL I I 

DIODE -Dtllctor I .. .J.. 1£S(l.V[R & SYNCHMOS • I I -AtllnUII ~ -.L - ..J. DELAY RLC .l. .J_ ·- - - - . -- -Direct c,I 
-- ..J. ..J. UNE Quartz I I -MICROWA~ Llldl 
-- ..J. - ..1. . 

91±134 .. .1. -COMPOMNTS - - r.JAJ~Efl.Tl ~ CIA:- --- -Stulll 
-- .J. ·- - ..1. -~-- I - ... 4,l.J1~ -FIIIIHlrn 
- -- ..1. - - .J. ~ .-~ .L .1. - - ---

_,_ -llllry Jt I I - ··- -.. . 
---

..1. ---
.1. -,......, . 

-- .l. - .l. ..J. .J . - - - - -- --- --- -FHRll( Clrcul.wr 
-- .L - .l. ..L ..l. 

IIVIC£S - - -~ - ··- -- -- -MNIIIIIDr -- .l. - ..J. .l. .l. - - - - -- -- -- -Shifter I I - .. r!- .l. 1-- • - -~ - --- -If FllTCRS I I• - .. , i. _J_ -- -- - --· -HI VOLTAGE HIPowlr 
-- ..J. ..l I I 

DIODE PACK -MN Power I I I 
PULSE FORM LI Volt -- ..L ..L" ·a.,u -- -tll\W>RK HIYllt I I I I 
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MRL RELIABILITY ESTIMATE 
ITEM NO. 

IAss~? fie 1 
◄' . 

PREPARCO DAlE JOIIEQU ! Pt.UT ASS~BL Y NLANf.. l'l.. ,~ 

11 

-'J.6 nrnt;i:. AC:.f:: t/ 

APPROVED 
NEXT ASSEMILY PAG( Of . . ◄ 

COMP ENTS l"
_, 
, L OUAHl 6 

.R./10 H~ TOTAL F.R. COMP<I tl'ITS TY PE QUANT F.R.1106 HR TOTAi. ' .R. 

Compos. _L TRANSISTOR 
...L ...L -

- - - - -- - -
4 

RESISTORS Film - ...L - .. ...L 
I I 

FIim Pwr ...L - .. .J_ 
Gener1I & 

- - Comouter ..L ·.1_ 

► 
DIODES 

_,.. -- -
Wire Wnd I I 

Rectifier .J.. ..L 
I 

-
- -- - - -

POlS 
FIim ..L ..l 

Zener I I ' 

- - MICROCI RCUITS 

I 

~ 
Wire Wnd I I 

I I 

Tinta lu"' .. ...L ...L 
Cou 1, - O.J.!'-Q. ... 12-11,~ 

FI XED - - - 4t.J -
~ 

CAPACITOR flectrolv .. ...L .,.. ..l 
2S Pin z.11,a ... i'-1#,l I 

-
P:iL c./ z_ 0 10.34. t) 11Jl.8 CONNECTORS >25 Pin 4,. - : ~w2ci ... ,,_a.,~ 

- 1 

VARIA8l [ Vacuum - ...L - .J_ - -.- ..L .J.. - .- -

CAPACITOR I I 
I I 

Fil1mtnl ... ..L. ... ...L 
DC Filler ...L ...L 

- - - -- _ .,_. -

TRANSFORMER Power .. ..L .. ...L INDUCTORS RF & Chok ...L ...L 
- - - - - _.,_. -

Lo Pwr Pb I I 
Chg R111tl I I I 

l 
. 

R1t1ivtr ...L .. .J_ 
RUAYS I I 

EUCTRON - -
', TUBES 

Pwr Ract ..L. .... .1. SWITCHES Nol.Jmp I I 

-- -
Xmtr I I SWITCH/LAMP 

1- u mp ..L ..l. _,_ _,_ -
1- Cun .... ..L .... l.. 

2 • l.Jmp ...L ..l. 
. 

C.R.T.'S - - - ASSEMBLY 
_,_ _,.. -

3 • Cun I I 
• · u mp ,. I 

KLYS TRONS I ' INDICATOR 
l • Limp ..L .J_ _ ,_ -- -

THY RAT RONS I I CNON SWITCHI 2 • Limp .L ..l. _...., -- -
MAGNETRON$ I I 

• · Limp I I l 

T.W.T. 'S I I BRUSH· < 6,000 rpm I - '1.JIT) __ '1.J/11.. 
MOTORS LESS 

-
AMPLITRONS I I 

> 6,000 rpm ..L -1. 
FANS -- -- -

TR OR ATR I I ILOWCR BRUSH· ~ 6,000 rpm ..L. -1. 
TYPE -- -- -

DUPLEXER I · I 
• 6,000 rpm I I 

' 
MICROWAVE Mixer ..l. - j_ 

QUARTZ CRYSTAL I I 

DIODC 
_,_ -

Dltlcior I ..L R£SOLVER • SYNCHROS I I 

-
Att■nUlt .. .L ...L DBAY RLC ~ -1. 

- - - -- _,_ -

Dir1tl r,,a _,..· .L - .. ..L 
LINE Ou1rtz I I 

MICROWAVE lalCls ..L j_ 
...L ..1. ' 

COMPONENTS - - - &,nae._.,.. -- _,_ -

Stula ·.1: .. ...L CoN>IE.R.rc ~ I - _4lJ._1JO_ ... 43...1..?!Q. 

- - - - - ---
FNdHorn .. j_ .... ..l. 

.J_ ..1. 

- - - - ..... --- - -- -
Rotary JI I I 

~ ..1. - -· -~ - -- - -- -

Isolator ..L .. ...L 
...L ...1.. 

t• 

_,. - - - - -... _.,_. -- -

FERRITE Circv!Mor ..L .. .. .J.. 
..l... 

I • 
DEVI CES 

_ ,_ - - - ..... 
_,.. -- - -

MoJulltor .L .... .L 
..L ..l . 

-- - - - -- --- -- -
Shifter I I 

..L ..l - - -... _,_ -- -

RF FI LTlNS I I -- ..L .l. - - -... . --- -- -
HI Vet.TAC[ HiP..., - - .J.. ..l. 

1 , I . 
DIODE PACK Mid Power 

-
. 

I I 

.. PULS£ FORM lo Volt -- J.. .... J.. 
/C.~.tJ31 

-
NETWORK Hi Vo'I I I I - I 

MRL 70·1024 , 198 
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MRL RELIABILITY ESTtr.1ATE ITEMNO. 
IASSJf~l°a.1 .. 

PREPA RED DAU JOl/lQUIPMINT A!JrJ1vL~~ / 1.«.AL RE~E~AJCI. 
. . 

APPROVED Mi - f~O NEXT ASSEMIILY 'PAGE OF 

COl,IPOOCNTS J";:t QUl.. .. f 6 . R./10 HI lOTAlf.R . COMPO' tHTS TYPE QUANT F.R./106 HR lOTAl ~.R. 
Compos. ·,1 ~I( l.1.J_O~ AJPAJ ~ - ... W2'! .. '~~ ~ - lRANSISTOR 

RESISTORS Film 44 - OJ.LS'f ~.J.i~4,, I I 
IGenml & Fi'm Pwr - J... - .. ...L - Comouter z ... a.J1.1t ... (J_Jj~ 

WlreWnd -1 I DIODES NP 3 - ... 2....1..2~ ... '~~~ film I 1JJ'Q. 9_1_3,0 Zener :/1 - , , u,o 31 POlS ... -
(JI atn II tdfh Wirt WM I I MICROCIRCUITS LIAJEAlt. I 

fl)([D 
fl nt.alu• ~ /J_U'(J 4j_f6l)_ Coll 4- - ... 0...1..1,q..,_ 0~ -

CAPACITOR MI CA /0 - O..Jt'·~ 0..l!~OSS"Oa •25 Pin .L ...L -- ~ _ ... 
CEIU!WC. 11.. 0102 01 0 CONNECTORS >25 Pin ...L .1. _ ... _._ -VARIAll( Vacuum ! - ... O..JlD~ ... O.JIII_ -- _,_ ..l... _._ J... -... 

CAPACITOR Cflit1,.11f'.. I o,m,'1 {JI en, I I 
FIIINM 

""J... - ""...L - DC Filter 
... .l.. i~'- J... -- I Z -lRANSFORMER Power 

"" ·-1...1~ .. ...L 14 
INDUCTORS RF & Chok ,.. O.JJ2 ... 2.lJD! - -lo l'wr Pis I 0 I o,36 Cht RIICl I I 

Rahlr 
J... - ""J... 

ROAYS I I WClRCW -► 

TUllS l'wr Ritt 
..L - ,.. J_ SWITCHES Nol.Imp I I -► 

x.t, I I I I · Limp J... ...1.. SWITCHllAMP -... _._ -
C.R.T.'S . I • "'" ... ..L - "" .L ASSEMILY I· Limo .l.. .l. -- - _,.. _._ 

J • Gun • I I •· L1111p I. I 
KLYSTRONS I I INDICATOR 

I · Limp -L _._ .l. -_,.. 
THYRATRONS I I INON SWITCHI I · Limp .1.. ..1. -_,.. _..,_ 
MAGNlTRONS I I • - Limp I I 
T.W.T.'S I l IRUSH· " 6, GIIO rpm -L -- ..1. -MOTORS 

_,_ 
AA\PllTRONS I I L£55 

> ' · 1111D ""' -L • -- .l. - FANS _,_ -TROR ATR I I ILOW£R IRUSH· 
'5 '· 1111D ''"' .1.. -- ..L -TYPE 

_,. DUPLEXH I I >6, IXII rpm I I 
MICROWAY[ Mlnr _,_ ..L ,-. J_ QUARTZ CRYSTAL I I -DIODl Dllldllr I ""j_ 1£SOLV£1 I SYNCHROS • I I -AtlanUII _,. J_ • - . ..L DBAY RLC ..L ....l -- -- _,.. 

DlndCfl . 
- -· :J. - . ..1. LINE Q111r1J I I 

MICROWAV( .... .:. . J_ -- J_ -- -Llf"" J. CO,,IPONENTS 
Siu■ - ""·.i.· .: I■ -L - M1~'4~1~CU.IT -IJCL 1 ... 'I o..1.1<1i - - _,.. 1 - "" O_LI ---fNIIIHorn 

- .. J_ - ""..L M,fl".,-. - ""tJ~II_.., ¢...1.2~ -11111,YJI I I 

... -L ~i ... ..1. 'i - : :: 7 : 
,..., 

--1■ .J. _,_ J.. Mlt£1i. I..J.$1 ... IO_t)9 
- ltJwEC t,J '/Iba -fEHlTl Clrcu._, 

--- .L - .. .J. - .,-. a. - : o..JJ,J ... o_1.i7, DEYICU - • -,..., 
... .L --- .J. -L ..L -- - - . ,.. _,.. _._ 

Shlftlr • I I -L. _J_ - - • ,-. _,_ _..,_ -Rf FILTHS I I • - ..1. -- ..L -- - . - -... HI VOLTAGE "',_ ..... J_ ..L ,, 
I DIODE PACK -,.,..,_, 

I I 
PUI.SEJORM Lt VII J_ -►. J. ~~ . Z2~ 

_,_ -Nrn'IORl "'"'" I ... I I I 
Mll.10-IOM 
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MRL RELIABILITY ESTIMATE 
ITEMNO. IASS~,L7f ~ ~ 

PR[PAR£0 DAlE JOIIEQUI PMENT AI_ryMtMSL ~ 

APP P.OVED M 'I. - 4~o NEXT ASSEMBLY PACE Of 

COMPONENTS T" ~[ QUANT .R./106 HF TOTAL F.R. COMPCJ' tNTS TYPE QUANT F. R.II06 HR TOTAL ~. R. 

Compos. LL - Ll.. - TRANSISTOR 
tJPN I ,_ /~2.q,.. I .J3'4 

- -

RESI STORS Film ? s - O.J.!5~ 3_LS"6'8 I I 

FIim Pwr .J_ - ..L 
Cener1l &, 

- - Computer ... ...1. ..L -
DIODES - _,.. 

WireWnd I I Rectifier ... ..L .J_ -- _ ,_ 

POTS 
Film f 9 JJ'fl 9j_3,., Zener I I 

-
WireWnd I I MICROCIRCUITS i1N£4t ' 0 14-m} 0 14J"6 

T•ntal111n ;; - I_JJ.Q ._2Jjl'a_ Coax .J_ ...1. -
flX[D 

- ,- -,-

CAPACITOR EIK1rolv .. .J_ 1? .. J_ -
s 25 Pin ..L .J_ -

,; i -
_,_ -,-

~I Rt.M,(. tJ ld2 15~0 CONNECTORS • 25 Pin .J_ ...1. -
---

_,_ 

VARIABLE ,_YKUUffl z - .J_ ..L - _,_ .J_ _,_ ..L -

CAPACITOR : t1<1:i,,1·~ tJ ,n, (JI O l '2. 
I I 

Fi11ment .. .J_ - .J_ DC filter 
.. .J_ ~-- .J_ -

- - -
TRANSFORMER Powtr .. ·.i. ..L INDUCTORS RF & ChOk a ,_O.JJ2 ... a..i_¢~ 

--- - - - -
Lo Pwr Pis I I 

ChgRMCt I I 

Recelvtr .l. .. ..L RElAYS I I 

fiECTR~ - -
TUBES 

Pwr Rid .l. .. ..l SWITCHES Nol.Imp I I 

- --- -
Xmtr : I I l • limp ..L .J. :. 

SWITCH/LAMP 
_,_ -... 

C.R.T. 'S 
I· Gun ... .l. .J_ ASSEMILY Z • llfflll I .J_ .J. -

- --- - -- -.. 
3 • Gun • I I 

•·limp I· I 

KLYSTRONS I I INDICATOR 
l • limp ..L ..L -_,... _,_ 

THYAATRONS I I INON SWITCH! 2 • limp ..L ..1 --... --
MAGNETRONS I I 

4 • limp I I 

T.W.T.'S I I IRUSH· :!! 6, CIID rpm ..L -- ...l -
MOTORS USS --

AMPLITRONS I I • 6,CIID rpm ..L ...l 
FANS -- -- -

TR OR ATR I I ILOWER IRUSH· ~ 6,CIID rpm ..L ...l --- ---

DUPLEXER I I 
TYPE • 6,CIID rpm I I 

MICR~AY[ Mlaer --- ..L ... .J. QUARTZ CRYSTAL I I 

DIODE 
-

DllectDr I 
\ RESOLVEli & SYNCHROS • I I 

-.. .J. 
AttenUII 

-- ..L ..L DElAY RLC ...L ...l -- - -- -.. 
Direct Cfl <..L ...1. 

LINE Quartz I I 

- -
MICROWAVE LOldl ..L ..L =~J 

... ...l -
- - - - - -

: ' = COMPONENTS Stull& • ..L • .:. .. ..L R~ IIMPL. .. z·ilm~, 
- - - - -

FNIHorn .. ..L - .. .J.. Ml'l£R. ... 4, - '-1>'' .. '-19Si 
- - PowEll (j/V IOI. R - - -

-- " 1 
Rotary Jt I I -- -.- I - .. O...cl~ 1 I- 6 ..J.,~4 

lsolllDr _._ ..L ..L '(1AL (IL Tl"/l. z ... O..J.JB,t:. .. o~~ 
- .- - - . .... -

FERRlTE Clrcu'41Dr --- ..L - .. ..L 
.l. 

I 

ocv1as - - - .... _,_ _,_ - -
ModulllDr l. .. ..L -'- ...l --- - - - · - -.... _,_ -,-

Shifter - I I .l. ...l - - ..... -· _,_ -
RF FILTERS I I • - .L ..L -- - . .... -... -1-

HI ~TACE HIPOWlf' --- ...l .. ...l 
•1 I 

DIODE PACK 
-

MldPowef I I 

PULSE FORM Lo Volt - .. .J.. ..l #.94-<J - -
NEl\VORK Hi Veit , I I I I 

MRl :"0·102' 
200 



MRL RELIABILITY ESTIMATE ITEMNO. 
IAss~s,VI~ ~ -.. 

·. 
PREPARED DAU JOlllQU I Pt.OJ WEMllYN~ t?cv'-. I _sz: C.0..J.tA 11111 
APPROVED M'l. - d.~a NEXT AS SEMBLY PACE Of 

COMPONEN,s T"rC QUANT .R./106 H~ TOTAL F .R. COMPO' tNTS TYPE QUANT F.R./106 HR TOTAL !".R. 

Compos. II - l..Q.l..Olt LQ.LJ9t TRANSISTOR AJP,J 8 - .... /_jJ2.~ ... 10.J.!'' 

RESISTORS Film // 3 a.J.15"~ J1..JJ,28 PAJP 4- 31040 / 2 I /'G - llitnml & 
film Pwr - ~ - ..L - ComPtJler 14- .... 0_L413~ ... SJ.78~ 

DIODES -
Wire Wnd I I Rectifitr .... ..L _ ... 

$i-a20 
POTS Film ~ '.JJ&Q f'1_1,o Zener 7 - I I z,o - 0 11/~ () .~( WlnWNI I I MICROCIRCUITS o,c.11,i ~ 

mu ITanblu., 3 .. f..JJ~ ~ Cella 
--- ..L -- ..L --

CAPAC ITOR rtadrnlv 
.. ~,2~ .J.. - 1Z5 Pin - .- ..1.. - -- ..L -

~£"~~,t. • d.L.. - OID /1/~0 CONNECTORS >25 Pin ..L ...L - - _ ... -
VARIABLE ... vacuum - .. .J.. - I- ..L - --- ..L _ ... ..L -
CAt'ACITOR I I I I 

FIiament .. .J.. - .. ..L DC Aller ..L --- ..L -- - ---
TRANSFORMER Power ".J.. I- ..L - INDUCTORS RF & Chait ..L ..L -.. 0 1304 

_ ... _ ... -
lo Pwr PII 3 l) 1'1/2 Chg R11ct I I 

llltllvlr ..L .. .L 1£1AYS I I 
WCTROH 

_ ,_ -
TUl(S Pwrlect .J.. I- .J.. SWITCHlS Nol.Imp I I 

-i- -Xlllr , I I 1 • limp .L ...1.. SWITCHI\AMP _ ... -1- -
C.R.T.'S 

l • Gun 
- j_ .L ASSEMILY l • limp 

-1- .L .... .J.. -- --- -J • Gun , I I •·limp 1. I 

ltLYSTROHS I I INDICATOR 
1 • limp 

-1- ..1.. -i- ..L -
THYRATRONS I I NIN SWITCH! 2 • limp .L --- ...1.. -_._ 
MAGNETROHS I I •·limp I I 

T.W.T.'S I I IRUSH· .••.aao rpm -- ..1.. -- .J. -
AMPLITIIONS I I MOTORS L£SS •l,Cl00111ffl ..L .l. FANS -- -- -
TR OR All I I ILOWll IRUSH· s ,.aao rpm .L -- .l. -TYPE --
DUPLEXER I I > ,.aao rpm I I 

MICftll',IIAy[ Mlatr /-• ..L. - ..L 
QUARTZ CRYSTAL I I .. -t10DE Dlltetor I j_ 1[50.VER I SYNCHROS • I I -AlttnUII / -- .L • - .J.. DElAY RLC ..L ---

.J. -- ---
Dll'lttc,I V 

--· .L -~ ~ LINE Quartz I I 

MICltOWAVE lOldl / 

-- .L ... ..L:Ui-
: e±:44

441
-COMPONENTS -~ .A.. - - - . - -

Stull& 
- - ".J.." .:. .. .J.. M1eb~1lC1J1-r LJIJIA'l _:a, - ... o~ - =FEI· ftldHlrn 
-- .L -i- ..1. 1RANs,sr,~ 1 10 ... .3..JD~ ... 30~ - -· -llotlryJI ! I - - . - i -~ ..L -~ -L -

IIOllllr .L -i- .J.. I ..L _ ... .J. -- - - - - ---FHlllTE Clrcu•r 
-1- .L _,_ .L ..L I 

DEVICES - - - ·- ---
_ ... 

~ -
Modullllr -- J. -i- ..L ..1.. ...1. -- - - - _ ... _ ... 
Shiller • I I ..L --- .J. -- - ·- _._ 

RF FILTERS I I • - ..L -- .J.. -- - - _ ... 
HI VOl.TAGE HIPNtf 

-- .L ~ .J.. '1 I 
DIODE PACK -Mtd,..., I I 

PULSE FORM LI Voll -- .L _,_ ..L 1s,_~4~ -NET\'IORl HI Vtll I I I I 

MRl J0-11124 

201 



MRL RELIABILITY ESTIMATE llEM NO. 
IASS~~B~~17 

PR[PAR(D DAU JOI/EQt.11 PMENT 
AS~., ;LY N~ D ~ \IC ll. •fL'/1 APPROVED Al '{-d~d NE>CT ASSEMBLY PAGE OF 

COMP [ NTS l''r t QUAHT 6 .R./10 H~ TOTAL F.R. COMPC,' tNTS TYPE QUANT r .R./I06HR TOTAL~.R. 
Compos. 

_j_ - L.L TRANSISTOR I.J PN I - /_1_3~ - I _!)~ - - -Film 
r 

0 .J.L 5"~ 0-1..?i O I I RESISTORS .) -
General & FIim Pwr - .l.. - ..L - Computer ..L J_ -DIODES -- _.,.. Wlre Wnd I I Rectifier ..L ..L --- ---Film I 9~,Q_ 't_L3MJ Zener I I POTS -

Wire Wnd I I MICROCIRCUI TS IUl;./TAL ~ 0111 5" (J 157~ 
Tantalum 3 .. !.Jl~ ~~- Con ...L ..L FIXED - -,-. -- -CAPACITOR Electrolv ,- • .L I~ ... ..L - s 25 Pin ...L ...L - -- -- -CER1Jt.1 1C, 3 0101 Ot07~ CONNECTORS >~ Pin ..L ..L --- --VARI ABLE V~uum _ .. ...L - .. ...L - -- ..L -- ..L -CAPACITOR I I I ..J.__ Fillmtnt ...L - ...L DC Filter ...L .J. . - - - -- -- -TRANSFORMER Power ·..1.. ...L INDUCTORS RF & Chok ..L. ..L - - - -- - -- -Lo Pwr Pli I I Chg Ri!ict I I 

Receiver ...L .. ..L ~ElAYS I 2. 1 ~so 21S5a ELECTRO:~ - ,- -
TUBES Pwr Rect ...L - ..L SWITCHES No Lamp I I _,.. -Xmtr I I SWITCH/LAMP 

I • Lamp j_ .l. - - -- -C.R.T.'S 
I · Gun .. ...L ..L ASSEMBLY 2 • Lamp ..L .l. - --- - -- -- -3 • Gun I I • · u mp 1. I KLYSTRONS I I INDICATOR 

I · Lamp ..L .J.. -- -- -THYRATRONS I I INON SWITCH! 2 • Lamp ..L .l. 
r- -- -- -MAGNITRONS I I • · Lamp I I T.W .T.'S I I BRUSH· -s 6, IXXl rpm ..L .J.. MOTORS --- - -- -AMPLITRONS I I LESS > 6.IXXI rpm ..L .J.. FANS -- -- -TR OR ATR I I ILOW£R BRUSH· ~ 6, IXXl rpm .l.. .J.. TYPE 

_,.. -- -DUPLEXER I I » 6,IXXI rpm I I MICROWAVE Mixer .l. ... .l. QUARTZ CRYSTAL I I 0100( -- -Detector I .. .l.. R[SOl.VlR I SYNCHROS I I -AtttnUlt 
- - ..L - -- .l. DElAY RLC ..l.. .J.. - -- -- -Direct r.,c 
---· ..L. - - ..L 

LINE Ouartz I I MICROWAVE Loads 
--- .J.. j_ 

-,-. _J_q,n_ ... ..l.. COMPONENTS - - l!~Qe: - ! -Stui. _,_ ·.i.· .:.. ... . ...L M1CltAC1~u11 
-- 0~ -- lffil - -FNd Horn 

-- .l. . - .l. ..l.. ..l.. - - r - - 1-- -- -- -Rollry Jt I I ...L -1. - - -- -- -- -I sol1tor -,- ..L ·- - ..l.. -1.. ..1 - - - -... --- -- -fERR lTE Circ L1 1_.to, - ,-. ...L -- ..L ..L I DEVICES - - - . ... -- -- - -Modulator .1 -- ..L ...L ...l -- - - - .... _,__ -- -Shifter I I _J_ .J.. - - . .... - - -- -Rf FI LlCKS I I -- J_ .l.. 
~ - - -- -- ---- -HI VOi.TAG[ Hi Powtr -,-. ..L .. ,. ..L 1, I DIODE PACK Med Power I I 

PULSE FORM lo Volt 
-- ..L - ~ .l. ,,.¢,o NETWOkK -Hi Voll I I • I I · MRL 70· 1024 

202 



... .. 

MRL RELIABILITY ESTIMATE 
ITEMNO. 

IAS~B¥J~c.. 

, .. . 

·. PREPARED DATE JOll[QU I PMIHT A~~BLY~E/V~.0 2-

APPROVCO N' 'I. - ~e:-, NEXT ASSEMBLY PAGE Of 

COMPONENTS JV--rt QUANT .R./106 HI TOTAL f.R . COMPO' ~TS TYPE QUANT f .R./106 HR TOTAL :". R. 

Compos. ._..J.. - LL NPAI I 
.... 1. .. 1} 20_ .... 1..13~ 

- - TRANSISTOR -

RESISTORS FIim 3q - 0_1!5'~ ~''- PAIP " 3 104-0 ,,.zu 

FIim Pwr .J_ - .J_ 
I General & 1(- _ (J_Jjl3 __ ~..u,t 

- - Com11Uter 
0100£S -

WirtWnd • I I 
Rectlfirr 

A - - ...L -- ...L 

POlS 
Film 3 9jJ'-Q 2~io Zener / I U.0 , o ,oaa 

- (JI//~ 3 ,t..'io 

Wirt W11.t I I MICROCIRCUITS tJIGITIU. ~~ 

FIXED 
Tanb1,, ... 4- - ._ l..lf~ Tille c ... -- ...L -- ..J.. -

CAPACITOR 11:cA 3 - '- (.J!!~5"~ w1~J sn Pin -- ...L -- ...1.. -
(_[DIU.l./t'. I I (J Ill 7 0•'l1 CONNECTORS "'25 Pin ...L ....L -- --- -

VARIABLE .YKUUffl -- .J_ - ► ..J.. - -~ ....L -'- ..J.. -

CAPACITOR I I 
I I 

fillment 
- .J_ -

.J_ 
OC filter _..., ...L -1-- ...L -

- -
TRANSFORMER Power - .. "..L - ► ..J.. - INDUCTORS RF & Chok -'- ...L -'- ..J.. -

lo Pwr Pis I I 
Chg R11ct I I 

Rltllwtr ..J.. - .J_ 
RBAYS I I 

WCTR<Jt -- -
TUHS 

PwrRld .J.. .... .L SWITCHES Nol.Imp I I 

_ .... -
Xllllr I I I 

I • I.Imp .L .J... :. 
SWITCH/LAMP 

_...._ _...._ 

C.R.T.'S 
I· Gun ... .J.. -1-- .L ASSEMILY 

2 .. l.111111 
-1.. .L _ .... -1. -

- -
J- Gun • I I 

4 - Limp •• I 

KLYSTRONS I I INDICATOR 
I· Lamp _._ ...L _...._ ..J.. -

THYRATRONS I I IN0N SWITCHt 2 - I.Imp _._ .L -- _j_ -

MAGNETROHS I I • - Limp I I 

T.W.T.'S I I IRUSH· S6,lll0n,m -- .L _ .... _J_ -
AMPLITRONS I I 

MOTORS LESS • 6,lllO n,m .L -1. 
FANS 

-'- -- -
TR OR ATR I I ILOWH IRUSH- 1 6,lllO rpm 

-'-
.J_ - .... -1. -

DUPLEX£R I I 
TYPE • 6,lllO rom I I 

MICllOWAY£ Mlur -- .l. .. .L QUARTZ CRYSTAL I I 

.. -
DIODE Dlllctor I ► j_ RESOLVER & SYNCHROS • 1 I 

-
Allenud .... .L ► .J. DBAY It l C _._ ..J.. -- _J_ -

- -
Dlrttlc,I - -· -..L ► .J. 

LINE 0111rtz I I 

-
MICllOWAVE La ~- .L •• - .l. 

_ .... ...1.. _ .... 
~
~_J_ -

COMPONOOS 
- - - ..... 

Slullll - - ·-1.· - ..J.. 
Mlt.1./JCIA.CUIT J;!AJIAll._ I..' - .... o_i_,n_.._ z 

- -
F•Hlrn .... .L i- -1. - - .. 

~ -L .J_¢Q_.._ _J_ -

- - -
Rollry Jt . I I fRANCl'1t'l L.£,r. . ..... 9 _._ ~ ._ 9.1.12f 

IIMIIII' i- ..L - .J. 
- . I.. _.__ ..J.. _ .... ...L -

- ·- .- -
FERRlTE Clrcu'4tor _ .... ..L .. .J. 

.l. 
I 

DEVICES - - - - ....... _...._ -~ _.... -
A1ldulllll J. i- ..L 

...1.. ..1.. -.... - - - - . I.. -1.. -~ 

Shifter · I '·- - .. .... _., ..L _ .... ....1.. --
RF FILTERS I I • - - .. '-

_...._ .L _...._ -'- --
HI VOL.JAG( HI~ . .J. .J. 

It I 

_., -
DIODE l'AClt ,. .. ,.., I I 

PULSE FORM uv.n _ .... .L -- .L - 1 ·t :• 2 

NC1\YOlllt HI VIII I I I I 
. 

MRL 10-ION 



----

MRL RELIABILITY ESTIMATE ITEMNO. 
IAS_ C/SEM_B~NO.., 

17, 2::1 
PRCPAR(D DAlE JOI/EQU I PMEN f ASf1EMll Y ~' .'~ hl TEii. 

I.;} 'I. - 4 <; 0 
/t;.!"f'A£... 

APPROVED NEXT ASSEMBLY PAGE Of 

COMPONENTS T",t'. QUANT .R./!06 H~ TOTAL F.R. COMPO' ~TS TYPE QUANT F.R. /106 HR TO Al r. R. 

Compos. LL - LL TRANSISTOR .J.. ..L - - -- -... -
RESISTORS Film Z2- - ~~~ .3_&32- I I 

Film Pwr ..L .. ..L 
General Ir 

- - - Computer ..1. ..1. DIODES -- _,.. -Wire Ylnd I I Rectifier ..L ..L --- --
rots film J_ ..L Zener I I 121.o / 1 2111 - -

w,re Wnd I I MICROCIRCUI TS tJ&rr4L 1'i 0 , ,,~ 4-1l>Z~ 

FIXED hnt.al""' - ..L - ..L - Coll ..L ..1. -- -- -
CAPACITOR [llldrolv ..L ..L - s Z5 Pin ..L .l. - I,. -

(J ·~ 2~ CONNECTORS --- -- -eu.A4f,t, 01150 > 25 Pin ..1. .J_ --- -- -VARIABLE V,cuum - ..L - .l. - - _,.. ..1. -- .J_ -CAPACITOR I I I I 

Fil1ment ..L - ..L DC Filter ... .J.. --- .l. --- - - -TRANSFORMER Power - ·.1.. .l. INDUCTORS RF I Chok I _OJJ2~- o .lfZ~ - - - -lo Pwr Pl5 I I Chg Rt.1ct I I 

Rettlver ..L - .l. 
ROAYS I I EUCTR~ - -

TUIES Pwr Ritt 
- ..L ... ..l. SWITCHES No um, I I - -

Xmtr ! I I I-ump .l. ..l SWITCH/LAMP -- _,.. -
C.R.T. 'S 

1- Gun ... .J_ .L ASSEMILY 2 - um, .l. .l. - - -- ·- --- -- -3 - Gun , I I •-ump 1- I 
KLYSTRONS I I INDICATOR 

1 • ump J_ .l. --- --- -THYRATRONS I I INON SWITCHI 2-ump .l. .J. - _,.. _,_ -MAGNETRONS I I • · ump I I 
T.W.T.'S I I IRUSH· s i , IIXI r,m .l. .l. 

MOTORS --- -- -AMPLITRONS I I USS > l,IIXI rDIII J_ ~ FANS -- -- . 
TA OR ATR I I ILOWCR IAUSH· ! 6,IIXI rpm J.. .l. TYPE --- -- -OUPIEXER I I > 1,IIXI rom I I 

MIC O#AY£ Mlltr 
-- ..l. - _j_ 

QUARTZ CRYSTAL I I 
0100[ -Detector I j_ RESal. VER Ir S YNCHROS • I I -AttenUil 

-- .l. ..l. DOAY RLC .l. .l. - - - - _,.. -Direct r; .. 
--· -_i. .l. LINE 0111rtz I I -MICRO#AVE I.Aids 
-- ..L .L .l. ...L COMPONENTS - - - - -- -- --- -Slubl -- ·..1.· - .J. .J. .l. - - - - --- -- _,_ -FNdHorn 
-- _j_ -- ..l. ..l. ...L - - - -- -- _,_ -Rollry JI l I j_ ...L -- - -- -- ---lsollllr 
-i- .l. .. .l. j_ .l. - - - - -.. -- -- -FERRITE Clrcul.llor 
-i- ..L _ ,_ .l. .l.. .l. DEVICES - - - -- -~ --- -A'Odulllor .L ,.. .l. -1.. .l. -- - - - - -... -- --- -Shl/llr - I I j_ .l. - - -... -- -- -RF FILT(RS I I • - .l. j_ - - -... _,.. -- -HI VOLTAGE HI Power ..!. .. ..l. ~ .l. '• I 

DIODE PACK -A\ld Power I I 
PULSE FOAM lo Volt ·- - ..L -- · J.. 9,:,,2 -N£1\'IOAK Hi Voll I I I I 

MRL 10·102• 
~ 

204 



-. . 
'• . 

PREPARED 

APPROVED 

COMPONEtHS 

RES ISTORS 

POTS 

FI XED 
CAPACITOR 

VARIAILC 
CAPACITOR 

TRANSFORMER 

WCTR~ 
TUIES 

C.R.t.'S . 

KLYSTRONS 

THYRATRONS 

MArMETRONS 
T.W.T.'S 
AMPI.ITRONS 
TR OR ATR 
DUPLEXEr 

MICROWAVE 
DIODE • .. 

MICROWAVE 
COMPONENTS 

FERRlTE 
DEVICH 

Rf FILTERS 

HI VOLTAGE 
DIODE PACK 

PULSE FORM 
NEl\'IORl 

MRL 10·I0M 

MRL RELIABILITY ESTIMATE 

MT£ JOl/£QIIPMENT 

Mv. - <1-r1 
T"rE QUANT .R./I06HF TOTAL F.R. 

Compos. - _j_ - LJ_ -
FIim 4, - U.JlS"f o~z4 
FIim Pwr - .J.. - ..L -
Wi rt Wnd I I 

Lflli!L__ - - - J... - j_ 

WluWnd I I 

IT.1ntai. i 111 .J.. - ..L - -
r1.,..,...., .J.. ..L 
eaAM1e. 4- - 0 102? o, ,tri 

J'KUUIII - .J.. - lo .J.. -
i I 

Fillmtnl .. ...L .. .J.. - - -
Power lo "...L lo .J.. - - -
l.311'wrrts I I 

Rltllwer .J.. ... ..1. -1- -
ll'wrRld .J.. ... j_ _.,_ -
Xlltr ! I I 
I· Gun ... ..l.. --- J... - -
J • Gun • I I 

I I 

I I 
I I 

I I 

I I 

I I 

I I 

Mlur - - .J.. - ..L -
0-. I - .J. 
~lllnull 

. -
, .. ~ .L . - • .J.. -

Dll'ldc,I --· ·:.L - • ..l -t• -- .J.. - • ..L -
Slulll - .. • . .1: .:. .. ...1. -
FIN Hirn .. ..1. - .. .J.. - -
RlllryJt I I 

IIIIIIDr -- ..l - .. .J.. -
Clrcu.., -- .J.. - .. .J.. -__, J. -- .L -- -
Shlftlt - I I 

I I • 

HIP_, - .. .J. .J. -MN,_, I I 

Lt Volt .L .l. -.. •lo -
HI Veil I I 

ITEM NO. 
1As~r,,ia-2 

ASl?,'f-ft,' T, AA ~IJ.. 
NEXT ASSEMILY PAGE Of 

COMPO' tHTS TYPE QUANT f .R./106 HR TOTAL ~. R. 

TRANSISTOR 
_ .., ...L -- ...L -

I I 
Gen1r,I & 
Computer ..l.. ..L - ... -DIODES - ~ 
RtdiRer .J.. .l.. _ .., -- -
Zener I I 

MICROCIRCUITS D1r.11,L 3'1 0. ,,~ 4- I :lJt( 

Coll .J.. • I- ..l.. -- -
sz, Pin .J.. -1- ...L -

CONNECTORS -->25 Pin ..l.. ..l.. --- -1- -
---

..l.. -- ..l.. -
I I 

DC FIiter .. ...L .. ... ..L -I . -
INDUCTORS Rf & ChOII ""O.J125.: ... ~ .J?Zf -

ChtR•ct I I 

ROAYS I I 

SWITCHES Nol.Imp I I 

I· Limp ..1. .J. 
SWITCHMMP - ... --- -

, • l.111111 I 

..1. ..1. ASSIMILY -1-
_.,_ -•·u•, I I - I 

INDICATOR 
I · Llffltl .L --- ..1. -_.., 

tfON SWITCHI I· LIIIIP J... .J. - ... - 1- -
• • LIIIIP I I 

IRUSH· • 1, 111111,.... .J.. -1- .J.. -
MOTORS ---USS -..1,uaorvm .J.. ..1. 
FANS --- -- -
ILOWU IRUSH· o.mo rr,ni .J.. -- ..1. -

TYPE .. ,.mo ,;;- -- I I 

QUARTZ CRYSTAL I I 

RESOLVER & SYNChROS • I I 

DBAY RlC .J.. .J.. -- ... --
LINE Quartz I I 

- - ... -- .J.. -1- ...1.. -- - .... -- .J.. --- .J.. -- - -- -- ..1. --- ...1.. -- - -- -- .J.. -- ..J. -- - ·- -- .J.. ---
.J.. -

- - - -- ..l.. -1- ' ....... -- - . - -- .J.. -1- ..1. -
- - -- -- ...L -- ...1. -- .L -1- .J.. -- - ... - ... ,, I 

I I 
(4.34 



MRL RELIABILITY ESTIMATE ITEM NO. 
IA~¥i Lt11 

PREPARED DAlE JOI/EQU I P~l i~W~TE M1J/-TIPLIE~ 
APPROVED J,1'(. - 4 ~0 NEXl ASSEMBLY PACE Of 

COMPON EtlTS TYFE QUANT 6 .R./ltl Hf TOTAL F .R. COMPO' tNTS TYPE QUANT F.R./106 HR TOTAL r.R. 

Compos. L...L -~ TRANSISTOR ...L _.._ ...L -- - -,-

RESISTORS fllm 5" _ O.J..! 5~ O_u~O I I 

Film Pwr ..L ...L 
I uener,I & 

- - - Computer _j_ _j_ -
DIODES - ... ---

WireWnd I I Rectllier ...1 ...L --,- -1-

POTS FIim .L - ..l Zener I I - 3 I <i<"'d Wire Wnd I I MICROCI RCU ITS /)1&/TlL. ~ 0 ' //~ 

FIXED 
IT,nbi., .. - ...L - ... ...L - Con ...L _j_ -_,_ --

CAPACITO I [lectrolv - t ..L - I- .J_ - '2S Pin ..L ..L 
d, CONNECTORS 

_ ,_ -- -
CERIIJJN fJ 101~ (j , ,rn ,. 25 Pin ...L ...L - - -- -- -

VAR IABLE JKuum - ..L - ... ..L - --- ..L _,_ ...L -
CAPACITOR I I I I 

Fillment .L ,- ...L DC FIiter ... .L --- ...L -- - - I . -
TRANSFORMER Power "...J... ... ...L INDUCTOR'S RF & Chok ,.. O..LZ1S:..,. 0 ..112~ - - - -

Lo Pwr Pis I I Chg R11d I ,_L_ 

Rctivtr ...L ... ..L RD.AYS I I 
ELECTROO - -
TUBES Pwr Rct .L ... ..l SWITCHES No Limp I I - -

Xmtr ! I I I - Limp .L i SWITCH/lAMP -,- -1- -:-

C.R.T.'S 
I · Cun I- _l,_ ..L ASSlMILY 2 • Limo .l. .J_ -- - 1- - -- ---
J • Cun • I I • · Limp 1- I 

KLYSTRONS I I INDICATOR 
l • Limp ..L -1- ..J. --t-

THYRATRONS I I INON SWITCHI 2· Limp .l. i --- -- -
MAr.HETRONS I I • • Limp I I -
T.W.T. S I I BRUSH· s 6,000 rpm ...L -- ...J.. -MOTOIS USS --
AMPLHRONS I I ,. 6.000 rpm ..L ..l. FANS -- --- -
TR OR ATR I I ILOWCR BRUSH· i It, 000 r,m .l. .J_ -TYP( -- ---
DUPLEXER I I ,. 6,000 rllffl I I 

MICROWAY[ Mlm 
-- ..l. -- .L 

QUARTZ CRYSTAL I I 

DIOOC -Dltctor I ... j_ RCSOLV(R & SYNCHROS • I I -Alttnuet 
-- .J_ .. .L DBAY RLC ...L ...J.. --... - - --- -- -

Direct Cpl _..,. :..L ... .l. LIN£ Q111r1J I I -MICROWAVE lollds .J_ .. ..L ..L -1. 
OMPONOOS - - - - - -,- _,.. -- -

Stulll ·.1.· • ..L ...J.. - -.. ~ - - - -- _,_ -- -
fllllHor 'I 

--- ..L ... ...1. ...1. ...J.. -- - - - -- _,_ --
llellry Jt I. I -... ..L _.., ...J.. -- - --,.., 

..L ...1. ...J... ...J.. - - .- - - . -- --- -- -
ftRRlTE Clrcu•r -- ..L -1- ...1. ..1.. -.. ..L -DlVIC[S - - - . - ---

Aladulltot .1 ~ .J. .L .J_ -- - - - - . - _,_ -- -
Shlfllr ' I I ..L ...J.. -- - - . - --- --

RF Flll[RS I i 
. j_ ..L - --- . -- _,_ --

HI VOl.TACE HIP...,. . .J. ..L 1, I 

DIODE PACK --- -_,..., 
I I 

PULSE FORM to Volt -- .l. i- · J. ¢..~r~ - -hrn'IORlt Hi Volt I I I I 

MRL 10-IOH 
206 



. , 

-- --

·-·. MRL RELIABILITY ESTIMATE 

PREPARCD DA1£ JOMIII I PMBU 

APPROVED 41~ - !(I 

COM?ON[NTS T"7t: QUANT r .R./1D6 HI TOTALf.R. 

Compos. LL - LL -
RESISTORS Film 

,;- -
0~5"'- O_uiO -

Film Pwr - ...l.. - ...1.. -
WirtWnd I I 

POTS film .L ..l - ► -
Wir1Wnd I I 

FIXED 
I T1ntal11• -· ...l.. - .. ...l.. -

CAPACITOR flartn,lv ...l.. ...l.. " -.,., ~61.f1' o ,~2r 0 ,,,f 
VARIAILE V1tu11• - .J_ - .J... -
CAPACITOR I I 

FU.Nil .J_ - ...l.. - -
TRAHSFORMH ,..., • .J.. - ..L - -

Le Pwr Pis I I 

lalvlr .J_ I- ...l.. WCTRCW -► -
TUIES 

hrRct .J_ I- .l. -i- -
Xlltr , I I 

C.R.T.'S 
I· Gun .. .J_ .L - -.. -
J • Gun • I I 

KLYSTRONS I I 

THYRATll0NS I I 
M.\GNETll0NS I I 
T.W.T.'S I I 

AMPllTRONS I I 

TROI AYR I I 

DUPllXU I I 

MICROWAy[ NJ11r 
-'" .J.. - .l. DIODE • -0.. I -· .l. Alllnull -· ...l.. . - ...l.. -

Dhld Cfl 
-1-· ·.J. - '" .J. 

MICROWAVE la ,;_'" J. -i- .l. 
COMPOflNTS -

Stull - . ·..1.· .: .. .J.. -
F•Hlffl 

I- .l. -i- .J. - -letllyll I I 

lsallllr 
-- J. -i- .J. -FUllTE Cilcu_, _,. .L _,. ...l.. 

DEVICU -A' .... ..L -i- .J. • I- -St.llllr ' I I 

Rf FILTERS I I • 

HI VOUAGI Hi,_ ... '" .J. .. .J. 
DIO:IE PAClt ,.~.,_, -I I 

PU~SE FORM Le Yell J. -~ . ..L -~ -NET.",'Oll Hi Yell I I 

ITEM NO. 
ASft',lT1 

A_iS~~~ ._ ~iJ I ~~n. // • '~ 11 f'l!,: ~ ·-
N[Xl ASSEMILY PACE Of 

COMPCI cNTS TYPE QUANT F.R./106 HR TOTAL ".R. 

TRANSISTO!I -- ...L _ .... ...L -
I I 

Gtntril & 
Computer ..L ...L 

DIODES -- _._ -
Rectifier ...1.. ..L _ .... _ .... -
Ztner I I 

MICROCIRCUITS lll.4:a ,rt.'- 22 0 1115 2.1530 
Coax ...l.. --- ..L 

--- -
• ZS Pin ..L ...l.. -_ .... _._ 

CONN£CTORS >25 Pin ..L ..L ---
_._ -

_.,. .J... _ .... ..L -
I I 

DC fllttr - .... .J_ '. 2.( .... ..L -
INDUCTORS RF & Chot I .... o.J.1 .... O~l~ -

ChtR-1 I I 

RWYS I I 

SWITCHES Nol.Imp I I 

I • LIIIIP .L .l. SWITCH/WM' 
_._ -1- -

ASSIMILY I· 1..11111 J.. _.._ ...l.. -- -►-
, - Llap ,. I 

INDICATOR 
I · I ~MP - . ..L -1- ...l.. -

IDI SWITCHI I· Limp .L .l. -- -.... -
• · LIMP I I 

IRUSH· s ,.11111 ram - .. J.. _._ .l. -MOTORS LESS " ,.11111 rD111 .l- .J.. 
FANS 

_,. -- -
ILDWU IRUSH· s '· 11111 rom -.. ..L -- ...l.. -TYPE .. t, 11111 rllffl I I 

QUARTZ CRYSTAL I I 

IESOLVH I SYNCHIOS ·, I 

DBAY RLC ..L .l. -_.._ --LINE Oulrtz I I 

- - -- _._ ...L -- .J.. -- - ..... --- ..l.. -- ..1. -- - ..... --- ...l.. _,.. -1. -- - . - -- .J.. -- -1. -- - . .... _.._ .J... -- -1. -
.J... 

I - - ..... -1-
_._ - -- - .. -►- -'- -1- -1. -- - ..... _,. -'- _._ -1. -- _.._ ..L -.... ..L -- - . ... ., I 

I I 
3.&3~ 



MRL RELIABILITY ESTIMATE llEM NO. IASS~~. M!ILYJ~ - 17 I PREPA RED DAU JOI/EQUIPMfMT A5J~ffi8lYNI~ M ·MaTJ.lel) 
APPROVED M • 4 ~{) NEXT ASSEMllY PAC£ Of 

CO/, POI [tnS T"; i: QUA.NT .R./106 HF TOTAL F. R. COMPO' ~TS TYPE QUANT f .R./106 HR TOTAL ~.It 
Compos. 

L.1. - _.L TRANS ISTOR I.JPAJ I - wa,_ -- I.J]~ - - -
RESISTOR S Film ~ O.JJS'~ i- tJ_jJU. I I -

General I, mm Pwr - ..J... - ..L - Computer ..L ..L ..: _ -OIOOES --Wire Vind I I Rectifier ..L ...L - "" -- -POTS Film .L j_ Ztner I I - -Wirt \'Ind I I MICROCIRCUITS I I 
hnt.a l11m g - ... , .J]flJ~i 

.. ~cro_ CoH I ... '.J..1!60_,.. C.J!&Q FIXEO -PAC TOR .\110~ z .. OJ...°" O..J...010 slSPln ..J... ..L -q - .. 0122f CONNECTORS 
_,.. _ ,... 'aR1J1r1,a 0 10 2 > ZS Pin ..L ...L -- - ,- -VARIABLE ._Y.cuum - ...L - ..L - -"" ..L - t- ..J... -CAPACITOR C£~AM1e 

, 
D110I. 

0 ''°' I I 
I 

fil.iment ..L - ..L DC Flltnr 
- ..L (~ ,.. ..J... -- - ~ -TRANSF-OflMER Power .. '_j_ ..J... INDUCTORS RF I, Chok "" 0..1)2. t- O..JJ~ - - - -lo Pwr Pis I I Chg RIICt I I 

Rlttlvtr ..J... .. ..J... ROAYS I I WCTROO - -
TUBES Pwr RIC\ ..L .. ..l SWITCHES No Lamp I I _ .. -Xmtr I I I I • Lamp ..L ..l SWITCH/lAMP -t- -t- -C.R.T. 'S 

i - Gun .. ..L .L ASSEMBLY Z • limp ..J... ..l -- -- - _,_ _,.. 
) • Gun • I I • - Lamp 1- I 

KLYSTRONS I I 
INDICATOR 

I • Limp ..L ..J... ---- ---THYRATRONS I I NIN SWITCHI Z • Limp ..L ..l ---- _,_ MAGNETRONS I I • - Limp I I 
T.W.T. 'S I I HUSH· s '· 11111 l1lff ..L ..l -MOTORS -,- -,-AMPLITRONS I I LESS .. ,.011Dn1111 ..L _J_ FANS -i- _,_ -TR OR ATR I I ILOW£R IRUSH· 1 •.11111 r,111 ..J... ..J... -TYi'[ -.. --DUPLEXER I I .. , .11111,,. I I 

MICROW~ ~/E Mlm _,. ..J... .. ..J... QUARTZ CRfSTAL I I -0100£ Dltector I j_ Rt:S11.YH I SYNCHROS ·, I -AHenull _ .. ..L .J. DBAY RLC ...J... ..l -- - -- ---Direct r.,c 
- -· :..l I- .i LINE Quartz I I -MICROWAVE I.Aids 
-- ..l -1- ..l 

- ..L '.3' .. _J_~ 
COMPONENTS - A,11JEa Dr.JlliE./l. - - -.. -Slulls ·- - ·.1.· .:. .. _J_ I / _ O.l.4 .. a...1.5 - - - -"" -Feed Horn 

- ..J... - .. .J. .,1Gioc,cc1.11T 

~
IIE',Mi'· I .. (J.J..lat)_ 

o_JJ~~ - - I.~ suu~,v .. ~ -
: 2~41 

Rollry Jt I I I 2/ --~"19_ 

~
12·! 

... I -llo>lllor ..l .J. />If.ITAL ~CA«'c/ 
1- ' 2, - :.i.Z80 .. 1 -1.s-,

1
0~ - - .-

()1C11• t t, .. gv :1-1..'-!t 
ffRRlTE Clrc111tlor - .. ..J... .J. ll-~ .. I - .. 7..!.l,3 D(VICES - -AlodulllDr - .. .l. - - ..J... ..J... ..J... - - - -I- -1- --- -Shifter - I I _J_ _J_ - - -.. _,_ . ... -Rf FILTERS I I • - .L .l. -- ·- . .. --- --HI VOlTAG( HIP••r 

-- ..l ..J... ., I . -DIODE PACK MedPtwtr I I 
POLSE FORM lo Volt ..l .L s-,.~" _,_ 

-i,. -NETWORK HI Volt I I I I 
MRL 70·1024 

208 



MRL RELIABILITY ESTU,ATE HEM NO . 
IAS~W~·, 

-- . 

,• 
PREPARED DAU JOIIEQUI PMfHT 11~~'81.k~'IU~ 8D . 

APPROV(O //; (. - ¢ ~<J NUCT ASSEMILV 'f I 1¢3 / PAGE OF 

COMPONENTS T"i'C QUANr .R./106 Hf TOTAL F.R. COMPCI' tNTS TYPE QUANT F.R. /106 HA TOTAL ~.R. 

Compos. / 2 - L..Q..J_Otl LQJ_2t~ TRANSISTOR 
AJPA/ 2-- - i- l..l.J2£t~ ~~ 

RlSISTORS FIim I a ..l.L~tt O..l}~, I I 
-

FIim Pwr ..L - .. ...L 
IGener,I & 

- - Comouttr ..L ...l. 
DIODES 

-i.. 
_._ -

WlrtWnd . I I Aec:tltitr ...L ...L 
. -i-, --- -

FIim J_ - .l. Zener I I 

POTS -
WireWnd I I MICROCIRCUITS I I 

h11ti1lu• -
'- ..L ti 

..l... Coll ..L -'- ...L -
FIXED .O.JP2t 

---

CAPACITOft 'Nlt/4 5 - 1-0~ • 25 Pin 
--- ...L -'- ...L -

( ~AU'Jt' " 010? tJ 1 /t;O CONNECTORS •25 Pin ..L ..L --- --- -
VARI A Bl£ J!(UUIII .... -.. .J.. ,!, ..l. -- ...L -~ ..L -
CAPACITOft CfRt,M /C. ~ " 1,t!I O •0/9- I I 

Fillmn -.. ..L - I- ..l. - DC Filler -I- ..l.. ;~- ...L -

TRANSFORMER Power ... ·~ - .. ...L - INDUCTORS RF & Chok 4, · _a~2 ~ j .J}:f! 
- -

lo Pwr PII I I ChcJ Rlld I I 

llalwr ..l. - ... .L IIBAVS I I 

DLCTR~ 
_._ 

TUIES 
Pwrllld .J.. - ... .J. SWITCHES Nota, I I 

_._ 

• Xmtr l I I I • limp .L ..L .:. 
SWITCH/lAMP -~ - I-, 

C.R.T.'S . 
I· Gun -~ .J.. _ ... J_ - ASSlMILV I• L,1111 _ .... .L -'- ..L -
J • Gun • I I •- LJ•• I. I 

KLYSTRONS I I INDICATOR 
I • limp -- J_ -- ..1. -

THYP.ATRONS I I IN0N SWITCH! 2 • L,111p .L --- ..L -_._ 

MAr.tmRONs I I •• lJ!llp I I 

T.W.T.'S I I HUSH- • ,.111111 n1111 - .L -- ..1. -
MOTOIS -

AMPLITRONS I I USS • ,.111111 l'lffl ..L ..1. 
FANS --- -- -

TIIO~ ATR I I llOW£R HUSH· 1 ,.111111 , .. - .L --- ..1. -
TYPl -

DUPL.lX(II I I • ,.111111 r1111 I I 

MICROWAVE Mlur -- ..L I,.. .J. QUAfflCIIVSTAL I I 

-
DIODE Dllldlr I .. j_ R£S~Y£R I SVNCHROS • I I 

-
Allln&MI _.,.J_ · _ . ..L - DIIAV RLC 

-'- ...L --- ...l. -
Dlrldc,I _ .... -.L .J. 

LINE Quartz I I 

-
MICROWAVl LN .:.. ... .L .L _ ... ~ 'i ... ...L -
COA\PONOOS, - - -- _.., 

Stulll - .. ·..1.· I- ..l. MttE~ I _._ l...1...SI ... 1...1.SI~ 
- - - - --

flNHont ... .l. ..L - _._ ..L _._ ...1. -- - - - --
lollryJ\ I I -- .... _ ... ..l. -i.. ...L. -
ISGllllr - .. .L -L. ..L --

_ ... .l. --- ...l. -- - . -
FElllff Clrcu.., - ... .L .. .l. ...L I 

DlVlaS - - -- .... _ ... -'- - -,._,...., J. .. .L ...L ..1. -- ... - - - - . - _ ... _._ 

Shllltt • I I -L.. -1. _ ... ...l. -- - . -
MFllTlRS I I • -- - . - _ ... J_ _._ ..l. -

HI VOLTAG( HIP__, ·- .. ..L L. ..L 
1, I 

tl00£ PACK -MIii,_ I I 

PUI.SEFORM Lt Ytlt -- J. .:... .. J.. - ~,,q 
N£1WOIIK HIVllt I I . I I 

Mil .. 102. 
209 



MRL RELIABILITY ESTlfAATE IT[MhO. 
A~~~B~Y~-- iJ I 

PR[PAR£D DAU JOIIEQUIPMEHJ l'i~f/:t~··J'~rA1 ~ut;, /f,1) 
APPROVW o/l t - t~a HOO ASSEMILY 9/?f.J / PACI Of 

COMPOt·mtrs T",i: QUANT ~.a.no6 H~ TOTAL F.R . COMPCI tHTS TYPE QUANT f.R./lo' HR TOTAL '.'. R. 

Compos. -7 ll 101t ..i.J..''; TRANSi STOii ... ...J.. _ ... .L --
RESISTORS Fllm 2. O.J.iS~ o..J} '" I I -

FIim Pwr ..L - " .l.. 
Gtntr•I & 

~ ... a..J!.1tt-- 0~ - - Compuie, 
DIOOCS -

Wirt Vind I I RICtlfltr .l.. .l.. _,_ -,- -
POTS FIim .L - .l Zener I I 

- ► 

Wire Wnd I I MICROCIR~UITS I I 

ITanll l11• 
I,, ..L~ .. .J..~1i 

Coll ..L ...L -FIXED 
I = 

--- - ... 
CAPACITOR iJIICA a.JI' ,.O.J/1 •ZS Pin ..L ...J.. -

CONNlCTORS -... -,:-

(lb.Mt~ ~ 0 10 010 .. z, Pin .l.. ...L _,. --- -
VARIAll! y ......... -► .L - .. ..L .l.. .J.. -... - -,- -,-

CAPACITOR I I I I 

filament .. .L - .. ..L DC FIiter .L .l.. -- - _,. ---
TRANSFORMER ,.., .. . .J_ .. ...J.. INDUCTORS If & Chok .J_ ..L - - - -,- _,_ -

lo PwrPII I I Qelllld I I 

Rltllvtr ..L - .. J.. IBAYS I I 
WCiRON -► 

TUICS Pwr llect .L - ... .l. SWITCHES Ntl.111111 I I _,. 
Xmtr I I I l • LI"" .L .J. SWITCHILAMP _,_ _.., -

C.R.T. 'S 
l • Gun "" .J. - .. .L ASSIMILY l·LI• ..L .J. -- - -i-

_,_ 
J • Gun • I I •-- •• I 

KLYSTRONS I I INDICATOR 
l • l.111111 ..L .l.. -_,_ ---

THYIIATRONS I t tDI SWITCH) l·LNi, ..L .J. --... .... 
MAGN£fRONS I I •·• I I 

T.W.T.'5 I I IIIUSH· •t.llDD,.. .J.. ...1. -MOJOIIS -... --
AMPLITRONS I I L£SS .. ,.a,_ I ..L · ...1. 

FANS 
_,. .... -

TIOI ATR I I ... IIIUSH· 1 6. IIDD 1J11 I ..i. -1. 
TYPE -... --- -

DUPL£XER I I ..... ,.. I I 

MICIOWAy( _ Mlur - .. J.. ... .1. QUAITZ CRYSTAL I I -DIODC Dtlltllr I .. j_ IUOLVU ' SYNCHAOS • I I -AlllnUII _,. ..L _,. -1. IIBAY ILC .J. ...J.. -- -.- -.-
Dlrstc,I _,.. :.l .. .J. LINE Quartz I I -MICIOWAVl ... ~► .l. . .l. .. ...J.. "- ... ...1. -- - -- . - · -COMPONENTS Slua _,. 'J.' .. ...J.. l,41e~,!,iCUIT 1.j!i,1.1,_ I I O.Jil/J - - ... 13 - ,.0.ll -P-

flllltllrn ... .J.. _,. J. jfµU,_ .. 0~1t ... ?..Jld) - - ... -
lllllry.ft I I - ... -- ...J.. -,- .J. --llllllot _,. J. - J. .J. ...1. -- .- -- -.... -- _,_ 

FtlllTt Clrcu_, 
-- ..L - - -1. 

I ..L .l. 
DCYICD - -- -· -- _,_ -,.__, 

..L .. ..L ...J.. -1. _,. - - -- --- --- -- -
Sllilllr • I I _l,. ...J.. -- .... -- -- -

RF FILTUS I I • - .L ...J.. -- - .... -- ---
HI VOl.TAGl IIP- --- J. .l.. •1 I 

DIODC PACK -.... ,_ I I 

PULS( FORM LIVIII - .. J. _,. .L 9.28d -NOWOll N!VIII I I I I 

t.\llL 10-1• 
210 



MRL RELIABILITY ESTlr.tATE 
ITEM NO. 

IAft'!~~:. i1 2 
·-

PREPARED DAU JOI/EQU I PMDtf l~~~\Bl~;~AJ. M I~ /,b t,,2> 
APPROV£D M'I- 4~a HOO AS SEMIL Y '1174~1 PACE Of 

-COMPONENTS T"; ( QUANT .R.II06H~ TOTALF.R. COMPCI' tNTS TYPE QUANT F.R./106 HR TOTAL !" . It 

Compos. ' 0 1016 w._1ot TRANSISTOR - .... ..L -- ..L -
-

RESISTORS film 
, O.JLS"'-. D...1..312 I I 

-
FIim Pwr .J.. - .. ..L 

ICiener,I I, 

4- - .... o _i!t1_ .... /_tii~ 
- - Computer 

WireWnd I I 
DIODES Rectifier ..L ..L _.._ --- -

POTS 
FIim .J.. - .. i. 

Zener I I 

-
WireWnd I I MICROCIRCUITS I I 

IT1nbllu111 
.. .L ~f ..L -

CCIII --- ..L _ .... ..L -
FIXED -
CAPACITOR Nit.A ,. .. o..uo oi,01,i 

• Z5 Pin ..L _ .... ..L -- CONNECTORS 
-~ 

Ul.11.11 11 ~ 0 102 OW1 >ZS Pin ..L ..l.. 
---

_.._ -

VARIAllE ..Y!CU""' -.. .L - ..L - --- ..l.. --- ..l.. -
CAPACITOR I I 

I I 

fillmlfll .. .L - .. .J.. DC Filter -- ..L --- ..L -
- -

TRANSFORMER Power I- • .J.. - .. ..L INDUCTORS RF Ii Chak _ 
-1- ..L ..L 

- - -- -

lo Pwr Pt1 I I 
Chi RIICt I I 

Recetwtr .l. ► ..L mAYS I I 

WCTRON -► -
TUKS 

Pwr Red .L ... ~ SWITCHES No Lim, I I 

-► -
Xllltr 

, I I I· Lim, j_ ...1. 
SWITCH/LAMP 

_.,_ -~ -
C.I.T,'S 

I· Gun .. .L J_ ASSEMILY 
2-Llm, I _.,_ j_ -.. _J_ -

- --- -
J • Gun , I I • - LI_, i 1. I 

KLYSTRONS I I IND ICATOR 
I· Limp 

-1- ..L -- _J_ -

THYRATRONS I I INON SWITCHI 2 - Limp _ .. j_ -- _J_ -
MAGNETRONS i I • - Limp I I 

T.W.T.'5 I I HUSH· ••. cm rpm 
---

..L -- _J_ -
AMPLITRONS I I 

MOTOltS USS .. •.cm rDffl .J.. _J_ 
FANS --- -- -

TR Olt ATR I I IUIW(R IRUSH· 1 •.cm rom -- .J.. -- _J_ -
DUPl()((R I I 

TYPE > 6,GXI rJ111 I I 

MICROWAY( Mlur --· .J. -+ QUARTZ CRYSTAL I I 

-
D100£ Dlleclor I .J. IESCI.VER I SYNCHlOS • I I 

-
AltlnUII __ .,L · _ ..L DEi.AV ILC ...1.. _J_ 

- -.. _ .. -
Dlndc,I - -· ·:.L - .. ..L LINE Quartz I I 

MICROWAY£ Lal .:. - .J. _,. ..L - ...L _ .. _J_ 

COMPONOOS - - - •I- I - -
Stull& - .. ".J." ~ .. .J. Ml~IIOC 1tcu1f f!ECl:.,.'I ... _ o ..l.1 va_ .. O_Jjd) 

- -
FINHDrn 

- ..L - .. .J. l,fO~ ... ' - - OJ.!,~ .. S'~ 
- -

1111,vJt I I - - -1- -- ..L -1-
_J_ . 

IINllr - - .J. - .. .J. -- _J_ -- ...J.. -
.- - - ... 

fllllll Clm,..., - - -1. - .. .J. 
..L 

I 

DEYICES - - - ... -- --- - · -
MINlutllDr -- J. -- .1. 

..L .1. -- - - -... --- ---
Shifter • I I ...L _._ ..l. -- - .... ---

lfFILTEIS I I • - .. -- .L _,_ ...L --- -
HI VO.TAGt: .. ,.., - .. .J. .J. 

•1 I 

D100£ PACK -... ,_, I I 

PUlSEFOIM LIVII --- J_ .:. .. J_ 1.,31 
Nl1WOIK 

-
HI VIII I I I I 

MRI. 11-ICIIM 



MHL RELIA BILITY ESTH.'1 ATE mm.o. 
IA~S~Bl\/'~ 3 3 

PREPA R[O DAlE JOB/(QU I PMENT I.SS~]~f~ 

APl'l:OV(D Mt/. - 4- ~a N[)(f /.. SSE.'.',BLY PA CE (\f 

-- -
co, 1•01mn s T";;: QU ANT 6 l OTALf .R. COi, pc,• tNTS TYP( ' OUMiT LR . /l06 HR TOT.Al. '.R. 

.R./10 H~ 
I 

' 
Compot. I 

1
_uo1~ -~!(. TllANS I STOR 

I ..L -- ..L -
13 = 

_._ 

rllm O.J! 5f .. i .JP 2r 
I I I 

ESISIOR 
I 

Film Pwr ...L ,_ ...L 
Genera l & I - - - Compl' le r _L _L 

DI ODE S - ..- -- -
Wi re \'Ind I I Re1:ll rie r 

- >- ..L -- _L -
POT S Film J_ ..L Zener I I - -

Wire Wnd I I MIC ROC IRCUITS I ~ 0 I//~ ~1~2d 

Tant>lum - - ...L - ...L - Coax _L _L 
FI XCD -- -- -
CAPACllOR (IN'1rolv ...L ..L s 25 Pin _L _L 

- 12 - a 1143 1 ,11, 
-- -- -

~us, CONNECTORS ,. 25 Pin ..L ..L -- -- -
VAR I Bl[ V~uum - .l.. - _L - - -- _L -... ..L -
CAPACITOR I I I I 

Fi lament .l.. ,- ...L DC Filter ..L _._ ..L --- - - --
TRAN SFORMER Power ... '..L ... ..L INDUCTORS RF & Chok ..L ..L - - - _,_ ->- -

Lo Pwr Pis I I Chy Re.ct I I 

·-

Rec.elver ...L ... ..L RELAYS I I 
ELECTRO. - -
TUBES 

Pwr Reel - ...L ... .l. SWITCHES No Lamp I I 
- -

Xmtr ! I I l • Lamp ...L ..l SWITCH/LAMP ->- -- -
C.R.T .'S 

l • Cun - ..L j_ ASSEMBLY 'l· Lamp ...L ..l - -- - -- -- -
3 • Cun I I 4· ump ,. I 

KLYSTR ONS I I INDICATOR 
I · Lamp ...L -- ..L -- -

THYRATRO:IS I I (NON SWITCHI 2 • u rn p ...L ..l.. -- -- -
MACNET ROtiS I I 4 • ump I _L_ 

T.W .T.'S I I BRUSH· " 6, 00) rpr-. ...L .1. 
MOTORS LESS -- --- -

AM PLll RONS I I • 6.00) rpr- ...L ..L 
FANS -- --- -

TR OR ATR I I BLOWER BRUSH· ~ 6.00) rp, , .l.. ...L 
TYPC -- -- -

DU PLCXER I I • 6,00) rpr- I I 

MICROWAYE Mixer .1. - .1. 
QUARTZ CRYSTAL I I 

DIODE 
_,.. -

Detector I ... ..L RESOLVER & SYUCHROS • I I -
Allenuat 

-- .1. ... .1. DELAY RLC _J_ .1. - - --- -- -
Direct Cpl - • ..L ... .i - LINE Quartz I I 

MICRO'.' AVE Loads .1. .L ..L .1. 
COt.lFONtl TS - - - - - -- _,_ -- -

Stubs -- ·.1.· ... ...L J... .1. - - - - -- --- -- -
Feed Horn .1. ~ ..L .1. _l. -- - - - - -- -~ -- -
Rotary JI I I _J_ -1 - - -- --- -- -
lsolltor .L ...L ...1. .1. 

--- - - - - -- _,_ -- -
tlRRITE Circv•~tor 

--- ..L .1. ..L I 

DEVICES - - - - -- -- -- - -
Modulitor j_ - ..L ...L ...L _,_ - - - - -- -- -- -
Shiller I I ..L .1. - - -- --- -- -

RF Fil lCRS I I -- ...L ...L - - -- ->- -- -
HI VOLTAC£ .. i Pc.;1cr _,_ ..L ..L '1 I 

DIODC PACK - -Med Power I I 

PULS£ f0R 1,\ lo \loll .L .L 9,2i2 -~ - -
NCl\'/ORK Hi Voll I I I I . 

Ml:L 10· 1024 
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MRL RELIABILITY ESTIMATE ITEM NO. IAs~o/ ,LJ ~o~ 
-- -

I• 
PREPARED DAll JOIIEQU IPMENT A~»!~•~Uf1la,AJTbL 

APPROVED Mt-tS-a NEXT ASSEMBLY PACE Of 

COMPONENTS T",E QUANT 6 .R./ID HF TOTAL F.R. COM~ tHTS TYPE QUANT F.R./I06 HR lOTAL ~.R. 

Compos. W- ...i TRANSISTOR _._ ..1. -- ..L -- -
RESISTORS film ..L ..L 

I I 
- -

Film Pwr ..L - ..L 
,Gener1I I 

- - computer ..L J... 
DIODES 

_.._ _.._ -
Wire Y/nd I I Rectilier ..L ..L _.._ ...... -

POlS Fll:n .L - J.. Zener I I 

-
Wirt Wnd I I MICROCIRCUITS 01£/'Tal. ~I- n , 11~ (, 1 Z/0 

ITu\l.ol .. • ...L .... L Coll ..L ..L 
FIXlD .. - .. -1,,. ..... -
CAPACllOR I El.-t,Dlv ...L ~..L ~ 25 Pin ..L ...L ---- - .. 

CONNECTORS 
_,_ ..... 

I I >Z5 P!'l ..L ..l. _ .... .. .. -
VARIABLE JKUUIII - .J.. - ...L - _,_ ..L ..... ...L -
CAPACITOR I I I I 

f lliment .. .J.. - .. ...L DC FIiter 
-1,,. ..L ..... ...L .. - -

TRANSFORMEI PIIWlf' .. ".J.. ...L INDUCTORS RF lo Chol! ..L _._ ..l. -- - - --
lo Pwr Pis I I Ch9 Rlld I I 

• 

Raw ...L .. ...L RllAYS I I 
WCTRCJil - -
TUl[S Pwr Ritt .J.. .. ..l. SWITCHES No L..np I I 

- --- -
Xllltr I I I I· Limp .L ...1. SWITCH/I.AMP _._ _,_ -

C.R.T.'S . 
I· Gun .. ..L .L ASSlMILY I· Limp -~ ...L -1,,. ...1. -- _ .. -
J • Gun • I I •· limp I. I 

KLYSTRONS I I INDICATOR 
I · Limp .L -- .l. -- . 

THYRATRONS I I NIN SWITCH! 2 • Limp .L -1,,. ..l -_,_ 

MAGNETRQNS I I •• 1.1.., I I 
; 

T.W.T.'S I I IRUSH· 1 6.1100,,.., ...L -1,,. ...1. -MOTORS LESS 
_,_ 

AMPl ITIKINS I I •6,000 rpm I .L ..1. 
FANS -- -- -

TROI ATII I I ILOWEII IRUSH· S 6,000 fDIII ..L .l. -TYPE 
-1,,. --

DUPLEX[R I I • 6, 00D rDffl I I 

MICROWAy( Mlur __ • ...L 
- J.. 

QUARTZ CRYSTAL I I -DIODE Dtllclo, I - j_ 
c:ESCI.YER I SYNCHROS • • I -AlllnUII __ _L · _ 

- .l. DBAY II LC -- ..L -- ...1. --
Directc,I - -· -.1. .l. LINE Quartz ---1 I -

MICROWAVE .... .:. .. ..l. ...L ..L --- -'- -
COMPONENTS - - - - -.. , ---

Slulll _ .. ·.1.· ...L ..L .:. ... .L - -- .-:I 
_ .... _.._ -

fllllHom 
-- ..L --- J_ - _ .... ..L -1,,. . ...1. -- - - . 

bllry Jt I - - - . ,_ I _,_ ..L _.._ ..l. -,..., 
.. ..l. _ .. ...L I ..L ..l . - .- -- . ... -1,,. -1,,. -

FtRRtT£ Clrcu""' -- .L -- ...L 
_,_ ..L _,_ ...1. -

DEVICES - - - ... ,.,_, 
-- J. _,_ .L 

I ..L ..l - - - . ... -- _ ... -
Shifter ' I I ..L ..l - - -.. -- _,_ -

Rf flLltRS I I • - -1,,. .L _ ... ..L -- - . ... 
HI VCI.TACE HI,_ - .. .J. ~ ..l 

., I· 

0100[ PACK -..... ,_, I I 

PULSE FORM ltVlft J. ... .l. ,. 210 
--- -N[T\'.'ORK HIV.I I I I I 

MIil 10-IOM 
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MRL RELIABILITY ESTIMATE ITEM NO. l"~~o/,ti~ 
PREPAR£0 OAlE JOI/EQO I PMENT AJJJ?¥lr C/J,J11.o1.ui 
APPROVED /;/'I - 4,(;(J NEXT ASSEMBLY PAC( Of I 

CO IPONOJlS TYr[ QUANr .R./106 HF TOfAL F.R. COMPO' tNTS TYPE QUANT F.R./106 HR TOTAL r. R. 

Compos . Ll.. - --1. TR~NSI STOR ...L _.,. ...L -- - -,-

RESISTORS Him !? ()_.JJ s-, a..1..l.5~ I I --- - General & film Pwr - ...L - .J_ - Computer ...L ...L DIODES 
_,_ -... -

Wire \Vnd I I Rectifier .J_ ...L - ... - e- -
POTS film J... - ..L Zener I I -~ 

WireWnd I I MICROCIRCU ITS 01,1T"AJ. 33 () I //5 3 119~ 
T1n1Jil11m I .. O.JJ'-Q ... o.JJMl Colx ..L ...L -FIXED - - --

_,.. 
CAPACITOR r(otirnlw .. ...L - .. ..L - s Z5 Pin ...L ..L -- --- ---CUAIMe /0 CJ M2~ 01 Z~d CONNECTORS >25 Pin ...1.. ...L _,_ _,.. -
VARIABLE .JICUUlil - .J.. - ... ..L - -,- ...1.. - 1- .J_ -CAPACITOR I I I I 

Fillmn .J... - ... ..L DC Filter ~ -'- - .- .J_ -- - I . -TRANSFORMER Power ... ·-1.. - ...L INDUCTORS RF Ii Chok 
1- O.J..22~ ... Oj,?Z~ - - -Lo Pwr Pis I I Ch9 React I ·I 

Rtulvtr .J.. ~ - J... 
ROAYS I I 

W:Ciiiil1 -~ 
TUIES Pwr Rlct .J.. -- J. 4!WIT!:HES No Limp I I _.,. 

Xmtr I I I I · Limp J... .l. SWITCHI\AMP -,- - e- -
C.R.T.'S 

1 • Cun .. .J.. ..L ASSEMILY 1- Limp I .l. .l. -- _ .. - ' 
_,_ 

- --) - Cun • I I • - Limp ( . I 
KLYSTRONS I I IND I CATO~ 

l • Limp ..L ..L -_ ... -... THYRATRONS I I INON SW ITCHI 1- Limp ...L .l. --- ---MAliNETRONS I I • - Limp I I 
T.W.T. 'S I I IRUSH· s ,.ooo rpm ..L .l. -MOTORS -~· ---AMPLITRONS I I LESS >6,CO>r11m ..L ..l FANS -,- -- -TR OR ATR I I ILOWER IRUSH- s 6,000 fllffl ..L .J. -TYPE 

_,_ --DUPLEXIR I I • 6,IXX> fllffl I I 
MICROWAY[ Ml1i,r 

--- ..l ... ..L QUARTZ CRYSTAL I I -DIODl Dllldllr I - j_ 
RESOLVER I SYNCHROS • I I -AtllnUII 

-i- J. • - - ..L ODAY RLC ...L .1. -- -- ---Dlrett c,a 
-1-· -.J_ - - .l. 

LINE Ouar1z I I 
MICROWAVE LlldS .:. ... J. -i- .L ...L ...l -COMPONENTS - - - .... _,_ _.,. 

Stulll 
-i- • • .1: .:. I- ..1. ..L ...l - - - - i-

_.,. 
--- -flldHorn _.,. .L -i- .l. ...L .1. -- - - _,_ _.,. ---Rellry Jt I I - - ... --- ...L -,- ...l -

IIOIIIDr 
-i- ..L -i- ..L ...l ...l -.- - - ... _.,. 

---f£RRllE Clrculllor -- J.. -- .J.. ...L .l. -DEVlaS - - -- -~ -e- -e-
MldulllDr J. - .. ..l., .L ...l -- - - - -~ -e- --- -Shifter - I I _,1_ ..l. -- - -e- -,- -,-

RF FILTERS I I - ---
J_ _,_ ..L -- - --HI VOlTACE HI~- ..L .J.. •1 I 

D100( PACK - -Medl'IWlr I I 
PULSE FORM LI Volt _.,. J.. _,. .L 7. 2i2, -N£1\'IORK HI Voll I I I I 

MRl 10·1112' 

214 



MRL RELIABILITY ESTIMATE ITEf>~NO . 
IAS~~Jf 4-Nj, I 

-
,. PREPARED DAlE .101/lQU I PftUT 

~
lU.\BLYN~ Dh r1u, '(Ell. T£R. 

4-1~ - '~" 
'. l.M..IT 

APPROVED NEXT ASSEMBLY PACE Of 

COMPONENTS TYFE QUANT 6 . IU ID H~ TOTAL F .R . COMP<Yi tHTS TYPE QUANT LR .1106 HR TOTAL r.R . 

Compos. _j_ - w TRANSISTOR ..L -- ..L -- - _,_ 

RESISTORS FIim !? - O.JL5f 2,~5~ I I 

General & 
Film Pwr - ...L - J... - Computer ..L ..L 

DIODES 
_,_ -- -

. WireWnd I I Rectifier J... ..l. --- --
POTS FIim ~ - 9.JJ'~ )7.1.~ Zener I I 

Wire Wnd I I MICROCIRCUITS {)/(,ITAL ,z 0 I/ / ~ I 13&'.J 

FI XID 
l!!m1l111n '"...L - ...L Colx ...L _,_ ...L -- - _ ... 

CAPACITOR [lonrnlw ...L J...Jd?J-
s 2S Pin ..L ..L 

,2 -
_ .... _ ... -

-.. --. . 01~2~ 0 I CONNECTORS > 25 Pin ..l. ..l. _ ,_ _..,_ -
VARIABLE J«uum - ...L - ...L - _ .... _L -... J_ -
CAPACITOR I I I I 

Fii.ment ...L .. ...L DC Filter ...L _..,_ J... -- - - _,_ 

TRANSFORMER Power ".J.. - .. ...L INDUCTORS RF & Chok ...L J... - - _ .... -- -
lo Pwr Pis I I Chg React I I 

R1tllvtr .J_ .. ...L ROAYS I I 

WCTRON - -
TUIES 

PwrRlct ...L - J... 
SWITCHES No lamp I I -.. -

Xmtr I I I I · Lamp .L -1. 
SWITCHI\AMP 

_ ... _ .... -
C.R.T.'S 

I· Gun ~ ...L ..1.. ASSlMILY 2 • lamp ...L -1. - -~ - _._ ..... -
) • Gun • I I 4 ·Lin ~ ,. I 

KLYSTRONS I I INDICATOR 
l • Lamp .L J... --- -... 

THYRATRONS I I CNON S~ITCHI 2 • Lamp ...L -1. -- ->- -
MACNETRONS I I 4 • Limp I I 

T.W.T.'S I I IRUSH· s 6,IDI rpm ...L -- .l. -
MOTORS LESS --

AMPLITRONS I I > 6,IDI rpm .L .l. 
FANS -- -- -

TR OR ATR I I IRUSH· s 6,IDI rpm I 

11.0W[R -- ...L -- .l.. -
DUPLEXlR I I TYPE > 6,IDI rom I I 

MICRCMAY[ Mixer - .. J... .... ...L QUARTZ CRYSTAL I I 

0101)[ 
.. -

DttlclDr I '" .J. 
RESOLVH I SYNCHROS • I I 

-
AttenUII - J... • - '" J... DllAY RLC ...1. -1.. - - --- -- -
Direct Cpl - <.l .. J... LINE Quartz I I 

-
MICRCMAVE Llldl J... ...L ..L ...1. 

COMPONENTS - - - - - .,-
_,... _,_ -

Stulll - .. • .l. • .:. .. ..L 
I 

...L -1.. - - - .... - - - - -
FNd Horn - J. - .. .l. 

i .J... ...1. - - - - ... ._ .... _ ,_ -
Rotary JI I I 

; 
...1. ...1. - - ·- _ ... _ .... -

lsolllDr .. J... '" .J_ 
I _ ..., .J.. .l. - - - - - ... - >- -

FtRRlTE Clrculltor -- ...L - .. J... ...L ->- .l.. -
DEVICES - - - - _ .... 

ModulltDr J. .. .l 
I 

..L .l. - - - - - . - - >- ->- -
Shifter ' I I ..l.. .l. - - - - - _ ... -

RF FILTERS I I • - --- ..1... --- ..L -- - -
HI VOLTAGE HIPOWlf' -- .J. .J. '1 I 

DIODE PACK -MedPewtr I I 

PULS[ FORM Lo Volt - .. J. _,. J.. 41 .??~ -
NEl\'«)RK Hi VOit I I I I ·-

MRI. 11>-lUI 
215 



MRL RELIABILITY ESTIMATE ITEM NO. 
IASS~J~J}, 

PREPARED DAU JOI/EOU I PMENT 
~ JCMBL.JtAME, fi :fl. £¥.TA acn,R ut;E Do PL€ 

APPROVED MK'.,-4~0 NEXT AS1EMBLY PAGE OF ·, 
COMPON[ 1S T"

_, 
, L QUANT 6 .R./10 H~ lOTAL F.R. COMPCJ' c:NTS lYPE QUANT F.R./I06HR TOTAL r .R. 

Compos. 2- LQ.l9l'd_ w_o3~ TRANSISTOR ..L ..L - _,_ -- -
RESISTORS FIim - ...L - .J... I I 

FIim Pwr ..L ... ...L 
General , 

- - - Computer ..L ..L 
DIODES 

.._ _,_ -- -
Wire Wnd I I Rectifier ..L ..L ,-- - ... -- -

POl , Film j_ ...L Zener I I - -
WireWnd I I MICROC IRCUITS Dl&TA '- 41 0 I //~ 4 17I~ 
Tanta lum ..L ...L Coax ...L ..L 

FIXCO - - - - -- _,.. -
CAPACllOR Elaclrolv 

... ...L '! ...L 25 Pin ...L ...L 
7 - 0 I l1t" CONNECTORS -- _,_ -

URAMIC 0 102 > 25 Pin ..L ...L -- _,_ -
VARIABIE V~uum - ..L - ...L - --- ..L _,_ ...L -
CAPACITOR I I I I 

Filament ..L - ...L DC filter ..L ...L -,- - - --- --- -
TRAN SFORMER Power '" ·..1. ... ...L INDUCTORS RF, Chok ..L ...L - - - --- -1- -

Lo Pwr Pis I I Chg R~acl I I 

Receiver ...L - ..L 
RELAYS I I 

EL£CTRON - ~ -
TUBES 

Pwr Reel 
- ...L ... ...L SWITCHES No lamp I I - -

Xmlr I I SWITCH/LAMP 
I • Lamp .J... i _,.. _,_ -

C. iU.' 
l • Gun - ..L - j_ ASSEMBLY 2 • lamp .J... i - - - - ... _,_ -
3 • Gun I I , • Lamp I I 

KLYSTRONS I I INDICATOR 
l • lamp ...L ..1. --- - ... --- -

THYRAlRONS I I INON SWllCHI Z· lamp ..L _j_ _,.. _,.. -
MAGNETRONS I I • · lamp I I 

l.W.T.'S I I BRUSH· < 6,000 rpm ...L _j_ 
MOTORS 

_,_ -- -
AMPLITRONS I I LESS , 6,000 rpm ..L ..1. FANS 

_,.. --- -
TR OR ATR I I ILOWCR BRUSH· 1 6,000 rpm ...L i 

TYPE 
_,.. -- -

DUPLEXER I I • 6,000 rpm I I 

MICROWAVE Mixer 
-- ..1. I- .l.. QUARTZ CRYSTAL I I 

0100£ -Dltector I - .J... 
RESOlVER, SYNCHROS I I -

AtltnUII 
-- .l. _,_ .l.. DnAY RLC .J_ _j_ - _,.. _,.. -

Direct r.,t _,.. i - .l. 
LINE Quartz I I -MICROWAVE LOlds 

-- .l.. .l. ...1. ..J.. 
COMPONENTS - - - - _,.. ---

_,_ -
Stum - - • .. 1.: .:. - ...1. .J_ _j_ - - - --- - -- -- -
fled Horn _,.. .l.. -- ..1. ..L -1. - - - .... . - - -- -
Rollry JI I I .J_ -1. --- - - --- --- -- -
Isolator _,.. J.. .. - .l.. ...1. .l. - - - ... _,.. -- -

FERRITE CI re t• 1111or _,.. ..l ·--- .l.. ..L I 

DEVICES - - - .... -- -- - · -
Modulitor .1 -- .l.. ...L -1. _,.. - - - -.... _,_ -- -
Shiller I I .J_ -1. - - -... _,_ -- -

RF FILTCRS I I ·- ...L ...l. - - - -- --- -
HI VOLTAC:[ Hi Power 

- '" .l. .l.. ' I I 
DIODE PACK ·-

Med Power I I 
PULSE FORM Lo Volt -- .l.. -..: .l.. 4.92t. -NETWO~K Hi Volt I I I I 

MRL 10·102• 



-· 
MRL RELIABILITY ESTlf.tATE ITEMNO. 

1ASS~~v 3°31 

PREPAHED DA1E JOI/EQU I PMINT ,.,~vmc J)JT!- k.' ►A .E I 

APPROVED // '{ - -i -; (J NEXT ASSEMILY PACE OF 
I 

COMPON£NTS T"rL QUANT 6 . R./10 H~ TOTAi. F.R . COMPCi' ~TS TYPE QUANT F.R.llf HR TOTAL '". It 

Compos. 
,.. 

~It ~34_ ..1. -L .,. TRANSISTOR 
_ ... _ ... --

RESISTORS FIim 3 - d .J.15"~ o..Jf'i I I 

FIim Pwr .1. .. ..L 
General, 

- - - Computer ..J... ..L 
DIODES 

_ ... _ ... -
WlrtWnd I I Rectifier ..L _ ... .l.. -_ ,_ 

POTS FIim J... .. ..1. Zener I / I 2',{) I ,U,O 

- - 2(- t1 I//~ z .~'it, 
WirtWnd I I MICROCIRCUITS /) l~ /Tf.lL 

.r. ..... , .... .1. - .. .l.. Coll .l.. .l.. 
FIXED -1- - _._ _ .... -
CAPACITOR 'fl""1mlw .. .L ~ ...l -

s ZS Pin _._ .l.. _ .... .L -
o!.f~A4111:. /1 - tJ 10~ 0 12~0 CONNECTORS >25 Pin ..L ..J... _._ _ .... -

VARIABLE yacuum - .l.. - .l.. - -1- ..J... -.. ..L -
CAPACITOR I I I I 

Fillmn _L_ ..L DC FIiler --- .l.. _.,_ -- -
--- -

TRANSFORMER Power .. • .L .. .l.. INDUCTORS RF, ChOk .1. ..L - - - _ .... _.,_ -
lo Pwr Pis I I Chg React I I 

Raivtr .1. - .. .l.. RElAYS I I 

RECTRCl4 
_,. 

TUIES 
Pwr Ritt .l.. .. ..L SWITCHES No Lim, I I 

--- -
' 

Xlltr I I I I· Limp J... ..l :. 
SWITCH/lAMP 

_,_ -.... 

C.R.T.'S . 
I -Gun .. .l.. ..L ASSEMILY Z- llm, I J... ...L - - .. - _._ _ ... -
J ·Gun • ,- limp ' 

I I 
I 1. I 

KLYSTRONS I I INDICATOR 
I -Limp J_ .1. -1-

_ .... -
THYRATRONS I I INCJN SWITCHI Z - Limp ..L ..l _._ -- -
MA~4[TRONS I I , - Limp I I 

T.W.T.'5 I I IRUSH- s ,.cm rpm 
--- ..L -- ...L -

AMPllTRONS I I MOTORS LESS • 6,cm rpm J_ .1. 
FANS 

_.,. -- -
TR OR ATII I I ILOW[R IRUSH- s 6,'9> rpm _ ..L ...L 

TYPE -- -- -
DUPllXEII I I • ,.cm rpm I I 

MtCROWAY( Mlur 
- - .1. .. ...l QUARTZ CRYSTAL I I 

.. -DIOII( Dtl~ I 
t RESOLVER I SYNCHAOS • I I -- ..l. 

AltlnUII -- .l. • - ...l DElAY RLC ...L ...1. - -- -- -
Dlrltt c,I - .. • -..1. .. ..1. LINE Quartz I I -

MICROWAVE LINS :. .. .l. .. ...l ..1. ...1. 
COMPONOOS - - - - -- -- --- -

Stulll -i- ·..1.· .:. .. ..1. .l.. ·-1. - - - - -- --- -
FlldHorn .. .L - .. .L .L ...1. - - - - - -- --- -
bllryJt I I - - - -- ..1. --- -'- -
llollllr -- ..l .. .l.. - -- ...L --- ..l -- - - -

RIIRlTE Clrcu'lllllr 
-i- ..l _.,. .l.. .l.. I 

DEVICES - - - -- -- --- - -
MNullllr .l. .. .L ..1. ...L 

-i- - - - - - -- _.._ -
Shllllr - I I ..1. ..l -- -- -- --- -

RFFILTEIIS I I • - ... -- J_ _.._ ..1. ---
HI VOLTAGE HIP_, -~ ..l ~ .l. 

•1 I 

DIODE PACK MN,_ -I I 

PULSE FORM ltVdl .L I- ...l ~ (fb4,, _,. - -
NEn'IOIIK HI VIII I I I I 

MRl 10-ICIM 
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--
MRL RELIABILITY ESTIMATE ITEM NO. 

IASir,,YllB -. 

PREPAR[U DAU JOI/EQU I PMENf "=H/f !N,~CE 2 
APPROVED Mt-d.ra NEXT ASSEMILY PAC( Of 

COMPONENTS T" --t L QUANT r .R./106 HI TOTAL F.R. ;OMPCI tt<ITS TYPE QUANT f .R./106 HR TOTAL ' .R. 
Compos. LL - LL TRANSISTOR ,- ..L ..L -- - - _,_ 

RESI STORS FIim 2 0 .J15"f O_J_3/ 2- I I -
Gener.I l l[lm Pwr - ..L - ..L - ComDUter I ,.JJ .Jl,13_ ... O~I~ DIODES -Wire Wnd .t I Rectifier ... ..L J... -- _,_ 

POTS Film j_ ..L Ztner I I - - z 199tJ Wlr• Wnd I I MICROC IRCU!TS OK,ITAL Z" 01115 
FIXE0 hnbl11n1 I .. l.l]~ .. U.-2-~- COii ..L _L -- -,- -i-
CAPACllOR Electrotv .. ..Li? .. ..L - s 2S Pin J.... ..L -U~Afat' " - CONNECTORS i- --- -..-

(J •~2 0 I /f;~ > 2S Pin J_ .l.. _,.. ..... -VARIABLC ,_VK-uum 
- 1- J_ -1- ..L ' _,_ J_ ..... J_ -CAPACITOR I I I I 

Fil•ment ..L J_ DC fllt~r ..L ..L -- - - _,.. _,._ 
TRANSFORMER Power 

I- '..L - I- ..L INDUCTORS RF l Chotl ..L J_ -- - _,_ ---lo Pwr Pis I I Chg Rllct I I 

Rtttlvtr ..L .. ..1. RElAYS I I WCTROO - -
TUBES Pwr Rlct ..L ... .l. SWITCHES No Limp I I _,.. -Xmtr t I I l • Limp .l. ..1. SW ITCHflAMP _,_ _,_ -
C.R.T.'S 

I · Gun J_ .l. ASSEMILY 
z • Limp ..L ..1. --i- -i- - - _,._ _,,_ 

J • Gun • I I • ·I.lap I• I 

J 

Kl YSTRONS I I INDl~TOR 
1 • Llll"f J.... ..1. ---- ---THYRATRONS I I CNON SWITCHI Z • Limp ..L ..1. _,._ _,._ -MAGNETRONS I I •• Limp I I 

T.W.T,'S I I IIIUSH· s 6, lllO rpm .L -i- ..l. -MOTORS LfSS --AMPllTRONS I I > 6,lllO rpm ..L ..1. FANS -- --- -!R OR ATR I I ILOW£R HUSH· s 6,lllO rpm ..L ..1. -TYPE - ... _,_ 
DUPlE)((R I I •,.a rDffl I I 

MICROWAY£ t.llxtr 
-i- ..L ,._ .l. QUARTZ CRYSTAL I I - -DIODE Detector I .J.. IESCUU l S Yt;CHROS I I -AlttnUII 
-- ..L .J. DBAY RLC ..1. ..l. - - --- -- -Direct c,a • 
- -· :.1. .J. LINE Quartz I I -MICROWAVE loldl .:. - .J. ..L ..1. ...1. COMPONENTS - - - - -- _,_ -- -Stubs 
- - • .. i: .:.. -L _J_ ..l. - - - -- --- -- -F•Horn _,.. .L - - ..1. ..L ...1. - - - -- --... -- -Rollry Jt I I - - -- -- -1.. -- -1 -IIOIIIDr 
-- -1. - - .J. .J. ..l. .- - - . - -- .... -FUIRlT£ Circu .. lor 
- i- .l. -i- .J. J_ I 

DEVICES - - - -- -- .... ...... -AlodulllDr J. -i- ~ ..L ..1. - i- - - - . - -- -- -Shifter · I I ..L ..l. - - -- -- -i- -Rf FILTERS I I • - ..L -L -- - -- -- -... HI VOi.TAG[ Hi POWlf' 
... i- .J. I- ..l. •1 I DIODE PACK -Mid,._, I I 

PULS[ FORM lo Volt J.. -~ . .l. 5°':0I,~ -- -NEnYORK HI Volt I I . I I 
MRL 10·102• 

218 



MRL RELIABILITY ESTIMATE ITEM NO. IAssr',a~vlo~ 2 
PRCPARC.I DAU JOll(QU IPMIHJ .a ...... ·u•~v•~ .. __. ____ 

rAJTl!/l~ACE J 
Mi-4f0 

I\.~ 

APPROVED NEXT ASSEMILY PAGl Of 

COMPONCNfS f" ; i: QUANT 6 . R./10 HF TOTALF .R . COMPC/ dlTS TYPE QUANT F.R./106 HR TOTAL r.R. 

I Compos. 
~ -Li. - _J_ - TRANSISTOR -1- ...J... _.,_ ...J... -

RESISTORS FIim l'.J.JL5~ O..J.JltJ I I - Ger,er1I I 
film Pwr - J.... - ...1. - Comouter ..L _L --1-

_ .... 
Wl rtWnd I I 

DIODES Rectlntr ...1. ...L -- 1-
_ ... 

POTS Film .L j_ Zener I I - - ()I/I~ z,~ 
Wirt Wnd I I MICROCIRCUITS _,,,_L 211 

FIXED 
I T1n1a1 .... J.... - - ...1. 

Coll J.... -... ..L - - -1- -
CAPACl10R fllldrnlv J.... - .l. -

•25 Pin ...L -~ ...J... -d, - d ~2f 
-1-

.... .11 ... ,o# o,,n CONN£CT;)RS • 25 Pin ...L .J.. _ ... -- -
VARIABLE ,..Vacuum - .. ...L -I--'- - _,.. ...L -- .J.. -
CAPACITOR I I I I 

Fil.lmtnt - .. ...L I- J.... DC FIiter -1- -'- -- J.... -- -
TRANSFORMER Power .. ·-1.. ► ...1. INDUCTOR-S RF I Chok -'- J.... · - - - _,.. -- -Lo,.,,,, I I ChtR.t I I 

• 

Rltllvtr -'- - I- ..L ltaAYS I I 
WCTRCW -► 

TUNS Pwr Rct -'- -~ ..1. SWITCHES No Lamp I I -
\ XMtr I .w I I · La-. .L .J. SWITCH/IAMP -1- --- -

C.I.T.'S . 
I· C.Un 

I- J.... -1- ..L ASSIMILY 
,- La-. ~ ..L -1- .J. -- - -

J • Gun • I I C-La-, . ,. I 

KLYSJRONS I I INDICATOR 
l • Lamp .L --- -'- --1-

THYRATRONS I I CHON SWITCHI I· La-, ..L -l -~ -1- -
MAGNOIONS I I C·Lltll I I 

f.W.T.'S I I HUSH· 16,111111 fll'II -- ..1. -1- .J. -
AMPLITDS I I -,YOIS LESS ., 6, 111111 r1111 ..1. ...J... FANS -1,.. -- -
TR OR ATI I I IUM(R HUSH· s •• 111111,,. I J.... ...J... 

TYPt -- _,.. -
DUPWU I I ., 6,111111 r,m I I 

j 

MICROWAY( Mlstr - - ·-1.. - .J. 
GUAmc~·sTAL I I 

D1011[ • -DtlldDf I - -'-
1£SOLYER I SYNCHROS • I I -AltenUII -- J.... . _.,. .J. DELAY ILC - -'- -- -l -- -

Dlnctc,I - -· ·.,L .. ..l. LINE QuaTtz I I -MICIIOWAY( UNI .:. - .J. .. .l. ...J... ...J... 
COMPOtiNTS - - - - -- I -- -- -

Slulll - - ·-1..· .. ...J... I .J.. -l - - - - -:1 -- -- -
F•Hlrn - .. ..L • .J. - - I,. 

..L -1- ..l -- - - - -
1111,YJI I I '"' ' -- ...J... -- -'- -- - - -

• 

,...., 
.. .J. .. .J. '"' I I- ..L -1- ...J... - - .- - - - - .. 

FOlllT£ Clrcu.._, 
-- ..l - .J. 

..L I 

D[Ytas - - - - - ~ -- -- .... -
~ ... ..., 

-- .L ,. J.... ...J... ...J... - - - - -'"' -- --- -
Shifter · I I -'- .J. - - -... -- -- -

RFtlLTERS I I • - -- .l. --- ...J... --- . '"' , HI VOLTAGE HIP_, -► .J. .. ...J... '• I . 

D100€ PACK ~"'""" -I I 

flUlS( FORM ltVeft J. ~ J. 3. 180 
--- - -N[l\'IORl Hi Veit I I I I 

MRL JO· IGM 
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- -~ ............ 

MRL RELIABILITY ESTIMATE llU.\ NO. l~s~!}-y'j-9 
PREPA RED DAU .101/tQU I PMEHT ~~~t~ Sf/&JTHEClffi 2. 

APPROVED M '( - rf. ~o NEXT ASSEMBLY ,ACE Of 

COMPONENTS yv;r QUAflT .R./106 H~ TOTAL f .R. COMPO' tHTS TYPE QUANT f .R./106 HR TOTAL ~. R. 

Compos. ~ ..i.J_OI~ o o3, TRANSISTOR 
~p~ " ... I.J}ZO_ _ I I .Jllfd 

- - Pw~ .. -
RESISTORS FIim 30 0 .J15"~ 4~80 z,~ ~ ,do 

- IGentr1I l 
FIim Pwr - .L - ..1. - Comoullr ... ...1.. -1.. -

DIODES - --
Wire Vind I I IIP I ... 2..J)dl __ i.J)~ -

POTS 
film J_ ..l Ztntr I I 

- -
Wire \'Ind I I MICROCIRCUITS I I 

FIXED 
Tanlal""' 

.. .L ~f - ..1. • 
Coll .L ...1.. 

3 = 
-1-

_,. -
CAPACITOR Mft A (J_L(/D 0.J..01 4 'lS Pin .L ..1. 

... 0 I C,2 .. o ,-,z r CONNECT ~, -- _,_ -
'i.rU, ........ ~ 2~ .. 15 Pin ...L ...1.. - - -... -

VARIA BL( VKuum I - .. o~i_ ,. 4JJ')i1 ...L ..1. 
... . -- -... -

CA PACITOR I I 
I I 

Fll1mtn1 .. .L ... .L DC filler - ...L ~ ... .L 
- - - /3 · - i..Jfil 

TRANSFORMER Power .. ·.1- .. ..l. INDUCTORS Rf l Cl'IOII ... O...J.J'!.. ... - - - -
lo Pwr Pl1 I I Chg R.-ct I I 

R1tliffl .. ..l. - .J.. IBAYS I I 

El£CTRON - -
TUIES 

Pwr RIC\ - .L - ..l 
SWITCHES Noll-, I I 

- -
Xmtr I I I I · LI-, .L .l. 

SWITCH/LAM, 
_,_ -- -

C.R.T. 'S 
I · Gun - ..L - J. ASSEMl~Y 

l · LI• .L .l. 
- - - --- -- -

) - Gun , I I •· 1.1-, 1. I 

J 

ICLYSrRC>NS I I INDICATOR 
I · Limp .L .l. -- -- -

THYRATRONS I I MN SWITCII ' . 1.1-, .L ..l _..,. -- -
MAGNETk~S I I •- 1.1-, I I 

T.W.T.'S I I IIUSH- •UDOrp11 .L ..l 
MDTOIS L!SS -- -· -

AMPLITRONS I I .. ,.000,_ ' .L ...1. 
FANS 

_,_ -.. -
TR OR ATR I I ILOWU IRUSH· s l,D00r111 I .L .l. 

TYPE -- --- -
DUPLEXEli I I .. '· 000""' I I 

MICROWAY( MIQf' _,_ .J.. .. .L QUARTZ CRYSTAL I I 

D.100( - - - -
Dltlt1tr I .. -'- RlSOLYER I SYNCHIOS • I I 

-
Atten111t .... .J.. ...1. DB.AV IHC ...1. .l. - - -- _..,. -
Dlrlt\Cfl -1-· -.J_ .. .l. u• Quartz I I 

-
MICROWAVE loads .J.. .. .J.. -- .J.. -~ .l. 
COMPONENTS - - - ftwfR /)lfl/Jd - - -- 9 1.JJol 

Stull& -1- ·-1.· '" -1. -- 0.Lf.~ .. - - - - . -i f•Hom -- .J.. .. .l. -- .Lt{ ... .l. - - >CT4L J:11. T~ - j!° t>_.1.S'~ 
Rotary Jt I I -- . __ O...lll ,_ 

IIO!nr 
i,. .J.. .. .J.. 

I 
-- .L ,~ .. .l. 

- - .•. 

"' 'i.£/l - - ~ I l..!_S'lj 
FEHlTE Clrcu141or 

-i- .L ~-- .J. 
__ 1.1$I • 

DEVIW - - - -
Moduullr _,.. J. - .l. -- .J.. .l. -- - - - : 3 

--
Slllftlr • I I MlcAlt.#fcu,r W'IJ. __ o~. I.JIit 

If FILTERS I I • - -1.. _J_ -
- ··- - - ~ -- ---

HI VOLTAGE HIP.om - .. .J. . . .l. 
•1 I 

D100( ,ACK Mid Power -
I I 

PUlSEFORM lo Voll -- .L .L 32,921 - -
N(l\,01(11'. HI Vtll I I I I . 

A\Rl 10-IOM 
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, 

• 

-----

MRL RELIABILITY ESTIMATE ITEM NO . I ASSEMBLY IIJ) . 
-1174-rJ Q 

PREPARED DAlE JOB/EQU I PMCNT 

APPROVED 

COMPOWHS QUANT .R. /1 06 HP. TOTAL F.R. CO!APO' cNTS TYPE QUANT F.R./106 liR TOTAL '.' .R. 

Compos . LL , 1 
..... - - ~ -

Film n.,; j_j5' 3~ n, 
TRAN)ISTOR 3 _,.. I _.1_? 2.1_ ._ ~ _11 ~'!. 

RESI STORS ---11- • - - - General & 
I __.l_-1 

Filrn Pwr _ J_ _ J_ _ Computer ...1.. 

Wi reWnd I I DIODES Recti fier == J_ =~ 
POTS 

film _ J_ _ J_ Zener 1 

Wi reWnd I I MICROCIRCUITS b1r.1T4L 4- .) 1 // ~ 
1------~ "-"-'~""--+-- -+-....,,.....___-+-___.""":""'.:--il~-----+--'-'-=-t-..;..._---+ 

Ta nt.a lum / _ ()~'4_,_ J.J)o'! Coax -,- J_ _,_ 
FIXED 
CAPACllOR 

VARIABLE 
CAPACITOR 

TRANSFORMCR 

J_ _,_ ..L _ 1s25 Pin _,.... ..L _.,_ 
(J I 025 Q 1 / 7 5' CONNECTORS • 25 Pin _,_. _L _,_. 

_L _,_ J_ - -t- _L _ .... 
I I I 

Fi lament _ ,_ J_ _ J_ _ 

Power _ ,_ ·.i_ _ ..L _ INDUCTORS 
- -- j_ -~ 

4, _,_ O.J..?25.: .... 

,.__ ___ ___ Lo_P_wr_P_ls"'----1---•- I 

DC Filter 

RF & Chok 
Chg Re.ct I 

..L -
_L -

I 

J ,4'.o 
...1.. -
j_ -
J_ -
J_ -

I 

J_ -
o_r]~ 

I 

r....--- ------------,y•,---+------'-- --,----+------,r-------i 

WCTRCW 
TUBES 

C.R.T.'S 

KLYSTRONS 
THYRATRONS 
MAr.N£TRON S 

T.W.T.'S 
AMPLITRONS 

TR OR ATR 

DUPLEXER 

Rettlvtr 

Pwr Rect 

Xmtr i 

l • Gun 
~-1-

3 • Gun • 

- .J.. _,_ J.. 
J_ 

I 

_.,. ...1.. 
I 
I 
I 
I 
I 

I 
I 
I 

' - ,- .J.. 
I 

.l.. -
I 
I 

I 
I 
I 

I 
I 
I 

MICROWAVE Mim , 1 

1----D_1o_DE_·_-+-D_e1_ector_-+----+-... ___ ~ =: ~ 
MICROWAVE 
COMPON£NTS 

Attenuat _ ,_ J_ _ .. ..l _ 
Direct Cpl 1 _L _,_. _._ -
loads _ • J_ _ " j_ 

Stubi _ • • . .1_' _ . J_ 

RELAYS 

SWITCHES 

SW ITCH/I.AMP 
ASSEMBLY 

INDICATOR 
INON SWITCHI 

No ump 

l • Lamp 

2 • Lamp 
4 • Lamp 

I - Lam11 

2 • Lamp 
4 • ump 

MOTORS 
FANS 
BLOWER 

BRUSH· Is 6, <XXl rpm 
LESS , 6, 1JOO rpm 

BRUSH· ~ 6, <XXl rpm 
TYPE • 6, 1W rpm 

QUARTZ CRYSTAL 

RESOLVER I SYNCHROS 

DELAY 
LINE 

RLC 

Quu1z 

- --
- --

Feed Horn _,_ .1. _,_ ..l _ _ __ _ 

1------+-R_oll_ry"--Jt--t---+---'-+__.,1_ .... 'tTAL F,lTUl. _ - --
lsolllDr _ .l. _ ,_ ..l _ 
c1m,•111Dr _.. .L _.. .l. _ - - -~ 

F£RRlTE 
DEVICES 

ModulllDr - - .1. - ,_ .l. - - - -,--
~----__._S_h_il1_,r_--+---+--' ....... -+--' ............ "1,tt "'c ,1 c: u, r M#Cl:..J _~ 2 

_R_F_FI_LT_ER_S ---~~--__,.___._I _ _ +-_.1_·---11 - lf'-'.J. __ f 
HI VOi.TAG( Hi Power - .l. - .l. 
D100£ PACK Med Power I I 

PULS[ FORM LI Volt _ ,_ J_ .. ,_ j_ _ 
NEl\VORK Hi V<;1l I I I 

t.lRL JO·l02• 
221/222 (blank) 

_,_ 

-,-

--

I 

I 

I 

J_ _._ 
J_ ,. 
_L 

J_ 
I 

J_ - -­
_L 

J_ 
I 

I 

I 

..L --
1 

I 

I 

-1. -
..l.. -

I 

..l.. -

. .l. -
I 

...L -
_j_ -

..l.. -
I 

I 

I 

_L -
I 

_L -
0_1_43, 

-1. -
O..lli~ 

--1. -
I 

........ -
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