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OBJECTIVE

To develop and test a vlf/if atmospheric noise recorder that will permit recording
and reproducing impulse noise with an 80-dB dynamic range for a noise bandwidth of up
to 3 kHz.

RESULTS

A noise recording system using compression/expansion circuitry to overcome the
inherent dynamic range limitation of analog magnetic tape recorders is capable of recording
and playback of wide dynamic range noise processes. Field data show the system is capable
of high fidelity recording and playback of band limited vlf/If noise.

RECOMMENDATIONS

It is recommended that the vlf/If noise recording system be used for testing vi f f
communication and navigation systems whenever true performance in time variant atmos-
pheric noise is desired. There are presently no other known approaches for atmospheric
noise performance testing that can reproduce the temporal characteristics of vlf/If atmos-
pherics as can this system.
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INTRODUCTION

The vlf/ tlf atmospheric noise recorder consists of a noise processor and an auxiliary
high quality analog tape recorder. The noise processor, with the specifications listed in
table 1, when combined with a high quality tape recorder, will permit recording and repro-
ducing ;repulse noise with an 80-dB dynamic range in a noise bandwidth of I to 3 kHz.

File frequency range of the noise recorder is 10 kHz to 60 kHz. It consists of a
noise processor containing four identical parallel channels contained in a rack-mounted
chassis, a variable freq ue ncy bandpass filter unit linpe recorder in a second chassis, aid a
high quality analog magnetic tape recorder. (See figure I .) The basic relationships of
the functional sections of the atmospheric noise recorder are shown in figure 2 and are
described in the following paragraphs.

The noise recorder is intended to be connected to the output of an antenna pre-
amplifier. 'wo ,et, of plug-in fixed frequency bandpass filters ( 14.8 klfz and 28.5 kliz) are
p), ided. These two filter sets may be used in any of the tour channels. The variable filter
(10 W( kit) may be Lsed in any channel which does not con tain a set of fixed filters. The
fourth channel is provided as a spare.

The gain of each channel may be independently varied by means of gain and atten-
uator switches located on the front panel. Light emitting diode ( LIlD) indicators, located
on the front panels of tile processor and the variable filter, provide a visual indication of
sig'nal saturation at specific points within each channel.

A four-digit front pane! indicator, shared among the four channels, provides a inca-
stre of the percentage of time the input signal exceeds a predetermined amplitude threshold.

File variable frequency bandpass filter is tuned by means of front panel rotary
switches. Any frequency in the 10-kHz to 00-kil band can be selected, with a resolution
of I kllz. Pre- and postfilter variable gain switches are also contained on the front panel of
the fitter.

The magnetic analog tape recorder can be any high quality device such as the Honey-
s' ell Model 1 01.

SPECIFICATIONS

Table I contains tile noise processor specifications.

DESCRIPTION OF NOISE PROCESSOR

OVERALL FUNCTIONA L DESCRIPTION
The noise processor consists of five major sections:

I. Ampliier-filter

2. (verload detector-indicator

. Co111 pressor

4. I \pander

5. Ihr hsifld detector indicator

i



'I jhlIc I N oise processor speci ficza ion 

Number ot'Chaia els: Iutu palllc chltautuls. one at1 each (4lu 01C wiu ftc quetcies; I .8 klLz
0 1/ Lti! 10 I kitI/ t 60 ki l, Iv~ij iahle One t liii tku channes is d

Filter Characteristics: l4.S, klit -3 dO B I = I .S kI I/
-30 dB lik <- 3 ktF/

S kIl': -3 11 1 M 1) '.k0Il
-A30 I <6 k It/

\*i iauHl - 0-60 kit1, vai iable 13W, niTIuntilt1 OI Is I (Y 0 eitet
IC ilIC ilc%

Nl\inuntI Gain: ds 3 (LdneS n10t include variable filter gcain)

I Iuoll preamup input

lo cubnpresso-, input)

( Han Control: 80 dOl inl -- Il steps

In1put I'llpeoice: Greater thaui 3100 ohs~n

Noise FiRCue: iLess th ait § k30 in -,It band operating t-'Ilit a 5o -oh in1 sou rce wilti 1' C d
titr anid :u~iiw in preamp gain.

Gompressor: ( omupresses 0-dli ranlge sgnal initc -U) dIl 10! lecorditig: illaxinttIut otpit

le) ).f6 V rtuJaross I K Shunted ll '0)0 ;)F

f xpander 1:x pa ik 340-31 ran (!C recpwrdu1cC sign al mln I M3t 313 ) 1)),ivl 1I: xiinui

outplit lcxci 3.5 V Ims aicross I k shunted b\ 1000 IA1.

Linearity: 80 d13 ) ixiuin conmpressiont I ilIi I'm c~jcl ICCOILI Lc iid CXP Iltded

cluatticItitliii11I10- to SOk tband.

Indicatois. ( out:tiins I:oit panel 4-digit readout which dr~pla\ s percent Ccc(1iaitcc

lniormttaiit11 11n a Selected Channel.

Conitain" trout panell LLD) indlicators w~hicadi oshenci sienald sat)! atlui

occurs at anl\ point withinl thle Channel Z1tti)11tltnc

Possem1 1 15 \V aet I - 4-7-42( Iz, less thait 0., V

imtensions .5XlQ-X 1I)' (I XWXi)) rack tuotttal. less lait oml,.il

\auIljehl til Rockland Mitiel 75 IA: see separate it'ttuction iti.11i1:1d in Yn

un this unit
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IIIic lpIt icr-tilItel. sect ionl pro% idcsIICI ICII " tIqec CecItik cin~il fbr th I c11ok hanIdsk1' 01

inlterest. 111C LilI o1 eai1channllel liiz\ he. iiilld'icndl~ltl\ ,' wIOF tihe C01()ll111011', tiia to
thA channelI I leq Lielies slcCtionl is eltIiexeil tltlih le 11C L 01 lxmdass ier. "N ost
()I pine-in1 li xed tre(lticnc\ tilters ( 1 4.8 kII/ ind kI .f Ii re provioed IThese sets I11lS he

used inllii\ ot* the tour chlinls. The Varle1 itr f 10-60) kI 1/) 11Ia'o he used Ill ans\ chalnnel
Msliicl dtos lot coflit~lll a se t, 1 i xed tillers.

OVIIRLOAI)D H~O-N1IAU

LFD i)nd icators ire Used to warnl the operator when an overload condition e xists dueI
to eXceSSive sigl-1 ampi'litude. Three points are monitored inl each channmel. Inl addition, the
variaible ifter contains similair indicators to monitor the ijopLlt and outp)ut signal1 levelS.

('ONIPR I SS()R

Prior to record jog. the noise iinl re conditioned bythe comnpressor to rcd ne the
dynamic range. A compresion ratio ol'- is Used. IItS. an1 inlpUt. signal with an 80-dB1
dyknamic raiwe wkill b,2 :hiaiieeit o a signal wkith a 40-d13 dynamiic range at the OultpnLt ol' the
compressor. 'Ihis actioni produces J signal whsedilanie range is compatible with a good
qullity instruilemlationi tx pe analog iLiailLe tape) recorder.

I. XPA N IAlR

Alter plak back hi the tape reordOILer the Signlal is expan1lded to its, original dyniamic
range: ill the expandoer.

Tie percenit of tie that the compressor inpu)Lt Sig-Tial level v\ceeds- a threshold level
1, in(lieated on ai 4-dIig-it display. IeII tiille conlstant associated With) this mleasUremencrt is
selc.tedI hy a tronit paniel switch. TINi ('()\S ANI. A second swi tch. ('1 ANN V L
SI LII( '. per-mits thec IX(lE:II)AN(TI II SHOLI) indicato; to be switched amrong the
touir channels.

CIRCUIT I)LSCRIPT ION

1-1 tolloviiig paragraphs provside a d iSeiSSiOli ot the I'l'ioial 11-Cis Oh the VlOiSC

pro eessor -a siiiplified circt.11 level. I[he simiplif'ied cireLlits1 described inl these paragralphs

5 oirespOiid to the aIssociated detailhed scheimatic diagram' inludtlted inl appenldix A Of this

('willoiet relc~ine designators menC1tioned the0C C\ llenit11\ tICL(llOlltOi

the siililil circnlit klrasvi ligs amid Onl the seIeiiCla tic liirii. I tie r terenecL des ittuatoms

1(r ittrtediAC cirenits1 ('0111ait1il1W JW) or hore gatesN or jilL iiiaepi)IiLTedin htx

wkith A finlineric s I hi .Iis sltt\corresonOds, [A a11 11iLegitdcirci pinl of the particulai
e)e r tiittioll. [or esiariphe the reterelicec desinator I(-I I idL iitit'iCs 1itatd Cir-cuit

nmbelr (0 intl tie specL1i nate ot Itiiiictoll ,is,\ociiitol ki pill II.



AMPLIFIER-F: LT R

Sec figure 3 and "gttrc A- I and A-2 (in appendix A) for an overview of the noise
processor preamplifier and filter circuitry.

Preamplifier Circuitry. The input signal is transformer coupled, T I . to the pre-
amplifier, U I. TI is a step-up transformer and provides a voltage gain of about 12.7 dB to
13 dB depending upon frc(luenc and preamplifier gain setting. The input impedance % arics
from about 350 ohms at 10 kIlz to about 700 ohms at 60 kHz. The preamplifier gain is
controlled by a front panel switch labeled PRIAMP GAIN. This switch has three positions.
These positions and the resultant prcamplificr gains are: HIGH = +26 dB gain. MED= +20 dl
gain, and LOW = +6 dlI gain. The maximum preamplifier output with no clipping is about
7 V rmis or 20 V peak-to-peak. The output of the preamplifier is fed to three places: a
clipped signal indicator, a fixed frequency bandpass filter connector, and a rear panel BNC
connector labeled E.XTERNAL FILTER IN.

Fixed Frequency Bandpass Filters. Two sets of fixed frequency bandpass filters
are provided with the processor. These filters are tuned to 14.8 kttz and 28.5 kHlz. Fig-
Lire 4 shows the response of the 14.8-kliz filter set. Figure 5 shows the response of the
28.5-kliz filter set. Each filter set consists of two cards. Fach card contains a filter. When
installed in the processor the filters are placed in series to increase the selectivity. The filter
cards are clearly marked and should be used as a set. The order in which the filters are
placed in the filter connectors is not important. Either filter card can be placed in either
connector. The combined loss of the 14.8-kilz filter pair is about -14.5 dB at 14.8 kIlz.
The combined loss of the 28.5-kilz filter pair is about -13.8 dB at 28.5 kliz. The output of
the filter pair is presented to the filter amplifier, U3. A schematic diagram of the bandpass
filter is shown in appendix A, figure A-2.

Variable Frequency Bandpass Filter. A variable frequency bandpass filter is pro-
vided for those cases when noise at frequencies other than 14.8 kItz or 28.5 ktlz is to be
rccorded. Ithc filter is a Rockland Model 751 A. Its characteristics arc covered in a scp-
arate mantal. For he t selectivit\ the low pass cutoff frequency and tile Ihigh pass eutoil'
frequency should be set to the same frequency. For this condition the resultant Q is about
10, and the response curve of figure 6 may be used to estimate the filter selectivity. Only
one kind of filter should be used in a given channel at one time. If a fixed frequency filter
set is to be used in a particular channel, the variable frequency filter should be removed
from that channel.

The output of the variable frequency filter is attenuated by about 13 dB and then
is applied to the filter amplifier, U3. The attenuator is used to insure that the maximum
rated output of the variable frequency filter does not saturate the filter amplifier. The
maximum rated output of the filter is 7 V rms.

Filter Amplier. The filter ampliiier, U3, provides about I2 dl of gain for the filter
output signal. The ma xini tim filter atuplitier output is 7 V rmis.
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Attn IaWtOrs, I v. o identical attenuators. A and 13, are prov id d for c acli chain ncl.
Iich attenuator cn1trols thle Signal level over a ranlge oif 30 d11 il " -(113 steps". Ilic totalI

alttennl~attonl is equ al to the sum of the individunal SWitch a enIiat ions. ilcs rc in a rkcd onl
the front paniel above each switch. Anl atten uator is placed in thle cir-cuit when its switch
handle is inl the UP position. A schenitic of tile at ten nators is shown ii i appendi\ V
figuire A-3.

Amplifier A and Amplifier 13. Thcese two ampliliers zirc idci teal. I ach providc\
24 dli of gain. Amplifier A. U4, follows attenuator A -mid aniplifier hB. U0. I0lowN atteilo-
ator 13. Lach aiiplifier is capable Of pro-0 iditigl a max,1imumll output1 ol 111ins. although10 the
circulit which follows amplifier Bi 1litN its uISefuli oultput to 3.5 V is

OVI.RLOAI) D)LJL I OR-IN l)ICATOR

See figures 3. A-] I and A-4 for an overview of' tile M~ erh ud detct or~ i l it1

circulitry.
l he oultpu)t signial levels Of' thle prcatiplilier (U I ), amplifier A ( 14). and miplifier 13

(Ut I al, :amp~ired against fixed volt,1ige levels equalK to tile 1:111Miu rte onti[vi of these
circuits. It' thle outputt level of anMy of the thiree amplifiers exceeds thle naun nrted olutpuLt
a front paniel LED) is illuminated. irndicatiing ill o\ crboad colldit ionl. Voltalge co11maaors12
US 5atid 1*7 are the oiverload detectors for the preamplifier, amplifier A,. and amplifier 11,
respectively. IHic reference voltage levels for U2 and 1 S are +0 It)olt. ite relerencc volt-
age level lor 1.- is +5 %ohts, as this is tile limaximiuit sigmial level that tile colipreC.sor circuit
can1 aCCO11nitodatc. I[lie detectors responld to positive overloads only. It iS assu411m that al
large negaltive signal cxc urs,1i will be cit her precededk or followed b v a largec posit i\

CXC u rsioni.

I?



Ihe OtO put IS of tile voltage conparators are applied to itonostable (one-shot)
M Itkibrators. figure A-4. These Ml it ivibrators are used to stretch the overload pitlIses so
that the flashing LFD is easilv discernible. The outnput puIlsewid th of each mnltivibrator is
about 50 milliseconds. In lfigure A-4. U I and one-half of U2 are Used for channel I , the
other halves of U2 and U3 are Used for channel 2. U4 and one-half of U5 are Used for chan-
nel 3, the other halves of US and U6 are Used f'or channel 4.

(ONIPRLSSOR

See figures 7. 8, and A-5 for an overview of the compressor circuitry.
The compressor nses an amplifier with a controlled variable gain to compress the

dynamic range of the input signal so that the dynamic range of the output signal is one-half
of the dynamic range of the input. Thus, a noise signal witih an 80-dB dynamic range is
redtcreed to a signal with 40-1dB dynamic range which is IMucI more easily handled by an
analog magnetic tape recorder. Figure 7 illustrates the action of the compressor on the
input signal. The nimaximu111m1 input signal to the compressor should be limited to 3.5 V rils
or +13 dil relative to 0.775 V rins. If the illput signal level is 3.5 V rils the compressor out-
pot siglnal level will be 1 .04 V rils or +6.5 d13 relative to 0.775 V. This is indicated in fig-
ure 7. Similarly. an input signal of 7.75 iV rils, or -40 dB relative to 0.775 V rms will
produce an output of 77.5 mV rils or -20 d13 relative to 0.775 V rmis.

A simplified diagram of the compressor is shown ini figure 8. In the compressor. the
output signal is rectified and averaged and used to control the variable gain cell. The variable
gain cell controls the overall gain of the amplifier. The compressor is designed so that an
input signal o1"0.775 V rils is not affected by the compressor (gain of unity). Input signals
greater than 0.775 V rmS are attenuated and inputt signals less than 0.775 V rms are ampli-
fied. Ifthe input signal level decreases by 6 dB, the oUtpUt of the compressor will start to

decrease. This will caue the overall gain of the amplifier to increase by 3 dB, resulting in
a net decrease of 3 dB in the compressor outtput signal level.

In figure A-5, the rectifier and variable gain cell are contained within U I . U2 is the
amplifier and U3. in contjuction with CII , is used to average the output of the rectifier
that the gain control varies smoothly with signal level.

FXPANI)-R

See figures 7, 9 and A-5 for an overview of the expander circuitry.
I lie expander is a variable gain amplifier Used to expand the dynamic range of its

input signal so that the dynamic range of the output signal is twice the dynamic range of the
input. [lhus. the dynamic range of ait input signal is increased from 40 dB to 80 dB at the
otttpIut. Figure 7 illustrates the effect of the expander on signals applied to its input. The
maxiMourn inptt sigralI to the expander should be limited to 1.04 V ris or +0.5 LIB relative
to 0.775 V rils. An expander input signal of 77.5 mV rmis or -20 dB relative to 0.775 V rms
will produce an ottput of 7.75 mV rmills or -40 dB relative to 0.775 V rrls.

A simplified diagram of the expander is shown in figure (). The variable gain elemet
is placed at tile input of the amplifier rather than inr tile feedback loop as is done in the
compressor. The inIput signal is rcilied ard averaged and used to control the variable gain

cell. The variable gain cell controls the overall gain of the ariplifier. lIre expander is de-
signed so that an input signal of 0.775 V rmis is not affected by the expander (gain of unity).
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VARIABLE
GAIN
CELL

INPUT 0 >-A OUTPUT

Figure 8. Compressor, simplified circuit diagram.

INPUT GI AOTU

Figure 9. Expander, simplified circuit diagram.

Input signals greater than 0.775 V rmIs are amplified and input signals less than 0.775 V rms
are attenuated. If the input signal level decreases by 6 dB the gain of the expander will de-
crease by 6 dB, resulting in a net decrease in the expander output of 12 dB.

In figure A-5, the rectifier and variable gain cell are contained within U5. U6 is the
gain-controlled amplifier and U7, in conjunction with C23, is used to average the output of
the rectifier so that the gain control varies smoothly with signal level. U4 is an amplifier
used to comensate for any loss in the tape recorder channel. For proper operation the

input to thL expander should equal the output of the compressor. The maximum record and
reproduce levels of the tape recorder may not be the same. For example, the Honeywell
Model 101 Tape Recorder can be adjusted to accept a record level of I.64 V rms. the maxi-
mum output of the compressor. The maximum reproduce level for this recorder k 10 V rms.
The gain of U4 is adjusted to provide a 1.6 V rmis signal at U4-6 when the input level is
I V rims. U4 also provides a means of compensating for slight differences in the gain of the
compressor and expander channels.

15



TtHRESIOLI) DIT(TOR-INI)I(AT OR

See figures 10 and A-0 for an overview of the threshold detector circuitry.
The threshold dctector-indicator circuitry is used to indicate the percent of time tile

iflput signal to the compressor is A bove some preset threshold level. The circuit samples the
input signal at a 200-k I z rate and coints the IInumbe r of sam pies above the selected
threshold. Two threshold levels are available. These levels are set by potentiometers R I and
R2. The selection of a threshold level is controlled by a front panel switch. TIMI.
CONSTANT. A switch is p'ov\ided for each channel. Il the MAX position the threshold
level is set by R I . li the MIN position the threshold level is set by R2.

A 10-second or 100-second running average is performed on the data before it is
displayed. The running average time is also selected by the TIME ('ONSTANT switch. The
10-second averaging time is used with the threshold set by R2. The 100-second averaging
time is used with the threshold set by RI . The front panel indicator, EXCElDANCE
TIIRESiOLD. displays the percent of time that the signal exceeds the threshold. The full-
scale readings are 9.999' ; and 0.999'; for the MIN and MAX positions. respectively.

The circuit processes data from all four channels simultaneously, but displays data
from or l, one channel. The input signal to each compressor is compared to the selected
reference voltage in comparators 11 3-U 16. t'igLire A-6. If an input signal is greater than the
reference voltage, the comparator outpuzt will be high. The output of the comparator and

the 200-kIlz clock signal are \NI)ed together to forn the clock signal for the channel
decode counter. The channel decode counters are allowed to count lor one second. At the
-n1d of this seColld tile count1 is added to ) 10 (Q9 100 for the loneli time Constant i of tile
contents o1 tihe ci _acil reist.r ald tile Counter is rcet to lero. The running d\crage el--

cuitr\ is time shared amorwI all four chanIes. This is done by stageCring the one-second
outirig liter \als. [hc end of the couning inlterval for channel two occur I )00 milli-

seCollds after the en11d of, IC Colntill2 illICIAlj 'or chanlnel o1rC, etc. I l ile I I1I11ill a\Clae Is

A = 9 10 A0 + C (tor (lie short lime constant) or

I = 99 100 A 0 + C I ( for the lone tlne constant

%N here A I is the uew average. A0 is tire previous average aid C1 is tile new counL. The actual
a%,eragc used is selected by tile front panel switch. TIMti (ONSTANT. The time constanlt of
each channel is independent of tire other chanels. The channel displayed isselected h\ a
f'ront panel switch. (ItANNIL SI- LI-CT. Tie display has no effect on tile a\e raging circitr.

INSTALLATION AND OPERATING INSTRUCTIONS

INTRODUCTION

This section contains infIorriation regarding lfie installation and operation of the
noise processor.

INPUT POWER

The noise processor should be powered from 115 volts, 47-420t It/ pow Cr.
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RACK INSTALLATION

Thie noise processor can he m1oun1ted inl a standard I 9-inlch eq nipInllent rack. nhe
front paniel height is 5.25 inchies. The rear of the chassis should be ,upported. bec .L~Se the
fron t paniel is not designed to suipport thle entire weighJt of the unit

CONTROLS. INDICATORS AND CONNECTORS

The ifunction-s of the fromt panel controls and indicators arc zikcen inl table 2. Rear
paiel connectors are described inl table 3.

Table 2. Front panel control and indlicator to net ions.

NA\IE I 1tN CT ION

PREAMP GAIN ssA ich Controls pini of preamplifier

PREAMP ("AIN LE D Flashes when pre~amjplifierT outputU is Verloaded

ATTN A switches (ontrois siegnal anmpli tude at inpjut of amplifier A

A\I TN A Hl 1) Flashes, when amplifier A 1ultpu t is overloaded

ATTN B switches ControlIs sienMal alitulde at input ol aumplier B

ATTN B LAID F-lashes Mhen amtplifier 13 out pot is overloaded

EXCIEEDANC EII TRI.SI lO.l) display Indicates pecet of time output siznial exceeds a
pioscl tiell lqoIicsci

CI IANNEL SELEC-.(T sw itch Selects clianitel to which EXCEE)ANCE_ TIIRLSli-
OLD display applies

TIME CONSTANT switches Selects time consiantfo EXCEE DANCE
TI IRE-SI IOLD display. \1 A\ is 100 seconds. M IN
is 10 seconds. Also selects titresliold level.

A\C POIT. swi tcl FLuH rI inst runeitt ON Or 0) El



Table 3. Rear panel connector functions.

NAME FUNCTION

PREAMP IN Signal input to preamplifier

COMPRESSOR OUT Signal output front compressor

EXTERNAL FILTER IN Provides signal to input of external filter

EXTERNAL FILTER OUT Signal output from external filter

EXPANDER IN Signal input to expander

EXPANDER OUT Signal output from expander

FILTER SELECTION AND INSTALLATION

Each channel is identical except for the filter employed. Choose either a set of the
fixed frequtency filters or the variable filter. If possible, the fixed filters should be used be-
cause their noise performance is better and they provide greater selectivity. If a set of fixed
filters is to be used, insert both filters in the filter connectors. Both filters mLst be tuned to
the same frequency and both nuist be in place: however, either filter can be p)lugged into
either connector. If the variable filter is to be used, both filter connectors must be empty.
The input of the variable filter should be connected to EXTERNAL FILTER IN. The out-
put of the variable filter should be connected to EXTERNAL FILTER OUT. Set the high
pass cutoff switches and the low pass cutoff switches to the desired frequency. It is desirable
that both switches be set to the same frequcncy. This will provide maxillL1m selectivity.

PREAMPLIFIER GAIN ADJUSTMENT

Connect the signal to be recorded to the PREAMP IN connector of the selected
channel. Observe tile PREAMP GAIN LED. This LED indicator will flash whenever the
preatip output is overloaded. Adjust the PREAMP GAIN switch for an acceptable rate of
overload flashes. Noise performance is improved at the higher gain settings.

EXTERNAL FILTER GAIN ADJUSTMENT

If the external filter is used, set the prefilter gain switch for an acceptable rate of
overload flashes ott the prefilter LED indicator. Noise perfortiance is improved at tile higher
gai settings. Set the post filter gain switch for ait accepltable raIte of overload flashes otl the
postfilter LED indicator.

AITENUATOR A AND ATTENUATOR B AI)JUSTMENTS

Adjust Al I N A atnd ATTEN B for an acceptable rate of overload flhies ol their
respective Lt-Ds. ATTEN A should be adjusted first.

- , - -.{-



EXCEEDANCE THRESHOLD CHECK

Check that the EXCEEDANCE THRESHOLD readings for both the short and long
TIME CONSTANTS are acceptable. Allow sufficient time for the readings to stabilize. The
short tie constant is 10 seconds and req(u ires about 25-30 seconds to stabilize. The long
6me constant is 100 Secoilds alld requnires about 250-300 seconds (4-5 min to stabilize. If
the threshold readings are too high, the attenuation of ATTEN B should be increased. If the
threshold readings are too low, the attenuation of ATTEN B should be decreased. These
suggested changes assume that the PREAMP GAIN and ATTEN A and ATTEN B have
already been properly adjusted as described above.

TAPE RECORDER ADJUSTMENTS

PRERECORDING

1. Set the tape recorder at the minimum speed that will produce acceptable
recordings for tile frequency band of interest. If a loneywell Model 101 tape recorder with
wideband Group I FM record capability is used, then 7-1/2 ips is satisfactory for frequen-
cies LIp to 30 kI lz and 15 ips is satisfactory for frequencies LIp to 60 kliz.

2. Adjust the gain of the record electronics so that a maximum input signal level
of I.0 V rms at the tlrequcnc% of interest can be recorded.

3. Connect the record input connector of the selected tape recorder channel to
the COMPRESSOR OUT connector on the rear of the processor.

The system is now ready to record.

RECORDING

If the recording period is very long the level of the noise will undoubtedly change.
Should the noise level increase it will be necessary to either reduce the gain of the preampli-
tier and external filter (if used) or increase the attenuation of ATT-N A and/or A i'TEN B.
If noise outside of the band of interest increases, as evidenced by an increase in the flashing
rates of the PREAMP GAIN LED and the prefilter OVERLOAD LED ol the external filter.
the gain at these points should be reduced until an acceptable overload rate is indicated. A
reduction in the preamplifier or prefilter gains shouIld probably be accompanied by an
increase inl gain at a later point in the system.

A guide for setting the channel gain of the noise processor is to place as much gain as
possible prior to the filter. This condition will produc_ the least contamination by system
self-noise. This action must be tempered by the overload rates of the various staCes in tile
processor.

Pla\ back. AdiuSt the gadin of the reproduce electronics ,o that \0len a ,iw'ial. re-
corded at a level of I.0 V rins at the hre(jluenc', of interest, is reproduced tile output level of
the reproduced signal is I V ris.

_1



NOISE PROCEISSOR l)UMRNG PLAY BACK

Conne11ct thle out1put ofthell tape rcorderl reproduce ampliftier to the I;XPAN 1)11R IN
connector. Thle expanded, restored Siiznal is aIvailable a t tile L-XIAN 1)IR OUT connecctor.

AD] usTMENTS

OPERATOR ADJU STM ENTS

Operator adlj uSt]en]tS COnIsiSt 01. Cliall'i no those controLI like]\v to ~I reuirek attentiol
prior to, or during thle course of'. recording data. These cont rols arc locaed onl tie frlonlt
panelI. IncClu~led are:

I.Preamiplifier gain

2. Filter banldwidth

3. AttenuaILtor settimnes

4. -rime constant celection

5. Channel selected tfor d I

PRLAM IPlI Il- I It k I(\

The gain kit Ili. :,I4 ,iKh. \Iii illhi "ai onsistenit with
acce pt able kivecrloil v, , I .. I 1 ) p! . !phi i ll 2ii1 s itchi will flash
'.vlienever the hreut~ti1p . . I H ii iIiIIiiiiiat

oLitpLIt Of' thle I're. III,. I the turin ioclippingu

It' tile lprelimpi . . n oh time that thle
otitphit is Clipped the' !.1 11 "i:u u \ Stem sell,-
noise. The effctsi u, '., l, ot th Ilier Ifi

is neee'-sary to obtainl tv, I l.I.ie et tile g2ain low.
If'O low ampitudeV. 1iL1h m .I II eindc

If the Iloise ieIi'. V . e i*teI treliie oh* theI

tiXed tilters,. use', the ilt',. w1in, 1:i set. ire betterI th1,an

the. variable t'retiuc\iht.

sclcclivit eunc II iiui~~ 1uf~~,111 1i tie Il eel c olt stllioli siumal
uinet'relcyjIII: is 1isc l i,, Iwis, trcqklleII\ banld kit iltlest". It' the sItioiii sietial is

rL~cmL~ \,ii.licn~ie,\Oin teekordiiio plared back tiiioiiol tile \mi tesga

will raise tile taipe r OII ui vII' is levelI A thle expanderCI outputLl. Ilis, effect on) tile tapeC
recorder noise wkill be present1 ovenl it tile station sgilis e~c oIali\ hilerc uuiil of tile
ex\pande IQr oUtp1)1ut. T(I IIILII 'Iihtt111d how\ thIIis 'Ik)ocuIrs LI, consider f'i 2LrI 7. It th jIterteII I Icrine1
statiol leveCi correspidui to -40) dB ill fire 7. during thlose times whenl it is, the stiongest
signal present thle L'oiiutw'essir Cainl will be ticlkl at +201 Lill. Flue stationmiga w\ill be re-
coided~ at al -2(I l i level. lDuirIugI playbacIIk the staItionl signal widl l et Che expader atteiiia-
tioli at -2) (Ill so tit tilie station signa:l w\ill appear at filie expander unitl pt t level of'



-40 d B, as it should. lowever, tape recorder noise, which might typically be at the -35 d1B
level in figure 7 (asSunes tape recorder SNR of 48 dB in bandwidth of interest), will also be
attenuated by only -20 dB and will appear at the expander Output at a level of'-55 dB. If
t!le station signal were not present, the expander attenuation could be as much as -34 dB
(assumes compressor input level of -68 dB). The same level of recorder noise would now be
reduced to -69 dB at the expander output for anl increase in SNR of 14 dB. Figure II
illustrates the effect of an interfering station on the resultant SNR of the reproduced noise.
The information displayed on the vertical axis is the ratio of the signal level of al interfering
station to the maximum noise level (+ 13 dB in figure 7). The horizontal axis gives the SNR
at the output of the expander, assuming the interfering station is filtered at the expander
output. The "signal" is atmospheric noise and the "noise" is the tape recorder noise. Data
are plotted for several tape recorder signal-to-noise ratios. The maximum output SNR is
limited by the compressor-expander circuitry to about 80 dB.

Figure 11 may be more clearly understood by considering the following example.
Assume that noise in the bandwidth of the fixed 14.8-klz filter is to be recorded. Assume
further that an Omega signal at 13.6 kllz is received on the system antenna at a signal
strength that is -30 dB relative to the peak noise signals. Figure 4 indicates that a signal at
13.6 kHz will be attenuated by -35 dB in the 14.8 kHz filter. Thus, the total attenuation of
the Omega signal will be -65 dB relative to the maximuim noise level. Assume a tape re-
corder SNR of 50 dB for the bandwidth and the selected tape speed. Figure II indicates
that the output SNR is 76 dB.
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ATTENUATOR SETTINGS

Attenuator A precedes amplifier A. Adjust it so that the output of amplifier A
only occasionally exceeds the maximum rated output of 7V rmis. The LED located imme-
diately above the switches of attenuator A will flash whenever the output exceeds 7 V rins.

Attenuator B precedes amplifier B. The rated output of amplifier B is also 7 V rill,:
however, the compressor, which follows amplifier B, can accept only 3.5 V rms at its input.
Because of this, the LED associated with attenuator B will flash whenever the output of
amplifier B exceeds 3.5 V rms. Adjust attenuator B so that this condition occurs only
occasionally.

TIME CONSTANT SWITCH

The TIME CONSTANT switch should normally be set to the MIN position while
performing an initial channel set-up. EXCEEDANCE THRESHOLD readings will respond
more rapidly to gain changes in this mode. Once an acceptable EXCEEDANCE THRESH-
OLD reading is obtained, place the TIME CONSTANT switch in the MAX position.

CHANNEL SELECT SWITCH

This switch should be set to display the EXCEEDANCE THRESHOLD reading of
the channel that is of particular interest at any given time. Normally this will be the channel
that is experiencing the largest changes. The display can be switched at any time and does
not affect the averaging operation.

MAINTENANCE ADJUSTMENTS

There are several adjustments that do not require attention during normal operating
periods. These adjustments are associated with the compressor, the expander, and the
threshold circuitry. The top cover of the chassis must be removed to gain access to these
controls.

COMPRESSOR

The compressor contains two potentiometers, R4 and R9. R4 provides a means of
reducing the harmonic distortion generated within the compressor. R9 reduces the effects
of signal feed-through. These controls should require attention only when a component in
the compressor circuit fails and is replaced.

The harmonic distortion control, R4, should be adjusted before correcting for signal
feed-through. To adjust R4, temporarily parallel CI I with a one-microfarad capacitor, using
clip leads. If the capacitor is polarized, the plus terminal should be connected to the end of
CI I that is closest to E3 (see figure A-3). Remove any filters associated with the channel
to be adjusted and input a 10-kltz sine wave signal into the EXTERIOR FILTER OUT BNC
which is located on the rear panel. Adjust the level so that the signal at the compressor
input (El in figure A-3) is 0.775 V rmis. The compressor gain should he 0 dB at this signal
level. Using an oscilloscope, compare the compressor output signal with the input signal.
Adjust R4 for the match between the two signals. After completion of this adjustment.
remove the one-microtarad capacitor.

24
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R9, signal feed-through, should now be checked. A bandwidth limited repetitive
tone burst is required for this adjustment. This can be produced by feeding a tone burst
signal into the preamplifier input and using a set of fixed frequency bandpass filters. The
rf frequency off the tone should be set to the center frequency of the filter. Set the level of
the tone burst so that the signal amplitude at the input of the compressor (El in figure A-3)
is about 1.4 V peak-to-peak. Using an oscilloscope, observe the OUtp)ut of the compressor.
Adjust R9 for best symmetry about the zero level at the tail of the pulse.

EXPANDER

There are three adjustments associated with the expander. RI 5 sets the gain of the
input amplifier, R2 I controls the harmonic distortion generated within the expander, and
RI 8 reduces the effects of signal feed-through. R2 I and R 18 should require adjustment
only when a component in the expander circuit fails and is replaced. The setting of RI 5
should be checked if U5 fails and is replaced or if the ratio between the maximum recorded
level and the maximum reproLuced level is other than 1.6 (this is the ratio that should
exist between these two levels fbr the Honeywell 101 tape recorder). The order of adjust-
ment should be R21, R18 and R15.

To adjust R2 1, temporarily parallel C23 with a one-microfarad capacitor, using clip
leads. If the capacitor is polarized, the plus terminal should be connected to the end of C23
that is closest to E9 (see figure A-3). Inject a 10-ktiz sine \%ave signal into the EXPANDER
IN BNC which is located on the rear panel. Adjust the signal level so that the signal at U5-14
of the compressor-expander board is 0.775 V rms. The expander gain should be 0 dB at
this signal level. Using an oscilloscope, compare the expander output signal with the input
signal. Adjust R2 I for the best match between the two signals. After completion of this
adjustment, remove the one-micro farad capacitor.

To adjust R 18, expander signal feed-through, a bandwidth limited repetitive tone
burst is required. (See compressor adjustments.) Connect the COMPRESSOR OUT BNC to
the EXPANDER IN BNC. Set the level of the tone burst so that the signal amplitude at
U5-14 on the compressor-expander board is about 1.4 V peak-to-peak. Using an oscillo-
scope, observe the output of the expander (BNC on rear panel). Adjust R18 for best
symmetry about the zero level at the tail of the pulse.

To properly adjust RI 5, the difference between the record and reproduce levels of
the tape recorder used with the system must be known. Adjust RI 5 so that when a signal is
recorded and reproduced the level of the signal at the expander output (rear panel BNC) is
equal to the level of the signal at the compressor input (El of figure A-3). A convenient
method of doing this for the Honeywell 101 recorder is to connect the expander out put to
the compressor input (both available at the rear panel) through a 1 .2 k-ohm serics resistor.
This value of resistor, when combined with the input resistance of the expander 2 k ohm,,)
will simulat the loss between the record and reproduce levels of the I loneywell 101
recorder. Obtain a signal at the input of the compressor (El of figure A-3 ) by injecting a
sine wave into the preamplifier input. The frequency should be chosen to be within the
bandwidth of the filter installed in the channel. The amplitude should be set for about
I V rus al ailet compressor input. ts.ilg a n oscilloscopc. obser c both thC conlpisNo Input
and the expander Output. Adjust R I 5 so that they are equal in almplitude.



EXCEEDANCE THlRESIIOLD

Two different threshold levels can be selected by the TIME CONSTANT switch.
These threshold levels are determined by tile settings of RI and R2 (see figure A-6). R I
controls the threshold level for tile MAX position of the TIME CONSTANT switch and R2
controls the threshold level for the MIN position. The levels may be conveniently measured
at U13-3 (see figure A-5). The TIME CONSTANT switch should he in the MAX position to
measure the output of RI and in the MIN position to measure the output of R2.

The correct settings for the two threshold levels should be based on the expected
noise distribution and on the percent of time that the compressor input signal is permitted
to exceed the maximum rated value. The compressor can process a maximum input level of
3.6 V rms or 5 V zero-to-peak. Assumc it is decided that compressor saturation will be
allowed to occur 0.001 percent of the time. This means that the input signal to the com-
pressor will exceed a level of 5 V, zero-to-peak. 0.001 percent of the time. [he expected
amplitude probability distribution should be examined to determine the relative amplitude
level that will be exceeded about 0.5 percent of the time. RI should be set to t;is level. The
full scale exceedance threshold value foi the maximum time constant position is 0.999 per-
cent. If the threshold is set at 1 percen-t the averaging circuitry and the display may be
saturated an appreciable portion of the time. Setting the threshold level somewhat higher
than the I-percent value (smaller percentage) will provide useful readings even if the noise
level increases. Similarly, the relative amplitude level that will be exceeded about 5 percent
of the time should be determined from the expected amplitude probability distribution. R2
should be set to this level. As an example, assume that the 0.5-percent level and the 5-percent
level are 20 dB and 30 dB, respectively, below the 0.001 level. RI would be adjusted for a
level of +0.5 V dc and R2 would be adjusted for a level of +0.158 V dc. The threshold delec-
tors respond to positive signal peaks only- however, the averaging circuitry is design-d to
indicate an exceedance threshold that is twice that measured. It is assumed that the input
signal level will be below -E volts for the same fraction of time that it is abox c +I- volts.
where +E volts is the threshold level.

SYSTEM PERFORMANCE RESULTS

During May 1980 the atmospheric noise recorder was field tested at the NOSC vlt
Test Facility in Sentinel, Arizona, a site well away from sources of urban man-made noise.
The input of the atmospheric noise recorders was connected to a five-foot-dianCter tuned
loop antenna which is part of the Megatek statistical noise analyzerl. The field test set-up
was arranged as shown in figure 12.

As shown, it was possible to record as well as to simultaneously analyze the vf
noise picked up by the antenna and then, during playback, to compare the fidelity of noise
recordings. In this manner it was possible to compare statistical noise properties between
off-the-air reception and playback from the magnetic tape recorder. The data taken com-
pared impulse space statistics (temporal data), amplitude probability distribution (API))
data, and voltage deviation (Vd ) J aneasu re oI" i ll )Pill ivCncss deflined as the ratio of noisc
envelope rms value to average value.

I Atinstleric Noise Amphtude and Tenlporal On-l.ine!Off-Line MIon itorig Service. NIcgatek Corloratioi
Reptl No. R2017-00-1I1-I. performed under contract NO) t 23-78.C-01 I, dated 15 Nove.nh eCr Q18.
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APPENDIX A: SCHEMATIC CIRCUIT i)IAGRAMS

This app cndix contains schematic diagrams of all of the circuit used in tile noise
processor. Also included in this section is interconnection information for each of the circuit
boards. An interconnection diagram is provided for the chassis, the amplifier-detector
boards. the compressor-expander boards and the multivibrator board. Only one channel is
shown on the diagram. The other three channels are identical. The interconnections be-
tween the threshold detector-indicator boards are given in table A-1.
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Table A-I. Threshold detector-indicator interconnections.

From To From To From To

Ji-i +5V J1-24 J2-64 Jl-47 DS4-A

JI-2 J2-37 Jl-25 J2-65 Jl-48 DS3-G

JI-3 J2-38 J1-26 S1-2 J1-49 DS3-F

J1-4 J2-39 Jl-27 SI-5 1-50 DS3-E

J1-5 J2-40 J1-28 S2-2 J1-51 DS3-D

JI-6 J2-41 Jl-29 S2-5 JI-52 DS3-C

Ji-7 J2-42 J1-30 S3-2 J1-53 DS3-B

JI-8 J2-43 Jl-31 S3-5 Jl-54 DS3-A

J1-9 32-44 J1-32 S4-2 J1-55 DS2-G

31-10 J2-50 Jl-33 S4-5 Jl-56 DS2-F

Jl-11 J2-51 Jl-34 J2-34 Jl-57 DS2-E

Jl-12 J2-52 JI-35 COM Jl-58 DS2-D

JI-13 J2-53 Ji-36 +15V 1-59 DS2-C

JI-14 J2-54 Jl-37 CH.1 OUT Jl-60 DS2-B

J3-15 J2-55 Jl-38 CH.2 OUT JI-61 DS2-A

Jl-16 J2-56 JI-39 CH.3 OUT Ji-62 DS1-G

Jl-17 J2-57 Ji-40 CH.4 OUT Jl-63 DSI-F

J1-18 J2-58 JI-41 DS4-G Jl-64 DS1-E

1l-19 J2-59 J-42 DS4-F Jl-65 DSI-D

Jl-20 J2-60 11-43 DS4-E Jl-66 DS1-C

Jl-21 J2-61 Ji-44 DS4-D Ji-67 DSI-B

Ji-22 J2-62 JI-45 DS4-C JI-68 DS1-A

Ji-23 J2-63 JI-46 DS4-B Ji-69 J2-69

JI-7i -15V



Table A-I. Threshold detector-indicator interconnections (cont 'd).

From To From To From To

J2-1 +5V J2-23 N/C J2-47 N/C

J2-2 Sl-5 J2-24 N/C J2-48 N/C

J2-3 S2-5 J2-25 N/C J2-49 N/C

J2-4 S3-5 J2-26 N/C 32-50 31-10

J2-5 S4-5 J2-27 N/C 12-51 31-11

J2-6 S5-1 J2-28 N/C J2-52 Jl-12

J2-7 S5-2 J2-29 N/C J2-53 Jl-13

J2-8 S5-3 J2-30 N/C J2-54 J1-14

J2-9 S5-4 32-31 N/C J2-55 31-15

J2-10 N/C J2-32 N/C J2-56 J1-16

J2-11 N/C J2-33 N/C J2-57 JI-17

J2-12 S1-i, S2-1 J2-34 JI-34 J2-58 31-18

S3-1, S4-1 J2-35 COM J2-59 31-19

J2-13 S1-3, S2-3 J2-36 +15V J2-60 J1-20

S3-3, S4-3 J2-37 J1-2 J2-61 J1-21

J2-14 N/C J2-38 31-3 J2-62 J1-22

J2-15 N/C J2-39 31-4 J2-63 J1-23

J2-16 N/C J2-40 J1-5 J2-64 J1-24

J2-17 N/C J2-41 31-6 J2-65 J1-25

J2-18 N/C J2-42 31-7 J2-66 N/C

J2-19 N/C J2-43 31-8 J2-67 N/C

J2-20 N/C J2-44 31-9 J2-68 N/C

J2-21 N/C J2-45 N/C J2-69 J1-69

J2-22 N/C J2-46 N/C J2-70 COM
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Table A-I. Threshold detector-indicator interconnections (cont'd).

From To From To From To

,13-1 J4-1 DSI-A J1-68 DS4-A J1-47

J3-2 J4-2 DSI-B Jl-67 DS4-B J1-46

3-3 J4-3 DS1-C J1-66 DS4-C J1-45

J3-4 J4-4 DSI-D J-65 DS4-D J1-44

J3-5 J4-5 DS1-E J1-64 DS4-E J1-43

J3-6 J4-6 DSI-F Ji-63 DS4-F Ji-42

J3-7 J4-7 DSI-G J1-62 DS4-G J1-41

J3-8 J4-8 DS2-A Jl-61 Si-i J2-12

J3-9 J4-9 DS2-B J1-60 S1-2 J1-26

J3-10 J4-10 DS2-C Jl-59 Si-3 J2-13

J3-11 J4-11 DS2-D Ji-58 SI-4 +5V

J3-12 J4-12 DS2-E Jl-57 si-5 J1-27

J3-13 J4-13 DS2-F JI-56 S1-6 COM

J3-14 J4-14 DS2-G Ji-55 S2-1 J2-12

J3-15 J4-15 DS3-A Ji-54 S2-2 Jl-28

J3-16 J4-16 DS3-B JI-53 S2-3 J2-13

DS3-C Jl-52 S2-4 +5V

DS3-D J-51 S2-5 J1-29

DS3-E J1-50 S2-6 COM

DS3-F Jl-49

DS3-G Ji-48

50
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Table A-I. Threshold detector-indicator interconnect ions (cont '3).

From To

S3-1 J2-12

S3-2 Jl-30

S3-3 J2-13

S3-4 +5V

S3-5 Jl-31

S3-6 COM

S4-1 J2-12

S4-2 Jl-32

S4-3 J2-13

S4-4 +5v
S4-5 Jl-33

S4-6 COM
S5-1 J2-6

S5-2 J2-7

S5-3 J2-8

S5-4 J2-9

S5-5 +5V



APPENDIX B: LISTS OF REPLACEABLE PARTS

This appendix contains parts lists and parts location diagrams for the circuitry used
in the noise processor.
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