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SUMMARY 

An airborne man-made radio noise model has been developed and programmed 
on a graphics computer at the Naval Ocean Systems Center. This modsl provides 

a useful approximation to tha geographical dependence of airborne man-made 

radio noise in the continental Unite? States. Radio noise maps produced from 
this model are used to evaluate the effect of man-made radio noise on the 

operation of meteor burst communication systems. 

Equations developed by Skomal (EN Skomal, Man-Made Radio Noise, Van 

Nostrand Reinhold Co., New York, 1978) are vsed to construct the model. Two 

parametric equations are used to model the height gain of man-made radio noise 

ap a function of distance, 0 to 150 miles, from the source. Coefficients for 

these equations are calculated from data measured over Seattle (WE Buehler and 

CD Lunden, IEEE Trans. Electromagnetic Compatibility, EMC-8, 143-152, 1966). 

Two hundred of the nation's largest cities and 62 of the largest counties 

and military installations are used as sources of racio noise in the computer 

program. Day and nighttime contours can be produced in the 25 to 75 MHz range 

for altitudes between 30 and 70 thousand feet. 
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1.0 ZINTRODOCTIOCN 

The assessment of airborne man-made radio noise began es an effort to 

more completely understand the factors influencing performance of Meteor Burst 

Communication Systems (MBCS). These systems are under investigation here at 

the Naval Ocean Systems Center (NOSC) to determ:ne their potential application 

to the Minimum Essential Emergency Communizetacn Network (MEECN) .! Operation 

of MBCS depends upon the reflection of ni (30-100 :Mz or more) radio signals 

from ionized meteor trails as shown ‘n ficure 7. ‘Tss*ing required to evaluate 

the performance of these systems invol.c. transmissi ~ and reception of vhf 

signals both on the ground and when airborne. Ext ""Ai terierence affecting 

the reception of these signals includes galactic 1%, local atmospheric 

noise, and man-made noise. Of the three types of .. “+ “)2nce encountered 

during airborne tests, man-made noise near metropolits!. a.* .3 was the most 

severe. The effect of this interference on a MBCS is to incrsase the system 

waiting time for transmission of an error-free message. 

The airborne MBCS experiments have shown that man-made radio noise can be 

measured at distances in excess of a hundred miles from large metropolitan 

areas. Noise was found to increase with altitude and the minimum noise level, 

galactic noise, was found only over open ocean. In general, the level of man- 

made radio noise was worse than expected and it was decided that an assessment 

of the characteristics of airborne man-made radio noise would be necessary to 

evaluate the utility of Meteor Burst Communication Systems. 

METEOR REGION 

1200 MILES 
MAXIMUM 

Figure 1. Meteor Burst Communication System. 
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An airborne man-made radio noisa model was developed and programmed on a 

graphics computer at NOSC to aid in the evaluation. Parametric equations 

developed by Skomal~ are used to model the height gain of man-made radiv noise 

as a function of distance from the source. Coefficients, for these equations 

are calculated from data measured over Seattle by Buehler and Lunden.? To 

provide a useful epproximation to the geographical dependence of airborne man- 

made radio noise in the continental United States, two hundred of the nation's 

largest cities and 62 of the largest counties and military installationg are 

used as sources of radio noise in the model. 

Radio noise maps are produced using this model and are used to evaluates 

the effect of man-made 1adio noise on the operation of MBCS. These maps show 

that very little of the continental United States is free of airborne man-made 

radio noise. Minimum noise levels are found during the night at lew altitudes 

for distances greater than 100 miles from most metropolitan areas. 

2.0 SURFACE MAN-MADE RADIO NOISE 

Perhaps the first known case of Man-made interference to radio signals 

occurred in 1902 when Dr- A. Hoyt Taylor heard ignition noise from a two- 

cylinder automobile. Today, man-made radio noise extends to all continents 

and is detectable at subsynchronous satellite altitudes in the frequency range 

of 30 Hz to 7 GHz. 

Man-made radio noise is of three types: (1) incidental radiation from 

electric power lines, ignition systems, electric motors, home electrical ap- 

pliances; (2) intentional radiation such as wireless announcing systems, cam~ 

pus radio stations, walkie-talkies, door-opener transmitters, and licensed 

transmitters; and (3) unintentional radiation from cable TV systems, microwave 

ovens, industrial heaters, medical diathermy equipment, RF-stabilized arc 

welders, and many others. The lower portion of the spectrum is dominated by 

industrial, scientific and medical equipment, with power line and automobile 

ignition noise becoming major contributors around 30 MHz and ignition noise 

achieving a position of dominance at and above 100 MHz. 

Surface man-made radio noise has an impulsive distribution with frequency 

and approaches a thermalization (Gaussian distribution) with increasing alti- 

tude. This thermalization increases with increasing frequency also. Figure 2 

shows median daytime values of surface man-made radio noise power in terms of 

Fa (dB above thermal ncise at 288°K) as a function of frequency for business, 

residential, rural and quiet rural areas. Business areas are defined as the 





Frequency 
(MHz) 

Business Arce Residenus! Arca [ Ruse! Area 

Wn OB ON wwe Re AOC 

Table 1. Upper, Due and lower Dpe Gecile values in dB of 

surface noise power variability within an hour at a given 
location. 

BOEING FIELD 

fo) au 
OO O2 O4 O6 O8 10 t2 14 ‘4 18 260 22 24 

LOCAL TIME 

Figure 3. Diurnal variation of 73 MHz surface noise power 

measured at Boeing Field, Seattle for a workday and a 

Sunday (Buehler et al., 1968}. 





Prom the observed frequency dependence of surfaca man-made radio nolan 

Skomal* hag shown that the surface noise power function, P, (£,4), expressed 
in units of power, watts per bandwidth, displays an inverse dependence upon 

frequency, £, and distance, d. When #xpresaed in decibels relative to 1 mW 

per detection bandwidth, b, (dam/b) 

P, (f,d) = Ey + Ey (d-k) + Ey (6-k)?, a) 

where k is a constant which when set to 2.5 miles provides a good representa- 

tion of vhf and uhf wurface radio noise data. Coefficients Ey (Ey = a, + bf, 

4 = 3, 2 and 3) in the above equation contain the frequency cependance of the 

surface noise power function and are determined from three conatrainta placed 

on the above equation at a specified treguency, f. 

1. At the point d = G the derivative cf P with respect to d, 

aP 

a condition that has been observed to occur for composite urban man-made radio 

noise data. 

2. At d = 2.5 miles the noise power function at frequency fn in MHz 

equals a leest-squares-regression line derived fror business zone data in 

dBm/b, 

P, = 789.9 - 12.3 log f£,, aad (3) 

3- At d = 10 miles the noise power functicn at frequency f equals a4 

least-squ res regression line derived from residential zone data in dBm/b, 

PL + -92.5 = 12.7 log €_. (4) 
b m 

Usiny these constraints to solve equation (1) for coefficients Ey; E> and Ey 

gives 

iy 

E, = Poe (5) 

pare Ba = 5 E3. and (6) 

: Ey = (Py - Pa)/93.75- (7) 
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Calculation of surface noise power can now begin with selection of the fre- 

quency and the determinaticn of the three coefficients of equation (1). Sub- 

stitution of the coefficient values into equation (1) and setting x equal to 

2.5 miles allows the calculation of surface noise power as a function of dis- 

tance. 

Figure 4 shows the surface noise power function, Poe in units of power, 

watts per bandwidth, graphed as a function of distance from the center of a 

business area for 30, 50 and 70 Miz. 

2 

| 38 MHz 

SURFACE 
RKOTSE 
POWER 

P, 
Seat el 56 MHz 

x19@714 
78 HHz 

CWATTS/b) 

) | eee! 

15 18 s 8 bo) 18 15 

DISTANCE (MiLlES)> 

Figure 4. Surface man-made radio noise power, in watts per 

bandwidth, calculated for 30, 50, and 70 MHz, and plotted 

as a function of distance from the center of a business area. 

3.0 AIRSORNE MAN-MADE RADIO NOISE 

Airborne man-made radio noise measurements have been made abcve many 

American cities at various altitudes in the frequency range from 1 MHz to 1 

GHz. Measurements using forward-directed an*ennas have detected man-made 

radic noise in excess of 200 miles from large cities. They indicate that air 

berne man-made radio noise from a distant metrcpolitan area can be detected 

once the aircraft rises above the local optical horizon. At high altitudes, 

above 70,000 feet, measurements made with a low-directivity antenna show a 

broad noise signature that is representative of the entire metropolitan area. 

Measurements mode veiow 10,000 feet with a high-directivity antenna show more 

detail of loca) nois2 sources: dive to the smaller surface area subtended by the 

antenns vattera. 
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Measurements over Seattle® using horizonta)ly and vertically polarized 

antennas indicate that airborne man-made radio noise does not have a predom 

inant polarization. When viewed from above, the radiation field propagating 

from a two-dimensional surface distrihution of independent noise sources 

should be unpolarized. Airborne measurements using downward-directed isotro- 

pic antennas do not show significantly greater radio noise than linearly 

polarized antennas. 

Calculation of man-made radio noise power, Py, at altitude h, depends 

upon the knowledge of: (1) the losses and pattern function of the measuring 

antenna; (2) the distribution of the man-made surface noise sources as a runc- 

tion of position and frequency; (3) transmission path losses; and (4) the 

degree cf correlation between noise sources of adjacent surface areas. 

Given the above information, p, may be represented as an integral, which 
in the general case, requires numerical evaluation. The degree of difficulty 

in evaluating the integral varies with the power pattern of the receiving 

antenna, the function representing the surface noise distribution and the 

surface area covered by the antenna pattern. For an isotropic antenna posi- 

tioned above the center of a symmetrical surface noise distribution, evalua- 

tion of the integral is much simpler. In addition, transmission path absorp- 

tion can be assured to be zero for frequencies less than 3 GHz and observation 

altitudes of less than 10 miles. j 

Correlation between man-made noise sources is not well known. Limited 

data suggest that for altitudes above a few thousand feet there is no correla- 
tion. This allows the treatment of man-made noise power from single sources as 
additive quantities. All man-made noise sources can be considered to be dis- 

tributed two-dimensionally on a plane that is parallel to and near the 

surface. Also, the noise power emission from any unit a.cea on the two-dimen- 
Sional distribution may ke assumed to be uniform. MThit assumption implies 

that the earth and physical surreundings are either good noise-absorbing or 

noige-scattering media vu. oth. 

Based on the above assumptions and limitations the integral representa- 

tion of airborne man-made noise power p, in watts per unit bandwidth b taken 

from reference 2 is 

p_(£-d) F(Y,,Y,) 

As shown in figure 5 the observing antenna is positioned above a business area 

at height h, with a separation R between the antenna and differential element 

aA containing the noise sources. A, is the antenna aperture area and F(Y;,Y2) 
is the normalized (to unity) power pattern of the receiving antenna in terms 

of angle variables (Yy.Y2)- 

When the airborne antenna is a dipole, its effective area becomes identi- 

cally equal to the area of antennas used for most surface noise measurements. 

The normalized power pattern may be written for a vertical dipole or moncpole 

antenna in terms of angle variables from figure 5 as: 

cos* im 1 siné) 5 

FY, +¥2) i cos20 ‘ Se 
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Figure 5. Coordinate system for an airborne antenna, 0- 

located at an altitude, h, above a surface distribution 

of man-made radio noise sources. 

Substitution of the dipole antenna power pattern into the integral representa- 

tion of the airborne man-made noise power equation and further derivation for 

offset, business locations performed in reference 2 yield the following param- 

etric equations. 

For airborne man-made radio noise directly over a business area when the 

ratio of altitude, h, to distance, d, is small the limit of the integral is 

Py = Pg - A in (h/hQ). (10) 

In the limit of large h/d the integral approaches 

SULhTe P, = kh“. (11) 

As h approaches infinity Py reaches galactic noise as a limit. 

For airborne man-made radio noise offset from a business area in the 

altitude range of 0 < h S 7.5 miles, a second-order approximation of the inte- 

gra). is 

Ph = Pg + Bh - cH. (12) 
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To use parametric equations (10), (11), and (12) for the calculation of 

airborne man-made radio noise power the values of integration constants A, hor 
k, B and C must be known. Calculation of these constants requires airborne 

man-made radio noise data for at least two different altitudes directly above 

and offset from a business area. 

4.0 AIRBORNE MAN-HADE RADIO NOISE MODEL 

To evaluate how well the above parametric equations describe airborne 

man-made radio noise, a search te locate airborne man-made noise data as a 

function of altitude and distance from a metropolitan area was initiated. The 

goal was to find data with sufficient detail to allow construction of an air- 

borne man-made radio noise model valid for altitudes between 30 and 70 thou- 

sand feet and horizontal distances from the city center out to 300 miles in 

the frequency range of 30 to 70 MHz. It was felt that a model in this region 

would be most useful for a MBCS radio noise model. 

An extensive search located only a limited amount of data at frequencies 
and distances of interest. However, one set of contours was quite complete, 

showing vertical (0 to 100 thousand feet) and horizontal (0 to 100 miles) 

values of daytime 1 MHz airborne radio noise power measured and computed 

for the Seattle area.? These contours were replotted by Gierhart, Hubbard and 

Glen’ and noise power curves for 30 and 80 thousand foot altitudes were 

digitized to provide data for the airborne man-made radio noise model. At 

distances greater than 10 miles, the above curves were extended using the 

1/R2 distance dependence exhibited by the near field data at low angles. 

To make use of this 1 MHz data for a radio noise model in the 30-70 MHz 

frequency range, it was assumed that the curves of reference 7, properly 

scaled, would be representative of the spatial distribution of man-made radio 

noise at higher frequencies. Additional Seattle data taken at three other 

frequencies of interest but at only one aititude and two different horizontal 

distances, were used te check this assumption.2/4"© Table 2 shows airborne 

vhf radio noise power data at an altitude of 5000 feet for frequencies of 29, 

49, and 73 MHz compared to corresponding scaled data points from the complete 

set of data at 1 MHz. 

Distance (miles) 

Data (refs 2, 4, 6) 

Scaled 1 MHz data 

Factor 

Table 2. Comparison of radio noise power, F  (d@B/kTb) as 

a function of frequency for distances of 0 and 16 miles. 

As can be seen, the scaled 1 MHz curve was found to fit the 29 to 73 MHz noise 

data at 5000 feet to within about 1 dB. It was assumed that scaled curves at 

the higher altitudea of 30 and 80 thousand fcet would also fit. 

The scaling factors shown at the bottom of table 2 are used in a Lagrange 

interpolation formula to scale the 1 MHz noise power data to any frequency in 





the range from 29 to 73 MHz. The Lagrange interpolation formula is 

3 3 
Sify et (ea (eee = 8 sy (13) 

i*x 

where S(f) is the desired scaling factor for frequency, £f, and fy are the 

three frequencies for which scaling factors, She have been calculated. 

Evaluation of the parametric equations using the NOSC computer and day- 

time radio noise power data at 30 thousand feet, pz), and 80 thousand feet, 
Pgor indicates that for horizontal distances of 0 to 7 miles and altitudes 
between 5 and 80 thousand feet the equation for noise power in watts per 

bandwidth, 

Py, = Ps - A ln (h/h,), (14) 

where 

A= (Pg — P39)/1n (h39/hga) (15) 

fe (p.-Pg9)/(Pg9-P30 Jin (h39/hgg) ) 

h, = hgg (16) 

gives gcod agreement to within a few dB of the scaled Seattle data. This is 

shown on the right side of the graph in figure 6 where the solid line repre- 

sents the model and crosses indicate Seattle data taken directly over the city 

and scaled from 1 MHz to 45 MHz. For horizontal distances of greater than 7 

miles and altitudes from 5 to 80 thousand feet the equation for noise power in 

watts per bandwidth, 

Py = Pz + Bh - Ch’, (17) 

where 

B= (P39 - Pg)/h3q + Ch397 ure) 

and 

C= (Pg - Pg)/(h397hgg - ho?) - (P39 - Pg)/(h3q? - Hyohgo?) — 19) 

also gives good agreement to within a few dB of the scaled Seattle dats. This 

is shown on the left side of the graph in figure 6 where again the solid line 

represents the model and crosses indicate Seattle data taken 50 miles from the 

city and scaled from 1 MHz to 45 MHz. 
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Figure 6. Comparison of daytime 45 MHz man-made radio noise 

model (solid line) and scaled Seattle data (crosses) directly 

above and 50 miles froma business area. Height gain, 

F (dB/kTb), is plotted as a function of altitude in thousands 

of feet. 

The airborne man-made radio noise model has been programmed on a graphics 

computer at NOSC. A series of programs generate graphs of radio noise power 

in three different formats. In the first format, the vertical profile program 

produces height gain curves for any frequency and horizontal distance from the 

source that are selected in the range of the model. In the second format, the 

horizontal profile program produces radio noise power curves, for a selected 

frequency and altitude, as a function of horizontal dist e- In the last 

format, the contour program produces contours of co...ant radio noise power, 

for a selected frequency and altitude, for the continental United States. 

Each of the three types of model formats will be discussed in the following 

sections. 

4.1 VERTICAL PROFILE (HEIGHT GAIN) 

This program produces height gain curves over the following ranges; fre- 

quencies from 30 to 70 MHz, distances from 0 to 300 miles from the source, 

altitudes from 1 to 90 thousand feet for business, residential and rural areas 

for day and nighttime conditions. To produce a vertical profile, the frequen- 

cy is selected first. This allows calculation of surface noise and galactic 

background roise values similar to those shown in figure 2. Once the hori- 

zontal distance is selected, the proper parametric equation is chosen. 

Equation (17) is used for distances of 7 miles or less and equation (20) is 

used for distances greater than 7 miles. Cosfficients are then calculated and 

scaled for the proper frequency as discussed in the previous section. If the 

vertical profile is to be evaluated at night, the calculated daytime radio 

ma - 
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noise power is reduced by the diurnal variation similar to that shown in 

figure 3. Finally, the classification of the area to be modeled is selected 

ana if residential or rural areas are selected, the calculated radio noise 

power is reduced from the business area value as shown in figure 2. Daytime 

45 MHz vertical profiles at distances of 0, 8, 50 and 100 miles from the 

center of a business area are shown in figure 7. Altitude, in thousands of 

feet, is plotted on the vertical axis with the height gain, a6 plotted in 

aB/kTb along the horizontal axis. Note the increase in height gain at 4 

distance of 50 miles from the business center. 

168 

p=100 .D#5Q D=Q D=B 

mocarosorD 

CkKFT> 

10 20 3a” 48 

HEIGHT GAIN Fa (d8~kTb? 

Figure 7. Daytime 45 MHz man-made radio noise model for 

distances of 0, 8, 50 and 100 miles from the center of a 

business area. Height gain (F_(dB/kTb), is plotted as a 

function of altitude in thousands of feet. 

4.2 HORIZONTAL PROFILE 

This program produces horizontal profiles of airborne man-made radio ¢ 

noise from the city center out to 150 miles for altitudes from 1 to 90 thou- 

sand feet. Operation of the horizontal profile program is the same as the 

vertical profile program except the variable to be selected is the altitude at . 

which the horizontal profile is to be plotted. Figure 8 shows horizontal pro- 

files at altitudes of 10 and 80 thousand feet above a business area center 

during the daytime for 45 MHz. Antenna noise factor, Fa, in dB/kTb is plotted 

on the vertical axis and distance from the area center in miles is plottec 

along the horizontal axis. Note how the noise peak above the city widens with 

increasing altitude. 
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Figure 8. Daytime 45 MHz man-made radio noise model for 

altitudes of 10 and 80 thousand feet above 2 business area- 

Radio noise power, F (aB/kTb), is plotted as a function of 

distance in miles from the city center. 

4.3 CONTOURS 

The airborne man-made radio noise model can produce contours of constant 

radio noise power using the contour computer program. phis program has been 

developed to provide a useful approximation to the geographical lJependence of 

airborne radio noise in the continental United States. Fadio noise maps 

produced by this program are used to evaluate the effect cf man-made radio 

noise on the operation of MBCS. 

Two hundred of the nation's largest cities and 62 of the largest counties 

and military installations are used as sources of man-made radio noise in the 

computer program.® Noise calculations are made for the sontinental United 

States on a rectangular grid with intervals every 50 miles. Contours are cal- 

culated from this grid of data for frequencies between 30 and 70 MHz at alti- 

tudes from 5 to 30 thousand ‘eet for day and nighttime conditicns. Figure 9 

shows daytime 45 MHz contours for an altitude of 5 thousand feet. Contours of 

constant radio noise power in GB above kTb are plotted for values of 15, 20, 

and 25 dB. Shaded areas in the continental United States represent «reas 

containing noise power 3 dB or iess above galactic nois2.e At this altitude 

the 30 4B contours are too small to be resolved on a map >of this scale. 
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Figure 9. Daytime 45 MHz airborne man-made radio noise 

map of the continental United States for an altitude of 

5 thousand feet. Shaded areas represent noise power 3 dB 

or less above galactic noise. 

In figure 10, daytime 45 MHz contours for a 10 thousand foot altitude are 

shown. Smaller shaded areas indicate increasing noise at large distances from 

business areas characteristic of the height gain illustrated earlier. The 30 

a@B contours are still too small to be resolved. The effects of height gain 

are clearly shown in figure 11. Daytime 45 MHz contours for a 30 thousand 

foot altitude are shown on this map. Note the large 30 dB contours above the 

most populous areas of the country and the disappearance of shaded areas 

indicating low noise. 

Tae full effect of height gain is shown in figure 12. Daytime 45 MHz 

contours for an altitude 9f 70 thousand feet are shown. Notice that the 30 dB 

contours have expanded to cover a major portion of the eastern United States. 

Comparison of figures 13 ard 14 with the preceding two figures shows the 

diurnal variation of airborne radio noise. Nighttime 45 MH2 contours for 39 

and 70 thousand foot altitudes are shown on these maps. Note the reappearance 

of shaded areas in the western United States indicating low noise. Figures 15 

and 16 show the effect of frequency on airborne man-made radio noise. As can 

be seen, these daytime radio noise maps calculated for an altitude of 3¢ thou- 

sand feet show decreasiny radio noise with increasing frequency. 

14 

f 
sgt FTE STU aR RE EP RETO A EAT EE ROLL os WORE. 

‘ 



BW Sbep om etocrte zi ft eel eet #8 ON anced beoltat Lagdonbinep peondind a 
mn trsaslgs1 aee7s babeds. sek rs geen 

etl ol paatay wate saat 

feevott 0! 4 wt ecvodndo ane Maiaye Ot esepld at 
Me Wlor yulecaiont sseniine wasge babade wiles |. 

MOVE). niay afeisd offs So SistiteioAtaic wets feec 
hat mevinaor od oF Shem pod ULb9 wee erelthes wh 
WOO AGM 28> eteyod, oft asegl) Al wos Giveet= one et ed7 204 sqael sd Be Gwolle ene ahudigla deny 
wets of! coe yisaubs ed 20. aaore wine Langer fae “a > Bian wOr pal tealtins 

wi eh rok a wrHets "2 swine af fiee Shpiet Go, zostte figs sat : - 
ee oi CHAIN are cee pneeveds OC Sc ebothete ae ye Wiwodaue 
‘herbie & " Se anise soles 8 wevoO of Bebiaad awa famedacs 
oie ond & 7 bh. mG df2 (310 Bf bon 2. eetet 23 36 pcedzeqeot 
Of) a5 47), J ae “nei ot clhe) wpaedtle 36 POlaabyay Jenagii | 
SOTA» dequ tow ae waers - ) ose golys.3fe Joo] bisgoods OF Baa” 
af o Vinal 0 a gO ser ‘a . oeseee shits odd mi eeets Bepeda So @iv.d .4alon@ S04>'4 om ywoueepet? Ie Jootie eff vida Sf Bun . 
“yal 1 Yo paren WEGiwoli= oyis deine olbas atlfyeb weedy jneke od 

end TSPAMEMSYAL city eatoa cihaa poseeatoed eoila duet bras’ 

i Ck : 

B.: 



1 \ 
~. 

Figure 10. Daytime 45 MHz airborne man-made radio noise 

map of the continental United States for an altitude of 

10 thousand feet. 

CONTOURS: Fe (dB/kTb) 

Figure 11. Daytime 45 MHz airborne man-made radio noise 

map of the continental United States for an altitude of 

20 thousand feet. 
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CONTOURS: Fe 

Figure 12. Daytime 45 MHz airborne man-made radio noise 

map of the continental United States for an altitude of 

70 thousand feet. 

CONTOURS: Fa (dB7kTb> 

| 

Figure 13. Nighttime 45 MHz airborne man-made radio noise 

map of the continental United States for an altitude of 

30 theusand feet. 
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teoneeteneneape cutie 

CONTOURS: Fa (dB7kTb) 

Figure t4. Nighttime 45 MHz airborne man-made radio noise 

map of the ccntinental United States for an altitude of 

70 thousand feet. 

CCHTOURS: Fe (dB7kTb> 

Figure 15. Daytime 30 MHz airborne man-made radio noise 

map of the continental United States for an altitude of 

30 thousand feet. 

17 



ie * 

ai 

ra tetireter of wae. ; 

* 

sa © Piesrues ecsodzie sit 23 acizsipin = -B) @ 4 
RetEfE Ae 262 652042 basin’ iernakbings id Te! 

- ten Lansuonts 

tel 

Seige Gibes soee—nee eriedttis TH OF scl ayan 21 owplt 

Bo eBodbeiA 26% 20) cot572 betting lassalineo eth  Gae 
a A : » foe? beaagartis OF 

Ly 



weer” 
. . 
aterm prs reierarvonneetnnieyiy renevea seen nacercn nl agape meee sr SS SL Abt al ialeabladeleADaNTeSRR ny RAW din) Uae or etiam aieanmenrnensssr naam mee sa eer 
bs enomcereaneeslnisthiiems vemierwntean nist Nie yany AMAR 0 sone Mb ~ edulianiunens nen <fSe) 

“CONTOURS: Fe (dB-kTW? 

Figure 16. Daytime 70 MHz airborne man-made radio noise 

map cf the continental United States for an altitude of 

30 thousand feet. 

4.4 COMPARISON OF MODEL PREDICTIONS WITH RECENT DATA 

Limited data at the frequency of interest does exist from previous MBCS 

test flights. Qualitative data from early test flights noted the increase of 
man-made radio noise with altitude and the existence of radio noise at ranges 

in excess of 100 miles. This is in agreement with the radio noise model. 

More recent MBCS data shown in Table 3 for flights over Ft. Worth and Houston, 

Texas and several hundred miles out over the Gulf of Mexico, are also in 

agreement with the model. 

Location Time Altitude (Ft) Flight Data (F_) Model (F.) 

Ft. Worth 0430 7,000 27 27 

MNouston 0507 7,000 28 27 

Heuston 1141 16,000 33 32 

Guif 0617 29,000 - 15-19 16 

Table 3. 45 MHz airborne man-made radio noise, 

MBCS flight data and model comparison, 
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5.0 CONCLUSIONS 

The airborne man~msde radio noise model is expected to be representative 

of almost all large cities, New York City being the only known exception. 

Existing data show that there appears to be a maximum density of man-inade 

noise sources, such as automobiles, in a metropolitan area. Continued growth 

shows a tendency to turn surrounding residential noise areas to business noise 

areas thus increasing the area classified as business. Al) noise sources used 

to produce the continental tinited States man-made radio noise maps are assumed 

to be business areas. 

The airborne radio noise model was developed to cover the frequency range 

of 30 to 79 MHz and altitudes from 30 to 80 thousand feet. However, the model 

shows good agreement with scaled Seatcle data for altitudes from 5 to &U thou- 

sand feet. Further verificaticn af the model must await the collection of 

data in the frequency range of interest for many different areas. An improve- 

ment to the model, as indicatea in the data of reference 3, would te the 

addition of ground conductivity along the propagation path. In addition, 

other modes of propagation besides line-of-sight should be considered. 

Examination of figures 9 through 16 showsthat very littie of the conti- 

nental United States is free from man-made radio noise during daytime. 

Because of the height vain, increasing the altitud up to 80 thousand feet 

does not significantly reduce the noise ievel. Changing frequency in the 30 

to 70 MHz range has some effect, due mainly to a reductics in galactic noise 

at higher frequencies. It is recommended that to reduce the interference of 

man-made radio noise on the operation wf 4BCS reception of these signals be 

Carried out, as much as possible, at low altitudes, in rural areas, at. night 

and/or over large bodies of water of at least 100 m les diameter or more. 
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