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ABSTRACT 

Measurements of the radar reflectivity and attenuation char-

acteristics of the dust clouds lofted by the two Events of the 

MISERS BLUFF Phase II Test Series were accomplished during the 

summer of 1978. The data collected during the field operation 

were reduced and analyzed. Results of the analysis show that for 

the 120 ton event, peak radar cross sections of 2.8 x 10 -6  m2 /m 3 

 and 3.5 x 10-5  m2 /m3  were recorded at 9.4 GHz and 35 GHz, respec-

tively. No attenuation was measured for this event at 9.4 GHz 

and only minimal attenuation was measured at 35 GHz. The actual 

attenuation measurement was subject to large errors due to the 

limited number of points and high variations in the data; how-

ever, the attenution associated with the event is expected to be 

less than 3 dB at 35 GHz . Much larger radar cross sections and 

significant attenuation were measured during the 720-ton event. 

The measured peak radar cross sections for this event were 1.2 x 

10-4 m2 /m3 and 7.0 x 10 -4 m2 /m3 at 9.4 GHz and 35 GHz, respec-

tively. The maximum attenuation occurred approximately 2 seconds 

after detonation and reached magnitudes of 6.3 dB and 10.2 dB at 

9.4 GHz and 35 GHz, respectively. 
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SECTION 1 

INTRODUCTION 

The Defense Nuclear Agency conducted a series of high explo-

sive test during the Summer of 1978 at the Planet Ranch Test Site 

located near Lake Havasu City, Arizona. These tests were 

designed to supply data needed in support of the MX program. A 

number of add-on experiments, independent of the MX program, were 

conducted to take advantage of the various phenomena resulting 

from these high explosive detonations. This series of tests was 

designated MISERS BLUFF II and consisted of two events. The 

first event was the detonation of a single 120-ton domed cylinder 

of ammonium nitrate and fuel oil (ANFO). The second event con-

sisted of the simultaneous detonation of six 120-ton domed 

cylinders of ANFO. The six cylinders were equally spaced around 

a 200-meter diameter circle. 

An experiment was designed by SRI International to measure 

the electromagnetic scattering and attenuation properties of the 

dust clouds lofted by these explosions. The fundamental goal of 

the experiment was to supply information needed to evaluate the 

performance of millimeter wave radar systems in the presence of 

extensive dust clouds lofted by surface or near-surface nuclear 

detonations. Tests such as the MISERS BLUFF II test series are 

currently the only means by which basic data on the low-altitude 

atmospheric effects of high energy detonations can be obtained. 

The results must then be scaled to the much larger nuclear envi-

ronment by appropriate theoretical or empirical means. The 

Georgia Institute of Technology Engineering Experiment Station 

(GIT/EES) furnished four radars operating at frequencies of 9.375 

GHz, 35 GHz, 69.9 GHz, and 95 GHz for collecting the radar back-

scatter data. SRI International furnished a modified AN/MPQ 18 

antenna pedestal, a 10-foot X-band antenna, and the data acquisi-

tion and recording system. A description of the test site, 

radars, and experimental procedures use in collecting the data, 
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and selected preliminary data were included in a previous 

report."-]  This current report covers the work acccomplished 

during a follow-on data reduction program under subcontract P.O. 

No. 10137. 

The data from the 70 GHz and 95 GHz radars were carefully 

reviewed. Data from the 70 GHz radar showed no evidence of a 

signal originating from the dust cloud at any time during the 

first twenty seconds. Data from the 95 GHz radar showed that one 

range cell contained a signal only about 2 dB above the noise 

level. This signal was present for approximately 8 seconds 

before falling below the noise level. The signal at 95 GHz was 

not of sufficient quality to justify further analysis. Loss of 

the data at 70 GHz and 95 GHz is due primarily to two factors: 

(1) Insufficient receiver sensitivity, and (2) Waveguide and 

component losses within the radar systems. A third reason for 

lack of performance at these two frequencies is the limited power 

available from transmitter sources operating at millimeter wave-

lengths. The electromagnetic scattering properties at these two 

frequencies may, however, be estimated by theoretically pro-

jecting the results obtained at 9.4 GHz and 35 GHz to these 

shorter wavelengths. 

The results of this current analysis indicate that the 

measured radar cross sections for the two events were smaller 

than had been predicted by the original mathematical model. A 

refined model which takes into account the dielectric properties 

of the material gives closer agreement with the measured re-

sults.E 21  For Event 1, the peak volumetric radar cross sections 

at 9.4 GHz and 35 GHz were 2.8x10-6 m2 /m3 and 3.4x10-5 m2 /m3 , 

respectively. The corresponding values for Event 2 were 1.2x10 -4 

m2 /m3  and 7.0x10 -4  m2 /m3 . 

The attenuation properties of the dust cloud lofted during 

Event 1 were investigated; however, the results were not conclu-

sive due to the variability of the data. It is estimated that 

little or no measurable attenuation was experienced at 9.4 GHz 

and that less than 3 dB attenuation was present at 35 GHz. In 
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light of the small measured radar cross section for Event 1, this 

estimate appears to be consistent with the values measured for 

Event 2. 

Significant attenuation was measured at both 9.4 GHz and 35 

GHz during the first few seconds of Event 2. For both events, 

the attenuation measurement was based on the reduction in the 

average radar signal return from the bluff behind ground zero. 

The maximum measured attenuation was 6.3 dB at 9.4 GHz and 10.2 

dB at 35 GHz. 
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SECTION 2 

EXPERIMENTAL AND ANALYTICAL PROCEDURES 

2.1 CALIBRATION PROCEDURE  

The calibration procedures used during the field operation 

were designed to give an absolute radar cross section reference 

level for comparison to a stepped IF receiver transfer charac-

teristic. The procedure used was to first generate a stepped 

receiver transfer characteristic by inputting an arbitrary signal 

from a signal generator into the IF section of the receiver. 

This level was then reduced in 10 dB steps over the full dynamic 

range of the receiver as the receiver outputs were digitized and 

recorded. 	The radars were then turned on and pointed towards 

corner reflectors of known radar cross section. 	Signals were 

recorded from three corner reflectors used as calibration refer-

ences. The primary reference was a 24.3 cm x 8.2 cm dihederal 

corner reflector designed to produce a 1° vertical plane beam-

width and to have a 30 dBsm cross section at 95 GHz. The 

dihederal corner reflector was rotated 22.5 °  from vertical, 

mounted on a stand 8 feet high, and located in the Bill Williams 

river bed 1275 meters from the radars. The other two calibration 

references were trihedral corner reflectors having radar cross 

sections of 55 dBsm and 60 dBsm at 95 GHz; they were located on 

the bluff behind ground zero and near the top of Black Mesa. 

The calibration results were within 4 dB of the calculated 

performance at 70 GHz and 95 GHz, but were inconsistent with the 

calculated theoretical performance of the two lower frequency 

radars. At 9.4 GHz and 35 GHz, the calibration results deviated 

from the calculated results by up to 18 dB. Multipath effects 

are the most probable cause for such a large deviation from the 

expected return. Effects of multipath propagation on returns 

from the two trihederal corner reflectors were anticipated 

because of their location relative to the radars, however, the 

dihederal corner reflector was thought to be positioned so that 
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the local terrain would act as a "radar fence" and minimize 

multipath effects. Apparently, sufficient forward scattering 

from the ground surface existed to invalidate system calibration 

using the dihederal corner reflector. 

The 9.4 GHz and 35 GHz radars were recalibrated in the 

laboratory at Georgia Tech after they were returned from the 

field. This calibration was achieved by inserting a known RF 

signal into the waveguide at the dual mode couplers. This abso-

lute power calibration was then used as the basis for comparison 

with the IF calibration recorded in the field. The RF power 

calibration actually allowed a better definition of the low level 

signals since the lower 15 dB segment of dynamic range was 

divided into 3 dB, rather than 10 dB, steps. 

2.2 CALIBRATION ERRORS  

The radar calibration required that two sets of calibration 

data be recorded. The first set of data was recorded in the 

field as set of digital numbers corresponding to each 10 dB step 

of the IF attenuator. The second set of data was recorded in the 

laboratory as voltage levels corresponding to a known input 

power. The two sets of calibrations were plotted on appropriate 

scales and overlaid to facilitate conversion from input power 

level (in dBm) to digital numbers. These converted data were 

entered into the computer for conversion of the raw data into 

volumetric radar cross section. 

Inaccuracies in overlaying the RF power calibration curve 

and the IF calibration curve resulted in errors of +3.0 dB at 9.4 

GHz and -0.4 dB at 35 GHz in the preliminary data presented in 

the original report. [1]  The absolute error in the calibration is 

expected to be no more than ±1.5 dB for levels greater than 10 -8 

 m2 /m3 at 9.4 GHz and 10-6 m2 /m3 at 35 GHz. The last 15 dB of the 

calibration curves, i.e., levels below 10 -8 m2 /m 3 and 10-6 m2 /m3 , 

are more sensitive to signal level because of the near flat shape 

of the receiver transfer characteristics and could cause errors 

as great as 3.5 dB. 



Other errors in the calibration procedure are attributable 

to inaccuracies in the power measuring equipment used to measure 

the transmitter and the signal generator power and to antenna 

gain errors used in the radar equation. The power meter used in 

the field prior to the test was an HP432B with appropriate 

thermistor mounts. Manufacturing specifications state an 

accuracy of +2% for this meter. The same meter was used in mea-

suring the power output of the signal generator used to inject 

the calibration signal into the waveguides. The remaining errors 

in the backscatter measurement are associated with the antennas. 

There were no gain measurements made on either the 9.4 GHz 

or 35 GHz antennas. The 35 GHz antenna was manufactured by TRG 

Tnc., and beam patterns were made prior to delivery of the 

antenna to Georgia Tech. Based on a 50% efficiency and the mea-

sured E & H plane beamwidths, a gain of 48 dB was calculated for 

this antenna. The accuracy of the gain calculation is expected 

to be within +1 dB. 

The 9.4 GHz antenna gain calculation was based on the fre-

quency of operation and its diameter using a 50% efficiency. No 

gain or pattern measurements were available for this antenna. 

Calculated values normally give good results for primary feed 

parabolic dish antennas, and the calculated gain of 47 dB is 

expected to be accurate to within ±1 dB. 

2.3 EXPECTED MEASUREMENT ACCURACY  

The overall error in the radar measurement system is depen-

dent on the amplitude of the return signal because of the shape 

of the calibration curve. This error is important in inter-

preting measurement data for times greater than 30 seconds after 

detonation since most of these late time signals were near or 

below the "knee" of the calibration curve. Table 1 shows the 

estimated accuracy for the measurement as a function of the mea-

sured cross section. 
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TABLE 1. EXPECTED MEASUREMENT ACCURACY 

Signal Level 
	

Radar 
	

Expected 
m2/ m3 	 Accuracy 

1.3 x 10-8  9.4 GHz 3.1 dB 

1.3 x 10 -8  9.4 GHz 5.1 dB 

1.2 x 10-6  35 GHz 3.1 dB 

1.2 x 10-6 35 GHz 5.1 dB 

2.4 DATA CALIBRATION AND REDUCTION  

The data collected in the field were recorded as binary 

numbers corresponding to the integrated video voltage. Similar 

data for receiver voltage transfer characteristics in 10 dB steps 

over the dynamic range of the systems were also recorded. These 

voltage transfer characteristics formed the basis for a "look-up 

table" used to compute the volumetric radar cross section of 

each recorded data sample. An additional data point computed 

from a least square fit over the last 20 dB of the calibration 

curve was inserted in the "look-up" table to increase resolution 

in the region of transition from a linear to a logarithmic re-

ceiver characteristic. A linear interpolation between points in 

the look-up table was used to determine intermediate cross sec-

tion values. A calibration of input power versus output voltage 

was used to determine the value of the zero dB level of the look-

up table. This zero dB value of received power was converted to 

radar cross section by substituting the known radar parameters 

into the range equation and solving for cross section. 

A CDC Cyber computer was used to access, demultiplex, and 

calibrate the data. A computational routine was included in the 

computer program to calculate the frequency dependent exponent 

(N) and to correct for attenuation. Print and plot routines were 

used to generate tabulation and plots of the calibrated radar 

cross section data. 
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SECTION 3 

EXPERIMENTAL RESULTS 

3.1 RADAR BACKSCATTER CROSS SECTION  

The power received by the radar is related to the cross 

section of the ensemble of scatterers within that volume of reso-

lution defined by the radar beamwidth and pulse length. When the 

radar signal propagates through an attenuating medium, the re-

ceived power is reduced; hence, appropriate corrections must be 

made before the true backscatter cross section can be deter-

mined. A significant amount of attenuation was present during 

the first few seconds of Event 2. Little or no attenuation was 

measured during Event 1. 

The material lofted by the explosions was not uniformly 

distributed throughout the dust cloud; therefore, an attenuation 

factor was calculated and applied separately to each range bin. 

The attenuation for a given range bin was determined by appor-

tioning the total attenuation according to the ratio of the cross 

section of that cell to the sum of the cross section of all cells 

over the extent of the dust cloud. Equation (1) describes the 

relationship used to calculate the individual attenuation con-

stants 

where ak is the attenuation associated with the kth cell, n k is 

the backscatter cross section of the kth cell, n i  is the back-

scatter cross section of the ith cell, m is the number of cells 

associated with the dust cloud, and a T  is the total measured 

attenuation. The summation is taken over the total extent of the 

dust cloud. 

A computer routine was written to calculate the individual 

attenuation constants and to compute the true cross section 

according to 
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n k  = nk  10 

k - 1 
2: 	 S a. + 0 

--- ak 
= 1 1  (2) 

* 
where n k  and n k are the true and measured values of the back- 

scatter cross section, respectively. This correction was applied 

to the first 10 seconds of the Event 2 data. The values 

of a
T 

were derived from the attenuation constants computed from 

the reduction in the radar cross section of the bluff behind 

ground zero. 

3.1.1 EARLY AND INTERMEDIATE TIME PERIOD 

Figures 1 and 2 show the volumetric radar cross sec-

tion (n) versus range for 9.4 GHz and 35 GHz one second after 

detonation of Event 2. These data were corrected for the effect 

of attenuation according to Equations (1) and (2). Both the 

parallel polarized (horizontal) and the cross polarized (verti-

cal) backscatter cross section are shown. Signals occurring at 

ranges between 4.2 and 4.4 km are the returns from the ridge in 

front of ground zero. Signals occurring at ranges between 5.2 

and 5.6 km are the returns from the bluff behind ground zero. 

Those signals occurring between the ridge and the bluff are due 

entirely to the dust and debris lofted by the explosion. The 

last 10 data samples (range bins 41 through 50) were offset in 

range to sample the signals from the corner reflector located at 

the top of Black Mesa. Additional plots of the calibrated data 

taken at 2 second intervals for the first 12 seconds of Event 1 

and for the first 20 seconds of Event 2 are shown in the Appendix 

A. 

Large amounts of data can be presented in a compact form by 

using a waterfall plot format. These plots are useful for 

showing gross changes in the structural features and in the 

growth of the cloud as a function of time. Figures 3 and 4 are 

waterfall plots of the data taken during the first 10 seconds 
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after detonation for Event 1. Similar plots for Event 2 data are 

shown in Figures 5 and 6. During Event 1, the maximum radar 

cross section initially occurred at a range of 4.83 km and, 

except for short periods, remained at this range during the first 

10 seconds. During Event 2, the maximum cross section occurred 

at a range of 4.95 km over the first two seconds and then pro-

gressed out in range to 5.02 km at approximately 7 seconds. 

The maximum radar cross section for the first 20 seconds is 

shown in Figures 7 and 8 for Event 1 and in Figures 9 and 10 for 

Event 2. The radar cross section reached a maximum at approxi-

mately 2 seconds after detonation for both events. The maximum 

radar cross section for Event 2 was approximately 15.9 dB greater 

at 10 GHz and 12.9 dB greater at 35 GHz than the maximum for 

Event 1. The Event 1 data appear more variable than the Event 2 

data. Antenna motion was considered as a possible cause of the 

greater variability during Event 1; however, the maximum pointing 

variation for either event did not exceed one half beamwidth from 

the mean position during the first 10 seconds. 

Between 2 and 14 seconds after the Event 2 detonation, the 

radar cross section fell off at a rate which may be approximated 

to within 3 dB by a linear regression line. For the data shown 

in Figures 9 and 10, the radar cross section is approximately 

given by: 

n(9.4) = 10
-(3.41 + 0.263t) 	(for 2<t<14) 
	

( 3 ) 

and 

n(35) = 10-(2'79 	
0.192t) 	

(for 2<t<14) 	(4) 

For Event 2, a distinct change in the slope of the data occurs at 

approximately 14 seconds. At this time, the radar cross section 

had fallen by nearly 31 dB at 9.4 GHz and 24 dB at 35 GHz. 
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Figure 7. Radar cross section vs. time; 9.4 GHz, Event 1. 

18 
	

20 



-s 
10 e•-■ 

Cr) 
E 

(NI 
E 

-6 g 10 
0 

4-1 
C.) 

C!) 

7 
1 0 

0 

-8 
od 10 

R+' 

-9 
1 0 

	ali aaaaa ................................ogram i..... 	■ 	
:iiiiiiiiimaginummum :::: multm:"":12:"..- 	.................. MMMMMMM ... MMMMM allMOOMMOOMIWOMM 

	 W 	 LOMOBO 
	  MAO...MO 	 mim•MMMOMMOMMOMO 	  

	mononounnonounnonnnonnormanonnoons IIVIDNOSIMMOONIOSIONMOIWYMISOIDIOMION 	OUIMITALN.■NIUMOVIIIIIMMIMMOOMMIIII 	EMMIIIIMINIMO■ E 
illiumpumiquummpimpqamauggurauminapqmpumnsupjasuomptuniumausuninuntuousuunumuumuusimunniummiumpuminumaumen 

	

121... 111111111211111.1111m111 " '1111111201.2211111112111.11' 	1111' 11111.111111 	1 	1     ■A 	 131111111111111 	12:11 	I...ILI:II= 	 ilsmit 
. 	 niank 	itononnonannon MMMMMMM monsoon MMMMMMMM linonnuni  	I 	1 	Iii

"mmrinirli almuillindigitrunalminnumMOMUMMLIMMUMMUMMMEMIMINNEHMUMMErunraiMMUMMERBrin  -1-Plighilitharia, WHIR MilIMMIME ifilillilliMIMMOIMMUMMIIMUM1111111MMUINUMWMIIMUMIHMIIIMMIMINWHIMI1111111111ffin 
iiiiiffill1111111Mymignig 	ilifilidailill  illIMIMINIBMIM11111MMIMMIBMIMMEIMIIMMIMMIM1111111111111UNIMMIONWffibilitilffl 
	  mr-  	g 	gg 

tOmAMMOOOmm MMMMMM 1 MMM OBOOMISSOOO 	 MOM 	  
	Iii 	Ira mum wa.unimanneula tuul 11 Hann MMMMMMMMMM munausaanni 	 IIIIIIIRMIUMILII 	 VII MMMMMMMMMMMM OSIIIIIMOI 

	

MMMMMMMMMM noun  	 W

_ sitainnimmi 	HAMM il ImuninaulignmtmniummT 	
::::

umuur
i
tmurnsusuunumpunimmusammummummuniquinnumlimmummuniaeruninin 

1.1 	If min 	lined 	 41111Mil 	inonnonnonamililloilloillononoonnolol 	 1 
	1 	111:1  1 	 .411  11::::   d. 11:111111:11:::::.1::::::mmil.,::::   lm11.11:1111111Iimi   gm :e::   1   1 11..1:1: 1      ,A,I 

IMIUMMIIIIMunillUMIMMUllinmiliniffillffilltren1 X221111111111MINUMIllilandUllpIL MIUMIIMIMMIIIIMMINIFOuifil Millfilliellffill 1121111112111 
mumunnininimumunnuninunmeznammunimmorusuunmanwouglinikigniumnpvimunm inumuumm m mmur num 

	

in 	 nu 	 mommiti 

PilliffillifillffillellifillffillIMMINHEMBNIU 111111MNIEWM101 minnunnumnaffi in filming IMIIIMBIHIMPUI lififfillIBMW1111111Mil 
iiiilffillIMMINIMMHIMIMMINEIRIMI MffiliMMIMIL 1101111111Rom r  ompummillpirT! ...r.21.1!!!!!!!!! 
	  , 	 . 	1.   	im ammo II MO nounnonil ionnounnomarronnunnounnummonnouso gnu innonsubloon 	' " noisoMo,  I 	 nunanolionotrnionn 	ran 

ummonsp 
	 mann 

	illIniiiimmallinn:Limaii 	i 	
immiummgmnr unnumnuummumpu  na rminmu l guprepmiumm ommu  lrimmsmfimmigimmumflimillimilloulluirsisismill 

 111116.111.111..11111' 	11.1111,1.11111.11...14i.... II 	1 	 
	M 	imaii:i 	hum 	Ogg 	 III! MMMMMMM giggalggli M 	 Manila 	I 	

........ OM IMMISMOMIME III IMMOM  il 	  

1 	
WO d 

111111111M1111111ggININNIMIIIIIIIIIIIIIIIIINIONIIIIIIIIIIMI11111111/11111111gggglItIMIIIIIIIIIIINUUNIIIIIIIIIHIgggigiggglIg11/1/1111111111111111gUggligglIgIlligglIggligligkgillgiggigiggrifigg 
ra1lm1imininnini1 mimillnumniniummillumniummuumm11nmm3utgliMilliMill11111111111111111111111MMIIIIIIIIMMUMM3MMUI1311 1lililli131g1i 
1111119111MILIBIRMIHNUMOIMIHMEMMEMMIIIIMENUMMIIIIMMIIIMMIIIIIIIIIIMMilinfillinliMMIBMIMMIIIIIMIMMIllffillilliniiiiiiiliffiliiiii 
iiiiffill111111111111111111111111111111111L11111111111111111111111111115111111111111111111111111111111111111111111111111111:1111111111111111111111111111111111111111111111111111111111111111111111111  

MMMMM OD MMMMM MOM= 	
1111

on 	 
11111111111111111111111111111111111111111111111111111111,2111ggliggligig111.42115111111111111111111 

Hi
1111111111111141111111111111■611110111111111111$1111111111111111111111111111111415111111111111NAMI  

	 i 	d 	 i 
	 1 	1 	 : 	 e::::: 	 1::1 	1 	  

!1111111111111111/11111111111111111111111111111111111111111111,1111111111111111111111111111111111111111111111111111112111111111111111111111g1111111111111111111111111111114111111/111111E11111111121111111 
iiiiiiiiiiiiiiiiiiiiiiiiigiggigigligginigiiiiiiiiiiiiiggliiiiiiiiiiiiiiggligigiiiiiiiiiigigigiglii ggiliiiiiiiiiiigglilg gigigggiggligigiiiiigigglgiiiiigiiiiiggiiiigigigiggiiiigiigligi ll gig iiiil 
iiiiiiiMMOBiliiiniiiiiiiiiKOMMffiliraligliM 	 Hill  Ilifiliiiijilliiiiii1111111111 2101  1- 	il31111i iiiii_111111111111illiiiiiiiiiill111:11111111111I111 511111111 2'  ill ' ill  

n i: 	:=-Iinarzsmanie ion.s.1:so :: -a: I .222::::::..miume 	 liiiir Hai 	1  iiiiiiiiill liiiilidiii iiiiiilligiiiiiiii 1-1 	-"" 	2 ulli1152 " 2-- 21::":::::211211:1 2: iiElliniipi 24 	Eli illinixifilifsiliEllil 

	 lin mmun 	 
slinileolusulummulainialommumulmstammosesmastimmitonsumminummumaissmaliummismulsiosommilemsemusammillsoussamilisimmulasolumillimimainsmatim 
1122111121 	221111121 	1 	In 	1 	1 	 11111:1 	 : 	 1 	1 	11 	1 2 . I 	
	NI 	 41111111111111 	 1 	 1112EIONINIRPO MMMMM OM 
itimmuummumitummuumummummumnsummimiumnrimommummurnmemminsmuiseummmunissmimmernonnimilasumnulimi tllflilii 
11111111111111111111111111111UM111111111ElLgE1111141.7411 E  — mironiumuminniniiiimmumnung gunininiunign ionnandminiatigliiii MEOW=  EES  

i nrallirimpigiorpnimffizoinuiraw-.. 	r!..411111111111111illimmitillimEe11111  . =mil, iiiiiIIIIiiii  1  Illigliiiiiiii1311  '  3- '-'"11 	 	 
g' 
	 11:1:!:1 	="u ME iiiiin Man 	2  inn --u 	 lie 	 sn,.,n0:111111..1 	pmila  	:1mi 115-igialm:::a 	.. Nu- :::::::   	

i  a  	a   	

0 
	

2 
	

4 
	

6 
	

8 
	

10 
	

12 
	

14 
	

16 
	

18 
	

20 

time (sec) 

Figure 8. Radar cross section vs. time; 35 GHz, Event 1 
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Figure 9. Radar cross section vs. time; 9.4 GHz, Event 2. 
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Figure 10. Radar cross section vs. time; 35 GHz, Event 2. 
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3.1.2 LATE TIME PERIOD 

Waterfall plots of the data for first 60 seconds of Event 1 

show that only a small amount of data was received after 12.3 

seconds. Data were present for several short intervals over the 

first minute, but only the data occurring during the first 20 

seconds were included in the analysis. The Event 2 dust cloud 

was significantly larger than that for Event 1, and signals 

occurring as late as 5 minutes after Event 2 detonation have been 

recovered. 

Approximately 27 seconds after Event 2 detonation, the 

radars began a raster scan of the dust cloud and remained in that 

mode, except for short periods. Two manual vertical scans of the 

cloud were made: one at 11:00:52 hours, and one at 11:02:36 

hours. Waterfall plots of the 9.4 GHz and 35 GHz radar signals 

received between 52 and 58 seconds are shown in Figures 11 and 

12. Figure 13 is a photograph of the TV display showing the 

antenna track during this time period. The maximum radar cross 

sections recorded during the scan were 2.7x10 -8 m2 /m3 at 9.4 GHz 

and 1.7x10-6 m2 /m3 at 35 GHz and occurred at a range of 4987 

meters. 

Waterfall plots of the signals received during the second 

vertical scan are shown in Figures 14 and 15. Figure 16 is a 

photograph of the TV display showing the antenna track during 

this scan. The maximum radar cross sections recorded during this 

scan were 1.1x10 -8  m2 /m3  at 9.4 GHz and 4.4x10 -7  m2 /m 3  at 35 

GHz. The maximum occurred at a range of 4987 meters and was in 

the lower part of the stem. 

Waterfall plots of the data from one scan of the cloud at 

11:01:50 hours are shown in Figures 17 and 18. Figure 19 is a 

photograph of the TV display showing the antenna track for this 

scan. The peak cross radar sections were 6.6x10 -9  m2 /m3  at 9.4 

GHz and 3.7x10-7 m2 /m 3 at 35 GHz. Plots of the data received 

from 11:05:00 through 11:05:03 hours are shown in Figures 20 and 

21. A photograph of the display showing the antenna track for 
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Figure 11. Waterfall plot showing the 9.4 GHz radar signal 
during the vertical scan of the cloud for Event 
2 beginning at 11:00:52. 
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Figure 12. Waterfall plot showing the 35 GHz radar signal 
during the vertical scan of the cloud for Event 
2 beginning at 11:00:52 hours. 

23 



Figure 13. Antenna track for Event 2 data beginning at 11:00:51. 
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Figure 14. Waterfall plot showing the 9.4 GHz radar signal 
during the vertical scan of the dust cloud be-
ginning at 11:02:36. 

25 



9 
er" 

8 

7 

6 

9\‘ 

T
i
m
e
  
(
s
e
c

)  

3 

2 

1 

0 
4.16 4 1 . 46 	4 1 . 76 

RANGE (KM) 
5.06 	5 '.36 	5.66 

10 

4 
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during the vertical scan of the dust cloud be-
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Figure 16. Antenna track for Event 2 data beginning at 11:02:36. 
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Figure 18. Waterfall plot showing the 35 GHz radar 
signal during one scan of the dust cloud 
beginning at 11:01:50 
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Figure 19. Antenna track for Event 2 data beginning at 11:01:52. 
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this time period is shown in Figure 22. 	The peak radar cross 

sections recorded during this period were 1.4x10 -9 at 9.4 GHz and 

4.7x10-8 at 35 GHz. These peaks occurred at 11:05:02.6 hours and 

a range of 4875 meters. 

3.2 ATTENUATION COEFFICIENT  

Both scattering losses and absorption losses act on radar 

signals propagating through the dust cloud. The sum of the 

scattering and absorption losses is the extinction loss. The 

experiment was designed so that the extinction loss could be 

measured directly by observing the reduction in the return from a 

corner reflector located on the bluff behind ground zero. This 

experiment as designed was not successful during Event 1 because 

the wind carried the dust cloud out of the line-of-sight between 

the radar and the corner reflector. During Event 2, the shock 

wave dislodged the corner reflector from its anchor so that it 

could not be used to provide extinction data. Thus in both 

events, the primary reference for determining the extinction 

coefficient was lost. 

Since the bluff behind ground zero reflected part of the 

incident signal, the radar return from the bluff was used to 

investigate the attenuation properties of the dust cloud. Since 

the bluff is an extended target, the results of the loss measure-

ment are influenced by whatever integrating effect this extended 

reference target has on the scattering losses. 

3.2.1 METHOD OF ANALYSIS 

The time variation in the radar returns from the irregular 

rocky surface of the bluff were investigated to determine if 

these signals were sufficiently stable to use as a reference for 

the attenuation measurements. Four separate range cells and 5 

one-second time intervals were used in the investigation for 

Event 2. For Event 2, the peak variations in the signal from the 

bluff were within ±1 dB of the mean value in 32 of the 40 

samples. The variation for Event 2 was greater than ±3 dB in 
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Figure 20. Waterfall plot showing the 9.4 GHz radar 
signal during a scan of the dust cloud 
for Event 2 beginning at 11:05:00. 
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Figure 22. Antenna track for Event 2 data beginning at 11:05:00. 
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only two samples; these two samples had 6 to 21 dB deviations and 

were not included in computing the predetonation mean values. 

The predetonation reference for Event 1 was established in the 

same manner as for Event 2, but only 10 data samples were in-

cluded. The peak variation of any of the 10 samples for Event 1 

was 3.1 dB below the mean value. 

The post detonation values of the reflectivity of the bluff 

were compared to the values established prior to detonation to 

determine the attenuation. In each case, a one second average 

for each range cell was used. For Event 2, four range cells were 

averaged to give the final attenuation. The attenuation for 

Event 1 was calculated only for the range cell containing the 

dominant return; the value was highly variable with time and 

averged to only 0.2 dB at 9.4 GHz and 2.1 dB at 35 GHz for the 

first 4 seconds. The much smaller size of the Event 1 explosion 

and the approximately 16 dB lower radar cross section indicate 

that the average attenuation, even at the early (1-4 seconds) 

time, is small and can be neglected without introducing a serious 

error. 

The measured values of attenuation for the first seven 

seconds of Event 2 are listed in Table 2. Only the data for the 

first 7 seconds were considered in this analysis because the 

antenna position shifted between 7 and 8 seconds and the pre-

detonation reference was no longer valid for the new position. 

3.2.2 VERIFICATION OF ANALYSIS PROCEDURE 

The radar cross section is exponentially related to fre-

quency by 

	

= (f) N 
	

(5) 

In the presence of attenuation, the true value of the radar cross 

section is related to the measured value by 

* 

	

a = a e 
	

(6) 
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TABLE 2. AVERAGE ATTENUATION AT 9.4 GHz AND 35 GHz FOR EVENT 2 

Time Interval 
	

9.4 GHz 
	

35 GHz 
(Seconds) 	 a (dB) 	 a (dB) 

0.61 	 2.81 

6.28 	 10.22 

4.45 	 9.65 

2.56 	 8.27 

4.39 	 9.73 

4.71 	 7.13 

3.03 	 6.09 

	

measured value and a 	is the attenuation con- 

relationships (Equations 5 and 6) can be used 

to derive an expression relating the difference between the 

attenuation at two frequencies to the measured values of the 

radar cross section at the two frequencies. This relationship is 

given by forming the ratio 

* a  
a l  el 	fl 	 N 

= 	( f 	) 
2 

and solving for N. 
* 

Q 1  
In ( 	* 	) 

	

a 2 	al - a 2  + 

	

f
1 	

f
1  In 	( f 	) 	 In ( f 	) 

	

- 2 	 - 2 

If the first term on the right in Equation (8) is called N * , the 

measured frequency dependency component, then Equation (8) can be 

written as 

0-1 

1-2 

2-3 

3-4 

4-5 

5-6 

6-7 

where a* is the 

stant. These two 

N = 

* 
 02 e
a 
 2 

(7) 

(8) 
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f l  (a, - a 2 ) = (N - N
*
) (10 log f  ) 

2 
(9) 

where a 1 and a 2 are the attenuation in dB at the respective fre-

quencies. 

If a symmetrical distribution of material throughout the 

dust cloud is assumed, the difference in attenuation (a 1 -a 2 ) can 

be calculated by using the value of N for the closest range cell 

and the value of N *  calculated for the furtherest range cell. 

The radar cross section data indicated that the necessary symme-

try from the first to the last range cell did not exist; but that 

a large percentage of the mass of the dust cloud is located in 

several central range cells. The difference in attenua-

tion (a1 -a 2 ) for the high mass region was computed by assuming 

that this region was symmetrical. The value used for N was the 

average of the 3 cells leading the central 3 cells, and the value 

used for N
* 
was the average of the 3 cells trailing the central 3 

cells. Since the majority of the mass of the cloud contributing 

to the attenuation was located in the 3 central cells, the value 

of N was not significantly affected by attenuation, and the maxi-

mum effect of the attenuation is reflected in the value of N
*

. 

Table 3 is a comparison of the values of (a l -a 2 ) derived from the 

bluff reflectivity data to the values calculated from Equation 

(9). Good agreement exists between these independent methods of 

arriving at the difference in attenuation at the two frequencies; 

thus tending to validate the use of the bluff as an attenuation 

reference. 

3.3 FREQUENCY DEPENDENCY  

The General relationship between frequency and backscatter 

cross section was given in Equation (5). The frequency exponent, 

N, is related to the distribution of particle sizes within the 

dust cloud and is, therefore, an important parameter for 

developing mathamatical models describing the backscatter and 

attenuation from debris lofted by nuclear explosions. Values of 
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N were calculated for both events of the MISERS BLUFF II explo-

sions. 

TABLE 3. COMPARISON OF THE TWO METHODS FOR DETERMINING 

THE DIFFERENCE IN ATTENUATION 

Time 	 Bluff Data 	 K(N-N*) 
(Seconds) 	 a(9.4) - a(35) (db) 	a(9.4) - a(35) (dB) 

	

0-1 	 2.2 	 1.9 

	

1-2 	 3.9 	 3.8 

	

2-3 	 5.2 	 6.1 

	

3-4 	 5.7 	 5.2 

	

4-5 	 5.3 	 2.6 

	

5-6 	 2.4 	 2.8 

	

6-7 	 3.1 	 1.3 

The variation of N as a function of range at 0.2 second in-

tervals is shown in Figure 23. This plot covers the early growth 

period from 1.0 to 1.8 seconds after Event 1 detonation. The 

criteria for determining the validity of a point was that the re-

ceived signal in both radars had to be at least 2 dB greater than 

the lowest noise level recorded in a given data record. Using 

this criteria, only three values for N are shown in the first 

plot in Figure 23. This indicates that material of sufficient 

radar cross section to reflect a detectable signal back to the 

radar existed only over three range cells, or approximately 112 

meters. 	Within 0.8 seconds, the cloud had expanded to cover 8 

cells, or approximately 300 meters. 	The range cell containing 

the maximum radar cross section at 9.4 GHz is indicated with an 

asterisk on each plot. Additional plots of N versus range are 

shown in Figures 24 through 26 for one second time intervals 

beginning 2, 7, and 19 seconds after Event 1 detonation. These 

plots show that the variation in the value of N is a function of 

both range and time. The minimum N of 0.5 occurred 2.6 seconds 
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Figure 25. Frequency dependence vs. range for 7 to 
7.8 seconds after detonation of Event 1. 
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Figure 26. Frequency dependence vs. range for 19.4 to 
19.8 seconds after detonation of Event 1. 
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after detonation at a range of 4912 meters. These data also show 

that the maximum radar cross section does not necessarily occur 

at the same range as the minimum N. 

Plots of N versus range from the Event 2 data are shown in 

Figures 27 through 30 for the time periods of 1, 5, 12, and 19 

seconds after detonation. Much lower values of N (near 0) were 

recorded during the first two seconds after detonation of this 

event. Generally, the same variability with range was observed 

for both events. Nineteen seconds after detonation, the measured 

values of N had exceeded 4 for Event 1 and was approaching 4 for 

Event 2. An example of the effect of attenuation on the values 

of N is shown in Figure 31, where the corrected (solid) and un-

corrected (dashed) plots of N are given for the data collected at 

2.1 seconds after detonation. 

The long term trend in the value of N is needed for 

developing models that can predict the duration of significant 

attenuation and reflectivity due to nuclear explosion. The 

single most representative measure of N during the earlier time 

period was thought to be associated with the range cell of maxi-

mum radar cross section. Figure 32 is a plot of N versus time 

for the first 20 seconds of Event 1. The values of N were cal-

culated from the data shown in Figures 7 and 8 and do not show a 

trend towards increasing values until after 6 seconds. Figure 33 

shows the values of N versus time for the Event 2 data shown in 

Figures 9 and 10. These data show a very definite trend towards 

increasing values of N over the 2 to 14 second time period. The 

solid line shown in Figure 33 is a plot of the equation 

N = 1.08 + 0.124t 	(for 2<t<14) 	(10) 

which was derived from Equations (3) and (4). 

Primary emphasis was placed on reducing the early (first 20 

seconds) data from these experiments, but some data were reduced 

for Event 2 time periods as late as 5 minutes after detonation. 

Most of the data during the late time period was very low in 
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Figure 27. Frequency dependence vs. range for 1 to 1.8 
seconds after detonation of Event 2. 
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Figure 29. Frequency dependence vs. range for 12 to 12.8 
seconds after detonation of Event 2. 
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Figure 30. Frequency dependence vs. range for 19 to 
19.8 seconds after detonation of Event 2. 
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Figure 33. Frequency exponent (N) vs. time for the single range cell of peak 
radar cross section. Event 2. 



amplitude and did not cover a wide dynamic range. In addition, 

the antenna was usually in a scanning mode and, therefore, the 

data were received from different positions in space. For these 

reasons, selection of the range cell of maximum cross section to 

evaluate the N versus time relationship resulted in a wide dis-

tribution of data points in which no real trend was observable. 

A better criteria for showing this relationship was to average 

the values of N from all range cells for a 1-second period. 

These averages for Event 2 are plotted in Figure 34. Trend 

analysis used to evaluate the N versus time relationship for the 

late time period indicated that these averaged data can be 

approximated by 

N - 
log t + 2.28  

1.3 

Equation (11) shows a logarithmic increase for N during the late 

time period. 	This is in contrast to Equation (10) which shows 

that N increases linearly with time during the early time period. 

The value of N, based on Rayleigh scattering, should 

approach 4 during the late time period. Figure 34 shows that the 

value of N continued to increase between the last two points 

which have values of 3.45 at 240 seconds and 3.52 at 341 

seconds. During the associated aircraft sampling experiment, 

particles as large as one half centimeter were reported to have 

hit the aircraft windshield. Since the first aircraft sampling 

was done 4 minutes after detonation, a value of 3.5 is not un-

reasonable for this late time period, although there is no esti-

mate for the density of large particles at this later time 

period. 
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SECTION 4 

CONCLUSIONS 

4.1 OVERVIEW  

The goal of the radar experiments was to measure the back-

scatter cross section and attenuation properties of the dust 

cloud lofted by the MISERS BLUFF - Phase II Test. These measure-

ments were to be made at four frequencies ranging from 9.4 GHz to 

95 GHz. The goals were completely met at the two lower frequen-

cies. Loss of data at the two higher frequencies is significant 

since the millimeter wave region of the electromagnetic spectrum 

is of particular interest to defense agencies for both communica-

tion and radar applicaitons. 

The experiment should be repeated using a modified version 

of the 95 GHz radar at the earliest opportunity. This radar 

should be a bistatic system (i.e., separate transmitter and re-

ceiver antennas) since this configuration would allow approxi-

mately 10 dB better performance by reducing signal loss due to 

system components. In addition, significant improvement could be 

realized by using currently available balanced mixer preampli-

fiers. The overall improvement in system performance could be as 

much as 20 to 25 dB. 

4.2 EVENT 1 MEAUSREMENTS SUMMARY  

Event 1 of this test series consisted of the detonation of a 

single 120-ton stack of ANFO. The maximum volumetric radar cross 

sections measured for this event at 9.4 GHz and 35 GHz were 

2.8x10-6  m2 /m3  and 3.4x10-5 m-9  /m -!-4  
, respectively. The variations 

in the measured radar cross-sections were large; changes were as 

great as 10 dB within a one second time period. These variations 

occurred at both frequencies and appear to be entirely due to 

changes occuring inside the dust cloud. 

The radar returns from the bluff behind ground zero were 

examined before and after the explosion in an effort to assess 
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the attenuation of the dust cloud. The result of the computed 

attenuation showed large variations with both positive and nega-

tive values. The attenuation was small at both frequencies and 

can be neglected without seriously affecting the radar cross 

section values or the computed frequency dependency exponent. 

The values of the frequency dependency exponent ranged from 

0.5 at 2 seconds after detonation to occasional values greater 

than 4 as early as 19 seconds after detonation. 

4.3 EVENT 2 MEASUREMENTS SUMMARY  

Event 2 consisted of the detonation of six 120-ton stacks of 

ANFO. The radar cross sections measured for this event were 

significantly higher than for Event 1. Radar cross sections of 

1.2x10-4  m2 /m3  and 7.0x10-4  m2 /m3  were measured at 9.4 GHz and 35 

GHz, respectively. Short term variations in the cross sections 

were not as great as those observed for Event 1. 

The attenuation computed for this event was significant at 

both frequencies during the first 10 seconds. The maximum atten-

uation occurred 2 seconds after detonation, and was 6.3 dB at 9.4 

GHz and 10.2 dB at 35 GHz. The attenuation was computed only 

over the first 7 seconds because the antenna position was changed 

at that time. The attenuation was projected out to 10 seconds 

based on the predicted difference in attenuation due to the range 

effect on the frequency dependency exponent. 

The frequency dependency exponent values ranged from near 

zero during the early 1 to 2 second time period to values greater 

than 4 at late times. A linear regression was computed from the 

early peak radar cross-section data. These regression equations 

were used to drive an equation approximating the frequency depen-

dency exponent over the period of 2 to 14 seconds. 
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APPENDIX A 

RADAR CROSS SECTION VERSUS RANGE 
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Figure A-16. 35 GHz radar cross section vs. range; Event 2, T o  + 4 seconds. 
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Figure A-18. 35 GHz radar cross section vs. range; Event 2, T o  + 6 seconds. 
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Figure A-19. 9.4 GHz radar cross section vs. range; Event 2, T o  + 8 seconds. 
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Figure A-20. 35 GHz radar cross section vs. range; Event 2, T o  + 8 seconds. 
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Figure A-21. 9.4 GHz radar cross section vs. range; Event 2, T o  + 10 seconds. 
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Figure A-22. 35 GHz radar cross section vs. range; Event 2, T o  + 10 seconds. 
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Figure A-23. 9.4 GHz radar cross section vs. range; Event 2, T o  + 12 seconds. 
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Figure A-24. 35 GHz radar cross section vs. range; Event 2, T o  + 12 seconds. 
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Figure A-25. 9.4 GHz radar cross section vs. range; Event 2, T o  + 14 seconds. 
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Figure A-26. 35 GHz radar cross section vs. range; Event 2, T o  + 14 seconds. 
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Figure A-27. 9.4 GHz radar cross section vs. range; Event 2, T o  + 16 seconds. 



35GHZ V EVENT 2 
10 -± 11 :00:16 

35GHZ H EVENT 2 
10 - -- 11:00:16 

c■i10 —§—_ 

10 - 1 

7.20 7.20 
10 -9 	 

4.00 4.80 	5.60 	6 1.40 
RANGE ( KM ) 

4.00 	4.80 	5.60 	6.40 
RANGE ( KM ) 

o -9  

S 

a. HV Polarization 	 b. HH Polarization 

Figure A-28. 35 GHz radar cross section vs. range; Event 2, T o  + 16 seconds. 
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Figure A-29. 9.4 GHz radar cross section vs. range; Event 2, T o  + 18 seconds. 
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Figure A-30. 35 GHz radar cross section vs. range; Event 2, T o  + 18 seconds. 
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Figure A-31. 9.4 GHz radar cross section vs. range; Event 2, T o  + 20 seconds. 
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Figure A-32. 35 GHz radar cross section vs. range; Event 2, T o  + 20 seconds. 
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