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SECTION I

INTRODUCTION

1-1 BACKGROUND

Voice and data radio communication systems are extremely critical to

U.S. Strategic and Theater C3 systems. The performance of these radio links is

limited by external noise of various types: atmospheric, galactic, thermal and

evei.t.-induced. This exper,.,tent i, principally concerned with the impulsive noise

generated by high energy explosive tests. Figure 1 shows representative atmos-

pheric noise statistics parametric in voltage deviation, Vd, the measure of im-

pulsiveness, in dB. The figure shows that as Vd increases, the bit error rate

(BER) increases at hiqh Eb/No and decreases at lower values of Eb/No.

A typical HF system must be designed to have a sufficiently high signal

to noise rat"q (SNR) to operate in or to the right of the cross-hatched region

depec d in Figure 2. For an SNR greater than approximately 30 dB, the charac-

ter error rate (CER) will typically be less than 0.001.

Vd, which results from lightning is assumed to follow a gaissian distri-
I

bution, however on a local scale, Vd is non-gaussian.

There are well docui .nted but little understood observations of light-

ning in dust and volcanic clouds. Since these phenomena appear to exhibit an

impulsive behavior similar to lightning, they may have very serious effects on

communication systems.
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A similar mechanism for dust cloud generation is large yield nuclear

ground bursts. The purpose of this experiment is to use high explosive (HE)

testing to simulate the dust effects of c nuclear ground burst with the hope

of understanding the charging mechanisms in order to model them in a way that can

be scaled to nuclear proportions.

1-2 OBJECTIVES.

The major goal of this experiment is to obtain high fidelity, wideband

(10-600 KHz) analog recordings of the time domain signals that occur in the

multiple frequency bands of interest to DNA/BMO/BMD, as a result of the DIRECT

r(')llOcF High Explosiv even....

These recordings were made on a 14-channel EMI-7000A, IRIG specifica-

tion, dc powered instrumentation recorder deployed at the test site. Figlure 3

illustrates typical government frequency utilizations together with the bands

selected for Experiment 7360 recording.

The noise record;ng system is designed to operate in bands designated

in Table 1 with low and high gain channels to insure an adequate dynamic range

of 70dB.

Additionally, provisions were made to allow taking field strength

measurements of one or more known signals in each frequency band. This data

wili be used to determine the relative amplitude of the noise impulses.

4 8
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Table 1. Noise recording system channel configurations.

I!

Channel Frequency Gain Antenna

1 0.3-600 KHz Low Orthogonal(1) Loop

2 0.3-600 KHz High Orthogonal(1) Loop

3 0.3-600 KHz how Broadside(2) Loop

4 0.3-600 KHz High Broadside(2) Loop

5 2.3-2.9 MHz Low Vertical Monopole

6 2.3-2.9 MHz High Vertical Monopole

7 15.0-15.6 MHz Low Vertical Monopole

8 15.0-15.6 MHz High Vertical Monopole

9 50.0-50.6 MHz Low Horizontal Yagi

10 50.0-50.6 MHz High Horizontal Yagi

11 250.0-220.6 MHz Low Horizontal Yagi

12 220.0-220.6 MHz High Horizontal Yagi

13*

14*

(1) Main beam pointed toward qround-zero (GZ)
(2) Null pointed toward GZ

NOTE: The EMI-,OOOA has 14 channels. Only 12 were used in this experiment.
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SECTION 2 1
EOUIPMENT DESIGN

2-1 GENERAL.

Figure 4 is a block diagram of noise recordIng system showing

all major elements. The equipment consists of several components designed

around the EMI-7000A 14-channel instrumentation recorder. Figure 5 gives

a summary of the recorder specifications. 4

Figure 6 shows the three main chassis designed and built under

subcontract by RADANT Systems, Inc., 255 Hudson Road, Stow, MA. Appendix

A contains the system specifications provided by the subcontractee. In

the left foreground is the chassis containing power supply and its regulation

circuit boards, the 10 MHz distrubution amplifier, the local oscillators

(in shielded boxes), and the 220 MHz front-end electronics.

In the left background is the chassis containing the front-end

preamplifiers, the mixer stages and the thannel splitters for the 15,

50 and 220 MHz channels. On the right is the 12-channel delay equalization

ampl ificr.

Figure 7 shows the Empire NF-105 field strength meter and ist

accessories. This piece of equipment is used to measure the absolute

field strengths of the marker beaconm, such as Cutler, ME, 6n 17.8 kHz

and Ltran-C on i00 kHz, in order to later determine relative field strengthsSj/ L,

S~uf the recorded noise.

1]
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2-2 TECHNICAL SPECIFICATIONS.

Since four bands are outside the 600 kHz recorder bandwidth, it

iý necessary to heterodyne each with a local oscillator and mixer. This

process is similar to thE RF-IF conversion found in a superheterodyne

receiver. in the 10-600 kHz bands, the actual frequency will be preserved.

rhus, Cutler, ME on 17.8 kHz will appear at 17.8 kHz on its respective

channel and Loran-C on 100 kHz will appear at 100 kHz, etc. In the other

bands, however, tince the FR must be mixed down to a baseband frequency

of 10-600 KHz, all recorded signals will appear with a relative offset

in the baseband. For instance, WWV on 2.5 MHz would be forun at 200 kl-z

on playback since it lies 200 kHz above 2.3 MHz, which is the bottom edge

of the 2.3-2.9 MHz channel.

The 10-600 KHz bands use two electrostatically shielded and crossed-

loop antennas, each one meter in diameter and made with eight turns. This

type of antenna was chosen instead of an E-Field sensor because it ieduces

near-field pickup and provides an azimuthally diri.ctional pattern which

can be used to cancel out the effects of the atmospheric noise.

Figure 8 taken from CCIR Report 322-21, shcws that for Autumn

between the hours of 1200-1600 UT in the southwestern United States, the

value of the effective antenna noise tactor in dB (Fam) is 40 dB at

1 MHz. Then from Figure 9 the corrected values of Fam can be determindd

for the frequencies 6f interest. These results are presented in Table 2.

1 "Characteristics and Applications of Atmospheric Radio Noise Data",
Report 322-2, International Telecommunications Union (ITU),
International Radio Consultative Committee (CCIR), 1983

!K
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Table 2. Median atmospheric noise power as a
function of frequency.

Faro = 157 dB for f= 10 kHz

= 142 dB for f= 20 kHz

= 115 dB for f= 60 kHz

= 100 dB for f= 100 kHz

= 70 dB for f= 300 kHz

= 51 dB for f= 600 kHz

The equivalent median (50.,) vertical electric field st"-ngth (En)

in dB referenced to lV/m in a 10 kHz bandwidth is given by Equation (2)

in Reference 1.

En = Farn - 55.5 + 20 log(1-requency in MHz) (I)

Table 3 illustrates values for several frequencies in the range

of interest.

Table 3. Median vertical E-field strength versus frequency,

En = 61.50 dB/lV/m @ 10 kHz

52.52 dB " @ 20 kHz

- 35.06 dB " @ 60 kHz

- 24.50 dB " @ 100 kHz

- 4.04 dB " @ 300 kHz

I -8.94 dB" @ 600 kHz

19



Figure 10 provides an upper decile (90o) correction to the median

(50%) noise values. This means that the corrected values will only be

exceeded 10 percent of the time for the 1200-1600 hour block. The resulting

upper decile noise values are shown in Table 4.

Table 4. Upper decile (90%) E-field strength from 10-600KHz.

En r 65.50 dB/uV/m @ 10 kHz

= 61.52 dB . @ 20 kHz

= 50.06 dB " @ 60 kHz

= 41.00 dB .... @100 kHz

= 21.74 dB ".'.@300 kHz

= 8.26 dB ".".@600 kHz

The voltage induced in a loop antenna is given by the following equa-

tion2

Vin = 2.094 * IOE-8 * F * E * A * n (2)

where Vin - voltage at the loop antenna terminals,

F = frequency in Hz

E = field of strength in V/m

A = area of loop in square meters

n = number of turns in the loop //

For the predicted upper decile noise values, the output voltage at

the loop terminals, assuming the loop lies in the plane of the noise, is

presented in Table 4. K:

"2 "Antenna Engineering Handbook", JASIK, McGraw-Hill, 1961

20 •



20 TT 1T7 - '~T- i

14 .4}'IN
Vdm

12ji
8F

ii0
7 .1-20 OOTG 2Q 57 I ? 1 0 34

i Freuency(M~z

ayai:Stndaddvaino auso u

Th 0 vaue D.w r o anwdh~ 0

Figndrdev1.iataion noi ause voiailt Fm ratr

D, ati ofuppr dcie t meianvale,2,1



,

Table 5. Predicted upper decile noise values.

Vin = 2.48 uV @ 10 kHz

= 3.13 uV @ 20 kHz

= 2.51 uV @ 60 kHz

= 1.48 uV @100 kHz

= 0.47 uV @300 kHz

= 0.29 uV @600 kHz

The detectable signal level threshold for the 10-600 kHz band channels

was experimentally determined to be 0.18 uV (measured in 10 kHz bandwidth) at

the input to the field-effect transistor stage, contained in loop housing.

By rearranging (2) the minimum detectable vertical electric field

strength in a 10 kH2 bandwidth is equal to:

0.18 x IOE-6
MDF(V/m) = (3)

2.094 x 10E-8 F x A x n

Caiculating the values for the bands under consideration, we find MDF levels

as tabulated in Table 6. /-

-I ~22



Table 6. Calculated minimum detectable vertical E-field
at loop antenna terminals.

MDF = 137.0 uV/m ý 42.73 dB/uV/m @ 10 kHz

- 68.4 uV/m = 36.70 dB/uV/m @ 20 kHz

- 221.9 uV/O = 27.16 dB/uV/m @ 60 kHz

= 13.7 uV/m = 22.73 dB/uV/m @100 kHz

- 4.6 uV/m - 13.26 dB/uV/m @300 kHz

- 2.3 uV/m 7.23 dB/uV/m @600 kHz

Therefore, by comparing Tables 4 and 6 it is evident that the loop antennas

are atmospheric noise limited.

Accordingly, a method which a1lows separating the atmospheric noise from

a.y. .......- r,,,duced no !e w incli.,ded in the design. This was achieved by orienting

the crossed-loops so one was in the plane of the great circle path between GZ and

the observation site for maximum response and the other positione. broadside or

nulled on the GZ.

For the remaining channels, the minimum front-end input voltage required

for a +10 dB SNR was experimentally determined and is presented in Table 7.

Table 7. Minimum front-end input voltage for +10 dB SNR.

Frequency (NHz) Vmin (uV)

2.3 - 2.9 1.58

15.0 - 15.6 0.63

50.0 - 50.6 0.63

220.0 - 220.6 0.63

23
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By using a different technique it is possible to calculate the values of (.1

the predicted noise recording system performance over the remaining frequency bands,

shown in Table 8.

Table 8. Electrical performance of noise measuring system.

Frequency Range Minimum Detectable E-Field Rise Dynamic Group Delay
Time Range

(+10 dB SNR & 10 kHz B.W.) (uSec) (dB) (usec)

10.0 - 600.0 kHz 137.0 uV/m @ 10 kHz 0.7 70 Flat to 100

2.3 uV/m @ 600 kHz

2.3 - 2.9 MHz 3.2 uV/m 0.7 70 Flat to 100

15.0 - 15.6 MHz 1.1 0.7 70 Flat to 100
50.0 - bU.b MHz 0.A uV/i,, 0.7 70 Flat to 100

220.0 - 220.6 MHz 0.5 uV/m 0.7 70 Flat to 100

I2
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APPENDIX - A

NOISE RECORDING SYSTEM DRAWINGS

Detailed drawings of the noise recording system equipment are presented in

Figures A-1 thru A-24.
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APPENDIX - B

RENTAL HARDWARE SPECIFICATIONS

Specifications for the rental equipment are presented in Figures B-1

through B-5.
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;9 (7iI2 0 o c~re -tjl rcc -.r e- 'cc c-,.g ro-- cc Protective tower (CP):
95j A I 20 ore taetv.0 g tee rsedeto- ig na A quiltec PVC co~er to proc de p, ute1-due

4 7:)1, 6 if ~ L a-.ii-upc i - . for the retarder during trans taon field tiais

a- i po7 O+)1. ,S le torecor-st-:ote toe S -nebase oI t'1e tc

v rire. Ireaci.- ~o 0'nat ji-ca "ecu toy a
-
i-e mic..s Servo track reproduce modulie (TM)*

N0 c-' s r i. s cii -s cat z 'Py i r Tp srobudidh lgs cr10 relevant reproduce in-duie
or`1 --s 2 s-d' pmo-ei i'o SWlete Iape servot bi d 25 z position in place of data module.

sp , iu Amaed 7 <is ! -OuttrO slced lýý-Ls o 5 Aitipiif-es anc equabaca control truck s gni

ao, at~ py see l cC 'ari' - od before it is routed to capstan servo tetu its.
TAP suoraign YseI-e icc:. a- r, -a- ii-- - I - Setting up is facilitated by use of integral

I:- -ed 10 3" ex ~ `e-lI~a1'c- '0 r
ec-r tanda- tape s~eed onera or:.

Figure B-2. EMI-7000A specifications sheet
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