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ABSTRACT

The design and construction of a LEVEL DENSITY ANALYZER for use In the
measurement of shipboard RADIO FREQUENCY INTERFERENCE consisted of integrating
various analog and digital integrated circuits and related electronic compon-
ents to enable accurate level analysis of a broad range of analog signals
includ ing noise and/or electromagnetic waves which constitute radio frequency
interference. The overall design and system goals were to be able to adequately
sample an analog signal , classify it , convert the classification to digital
data and provide outputs to be logged either by manual or magnetic tape means.
The design and construction efforts efficiently and economically achieved these
goals.
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I. ~jjj~o~uchxoN

Why is there a need to design and ccnstzuct a Level
Density Aralyzer System for use in shipboard measurement of
Radic Frequency Interference?

The relatively new technology of satellite
cc..unicaticrs has prompted the Navy tc implement the
develop.~nt and installation of a viable and effective Fleet
Satellite Ccaaunication System. A satellite communication
system affcrds several advantages that have been
unrealizable in the past, and the lost impcrtant advantage
is the ability to communicate long range to remote
geographical positions throughout the world. In the past
lcng range ccmmunications has depended on the HP spectrum in
which radio signals are subject to the effect of ruierous
variations and disturbances in the propagaticn channel. The
perturbations in the propagation channel result frou such
effects as sunspot cycles, ionospheric density variations,
weather activity, ian—made background noise levels and radic
frequency interference (RPI) caused by the vast number of
emitters sharing the high frequency spectrum . In addition
effective icog range communications was generally maintained
cnly by use of relatively high powered transmitters and
physically large antenna sites. The intrcduction Cf an
orbital satellite relay station, on the other hand , has made
long range ccamunications pcssible with lover power
transmitters and correspcndingly smaller antenna
instaflaticns radiating modulated signals in the UHF and SliP
bands.

Communications via satellite, however , is not without4
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prcblems. Ike use Cf lower pcwer tranasitters at UHF and SEP
results in very small power densities at the antennas ci the
ccmmunicatiots receiver systems. The large distances
involved in the prcpagation channel (gr~und to satellite and
satellite tc ground) plus the effects of atmospheric
scattering and attenmation greatly challenge the design of
sensitive receiver and signal processing systems . With
these inherent problems at the receive terminals the
presence cf RADIO FREQUENCY INTERFERENCE is detrimental to
the effectiveness Cf the satellite communications system .
The sources and/cr affects of ElI must be controlled or
reduced tc increase and maintain the quality and reliability
of the communications system. This pr cbl em is of even
greater importance when the ground receive terminals are
located in tke closed environment of Navy ships which are
equipped with a large number and variety of emitters

• operating at freguencies throughcut the radio spectrum. In
additic n the close proximity of motors, generators and cther
electrical and m echanical systems add to the potential of
radio frequency interference. All of these electromagnetic
field (EN) Ecurces potentially combine to prcduce undesired
intermodulaticn products, high order harmonics and increased
backgrcund ncise levels which reduce the effectiveness of
the receiver syste .

The prcblem then is to develop procedures and hardware
to reduce the effects of radic frequency interference; and ,
just as in any problem . solution, the first step is to
carefully define the problem and all Cf the relating
parameters. Therefpre the electromagnetic envircnment of
ships at sea and in port must be accurately characterized

~ithin the radio frequency spectrum of interest. The
frequency bard available for Navy satellite communications

• is in the UHF spectrum from 2i~0 to U0O 11Hz. The
characterizaticn of the shipboard electrcaagnetic
envircnment in this band must include determination of

5
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tac kgrour d ncise levels, the statistics of impulse noise
levels and their rate of occurence, the effects of
interaodulaticn prcdvcts, the effects of spectrum splatter
due to radar and other communications equipment and the
power levels of HP and VHF higher crder haracnics within the
UHF band. The characterization lust be further divided
to include the EN environments of several selected and
representative classes of Navy ships.

This wcrk reports on the design, contruction, testing,
applicaticn and maintenance of an instrumentaticn system
designed to provide a source of data for the statistical
analysis Cf impulse noise levels, background noise levels
and impulse cccurrence rate. The system is defined as a
LEVEL DENSITY MJAL!Z2R, hereafter referred tc as an ‘LEA’ .
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Figure 1. SF1 Measurement System Blcck Diagram .
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The LEA ~as designed to interface with a complete ElI

Measurement System illustrated in block diagram fczm in

• Figure 1. Pclloving through the block diagram , signals in
the 24C-40C MHz band are received by a ccnical log spiral
antenna and Eassed through one of five bandpass filters
which are selectable by remote control frca a ‘Deck Ccntrol
Box ’.~ The selectable bands are 240—272, 272—304, 3014—336,
336—368, and 368—400 MHz. The signals from one Cf the
filters are coupled to the HP preamplifier where they are
amplified and cabled to the HP/Blanker System .2 In the HP
system the signal is processed to provide a blanking pulse
to the EP channel whenever a large amplitude pulse-like
signal is received. The BY system also receives an input
frca an external iccal oscillator whica is mixed with the HP
signal tc prcvide an IF signal for the blanking circuitry
and the IF Amplifier System . The local oscillator which is
a aynthesized signal generator is normally set 30 11Hz below
the inccaing RF signal to produce a 30 MHz IF. The signal
f rca the HF/Blanker System is ccnnected to the input of the
I! Amplifier/Detector System 3 which provides final
prccessing of the signal before being connected to the IDA.
In the IF system the signal is amplified and passed thrcugh
cne of three kandpass filters——3 KHz, 10 KHz or 30 KEz——to
tte input Cf a logarithmic amplifier . This amplifier
detects the signal and provides a band limited signal with a
very broad dynamic range to the LDA System.

Pictcrial information related to the Level Density
Analyzer System including photos and schematic diagrams is
contained in Appendixes C and D.

7
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The develcp.ent of a system to provide data fcr the
statistical analysis of an electromagnetic environment has
mandated the following criteria to achieve the desired
design gcals. The system signal processing bad to function
on a video signal which was processed by the log amplifier
Cf the IF system and connected to the LEA in the form of a
baseband signal with a bandwidth of 1.5 KHz to 15 KHz and an
amplitude dynamic range of from 0 to 7.5 volts peak. The
signal had to -be sampled and accurately amplitude
classified , and the classification had to encompass a wide
dynamic range frpm 0 up to approximately 50 dB in
predetermine d increments of either 3 dB or 10 dB. A wide
range of selectable sampling time periods from 1 tc 1000
seccnds was required1 and the system sampling process bad to
have prcvisicns for an automatic ‘run ’ feature. At the end
of the sampling cycle resultant data output from the system
had to be lcgged by a digital tape recording system . The
physical parameters of the system had to be such that the
instrument package was light in weight, stall in physical
size, and immune to the effects of ElI and power
interruptions. The desired electrical characteristics
included lcw power consumption, noise and interference
immunity, reliability, maintainability and ease of
operation. The system finally had to electronically
interface with the IF/Detector Signal Processing System and
the ~P Flanking System which reduced the effects of high
amplitude pulse interference such as a high power radar by
developing pulses to ‘blank’ the HF channel of the EFI
Measurement System and to be counted by the LDA System.8
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Referring to the IDA system blcck diagram in Figure 2
the specified basic operation of the system was to sample
the input analog signals for a selected pericd of time.

~~~~~~~~~~~
_  _  

T I
_  I

j  ~~1I 0(11

— - 

_ _

Figure 2. Level Density Analyzer Blcck Diagram.

During this period pf time each sample was to be classified
by amplitcde , and each classification was tc generate a
signal tc Enable a series of fixed period counters. The
effect was tc count the actual percentage of the time period
that the analog input signal was determined to be within
specified level increments. For example if the input signal
was at a ccnstant level of —50 dBi throughout the sampling
period, it wculd be expected that the counter associated
with the —50 dBm level would display a number representing
100% of the sampling period. The sampling periods were to
be integer powers of ten in order to provide a direct
percentage readout and an indication of the probability
density cf the input signal characteristics. Either 3 dE or

L 10 dB increments of dyna mic range were to be selectable by
ex ternal ccntrcl, and the dua l selection capability would
result in five discrete levels of input signal

9
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discriiicaticn for each of the selectable dynamic range
incremen ts thus providing an overall discrimination of ten
different discrete signal levels.

At the termination of a sampling period the accumulated
data and the actual time of completicn of the cycle was to
be provided as output data both to a digital tape recorder
and a visual display which provided a means for verification
Cf proper system operation and a source of data for lcgging
by hand skculd the recording syste• fail.

Initiaticn of subsequent sampling periods could l,e

implemente d manually or automatically with provisicus for
halting cr resetting the system cycle at any point.

10



________________________ - - ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ 
,•.— ~~~~~~~~~~~~~~~~~~ -——- —---•-__ _ -,—~- •._ -‘_—- _ -_— - -- -

• III. ~~~ Qj ~liZI~ DESI~~

A. P8EA~PL1FIFR

cI
’
_

muiw i~~~ i~~ ~r

u~3Ia

~~ nma

figure 3. Differential Input Amplifier.

The C tc 15 KHz logarithmic bandlimited input signals
are susceptible to Bit, power line noise and ground icops
which might drastically reduce the effectiveness and
ef ficiency cf the system signal processing; there fore
extreme care was exercised in designing a buffer
preamplif ier  to amplify the input signal from the
IJ,Letectcr System. The parameters required for input
buffering were high common mode rejection, relatively large

• bandwidth , fast slew rate, and good supply vcltage
rejection. Ike devjce chosen for this function was a
National Semiconductor LS318 precisicn high speed

11 
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operational amplifier which Cf fers typical specificaticns of
a 50 vclt,’osec slew rate, 100 dB comucn mode rejection
ratio, 8C dE power supply rejection ratio and a 1 MHz large
signal frequency response characteristic. The L~318
applicaticn notes’ were utilized to develop the input
buffering differential amplifier circuit shcwn in Figure 3.

The gain Cf an inverting differential amplifier under
ideal conditicus is given by:

B3
1 0 = — — (1)

El

where El is the input resistance of the amplifier and E3 is
the feedback resistance, and because the operational
amplifier inherently tends to amplify the difference between
the inverting and noninverting inputs; signals such as
induced ElI which are common to both inputs are amplified on
the crder cf 100 dB less than a signal applied to only one
input cf the operational amplifier.

To achieve unity gain according to equation (1)
resistors 31 through Ble were chosen to be of the same value.
El, E2 and His were available 7.68 Koha precision metal film
resistors which have minimal temperature cceficients. R2
and His were chosen to have tne same value as El and B3 in
accordance w ith operational amplifier application notes’ to
reduce the effects of input offset current. R3 was chosen
to be a variable 20 turn potentiometer to enable setting in
the system gain. Bypassing the feedback resistor prcvided
an effective icy pass filter in the feedback circuit which
tended tc decrease the gain with an increase in frequency
reducing the potential of interference from high frequency
noise. Cl had a valme of 820 pf to provide a flat frequency
response for the amplifier from 0 to 26 KHz. C2 was a

12 



manufacturer recom mended value of 10 pf to provide amplifier
feedback cc.pensation.

figure 4. Summing Differential Amplifier.

The input differential amplifie r was cascaded with a
seccnd differential unity gain amplifier. The purpcs€ of
this differential function was to enable summing ci the
input signal with an externally controlled CC bias vcltage
which ccntrclled the LDA threshold during ncrmal operation.
Further reference to the Bias Control and its function are
found in A ppendices ‘A and B. The parameters of the second
amplifier were the same as those cf the differential
amplifier at the input, thus the circuit shown in Figure £4

was designed utilizing the LN318 applicaticn notes.’

Again all rcs~stor values were chosen to be the
available 7.68 Kcha metal film resistors, and the feedback

• capacitor and ccapensation capacitor had the same ncminal
values of 820 pf and 10 pf respectively. Actual circuit

• performance was sia~lar to the input differential amplifier
with the added capability to set the DC output level at any
point withi n the dynamic range of the operational amplifier

13



by means of an external 1000 chu potentiometer which had the
wiper arm ccnnected to the noninverting input of the
amplifier and the end terminals connected to the ±12 volt
power supplies respectively.

5. ANALCG II~!L DHT1CTION

To classify the level of the input signal within the

dynamic rançe of the preset level intervals the output of
the differential amplifier was parallel ccnnected tc the
inverting inputs of five analog voltage comparators each
with a specified calibrated switching threshold. A
necessary quality of the analcg voltage ccmparatcrs was a
high switching speed to enable rapid state changes for any
analog signals within a 15 KHz bandwidth. Assuming a
sinusoidal input represented by:

V (t) = A sin wt (2)

the maximum rate of change of signal voltage is given by the
first derivative Cf the function with respect to time as:

F’ (t) V.A sin wt (3)

!valuating this function at t 0  and f~15 KHz the maximum
slew rate of the input signal is approximately 914.2 volts
per seccad cr .0942 mV/usec. Assuming, therefore, that the
m inimum cc.pajator threshold interval between adjacent
cciparatcrs was approximately 168 mV , a change of of .09142
IF is only .C56% of each window. Thus a ccmparator with a
switching time on tha order of one microseccad was adequate.
The circuit element chosen on this basis was the Fairchild

14
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uA?34 precisico voltage comparator.5

II

Figure 5. Analog Voltage Comparator.

This ccmparatoz was specified to have a typical switcning
time of 320 nsec with a 2 mV overdrive and was thus suitable
fcr ccnvezsicn rates well in excess of 15 KHz. Utilizing
published cciparatcr application notes’ the circuit shcwn in
Figure 5 was designed to provide calibrated analcg to
digital ccnversion of the input signals, and it included
‘hysteresis ’ icr added noise immunity in the cc.parator
circuits.

A voltage ccmparator simply answers the guestion: Is the
input signal current greater than or less than the value of
the reference current? The comparator circuit shown
prcdnces cne output level (0 volts) when 13 is positive and
a different cutpu t level (7 volts) when 13 is negative.
Since the circuit changes state with the change of sign of

• 13 the ccapanison pcint (threshold) occurs when 13 = 0.
Assuming the summing junction potential is 0:

Ii 12 + 13 (‘4)

‘5
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El Vref
— =  +13 (5)
Hi R2

and when 13 = 0

21 Vref 51
— - or El = Vref — (6)
81 R2

Equation (6) thus provided a simplified means of determining
necessary ccmpcnent -values for any coabinaticn of reference
and signal vcltages. There is an error caused by vcltage
offset due tc input differential current offset that may be
reduced to almost zero at a given temperature by ensuring
that the value of resistance from the noninverting input to
grcund iS Equal to the resistance frcm the inverting input
tc ground. Fcr circuit design 31 in parallel with 32
closely apprcximated the value of 33 in parallel with 54.

To prcvide a reasonable load for the input differential
a.plifier and also maintain an input impedance •uck less
than the differential impedance cf the comparator, precision
resistors with the value of 11.5 Kohas were chosen icr El,
and the values ci 52 were variable to allow circuit
threshold calibration at any level desired. Increased
system flexibility was realized by switching between two
different values cf 52. Thus the system was calibrated for
3 dE and 10 dE threshold intervals with external selection
ccntrcl. Ike switching between different intervals was
easily acccaplished by utilization of miniature DIP relays
connected in a SPDT switching arrangement sbcwn in Figure 6.
The choice Cf using printed circuit mounted relays was
extremely desireable to obviate the need to interconnect the

-‘ signal lines by long wires to and from a frcct panel switch,

16 . 
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thus the ctly requirement to change comparator threshold
intervals was wiring and a switch to connect the relay coils
to the cperating voltage. The use of lcng signal wires
would have made the entire analog system very susceptible to
induced EU and ocise.

-
~1~

~~~~~~

1
DIP

~~~

LRY

‘II ,”+I2V p  s.

~ CT~~ IPI. ‘3 DI’
~~~T ~~ ITOI

Figure 6. Comparison Point Switching.

In additicn to offset voltage compensaticn resistors a3
and 514 in Figure 5 were utilized to provide a small degree
cf hysteresis to prevent circuit osciflaticns when input
signal levels were near the comparator threshold pcints.
For ex ample , assume that the threshold ci one of the
cc.paratcrs was exactly 2.0 volts, and the level ci the
input signal was also very near 2.0 volts. Any noise cn the
input signal would then cause the ccmparator to randcmly
switch states with ucise level variations. The use of
positive feedback (hysteresis), however prevents the

17
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ccmparatcr tic, switching between the two output states at
exactly the same level of input. If the high ccmparator
ouput state is seven volts, the level fed back tc the
noninverting input in Figure 5 is determined by:

7 .53
(7)

53 + 54

where ‘e’ is the voltage at the summing junction and the
output vcltage is 7 volts.

The differential nature of the comparatcr circuit causes
both inputs to be approximately equal; and therefore the
hysteresis icltage, e, will chang. the switching threshold
by that aicurt so the input signal must rise to the original
threshold value plus e’ before the comparator switches
states. once the output has changed states to 0 volts the
value of ‘e’ decreases to 0 and the input signal must then
decrease tc a value slightly below the actual threshold
vcltage before the ccsparator switches states again. It
shculd be ucted that a tradeoff between the degree Cf ncise
immunity and the accuracy of the comparison point is
required. A value pi approximately 3 mV was experimentally
determined tc be adequate to prevent ‘chattering ’ caused by
system ncise levels3 and to realize a 3 aV hysteresis loop,
equation (7) was used to find values for 53 and 814. In
addition ~c the constraints of equation (7), the parallel
ccmkinaticn ci 53 and 54 was forced to approximately egual
the parallel combination of Hi and 52 to reduce the effects
of input cffse t current, so the resultant values were 22
achas and 9.1 Echis for 814 and 83 respectively. The
resultant hysteresis loop of each ccsparator circuit is
shcwn in Jigire 7.

The reference voltage for the ccmparator inputs was

18
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approximately —9 vclts which was obtained by use of standard
size resistors , a EN? transistor, a signal diode an d a
Signetics L5 550 precision voltage regulator.

NIC S1ITt

_ _ _ _ _ _  -l 
_ _ _ _ _ _ _ _ _ _ _

I~~ r

Figure 7. Comparator Hysteresis.

The —9 vclt value for the reference voltage was chosen to
prcvide an cfiset from the circuit input negative supply
voltage, -12 volts, by at least 3 volts in accordance with
marufactrrer specif4.cations.’ Also —9 vclts ensured an
adequate dynamic range of compariscn for the input signal
level frcm C to 7e5 volts. The circuit design was taken
directly fica the device application notes7 to convert an
input vcltaçe of — 12 volts to a regualted output of —9
vclts. ‘Ike regulated output, parallel connected to 52 of
each ccaparatcr circuit provided a stable ripple free
voltage reference for each comparator enabling precision
ca]ibraticn cf each cc.parator threshold pcint. The circuit
configuratict and component values for the voltage regualtor
are illustrated in the circuit board schematics in Appendix

C.
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The analcg ccmpazator input signal was also connected to
a low pass SC filter in parallel with the inputs tc the
voltage ccaparators, and - the output of the filter was
connected to a 0 tc 100 microammeter to indicate relative
signal levels. The meter was used to calibrate and operate
the system and is thproughly discussed in Appendices A and B
and is illustrated in the schematic section.

The analcg input circuits, differential amplifiers,
cciparatcrs and relay switches were contructed on a printed
circuit bcard which plugged into a standard 18 pin edge
ccnnector. All integrated circuits were mounted cn the
printed circuit board using standard DIP IC sockets for easy
removal and replacement. The circuit board and edge
connector were installed in a tightly covered aluminum box,
and all DC inputs and outputs were wired into thE edge
connector through 10-00 pf feedthrough capacitcrs through the
aluminum walls ci the box thus ensuring maximu m SF1
prctectice icr the sensitive analog circuitry. In addition
pcwer supply and bias voltage leads were coupled tbrcugh
ferrite beads and capacitively filtered cn the printed
circuit tcazd to further ensure the reduction of power line
noise. The aralog input and digital output signals were
coaxially coupled into and out of the aluminum box utilizing
semi—rigid ccaxial cable and standard SNA cable and panel
mount fittirys icr maximum RFI protecticn of the analog
signals. The aluminum box was mounted directly on the
bottom chassis of the system cabinet allowing easy removal
of the tcp ccver of the aluminum box and subsequent system
calibraticn and maintenance (see Figure 28, Appendix D).
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A. INTRCLUCI1CN

To satisfy tke requiremennts fcr low power dissipation,
light weight and small physical size, maictainability and
maximum 551 and ncise immunity the system digital. logic was
designed witk CMOS (Complimentary Metal Oxide Semiconductor)
integrated circuit lcgic.6 The result was extremely low
power ccnsumption , up to four volts ci noise immurity and
easily replaceable circuit elements consisting of socketed
dual inline integrated circuits. The only cther components
required in the diçita]. networks were resistcrs, capacitors
and diodes.

The heart ci tie digital logic system was the ~OSTEK
50.395 Six recade counter/display deccder Large Scale
Integrated (151) circuit. The LSI counter circuit- included
features such as single power supply , six decades of up—down
counting, lcck ahead carry, multiplexed BCD and seven
segment cut;ut, direct LEO (light emitting diode) segment
drive , and direct c~os logic interface. Use of discrete
logic ccunter devices would have necessitated a single
counter, latch and decoder for each data digit, and the
system crtput requirement was seven, eight digit ccunters.
Thts apprcximately 168 integrated circuit elements would
have been required. Use of the LSI circuit, on the other
hand , prcvided a means of cascading two six digit ccunters
together to cbtain up to twelve digits ci cutput requiring
cnly fourteen 151 devices as opposed to 168 discrete logic
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elements to cktai—n seven counters.

The selection of the MK50395 LSI circuit dictated the
fcllowing general logic design specifications for planned
system opsraticn.

1. istablish an appropriate timing and frequency
reference. 

/

2. tesign lcgic circuitry to provide count enable,
latch and reset capabilities.

3. Cesign lcgjc circuitry to interface the ccunter
inputs with ]cgic levels from the analcg circuits.

L$~ Lesign lcgic circuitry to interface the ccunter
output data with a digital recording system.

5. tesign logic circuitry to select appropriate sample
periods and enable aatcmatic or manual operations at the
system frcnt panel.

B. DIGITAL 1HUI CIECUIT

The basic logic element chosen to interface the analog
circuit cutput logic levels with the six digit counters was
the CD1$013 tual ‘0’ Flip—Flop. The essential characteristic
of this device is the transfer of the ‘D’ input state to the
Q cutput at the time of positive transition of the input
clcck signal. This element thus enabled latching the analog
ccmparatcr ottput state to the counter input gates icr the
period Cf cue clock cycle ensuring that the logic state was
stable durinç the tj.ae of counter operation (up—ccunt) .
Sach ccaparatcr output was tied directly to the ‘D’ input of

_ _ _  
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ccc flip—flop. At the positive transition of phase 1 ci the
clock signal each ccaparator output was then latched to the
Q cutput  ci a flip—flop. Each f l ip—flop Q output state was
then logical CRed with the adjacent flip—flop Q’ o u t p u t , and
these OR gate cuputs were utilized to enable or disable
——dependi ng cc the output state—— six, twc input NCR gates
which in turn coupled phase 2 of the clock signa l tc one
appropriate ccunter at a time. The logic is illustrated as
sbcwn in Figure 8.

~~‘.i (~~~)

__ T _ f
~~~~7j (~~)

I
C I’

~ 

-

Figure 8. Ccmparator/Counter Interface Circuits.

At scee arbitrary level of the analog input signal, the
threshold of inca zero to five ccmparators will, be exceeded
causing the ccaparator outputs to go to a low state. Each
cc.paratcr cutput connected to the ‘D’ input of five
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cozr.spondinç flip—flops will be latched tc the Q cutput of
the flip—flops at the time of positive transition ci the
clock signal. The flip—flops connected to ccaparators that
have thr€shclds set below the level of the input signal will.
have a low state at the Q output, and the flip—flops
ccnnected to ccaparators with a threshold akcve the level of
the input signal will have a high state at the Q output.
The Q’ output of each flip—flop will, be in the cppcsite
state. The Q output of each flip—flop is then logically
OBEd with the Q’ output of the adjacent fiip—flcp as
illustrated in Figure 8. To clarify this lcgic see Figure 8
and assume tkat flip—flop n—I and n—2 are lcw——input signal.
level atcve ccmparator n— i and n—2 threshold——and that
flip—flc p n’s ç output is high——comparator n’s threshold
above the signal level. Under the assumed conditions it is
desired that culy counter n—i i Tcrement and the remaining
counter inputs be disabled. Vith the Q and Q’ outputs of
adjacent flip—flops logically OSed together the cutput
states ci the OS gates (CD~8O71) are OBn— 1, low and CBn—2,
high. Analysis Cf the logic illustrated in Figure 8
indicates that the OR ouput state will be low only when both
Q and the ad:acent Q’ are low. In other words the level of
the input signal will be within some interval. where the
ccmparatcn with a threshold above it has a high output (Q’
low) and the cclpatator with the highest threshold telcw the
input signal level will be low. All other OR gates will be
high because cue of the inputs, Q or Q’ , will, be high. The
outputs ci tie 08 gates each connected to cue input of a
ccrr.sponding NOR gate (Ce1$001) with the other input
connected to the same clock signal as used icr latching the
ilip—ilopm results in a phase 2 clock signal at the output
when the cutput of the corresponding OR gate is low and a
steady lcw state output when the OR gate output is high. In
the exampl, the n—i -NOR gate output is phase 2 of the clcck
signal and the a and n—2 outputs are disabled and held in a
low state. lie desired result is a stable ccunt increment
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in counter  n - i  cnly. By similar analogy all six ccunter
inputs ccrresponding to five flip—flops connected tc the
ccmparatcr cutput s plus one flip—flop hard wired to a low
state operated with the same logic. The flip—flcp bard
wired to a Icy state is the ‘catchall’ flip—flop and serves
the important function of ensuring that input signals with
levels below the lcwest ccaparator threshold are still.
acccunted icr and thus classified to be in a large level
interval between minus infinity and the lcwest threshcld of
any of the ccmparators. Sampling of the input signal in
this manner also ensured that every clock pulse that
cccurred during a sampling cycle would be counted by one of
the ccunters. The choice of a phase 2 clock signa]. into the
ccunters was made to prevent the input signal from changing
the ccaparatcr outputs and corresponding latch outputs at
the time Cf the positive transition of the clock signal into
the counters. This condition would have resulted in
multiple and erroneous count increments not representing the
actual ccnditicn of the input analog signal. The latches
were set cn the first half cycle and the counters were
incremented on the second half cycle thus ensuring a stable
count cycle and a predictable counter system output. The
summation ci the numbers displayed in the six counter would
total tc a predetermined value of the sample period
(seconds) multiplied by the rate of the clock (100000 pulses
per second). For example selection of a 10 second period
would result in a total count (suamaticu of all ccunter
contents) of 100000G. Consequently during the process of
data reducticn it would be easily determined if there was
any system iau ]~t dur ing  the sample period .

It shculd be noted here that one additional counter , the
blanker ccunter , received a signal input through external
coaxial ccnrections from the UP Blanking System. The
blanker system operated in such a way as to prcduce an
output pulse each time the system blanked the SF amplifier
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chain as a result o* an excessively large amplitude UP
signal. These pulses were connected directly to the input
of the blanker counter in the LDA to enable the counting of
the blanker pulses during each sample period, and the
resultant da ta rep resented a correlation to the stat istics
of impulse ncise occurrence rate.

C. DIGITAL CCUNTUS

The heart Cf the counter circuitry was the ROSTER 50395
six digit ccunter/decoder. The significant inputs and
outputs Cf tie LSI circuit were as follows.

(a) ~~~~~~ ——counter input is inhibited when hi gh and
enab lE d wh en low.

(b) ~~~,pE——Data is continuously transferred to display
when low and data is transferred and stored in the display
register when high.

(c) L~~Lt——the six decade counter is syncbrorcusly
incremented cn the positive transition of the count input
signal.

(d) Ciar——resets all decades to zero when brought high
but does not affect the six digit display register.

(e) ~S~——wh en low forces the multiplex scan counter to
the icst significant digit and blanks the segment outputs.

(f) ~s*U——clock reference input for internal divide by
six Johnscn ccunter to multiplex digit outputs.

(g) ~jpfl—goes high when the leading edge of the count
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- - input occurs and when the counter contents equal 99999c.

(h) jç~—— binar.y coded decimal. outputs internally
multiplex ed ky a divide by six Jchnson counter.

(i) 
~~~~~~~~~~~~~~~~ 

g~ ent—— LED display ou tputs internal ly
mu ltiplexed by divide by six Jchnson counter.

(1) .~3gLt iU~——six s’~:rcbe outputs of internal divide
by six ~7cbnacn ccu nter sequentially scanning from the aost
significant digit to the least significant digit.

The specifications set for the counter operation were a
maximum ci eight djgits of data out and a scan rate ci 500
digits per seccad. Because cascading of the
counter/ccccders resulted in 12 digit outputs , the
requirement to extend the digit multiplexing process became
mandatory. For example: the external. scan reference signal
ccnnected tc both cascaded counters simultaneously would
cause the six decade outputs of both IC’s tc be scanned from
the most significant digit to the least significant digit in
synchronism. However to record the data it was desireable
to resyncincnize and sequentially scan from Digit 2 of the

‘carr y ’ ccuvter (LSD counter) to Digit I of the input
counter, where the input counter (LSD counter) is the first
stage of tie counter circuit (digit 6 to digit 1) and the

‘carry’ ccunter (NSD counter) is the second stage
representing digits 12 through digit 7 in a normal cascading
configuraticn. Figure 9a illustrates the timing sequence in
the unsynchrcnized mode of operation.

• External synchronization was accomplished by a two step

‘SET’ operaticn using the SET inputs of both counters. The
scan reference signal was divided by eight, differentiated
and inverted to prpvide a negative pulse tc the scan input
ci the UD ccunter, thereby driving the internal scan
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divider to the most significant digit every eight pulses of
the scan input reference signal as shown in Figure 9b.

~flSLflSU 1J1J1J1J1SLflSL

~~~~~~~~~~~~~~~~~~~~~~~~~~
~~~~~~~J~1J~1J~J I U E M 3 2 I

I. u~~o~~i~~ ~irnT s7~~~

J7IJ~J~~f l c s r~~~~~~~a

~~iTh LPUU LRflRR ’~~

I. S?IIO~~ l~~ h i lT 3T~~~~

Figure 9. Digit Timing.

Synchronizaticn of the ~SD counter digits was reali2ed by
differentiating, diode clipping and inverting the diçit 1$

output atrcte of the LSD counter and connecting it to the
SET input of the ~SD counter. Thus the scan divider of the
flSC counter was also driven to the ~SD every eight cycles as
alsc illustrated in Figure 9b. The timing sequences in
Figure Sb intuitively suggests that a logical gating ci the
multiplexed digit cutputs starting at digit 2 of the ZISD
counter and ccntin ui.ng for an 8 cycle time period would give
a resultant scan of digits 2—1—6—5—1$—3—2— 1 and would provide
a continuous and complete eight digit data output. All
counters b E tE  syncbrpnized in an identical manner with the
SET input ci the LSD counters connected together with the
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divided by eight scan output permitting the design of a
circuit tc prcvide an overall sequential scan of ccunter #6

through ccunte~ 10 (blanker ccnn ter).

To provide unicn of the data of the LSD and MSD counters
the digit 6 and digit 2 strobes of one of the LSD ccunters
was utilized tc toggle a standard J—K flip-flop (Ct~1027)
configured tc switch states on every positive transiticn of
the input signal (digit 6). Digit 2 was fed to the ‘reset’
input of the flip—flp p ensuring that the phase relaticn of
the Q and ~~‘ outputs was maintained to correspond to two
digits ci data from the MSD counter and six digits ci data
inca the LSD ccunter.

~~W J-C rU P4~~

:ii~~’~~~J 1 f l~ f t r

1 I

ligure 10. LSD and NSD Counter Gate Circuit.
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This circuit formed the second multiplex prccessing of the
ccunter data and is shown in Figure 10. The Q and Q’
outputs were both utilized to AND gate two digits of data
ftc. the ~5L counter and six digits of data iron the LSD
ccun tex as illustrated in Figure 11.

L~~ 9’ ____________ 
~~IflD US

L..J ~‘s~
3 ’ l  CUSI

L~~~’V ,~- 
_ _  
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~~~~ [
ii ‘a’ ‘

~~~ i::- I I ~~

l~~~~ 1t w

~~~~~~~ 
- r~~

j
L 1  

_ _

LID I ______ 
—

~~~ iQ ’I

~~~~ ~~
— r ’ i

~ ‘a’ ~~ ______ — 131
Tfl UIT~~T

Figure 11. LSD and ~SD Counter Data Nultiplezinç.

During the high state of the MSD gate signal (The C cutput
in Figure 10) the ECD data from the NSD ccunter was AND
gated (CLI4CE1) to the output stage of each counter circuit,
and during tie high state of the LSD gate cutput (the Q’
output in Figure 10) the BCD data output ci the LSE ccnnter
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was gated to the output stage of each counter circuit. The
output stage for each counter circuit consisted of an
arrangement ci dual jnput OR gates (CD4071) to logically OR
the LSD and NSL ECD data to a single bus icr each parallel
bit of the BCE data (1,2,~e,8). The BCD data was then AND
gat€d tc the main system BCD data buses by the ccuuter
•ultiplex signals described in the fcllowing ccntrol
section.

11111 I 5T~~~ i iIIIT ~~IIT~~ 
t~~~
iIT N—I ST~~~

~~

Figure 12. LED Display Nultiplex Circuits.

The u sual display circuitry derived from the
counter/decoder seven segment ouputs and multiplexed digit
enable cutputs was simply realized by connecting each
segment cuput thrcu.qh a current limiting resistor (15C cha)
directly to the latching a,b,c,d,e,f ancde elements of
three, parallel Connected, four digit LED displays
(SP5082—~’$0i4). ‘Zhis arrangement provided twelve digits of
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display of which ten were actually utilized. Using ten
digits permitted a display of twc more significant digits
than were ncrmally required thus enabling visual indication
of any nalfunction in the timing or counter circuitry. For
Example the maximum period was 1000 seconds resulting in a
maxim , total counter accumulation of 100000000 under normal
operation (ICOO.100000). An accumulated ccunt greater than
1OCC00000 would visually be displayed in the extra one or
two digits indicating a circuit malfunction.

The digits of the LED displays were sequentially enabled
by inverting the iositive digit strobes of the NN50395
connters illustrated in the t iming sequences in Figure 9.
Figure 12 illustrates a 7 segment digit display
configuration of the seven segments and two common cathcdes
of an LEE display.

0. TIRING F(bCIIONS

• The timing circu~.ts design was a straightforward process

of divisicu ci the clock reference signal by several integer
values tc derive various desired timing signals. The
fcllcwing reference frequencies were desired to accoiplish
the overall timing of circuit functions. -

•

(a) ICO Uz... Phase 1 of the 100 KHZ signal was used to
latch the analog comparator outputs and enable ccunt
accumula t ion in the appropriate counters. Phase 2 was used
as a d irect gated input to each of the six, eight digit
counters to represent analog voltage sample ccunt..

(b) 500 ft... The balanced 500 Hz square wave signal
prcvided a scan oscillator input to all seven counters and
the system real time circuitry. The unbalanced 500Hz (10%
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duty cycle) provided the timing to the digital tape recorder
system .

(C)  €2.! Hz... An unbalanced (10% duty cycle) pulse
train prcuided digit synchronization to each LSD counter of
each courter circuit board enabling a digit 8 to digit 1
scan of the decoded counter output data (seven segment and
BCE).

(d) 5C Hz... A balanced square wave prcvided a stable
reference tc the time—of—day circuitry icr accurate time
display and reccrding.

(e) €2.5 Hz... An unbalanced square wave (25% duty
cycle) prcvided the time reference for multiplexing the
outputs ci the seven counter circuits during thE data
reccrding cycle.

(f)  1 ppz... A balanced square wave provided master
timing fcx sampling periods. The 1 pps signal was further
divided by 10, 100,and 1000 to increase the sampling period
range inca 1 second to 1000 seconds.

The timing signals were all prccessed from a crystal
stabilized 1CC KHz oscillator module, accurate to ±.01% and
stable over standard temperature ranges encountered during
ncz.al operation. The crystal. oscillator was packaged in an
oversize dual—in—line (DIP) package and was designed to 

-

•

interface directly with CMOS logic elements. The only
external inputs required were Vdd (+12 volts) and signal
ground. ~igcne 13 illustrates the division process designed
to obtain the required timing signals for system operation.
Tie 100 5Hz balanced square wave was divided by 10 with one
half of a dual BCD ‘up ’ counter (CDI$518) to produce a 10 KHZ
square weue cutput. This signal. was again divided by 2 with
cue half ci a dual ‘D’ flip—flcp tc produce a 5 KHZ balanced
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square vale cutput . Further division by a decade ccunter
with one of ten decoded outputs produced a 10% duty cycle
500 pps waveform fcr tape recorder timing and a balanced 500
Hz square wave for digit scanning. The two different
outputs of tie decade counter were chosen to prcvide a

• • timing offset between the two 500 Hz signals.
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Figure 1.3. Timing Signal Circuits.

The offset was exactly two periods ci the input

signal—apprcximately .tê asec, and the -time difference
between tie cutput scan and the reccrder time reference
ensured that the data outputs from the HX50395 counters were
stable before being ‘written’ into the magnetic reccrding
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system. Figure 114 illustrates the relative timing Cf the
twc signals.

The balanced 500 Hz signal was divided by 8 to prcduce a
€2.5 Hz s~ çnal ion counter digit synchronization. A
standard divide by 8 counter (CD14022) was utilized to
prcduce a balanced 62.5 Hz square wave which was
subsequently differentiated, diode clipped and invented to
prcvide a €2.5 Hz negative pulse train with pulse width
equal to appzcxiaately I asec. The negative pulse train was
connected to the SET input of the NK50395 counter/decoders
(LSt counters) causing the internal digit scan divider of
the ccunters to be driven to the MSD (digit 6) every 8
cycles cf the scan oscillator reference signal. (50C Hz).
The 500 Hz scan input signal was also divided by the second
half of a dual BCD counter (CD’1518) to give a 50 liz balanced
square wave cutput for a time reference icr the digital
clcck.

_  1 1 1

‘,.,lr’

Pigtre 1L4. Scan and Recorder Reference Offset.

The real time circuit was a National Semiconductor LSI
digital clcck with both BCD and seven segment data outputs
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and six digit strobe outputs similar tc the M550395
counter/dEccder outputs. The features of the MJ~5313 digital
clcck circuit were 50 or 60 Hz reference operation , 1$ cr 6
digit display modes, 12 cr 214 hour time display fcrmat ,
internal multiplex divider, single power supply, CMOS
ccmpatibility, fast and slow ‘set’ controls, hold count
ccntrol and a 1 pps square wave output for use with
peripheral lcgic circuitry. The 50 Hz reference signal intc
the digital clcck was internally divided to produce an
accurate hour , minute and second display, an equivalent BCD
cata output , and a 1 pps square wave output. The 5CC Hz
scan input signal was also internally divided by six to
provide digit enable scanning from unit seccnds (digit 6) to
tens of horns (digit 1). Note that the scan is backwards
irci the time displa.y as normally read (left to right) .

To inccrpcrate the digital clock into the system design
the circuit was configured to operate in the 50 Hz mcde by
leaving the 50/60 Hz select pin of the integrated circuit
unccnnected , and the clock was also configured to the 214
hour and € digit display format by grounding the appropriate
select pins cr the digital clock. The choice of the !M5313
digital clock L S I  presented one problem relative to the
rK!C395 ccunter/decoders. The lcgic of the digital clock
circuit did not permit scan synchronization with the digit
strcbe outputs m o. the counters, therefore lcgic circuitry
had to be designed to enable digital clcck output data
recording independent of the sysnchronized counter/decoder
outputs. Thus the secondary - function of the ccntnol
circuitry was to enable clock data reccrdiag without
sjnchronizaticn to the ccunter/decoder circuit timing
references. Specific signals related to the digital clock
will be discussed in more detail in the following contol
section.

The 1 pps cutput of the digital clcck was divided by 10,
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1OC , 1000 respectively to provide the timing for the M~50395
counter/decoder ‘count enable’ and ‘count inhibit’ inputs.
Standard CMC! divide by ten counters (CDI4O17) were used to
prcvide a 1C% duty cycle 0.1, 0.01 or 0.001 pps signals and
each of the fcur timing signals (1 pps to .001 pps ) was
made sel€ctable with external front panel controls to set
the desired sample period during normal system operaticn.

The digital recording system selected icr ‘data logging ’
had characteristics which included an input data
buffer/stcraçe circuit which accumulated 10214 bits of data
pricr to actual. transfer of the data onto the magnetic tape.
It was ccnverjent therefore to provide data to the reccrding
system in 256 bit (10214/14) blocks. ECD data outputs
ccnsisted of four parallel bits for each serial diçit of
data. flereicre the system output consisted of seven
counters ci eight digits each for a total of 2214 bits. The
digital clcc!i provided 6 digits of four bit data for a total
ci 24 bits. At this point the total data bit count was 2148
bits, 8 bits short of the desired 256 bit blcck of data.

Two digits of additional data were designed into the
system data cutput. One digit was a frcnt panel. selectable
FCC CODE utilized to represent any arbitrary digit wanted
for integration into the data logging process. For example
the ‘CODE’ digit (0—9) was utilized to represent tha elapsed
days during actual d.ata collection tasks. The second digit
added to the system was a hard wined ‘1010’ FCD code (binary
equivalent of decimal 10) to permit synchronization ci the
data during the replay of the magnetic tape into a computer
system (the EP9830 calculator used for data reduction reads
a ‘1010’ ccde as a special character). Recording of two
additional di gits of output signal was integrated intc the

• real time recording format of the digital clcck output , thus
the f o r m a t  ci the digital clock output  was modified to
provide a scan of the hardwired 1010 digit, the ‘code’ digit
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and then seccnds, minutes and hours; and the resultanat
acdificaticn increased the total data count to 256 bits.

F. CONI5CL FUNCTICNS

The desicn of the control circuitry centered around

three dual .1—K flip—slops (CD14027) utilized to provide ccunt
inhibit/enable ccntrpl, digital time data multiplexing and
ccunte.r data multiplexing for interfacing with the digital
recording system.

T’~e J and K inpu~ts of each flip—flop were each ccnnected
in a specific feedback arrangement designed to allcw the
flip—flops tc toggle to a single output state combination
and then hold that output state until the prescribed circuit
function was completed. Each circuit was then reset in
sequential crder depending on its function. This procedure
of allowing cnly one state for each ‘tcggle’ and then a
subsequent resetting enabled easy circuit isolation when
performing trcubleshpoting and maintenance.

To skcw the ccuater enable/disable and record cycle
ccntrol functions assume the following ‘idle ’ circuit states
in ~igur€ 15. Here ‘idle’ refers to the system condition of
no sampling cr recording events in process.

Q of IC5a——high
Q of IC5b— .high

Q of
Q of IC6b——lov
Q of Id a— -low

Q of ICl9b——high
Manual Reset——Off

38

-

~

--

~

•~



_____ 
____ 

—

Auto/Manual——Manual

Under these conditions three, three input AN C gates, IC9a,

k, and c (Ct(4073) are all gated off and have a zero cutput
• state, and the reccrder time reference output and the BCD

data from the digital clock are gated off.

The external ‘Manual Start’ switch is ncv held depressed
applying +12 volts to one input of the three input AND gate,
IC9a. A second input coming frca ICl9b is high; thezefo~e
the A N D  gate assumes a ‘ready ’ condition. The 1 pps cutput
of the digital clock is differentiated by 21 and Cl and the
negative pcrticn of the differentiated wave is clipped by
dicde Dl. The resultant positive pulse provides the third
input to the AND gate, IC9a. When the positive spike cccurs
the output of lC9a follows and resets IC5a causing its Q
output tc gc low. This Q output is connected to the count
enable inputs cf all of the counters and to the reset pins
of the ‘period’ dividers, At this point the counters can
increment and the I pps output of the digital clock also
ccnnected tc the clock input of the ‘penicd’ divider chain
can be divided by 10. 100, or 1000 depending on which period
has been externally selected. The divider outputs are
ccnnected tbcugh an external SPlIT PERIOD switch to the clock
input of lC5a, and the J—K feedback arrangement of IC5a will
permit a positive transition of the clcck signal tc toggle
the flip—flcp to the original. state——Q high. When the period
divider chain has appropriately divided the 1 pps input, and
the divide by 10 output of the selected period divider
transiticns tc a high state IC5a will toggle causing the Q
output tc go biçh.. This positive transition of ~ of IC5a
will in trrn toggle IC5b to cause its Q’ output to gc low ,
which in turn remcves the reset condition from IC6a putting
it into a ‘ rea dy’ cpndition. The clock input of IC6a is
ccnnected tc the digit 14 strobe (tens of minutes) cf the
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digital clcck. The digit strobe signals ci the digital
clcck are lcgical zero pulses with a width equal to one
period of the 500 az scan signal and have a period of 500
divided by 6. Therefore at some unsynchrcnized time the
digit Is strcbe output will transition to a logic one after
the completicn of the digit II logical. zero pulse, and this
postive transition wjll toggle IC6a causing the Q’ output of
IC6a to gc lcw. This Q’ output is connected to one input of
a dual input NOR gate (CDLIOO1), ICl2a, enabling the cutput
to follow the inversion of the . other gate input ihich is the
digit 5 strobe from the digital clock. The digit 5 strcbe in
a low state causes the output of the NOR gate to go high for
cue penicd ci the scan reference signal. The digit 5 pulse
output is connected (hard wired) to the appropriate data bus
OR gates (CD4C~ 1), ICl3b and ICl3d, to provide a 1010 ECD
code dnrinç digit 5 time to the output BCD data bus. Q’ of
IC6a is also connected to one input of a seccnd dual input
NOR gate, ICl2b, with the other input connected to the digit
6 strobe of the digital clock ; again the result is a single
positive pulse with a pe’i~A of one cycle of the scan
reference signal. This out - - ~ ~.s connected to an external
FCC CODE switch which provides a 0—9 FCC output for the
previously mentioned code data. When Q’ of IC6a goes to the
low state, by being connected to the K input of IC6b , it set
IC€b in the ‘ready ’ condition. Then on the positive
transition of the digit 6 strobe IC6b is tcggled causing its
Q’ output tc go low ~just at the start of the seconds through
hours digit scan. This output enables the BCD data output
gates frca the digital clock, IC1Oa,b,c and d, and during
this low state tine data is ccupled to the BCD data cutput
bus. The next posit~ve transition of the digit 4 strobe
toggles IC6a to its original state, and the next positive
transiticu ci the digit 6 strobe toggles IC6h tc its
cniginal state. The switching action ensures one and cnly

cue ‘1010’ digit and code digit per recording cycle, an d a
single scan of the FCD seccnds, minutes and hours data to
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During the digital data scan the ‘write’ signal tc the
digital reccrder is gated on for exactly 8 periods Cf the
500 pps recorder time reference signal. This is
accomplished by connecting the Q outputs of IC6a and b to
the inputs of the 2 input OR gate, IClib. The output Cf the
OR gate, a pulse with a period of 8 scan cycles, is
ccnnected to a 3 input AND gate 1C9b which enables this gate
tc output the recorder time reference signal connected to a
second input——the third input is hard wired to the positive
supply vcltage and is not used. The resultant output is
exactly e reccr der ‘write’ pulses which are èonnected to OR
gate IClid fcr final output buffering and gating.

The ECO data and the hard wired 1010 code are ccnnected
to the data cutput bus via NOR gates IC1O and OR gates 1C13.
The FCD data is outp utted for exactly six periods of the
scan reference signal by the long period pulse from IC6b Q’
output. The 1010 code is outputted during digit 5 time and
the digit 6 pulse is connected to the external DCC ‘code ’
switch tc result in a sequential output of the hard wired
1010 code, selectable BCD ‘code’ digit and unit seccuds
through tens Cf hours time data in that order for a total of
8 digits Cf 1$ bit BCD data. This data and the counter 3CD
data are all ccmbined (OR logic) in the Data Output Circuit
as described in the Recorder Data Output section.

The transition of IC6b to its original state causes the
pcsitive transitica of the Q’ output to toggle IC7a. The Q
output of IC7a is connected to the reset input of IC5k and
the set input of ICSa. Connection to the set input ensures
that the ç cutput pf IC5a remains high , and thus the
counters remain disabled, and the connection to the reset
input of IC5k causes a logical one output frca Ida to reset
ICSk and in turn IC6a. The Q’ cutput of Ida is also
ccuc.cted tc the reset input of a divide by eight
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deccder,’ccunter (CD~IO22) used for multiplexing the FCC data
m c i  each ci the seven counters. When Q’ of Id a goes low
it enables the counter allowing the MSD gate signal from
ICfl to increment the counter. The decoded outputs of the
ccunter sequentially enable the DCC data gates at the cutput
of each ci th e seven counters as shown in the timing diagram
of Zig-nr c 16. The outputs of the counter used for this
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Figure 16.. Final Output Multiplex Signal.

function are the ‘1’ through ‘7’ decoded outputs. The ‘0’
is the high output durin g the reset condition ci the
counter, so when the counter output returns to a ‘0’
ccndition after counting 8 MSD gate pulses the ‘0’ output is
differentiated by R2 and C2 and clipped by diode t2 to
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prcvide a rese t for Id a, thus the Q’ output of Ida remains
at a logical C for a period equivalent to a scan cf 56
digits. Curing the scan of the 1 through 7 outputs the ‘0’
output is low and is inverted by ICl2c and ccnnected tc one
input of IC9c a three input AND gate. Cne input of this
gate is cct used and is connected to +12 volts, and - the
cther input is ccnnected to the 10% duty cycle ~0O Hz
recorder time reference signal (‘write’ signal). The cutput
of the INC gate is connected to the second input of lCllb,
and thus during ‘time ’ recording and counter multiplexing
exactly f4 ‘write’ pulses are outputted as desired, and
during this penicd (recording cycle) 256 bits of data are
written intc the tape recorder buffer. The ‘7’ output from
the divide by eight counter is also connected to one input
of a dual input 03 gate with the other input connected to
either grcund or +12 volts through an external RESET switch.
The high ‘7’ cutput or a depression of the reset pushbutton
switch causes a high output from ICl ic which provides a
reset level to all seven counters and a ‘set’ pu lse to
ICl9b. The set to ICl9b causes its Q output to go to a high
state and thus puts IC9a in a ready condition for a next
subsequent cycle ci operation. If the external Auto/!anual
switch is in the ‘Auto ’ position the next positive
transiticu ci the 1 pps output will autcmatically start
another cycle of operation. Note that all sampling cycles
start and stcp in syachronism with the 1 pps output pulse,
and all recording cycles which start unsynchronously after
the tenairaticu of a sample cycle occur between the 1 pps
output pulses.

Visual display of the digital clock time was designed by
ccnnecting the seven segment outputs of the digital clock
tbrcugh current limiting resistors (150 ohms) directly to
two 0P50€2—70C’s four digit displays of which six digits were
used to display hours, minutes and seconds. The cathode
elements were enabled by the internally multiplexed digit
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strcbe outputs of the clock connected through a noninverting
REX buffer (C~Is05O) to provide the sink for the LED current.

F., BECCBLfl CATA CUTPDT

The ECD data multiplexed from the FCC CODE st~itch,

I digital clock and control circuits and the seven counters
was combined by logical OR gates in the data output circuit.
The overall purpcse of this circuit was to gate the 256 bits
of data ftc. separate outputs cnto four output data buses

- - representing the 1, 2, 14 , and 8 bits of the ECD code. These
buses were then cabled directly to the input buffer of the
digital reccrding system and to a digital data test circuit
bcard (see Data Test Circuit Design in section G) . The

-
‘ stages ci the cutput circuitry consisted of eight, four

input OR gates (CD4072) and eight, 2 input OR gates
(CC 14071) . Each bit pf the DCC data from the counters,

Figure 17. circuitry for One Bit of Cata Output .

digital clock and the ECD ‘code ’ switch was connected to
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one input of two, is input OR gates or the two inputs of a
twc input 05 gate which is ccnnected to the remaining input
of one ci the 4 input OR gates. Two of the Is input OR gate
outputs were combined with a second 2 input OR gate to
prcwide a single bit of the data output. Illustration of a
single bit cltput is shown in Figure 17 where the eight
inputs tc twc, four input OR gates are the l’s bit of
counters 1 through 6~, the blanker counter, the ORed cutput
of the digital clock, and hard wired 1010 code and the
output of the LCD ‘code’ switch. The outputs of the two , 4
input 05 gates are simply combined together with a 2 input
05 gate tc provide a single bus output of the ‘1’ bit data.

• The cable carrying the LCD data tc the input buffer of
the recording system located in the ‘Deck Contrcl Fox ’
included a conductor for the ‘write’ pulses (recorder time
reference signal) end a conductor for each bit of the LCD
aata. A separate three conductor cable provided +12 and —12
vclts and signal ground for the recorder and deck ccntrol
subsystems. The pcs~tive 12 volts was utilized for powering
the tape reccrder syste. and the positive and negative 12
volts was utilized to power ‘drive ’ mctors for the remote
turable bandpass and notch filters located between the
antenna and the preamplifier circuits ce the  DPI
Classif icat icn System.

G. OUTPU~ DATA TEST CIRCUIT

The FCC data connected at the input to the input buffer

of the tape recording system was also parallel connected to
the input Cf a test circuit designed to periodically check
the data that was being inputted to the tape recorder. This
circuit thus enabled a periodic check and a provisicn for
trcubleshcoting the overall data output circuits of the LDA 



system. For example observaticn of erronecus data in this
circuit would prcvide the observer with the logic
informaticn to enable circuit card and/or componen t
rep lacement to repair any system malfunction pnicr to
recor ding many hours of erroneous and unusable data onto
magnetic tape. Inability to repair the system would also
cue the operatcr to revert to a hand—ceccrding method of
data logging directly from the ccunter displays.

- 
The circuit memory feature was designed around four , 64

bit shift registers (CD4O3I). The shift registers had a
direct input and a recirculating mode of operation allowing
input data tc be stored permanently and circulated around
the register or to be continuously updated by subsequent
recording cycles of the LDA system .

Each bit (1, 2, 4, 8) of data was connected to a
respective shift register,and an external (circuit card
mounted) EPDT switch selected the circulate cr direct serial
input mc de of operation of the shift registers. The
recorder timing reference signal was utilized to clcck the
data intc the registers just as the signal clccked the data
into the tape recprder buffer. At the terminaticn Cf the
record cycle the shift registers then contained all 256 bits
of data Cf the LCD data output of the LDA system. After the
data was stcted in the shift register, it was cycled digit
by digit to the outpezt connection by sequentially toggling a

‘bcunceless’ switch. The shift register contents were
displayed on a single digit seve n segmen t display (MAR14)

enabling visual observation of each digit of data stcred in
the four shift registers. The bounceless switch also
toggled a prcgraamable divide by 10 down ccunter (CL4029)
which prcvided a second digit visual display to assist the
operator keep track of the data location during the display
cycling. The programmable counter was designed to ecunt
down fzca 8 tc 1.
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The bounceless switch was designed with a cross—coupled
pair of dual input Schaidtt Trigger NAND gates as shown in
Figure 1€. The logic of the switch works in the following
manner. with the pushbutton switch (circuit board mounted)
undepressed the normally closed (NC) connection applies a
grcund tc one input of one of the RAND gates. A logical 0
at the input of a HAND gate ensures a logical 1 at the
cutput which is connected to one input of a second RAND
gate. Ike other input to this HAND gate was connected to
412 volts through a resistor thus ensuring that the output
of the gate was a logical 0. The 0 output connected to the
second input of the first NAND gate thus ensured a stable 1
and 0 at the outputs of the gates. tepressicn Cf the
pushbuttcn switch interchanged the +12 vols and the cround
between the inputs pf the HAND gates causing the outputs of
each to switch states. This transition provided a
mechanically op erated clock to toggle or shift the data in
the registers and to toggle the divide by eight and divide
by ten ccunters.

As each fcur bit digit of data appears at the serial
output ci the four shift registers it is connected to the
input of a ~Ct to seven segment converter/driver (CD~I511).
The ccrresponding seven segment data is directly ccnnected
through 2.2 Kcha resistors for current limiting to the anode
element s ci the NAN4 ‘Data’ display. The common cathode
element of the display is grounded thus each digit of data
is displayed as the bounceless switch is toggled.

One cutput of the bounceless switch is also parallel
ccnnected tc the clock inputs of a divide by 8 ccunter
(CC4022) and a programmable divide by 10 ccunter (CD 14029) .
The divide by 8 counter provides the programmin g input to
the decade counter through a monostable multivitrator
(CD4$047) . The ‘0’ output of the octal counter is ccnnected
to the pcsitive clock input of the multivibrator. On the
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positive transiticn of the ‘0’ output of the octal counter
the ouput of the mcnpstable goes high for a period of about
5 micrc scconds. This output is connected to the ‘F’ Jam
input of the decade counter which drives the ccunter cutput
to a 1000 DCC code (decimal 8).
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Figure 18. Output Data Test Circuit.

The LCD cutputs of the decade counter are also connected to
a second FCC to seven segment decoder and the output s ci the
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decoder are ccnnected directly to the anode segments of a
seccnd R&N4 digit display. The resulting display after a
‘jam ’ input to the decade counter is a decimal ‘8’. As the
cycle switch is toggled the decade counter Counts dcwr from
8 to 1 as the cctal counter counts from 0 to 7.

Initializing the counters is accomplished by using the

‘write ’ signal to reset the octal counter which in turn
presets the decade counter to a decimal 8 cutput. The write
signal is buffered and inverted at the input by a two input
RAND gate. Foth inputs of this gate are ccnnected together
and the cutput is co~nnected to the input of a seccnd RAND
gate - where the buffered clock signal is HANDed with the
bcunceless switch signal to provide an OR gating of these
two signals to the clock input of the shift registers. Thus
during the record cycle there is a means icr the ‘write’
signal to reset the pctal counter and clock in the data, but
at the ccip]etion of the record cycle a lcgica1. 0 is placed
cn the reset input of the octal counter enabling the ccunter
to increment witg the bounceless switch.

To cperate the test circuit the printed cir~: A it board
was plugged into an 18 pin edge connector receptacle or the
rear panel cf the Recorder/Deck Control Box. Power is
applied tc the circuit board whenevev power is applied to
the tape reccrder by the toggle switch also located cn the
rear panel of the Deck Control Box. After the LDA has gone
through a sample and subsequent record cycle data is
registered in the test board shift registers. To display
the data on the ‘DATA ’ LED display the ‘CICLE’ pushbutton
switch must be pushed and released 614 times to sequentially
display the stored digit data. At the same time that the
CYCLE switch is pushed the DIGIT LED display indicates the
relative locatica of the ‘pushing ’ cycle by counting down
frca 8 tc 1 a total of eight times. The displayed data is
then correlated with the visually displayed data of the LDA
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to check for proper system operation. It should be noted
that the hard wired 1010 code which is the first dicit of
data out ci the LEA system is ccnverted to a blank output by
the BCE tc seven segment decoders, thus the initial displays
after the reccrdin g cycle will always be a ‘blanked ’ DATA
digit and an ‘8’ on the DIGIT display.

B . M I S CUL ANE CU S  CIRCUITS

1. ~çan ~~~~~ Buffer

To prcvid€ adeguate buffering and reduce the fanout
requirements of the scan frequency divider circuit, the scan
output of the CDL4O17 divide by ten counter IC referred to in.
Figure l~ was connected in parallel to the inputs of fcur 2
input CE gates. Each OR gate output was then connected to
two of the require d eight scan inputs of the seven ccunter
and one digital clock systew.The buffer is physically
located on the Digital Input circuit board.

2. j ~~~t O~cil~~±cr

Ic provide a test signal for ‘in—syst em ’ troubleshooting, a
LM!66 functicn generator integrated circuit was used to
design a 12 KHZ signal generator which prcvided a square
wave and a triangle wave output to a BNC panel connector on
the rear Cf the LEA cabinet. The circuit was configured in
accordance with ma~nufacturer application notes1 and is
schematically illustrated in Appendix C. The test circuit
is operated by connecting the test signal square or triangle
wave output to the ppsitive LDA input connector on the rear
of the LtA cabinet. Power is applied to the circuit (+12
vclts) by turning the ‘TEST SIGNAL’ toggle switch on the
front ccntrcl panel of the LDA to the ‘O N’ position. The
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test oscjjlatcr 1.5 also located on the Digital Input circuit
board.
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The basic power to the LDA and the tape recorder systems
was provided by a manufacturer designed dual tracking
regualted ±12 vclt ppwer supply module capable of a 5 ampere
output with an oveilpad shutdown capability. The only input
required was 115V/€OBz AC line voltage. The positive supply
vcltage powered all of the circuits ci the IDA system and
the magnetic tape recorder with a tctal icad of
approximatel y 2.75 amps. The negative supply was only used
in the LC1 system for the analog vcltage ccaparators and the
input operational amplifiers which provided an approximate
50 ma icad. As previously noted the negative power supply
was also used in peripheral equipment of the EFI measurement
sys tem tc prcvide poser for remote tuning of a tunable
tandpass and notch filter.

The seccnd part pf the power system (backup power) was
10 series—ccnnected nickel—cadmium cells rated at a nominal
1.25 volts each tc provide a +13.8 volt backup power source
for the digital circuits of the LDA and the tape reccrder.
The backup pcw€r ensured that the time circuits and the tape
reccrder remained stable and operating in the event of loss
of normal pcwer. The battery package was capable cf an
approximate 2.0 amp—hour output which provided a relatively
long time backup power source for the +12 vclt load. The
overall design ci the power system is illustrated in Figure
19. Both the battery source and the +12 vclt source were
connected through series diodes to a main +12 volt CC bus
which suppled +12 volts to the tape reccrder and the LDA
circuits.
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A trickle curr€nt for battery charging was supplied
directly tc the battery terminals through a 680 ohm series
dzcpping resistor and a series diode from a peripheral +36
vclt power supply physically located in the Leck Control Box
with the bat tery system . To ensure that the trickle charge
actually charged the battery and did not provide current to
the +12 volt icad, three diodes were connected in series
with the battery and the +12 volt bus. During normal
operation tb~~~ *12 volt power supply output was apprcxi~ately
12.5 volts, and the voltage was dropped to 11.8 volts by the
amcunt of the 0.7 volt drop across the diode in series with
the power supply, consequently with 11.8 volts cn the
cathode element and P13.8 volts on the anode element the
three series diodes are not biased in the fcrward direction
and battery current to the DC bus in minimal. In the event
of an AC power failure or inadvertant system shut—off at the
frcnt panel the battery supplied approximately 11.7 volts to
the DC bus, and the  diode in series with the +12 vclt power
supply prevented excessive battery discharge through the
pcwer supply .

The final additipn to the power system was a lcgic
circuit tc provide a signal to the LDA that there was an AC
power interupt during a sampling cycle. The circuit was
designed with a DIP relay to provide a reset pulse tc the
counter circuits during a power interupt. The reset signal
was only connected to the counter circuits, and it did not
in any way interupt or reset the remaining LDA timing and
control functions. The reason for this procedure was to
enable the determination that a power interupt had occurred
by analysis of the recorded output  data dur ing data
reduction. If a power interupt occurred at some point
within a sample cycle the counters would be held reset
durin g the time ci the interupt, and subsequent totalization
of the cornter contents would then indicate that an
incomplete sample period had been executed because the total
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of the ccunters wculd not have been the predetermined total
as previcusly indicated in the Counter Cesign secticn. The
circuit to provide the reset voltage was designed by
ccnnecting the ccii pi the relay to the +12 vclt output of
the power supply . The normally open contact of the relay
was left cpea and the normally closed contact was connected
to the +12 volt DC bus. The pole connection of the relay
switch was ccnnected through a series resistor tc the
ccunter reset line. During normal operation the energized
relay would be in the ‘NO ’ position and no vcltage would be
applied to the reset line. If the power supply (.12 volt)
decreased below the relay holding voltage (approximately 10
vclts) the ‘NC’ contact would connect the 12 volt DC bus to
the reset line, and the counters would be held reset until
ncrmal circuit functjons were restored.

I +12 VD<

L~ 1l
~~ 1U

~~~~~~~~~~~~~~~~~

lUCY

Figure 19. Power System Wiring and Logic.
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The logic circuit (relay) was mounted on a small printed
circuit board which was bolted to the back panel ci the
printed circuit hoard card cage. The required connections
were then made by direct wiring into the +12 volt hoses and
the counter reset line as shown in Figure 19.
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VI. ~l iS I~jI 11~Q~~Qi

The asse.bly of printed ciruit card hclders and wiring
between circuit boards and panel controls was acccaplished
with consideration for analog and digital isolation, EPI
imiuni ty. maintainability, and operability.

All digital circuits discussed in the Design sec tion
were constructed on easily removable printed circuit (PC)
bcards which plug directly into standard edge connectcrs.
The seven ccunters plug into 18 pin edge connectors and the
cther three circuit boards— -Control, Reccrder Data Output,
and Digital Inpu t——plugged into standard ‘40 pin edge
ccnnectozs. All PC board edge connector ccntacts were gold
plated tc reduce pctential high ohmic contact between the 

—

edge coarectcr scckets and the PC board. The printed
circuit tcar ds wer e ~.nstalled in a single aluminum enclosed
card cage with ir~nt access for easy removal or easy
extenmicu with constructed 18 pin and ~$0 pin printed circuit
extender boards designed to enable access to the circuit
bcard co.pcnents from the outside of the card cage (see
Figures 27 and 29, Appendix D) . This allowed easy
measuremen t ci voltages and/cr logic levels directly or the
printed circuit board while the circuit was in normal
operation. All that was required for test equipment to
check each circuit was a CMOS logic clip which connected
directly cn each integrated circuit, a standard voltmeter
and an oscillcscpe when required.

The SC bcard edge connectors bolted on the rear ci the
card cage were interconnected with wiring bundles soldered
directly to the edge connector contacts. Each bundle group
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was securely wrapped and bound to the card cage to decrease
the possibility of vibration or mechanical ucvement of the
wires cr scider ccnnactions.

The aluiinum card cage container was a specially
constructed bcx with removable top and frcnt panel covers.
The top was removable to provide access to the
interconnecting wire bundles and the actual SC card
retainers and edge connectors. The front panel was a hinged
docr providing access to the PC boards for removal or
extension during troubleshooting and maintenance operaticus.
The panel dccr was constructed and gasketed with an EPI
webb ing material tc ensure a good EPI seal when closed and
fastened with 13 screws that secured the front panel door
directly tc the card cage and the main frame front panel of
the LEA cabinet.

To prcvide visibility of the count er and digital clock
visual displays which were mounted on their corresponding PC
bcards with vertically mounted right angle DIP sockets the
front panel door was constructed with twc windows in it.
The windo ws were cpvered with EPI screened red filter
plexiglass that enhanced the visibility of the LED displays
and provided good ElI filtering to protect the digital
circuits frci excess noise and/or RPI.

All irterccnnections made between the analog and digital
circuits, tbe frcnt panel switches, and external panel
mounted ccnnector fittings were made by either connecting
individual wires tp faedthrough capacitors or to SEA panel
connectors f or coaxial cable connections. Coaxial cables
were used fcr connections between the analog and the digital
circuits boxes and between the period divider chain , the
external SP1~T ‘per~.od’ selector switch and the counter
enable/disable circuitry discussed in the ccntrol section.
Twc additicanl cca~ial connections were made from the test
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function generator circuit constructed on the Digital Input

PC board to ENC fittings on the outside rear panel ci the

L E A cabinet .

The input  power supply vo ltages and the tape recorder
timing signal and ECU data output jack were connected to the
digital circuits through 1000 pf feedthrough capacitors
which deccupled the lines and ensured maximum EPI and noise
protection.

The labeled fxcat panel switches and panel meter of the

LEA are sbcvn in the system photos in Appendix D , and the
wiring diagrams in Appendix C illustrate the wiring

iuterconnec ticns of the switches, meter and circuits.

I
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APPENDIX A

CALIBRATICN PROCEDURES

Eecause the iDA is priaarily a digital system ,
calikraticn reguiresents are :both minimal and easy to
acccmp]ish. The majcr goal of the LDA systel calibraticn is
to match the LEA analog circuit operating levels to the EFI
Measurement Syste. which provides the processed and detected
signals to the LD A . The general relation of the LEA to the
EFI M easurement  System is illustrated in the system block
diagra. in tke Introduction.

The f i r s t  step j fl calibrating the system is a rather
arbitrary presetting of the *2 analog voltage ccuparator
threshold. This step is performed by utilizing the (1)
Level Meter , (2) external Level Adjust and (3) the circuit
board calibraticn potentiometer of the *2 comparatcr to
establish a baseline reference for subsequent system
calibraticn , that is the lowest comparator threshold is
matched to a kncwn signal level input and a fixed level
meter reading. The result is that measurements which  are
taken will  be accurately interpretted by knowinç the
baseline reference level for the *2 compar atcr  threshold.

The LEA calibration steps are as follows.

A. R emov e  the top panel from the LEA cabinet.

B. Remove the top cover of the analog circuit board box
which is iccated to the rear of the cabinet on the bottom of
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the  chassis .

C. Ccnnect the IF/Detector system LDA ODTPUT tc the
input of the LEA.

D. Ccunect a known signal level to the  input of the
IP/tetector system log amplifier. Note: —60 dEm was
determined tc be the smallest signal that would ever be
present at the input to the log amplifier , so this i.i.1 of
signal fr cm an HP e6~ 0b signal generator was used for LDA
calibr atic u . 

-

2. ~itb the meter input selected to LEVEL position the
LE VEL ACJCS T potentiomenter for a reading of 19.5 micr oamps
on the LEVEL teter.

P. Select the MANUAL position of the AUTC/LANULL
switch, ‘lOOC’ on the PERIOD selector switch , and pusk the
START pushbuttcn to begin a 1000 second sampling period.

G. Adjust calibration pot 11 on the analog circuit board
so that 11 and *2 counters are both counting at
approximately the same rate. Determination of an
approximatel y equal count rate may be accomplished by
resetting and restarting the count cycle a number of times
while cbserving the numbers displayed in the *1 and *2
ccunter disp lays .

H. hith th e ‘3 dE ’ level interval selected increase the
signal generator output level by 3 dE steps and adjust the
ccsparatcr tbresbclds of the remaining comparators sc each
consecutive pair of counter s—-- 2 and 3, 3 and ‘4 , ‘4 an d 5, 5
and 6——are tcth cpunting at an equal rate.  For each pair
adjust calittation pots *2, *3, *4, and #5 at input signal
levels Cf —57 dEm , — 54 dBm , — 5 1  d Ew  and ~~L4€ dB,
respectively.
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I. W i t h  th e ‘10 dE ’ level interval  selected increase the
signal generator output  level by 10 dB steps relative to the
initial value , —60 dEw. Adjust  calibraticu pots #2 ’ , #3’ ,
#4’ and IS’ at signal levels of —50 dBm , —40 dEn, — 3 C  dEw

and —20 dEm ;espectively for the counter indications
described in step H.

.3. The gain of the LDA analog preamplifier was
preadjusted tc he approximately equal to ‘1’. Tberefcre to
ensure the capability of circuit board replacement , the
seccnd (spare) circujt board should be calibrated at the
same t ime with th e  same reference level (—60 dEw) t h a t  was
used with the primary circuit bcard. With the output from
the signal generator set to —60 dEw and the LEVEL ADJUST
control undisturbed from the position used durinç the
oalibratcn Cf the primary circuit board , change circuit
boards and adjust the gain control potenticneter fo r  a 19.5
microamp reading on the LEVEL meter. This ensures that both
the primary and spare circuit boards ha ’~e the same reference
threshold.

K. ftoc€ed with calibration as in steps P th rough I.

L. After the analog circuit board is calibrated the LDA
meter is adjusted to shift the base line reference meter
reading to a more cpavenient value of 20.0 microamps. This
is accomplished by disconnecting the input from the LDA and
shcrting the input terminals together to ‘zeroize ’ the input
to the LEA. Then set the ‘LEVEL ADJUST’ control sc both
counters *1 and *2 are counting and adjust the ‘METER ZERO’
cn the face ci the aster to obtain a meter reading c-f 20.0
m icroamp s .  This adjustment may also be made w h E n e v e r
necessary during normal system operation.

The steps above provide a general calibration procedure
for the LEA system , but to effectively deduce the meaning of

62

___ _  _______
_ _ _ _ _ _ _



-- - - ~~~~~~

the cutp u t  data the thresholds of the ccmpar atcrs must
correlate with some actual signal power level at the antenna
terminals of the BFI Classification System. If the iDA is
calibrated with  a —6-0 dEn signal connected to the input of
the IP,.’Cetectcr lcg amplifier circuitry, the question asked
is: What is the power level of the corresponding signal or
ncise at the antenna terminals that would cause the baseline
reference ccrnters, #1 and *2, to both count? The answer to
this questicn is determined by the measurement and
calibratic n Cf the RI and IF system parameters , but in any
case the final IDA system calibration must be the full
utilizatico ci thE RI/I? system gain, acise figure, V
factor , and correction factors to provide an absolute power
label for tk e  threshplds set in the LDA system. It should
be noted that different inputs such as Gaussian noise and
unmodulated CW signals result in different  levels of
detected signal at the output of the lcg amplifier,
therefore final baseline reference labeling must also
include correcticn factors for different  types of signals
and their bar dvidths  as well as various system gait and
frequency ccnfiguratjcns.

j
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APPENDIX B

- - 

OPERATING PROCED U RES

The cperating procedures for the LEA are quite simple
and in general require only limited experience and general
LE A system kr cw ledg e  from the operator . The LDA system may
be operated in either a manual or automatic mode and either
configuration requires minimal control manipulatict and
adjus tment .  The system configuration in general is at the
discretion ci the operator and where pertinent is governed
by the characterist cs of the signals to be analized by the
LEA. The procedures outlined in this Appendix are - ;

applicable to the EPI Classification System for which the
ODA has been designed, and thus follow guidelines
established by experience gained during initial system test
trials.

The fc.llcwing pperating procedures are set f o r t h  to
perform the analysis of a narrow band of signals witbn one
of the sub—h ands ci the 240 MHz to 400 MHz spectrum . Refer
to the Intr oduct icn for overall system hookup and the signal
process ing f lcw .

A. Tune all filters utilized in the RPI M easurement
System ccnfiguratio .n to the frequency band of interest.
This includes centering the manual and remotely tuned
bandpass filters (if used) at the center f requency and
tuning the manual and remotely tuned notch filters (if used)
away frcm the center frequency or on an interfering signal
to be notched  cut Cf the R? system.
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H. Turn the IF system attenuation to 0.0 dE and select
the desired ip system filter bandwidth (30,10 or 3 - KBz).
Set the H gain as required to obtain the desired signal
level.

c. Select the appropriate bandwidth f or the RE. system
(1 or 10 MHz) cn the BF,/Blanker box. Select the appropriate

h UP channel on the ‘Deck Control’ box.

D. Set the synthesized local oscillator frequency
output tc 30 MHz below the UP center frequency of interest.
Note: The H system bandwidth is 30 MHz at the input to the
I? amplifier.

2. Terminate the input antenna terminals with a 5C ohm
icad by selecting NOISE DIODE ensuring that the noise diode
power is CJE .

* F. With the meter input selected to LEVEL set the LEVEL
AEI]UST ccntrcl on the LDA to obtain a 20.0 microam p reading
on the L E V E L  M E T E F .

G. Return the antenna terminals to the ANTENNA pcsition
on the teck Ccntcol Box. At this point the reception of
signal and/cr noise should be indicated in the form of a
greater needle deflection on the level meter.

H. Select an amount of attenuation on the IF bcx to
reduce the LEA ILVEL meter reading to approximately 20.0
iicroaips. This step ensures maximum dynamic range (ccunter
2 through 6) for subsequent analysis of the input signals
with the U I .  Note: Do nct readjust tne LEVEL ADJUST
contol cn the LEA after the original setting was established

in step F.

I. Select the desired LEA PERIOD (1, 10, 100 or 1000
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seccnds) for the desired sampling time. Select the 3dB or
10 dE level interval as desired or as dictated by the
dynamic rançe of the input signal.

.3. Select the desired LEA CODE digit——this selection
has no e f f ec t  cu the analysis results.

K. Set up the tape recording system for lcgging
operation as icilows. Turn on the power to the tape
recor der, data Test Circuit ~nd the battery charging circuit
by flipping the small toggle switch located on the rear
panel of the Deck Control Box to the ON pcsition. At this
tine the REE power light will be illuminated on the front
panel of the tape recorder. Access to the front panel is
gained by lcv€ring the hinged door on the £rcnt panel ci the
Deck Ccrtrcl Box. After access has been gained to the
recorder frcrt panel a cassette tape may be inserted into
the cartnidçe slot in the recorder. Approximately 18
seccnds after the cartridge is inserted the READY light on
the front panel of the recorder will illuminate. Logging
operation may begin at this point and the recorder will log
several hcurs of data (approximately 2 million bits).

L. Pcr eutcmatic operation select AUTC , and the system
will sample  and recprd automatically with a period equal to
the selected PERIOD plus one second (all. functions start and
stop in ccincidence with the changes of unit seconds cn the
digit al clcck) .

N. Ect manual cperation select MANUAL and at the desired
time push the START pushbutton and hold it in for at least
one second. The system will sample for the selected period
of time, record and then halt in an idle state.

N. The system way be stopped at any point in the
sampling cycle by depressing the RESET pushbutton. However ,
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if AUTO has teen selected the system will start a subsequent
count cycle within one second after the reset button is

released. If the manual mode is being used the system will
reset and regain in an idle state until the START buttcn is

p~sbed again.

0. At this point the actual LDA function has been
performe d, but it is mandatory to log all pertinent system
configuratict data. Systea gain (attenuation), center
frequencies, filter bandwidths, local oscillator

frequencies, U.A periods, LEA level intervals and the time
of the evert should be appropriately logged to ensure that
the analysis data m a.y by reduced to a meaningful signal
density classificatipn.
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PR INTED CIRCUIT BOARD SCHEMATIC EIA GRANS
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APPENDIX D

SYSTE M PHOTOS
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Figure 28. LDA Cabinet Interior.
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