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ABSTRACT 

This Technicel Report describes the vork perforoed under Contract 
F5G6G2-67-C-G171. Tn* wwlective sas to  ds^slop e High Voltage Power Li&a 
Siting Criteria so hat conau-'icatlon sites can be selected which will not 
be seriously affected by radio interference fro« existing power lines, or 
proposed lines in tlse vicinity of the cosnunicatlon site. 

Under a previous Contract AF30(602)-3822, a High Voltage Power Lin« 
Siting Criteria was developed and reported in Technical Report Mo. RADC-TR- 
66-606, March 1967, Vols. I, II, III (AD 812 266, AD 812 267, AD 812 268) for 
power lines rated 2.4 kV through 345 kV, and covering the frequency spectrum 
of 60 Hertz through one Gigahertz. 

This Technical Report extends the Siting Criteria to power lines 
operating at 525 kV ac, 735 kV ac and 800 kV dc, covering the frequency range 
from 60 Hs to 10 GHz. Also the investigation of the radio noise and frequency 
spectrum of the 345-kV lines studied in the previous contract has been ex- 
tended to 10 GHz. 

The following information I» included in this report: 

1. A systematic procedure to determine the radio noise 
generated by 525-kV ae, 735-kV ac and 800-kV dc lines 
covering the frequency spectrum of 60 Hz to 10 GHz, and 
lines from 2.4-kV ac to 345-kV ac covering the fre- 
quency spectrum of 1 GHz to 10 Ghz. 

2. Description and comparison of test methods using radio 
noise meters both manually and with X-Y recorder and 
Spectr-üfi analyser. 

3. Measured data and data analysis. 

4. Methods to determine the propagation loss of the noise 
generated by power lines. 

5. Literature Survey. 
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High Voltage Power Line Siting Criteria 

This effort has developed simplified proccdmes vhich can be used 
to rtetemine the field strength of uoise generated ty high voltage 
transnission and distribution lines. Thoise procedures are applicable 
to 525 kY and 735 kV ac and 800 kV dc lines covering the frequency range 
of 60 hertz to 10 GKz, and to 2.h  kV to 3^5 fcV ac lines covering a 
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standards for siting C^E installations. 
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This Is the complete report including Foreword and Abstract, and 
three Appendices. The description of lines tested is given with results 
of field strength measurements on lines and in the laboratory. Predictions 
of line radio noise magnitude with lateral distance frow the line are in- 
cluded for conductor corona-type and gap-type sources of radio noise. The 
measurements include tsanual readings, X-Y plotting, and photos of spectra 
as seen on the spectrum analyzer. 



Tti« purpose of th« radio aoi»« ■•«sureaenti and «aalysi» described 
Is to dctetttlac th« ground «ftv« rcdlo aoi«c levels sad factors for «c md dc 
power treasalstlon llace. Those date «re for use in the selection of a com- 
ntBieation site vhlch will aot bo seriously affected by radio interference 
froa «xlsting or proposed power traaaalsslon lines. The frequency range of 
aeasureaents «as 60 Hz to 10 GHz. 

?ower line radio noise can be generated by line components such as 
hardware, insulators, conductors, line apparatus, etc. In many cases rkp ^etv- 
eratlou is because of faulty components, corrosion between ±z'czl  parts, ess- 
charges between unbonded or floating »etaI parts and hardware, and between 
neutral conductors and ground and pole guys and because of conductor corona. 
Most of the possible generation sources ottntioned cab be found and, except 
for conductor corona, can be and have been elltolnavew on their lines by elec- 
tric utilities. Radio noise fro» conductor corona is the principal problem 
on extra high voltage line« (EHV) (345-1000 kV) and to a lesser extent on 
lines below 100 kV. 

With respect to radio noise power lines should be considered in tvo 
classes, (I) lines below 70 kV and (2) lines from 110 - 1000 kV. These classes 
are based on the fact that all lines below 70 kV can be made free of conductor 
corona generation, and that higher voltage lines, especially £HV lines, cannot 
be constructed free of conductor corona radio noise for economic reasons. For 
EHV lines a prediction technique is developed which is based on laboratory 
•neasureaents on conductors, and on the comparison of radio noise field mea- 
surements on lines in service. 

The radio noise field strengths in the vicinity of lines were mea- 
sured under three coodicions. These were (I) under normal conditions, 
(2) with natural gap in line, and (3) with artificial gap connected to one 
phase conductor. The artificial gap was used as a measurement tool to in- 
crease the radio noise level from a line so that the field strength could 
be measured farther away end at th« higher frequencies with the radio noise 
meters and amplifiers available. Measurements were made manually and with 
X-Y recorder and with spectrum analyzers. Very good agreement was found 
between the semi-automatic and manual methods of measurement. 

It was found that the measured field strength decreases laterally 
from the line approximately inversely as the first second, or third power 
of the distance from the line depending on the frp"uency. Calculations of 
the 'ateral attenuation were made for the 1,25 - 10 GHz range. The field 
strength is not the same on both sides of line or tower when the antenna 
is not too far from a local source, auch as a natural gap or the artificial 
gap. As the antenna is moved along the line the field strength on the two 
sidss of the line becomes more sytametrtcal, as would be expected. Radio 
noise was detected in the 1 to 10 GHz range from the 7.2 kV line and from 
the 345, 525, and 725-kV lines and in the laboratory from conductors in 
artificial rain. 

this report Includes additional bibliography*, laboratory tests, 

* Refer to Report No. RADC-TR-66-606, Vol. II in order to have the complete 
Bibllograpiiy. 



lalysis, calculation of field strength near lines and far away, line coa- 
duccor gradients, field strength measureaents; near power Jlaess by nanual 
gteans; X-Y plotting and with a spectra« analyrer. 

2. Generation of Radio Holae by Power Lines 

Radio noise on power lines is caused bv partial electrical discharges, 
such as corona, by electrical discharges at ssail gaps in insulators, at tie 
wires, between hardware parts, by excessive electric stress across wood or 
due to corrosion between metal parts, at small gaps between neutral wire 
and ground wires and hardware, and ground wires and hardware, and by aany 
types of corona or gap sources in electrical apparatus if defective or 
dacsaged, or if Improperly designed or Installed, 

Interference was discovered In the early days of radio and neasures 
were taken by electric utilities and electrical tuamifacturer« to reduce or 
eliminate radio noise from lines and apparatus. Radio-free pintype insulators 
were developed and lines with these insulators were found to be quite free of 
radio noise whereas lines with comparable size plain pintype insulators were 
not as good. Laboratory and shop test methods for radio noise were developed 
and adopted as standard for high voltage apparatus at,  early as 1938. Radio 
Influence voltage (RIV) llwlts were later established for high voltage ap- 
paratus by the National Electrical Msruif^cturers Association (SEMA). 

With the advent of extra high voltage Hoes (SHV) it was soon found 
that conductor corona fonsed at conductor gradients well below the theoretical 
critical gradient because of conductor surface burrs, contamination, rait,, and 
that EHV line design would require consideration of radio noise generation by 
conductor corona. 

2.1 Electrical Characteristics of Gap Type Discharges 

The gap-type radio noise source is a more or less complete electri- 
cal discharge mainly in air between two metal parts. The type of discharge 
permits very low 60 Hz currents since one or both of the electrodes concerned 
have a high 60 Hz Impedance to line conductors or to ground. These gap-type 
discharges may be localized or they may be distributed along the line. They 
are the principal cause of radio noise occurring on low voltage lines, below 
70 kV. The artificial gap-type radio noise generator, Fig. I, had an elec- 
trode spacing of 5/16 inches and was used OR some of the lines tested. It 
was used with one electrode connected to the line conductor and the other 
slectroda was left floating. This gap-type radio noise generator will pro- 
duce broadband radio noise which can be measured beyond 1 GHz with dlpole 
antenna 50 feet from line.  The frequency spect..^ of this gap and of a gap 
between two suspension Insulators as measured In the laboratory are shown 
on Fig. 2. 

2.2 Electrical Characi-erlstics of the Corona Discharge 

The generation of radio noise by conductor corona is by means of the 
electrical discharge, usually called corona, occurring at or near t. . conductor 
surface. Corona is deflnad as "a luminous discharge due to lonlzation of the 
air surrounding a corductor around which exists a voltage gradient exceeding 
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a c«rtain critic«! value." ^ny aspects on lines are unknown, undeflaed, and 
a calculation of radio noles genemtloa, at least for the conductor diameters 
used for EHV llaesä Is not possible with the present state of knowledge. A 
short resuae of tm  known corona processes for the case of a conductor will 
be gives. 

The basic physical process is that of electron multiplication or 
avalanche forsatioa. The electric gradient In the vicinity of the line con- 
ductor is the highest gradient, and If thla gradient or electric stress is 
sufficiently high, any electrons in the air around the conductor vill ionize 
the gas molecules, and electrons produced by this lonization will produce an 
avalanche. If an addltioaal electron is formed in this gradient by some pro- 
cess from the original electron avalanche, a new avalanche is formed by this 
secondary process eed a self-maintaining discharge is developed. 

In the case of the transmission line conductor, it is believed that 
the important secondary process is the ejection of electrons from gas molecules 
by high energy ultraviolet light (photolonlzation) generated by the original 
avalanche. It has been found by several investigators that the radio noise 
generated when the conductor is at positive potential is signifl  tly greater, 
at the gradients generally used for line conductors, than it is with the con- 
ductor at negative potential. In the case of a positive line conductor, the 
cathode is so far away that cathode emission is of no consequence, and the 
secondary process existing in this case is photolonlzation of the gas. 

The positive corona which is the principal cause of radio interfer- 
ence is of the streamer type; that is, a compact and bright filament starting 
from the conductor and extending out and ending in a tree-like discharge array. 
This type of discharge can be he^rd by ear directly and readily photographed 
at night. Sharp current pulses occur and radio noise is produced. Some 
aspects of this streamer corona are known. These streamers propagate at 
very high velocities 2 x 10' to over 10^ cm per sec. Also because of the 
electric field intensification by the streamer Itself, it propagates into 
fields which are below the critical breakdown as based on the non-uniform 
field around the conductor with no lonization. Near the conductor surface, 
however, an opposite effect occurs in that the field is reduced which tends 
*o inhibit the stnamer. The current pulse formed Is of the form 1 = te"at. 
The positive corona pulse for a 5 cm advance of streamer at a velocity of 
5 x 10^ cm/sec, gives a rise time of 10"' seconds. 

When the conductor is at sufficiently high negative potential loniza- 
tion occurs. In this case, the cathode emission process prevElls and since 
this process is more efficient than the gas photoemission process with conduc- 
tor positive, It is expected that negative corona starts at lower conductor 
gradients than does positive corona. The current pulses have longer rise 
time and their peak values will not reach the magnitude of the positive 
pulses. The negative corona pulses will give considerably IOWP?- readings 
as has been found by measurement using an oscilloscope in the radio noise 
meter peak detector output. 

When sUeamer corona forms at a "point" on the conductor two pulse 
fields will exist. Near the streamer a localized or direct field is formed, 
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and along the line the indirect field is developed due to the pulses traveling 
djwn the line. For design of EHV lines only the Indirect field is considered 
and the most significant measurements are made at soate distance from the streamer 
locations and their direct field. 

Gap-type sources can and do occur on 2HV lines, however, they occur 
rarely and the cause can usually be eliminated when necessary. The principal 
radio noise source on EHV HMB is the corona-type discharges which toay for« 
at hardvare, insulators, at burrs and scratches on the conductor surface and 
by discharges of various kinds at towers. Since radio noise may be Cdussd by 
particles, such as raindrops, snow, aerosols, dirt, vegetation and insects, 
that may pass within the near electric field of the conductor or be on the 
surface of the conductor, radio noise generation becomes variable and deter- 
mination of the average radio noise level of a line is usually made by com- 
parison methods based on long term recordings or several fair weather read- 
ings and on measurements made in rain. With respect to communication sites 
near lines the radio noise levels in rain are highest and therefore most 
importar.c. 

3.  Instrumentation 

3.1 The principal instvusents used for the field strength meaEurements 
were: 

Frequency Range 

30-15,000 Hz 

0.014-0.25 MHz 

0.010-0.16 MHz 

0.15-25 MHz 

20-400 MHz 

375-1000 MHz 

30-300 MHz 

300-1000 MHz 

Mame 

NM-40 Field Intensity 
Meter 

NM-10 Field Intensity 
Meter 

HM-12T Field Intensity 
Meter 

NM-20B Field Intensity 
Meter 

NM-30A Field Intensity 
Meter 

NM-52A Field Intensity 
Meter 

AP-501R L'w Noise Tunable 
Amp. 

AP-502P Low Noise Tunable 
Amp. 

Manufacturer 

Stoddart Electro- 
Systems 

Stoddart El?ctro- 
Systems 

Stoddart Electro- 
Systems 

Stoddart Electro- 
Systems 

Stoddart Electro- 
Systems 

Stoddart Electro- 
Systems 

Electro-Interna- 
tional Inc. 

Electro Interna- 
tional Inc. 

■i^rt'.'^wsm.? 
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1-10 GSz 

1-10 CHS 

10 MEE-10 GHZ 

0.010 MHz-10 MHz 

50 Hü - 1 MHz 

JS«2« 

OaOl MHz-lO GHz 

0.Ö1 MHz-1 GHz 

300-1000 MHz 

2-400 MHz 

5 mz-50 MHz 

0.55-720 MHz 

Pol«r«d ?l«-»2 with Tualng 
Beads tm-h~. v^f-S2, 
nM-H2. 

Pol&r&d Mlcrcwave Receiver 
M^el IS with Tuning 
Units GTI-L, CFI-S, 
CFI-M,  CFI-X 

Watklns-Johnson Traveling 
Wave Tube» Modele WJ-268, 
WJ-269. WJ-271, WJ-276. 

Hewlett-Packard Model 8551A/ 
851A SpectniBä Analyzer 

Hewlett-Packard Model 
1C15-8551E Spsctrum 
Analyzer ÜP Convarter 

Tektroni:« Type 1L5 Spectrum 
Analyzer Unit 

Tektronix Type 549 Storage 
Oscilloscope 

Empire Devices Inc. Model 
1G118B Microwave Impulse 
Generator 

Empire Devices Inc. Model 
1G-115 Impulse Generator 

Measurement Corp. Standard 
SG Model 84 TV 

MeasuresBant Corp. Standard 
SG Model 80 

General Radio SG Model 
1001A 

Sprague Interference Locator 
M-500 

Mosely X-Y Recorder Model 
No.  3 

Polaroid Scope Camera with 
UV Light 

MsBufacturer 

These instnments and accessories were carried in a 7-1/2 ton van, 
equipped with antenna supports,  shelves and straps for tying down the instru- 
ments. 



3.2   Anteaaas Used 

yreqtaaiey Ranne 

30-15,000 Hz 

0.15-0.25 MHz 

'.15-25 MHz 

20-80 MHE 

90-350 MHz 

Sfatrae 

Elfcctrie Trdbe 

I and 2 Meter Vertical 

1 Meter Vertical 

Dipole 

BCA-902 Bi-Conical 

StoAdsit £lectro- 
Systems 

Stoddart Electro- 
Systetns 

Stoddart Electro- 
Sy steins 

Stoddart Electro- 
Systems 

Electro-Inter- 
national Inc. 

275-1000 MHz BCA-901 Bi-Trlangle Electro-Interna- 
tional Inc. 

1-10 GHz Polarad Horn Antennas 
Model CA-L, CA-S, CA~M, 
CA-X and Reflector 
Model CA-R. 

3.3 Calibration of Instruments 

The inutruiaents were calibrated with signal generators and Impulse 
generators. In this report practically all the data is in dB peak above 
1 juV/m/MHz bandwidth and all calibrations are referred to rms value of sine 
wave. The overall general accuracy of measurements Is estimated to be -2 dB 
up to 25 MHz and *3 dB fro . 25-10,000 MHz. 

4. Methods of Me&3urement 

In the frequency rai "» up to 24 MHz measurements of the field strength 
wars made with receivers on thd ground and antenna on the receiver or on s 
ground plane. Above 24 MHz up to 1000 MHz practically all field strength tnea- 
surenients were made with receivers inside the va« and the antenna on the van 
roof bringing the  antenna 20.5 feet above ground level. For the 1-10 G'  range 
the horn antennas were 15 feet above ground level. As many as three receivers 
were used at the same time at different distancas from the lius under test. 
All receivers were monitored by headphones and readings were takes even if 
only the meter residual was present. This was done in order to make sure 
that at the specific test location radio noise from the line could not b? 
measured or heard in the headphones. 

All directional antennas were rotated for maximum signal with the aid 
of the remote indicating meter available with instruments. Dipole antennas 
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«it« ecu ttts» vertical and horlscmtal with tha horlcaotal dlpol« rotated for 
■MriM and tha hora antennae (1-10 GHs) vara tiltad for auciauai. The FI 
0Piald Xbtantity), Q? (Qoasl-Peak), and Paak detaetor xaadlags were take» 
en all aatert at practically all tent locations. 

The antaonc« «are cat up on all lines at standard distances of SO 
and or 2G3 feat laterally fro«» nearest phase conductor. Other distances 
used war« 300. 400, 500, 800, 1200 and 1600 feat. Locations farther away 
«are is sight of the line and were chosen depending on accessibility, trees. 
cultivation, other lines, auto and truck traffic, and on permission of the 
land oanar. For the investigations of the field strength lateral profiles 
«are uaoally taken at distances 20 feet apart and to 200 feet on both sides 
of eaatar line. In the laboratory the antennas were 20 feet fron the test 
eaaductor. 

The X-T recorder or the spectnn analyzer were used with 4l-lnch 
vertical antenna fro» .014 to 30 MBz, with dlpois tuned to 60 KHJS (calibrated 
for the othitr frequencies used with this dipole sntemta) fro» 30 to 100 KHz 
and with the broadband antennas above 100 MHz. The correlation of manual 
readings with spectrua analyzer photographs is discussed in Appendix I of 
this report. 

4.1 The Artificial Gap-Type ftadio goisc Generator 

The artificial gap-type radio noise generator slsrulates natural gaps 
on lines and It was used as as aid in tha investigation of the radiation from 
lines and of the longitudinal and lateral propagatioc characteristics. A gap 
in air can be aade to generate noise abovst the oonasl noise level of a line 
and it also extends the normal line frequvney spectrum to nach higher fre- 
quencies. 

The artificial gap can be placed on a lino at least nine miles from 
end of the line and at a place with suitable terrain aod low ambient for in- 
vestigations and for measurements. A natural gap on a line may generate Just 
as much radio onise but it may be at & location unsuitable for the measure- 
ments required. 

A drawing of the gap is shown on Fig. 1 and a photograph on Fig. 3«. 
The frequency spectrum of radio noise voltage of this gap is given by Fig. 2. 

4.2 Power Lines Measured for Radio Soise 

!| 

The following list of lines Includes figure numbers for the test 
location plan, figure numbers of photograph of nearest tower or pole, con- 
ductor heights, conductJT gradient and figure numbers of normal line fre- 
quency spectrum. Conductor gradients are for centar phase snd outside 
phase for vertical and horizontal conductor configuration respectively. 
For the 800-kV dc line the conductor gradients are given for the positive 
and negative conductor for both bipolar and monopolar operation. 
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Phase 

Lloa kV 
aod Type* 

Test Loc. 
Fig. No. 

Photo 
Fig.  no. 

Cond. 
Heights 
Feet 

Goad. 
Gradient 

RI Fr«q. 
Spectnst 
Fig. Ho. 

12 HCMP _, 3 38 . 16 
345 VCDC 4 Ua 108,129.5,153 17 17.18 
345 HCWP 5 lib 46 15.7 22, S3 
525 HCST 6 lie 55 116 15.6 24,26 
735 HCST 
765 HCST 

7 
8 

Ud 
12b,d 

90 
90 

16 
17.1-A Line 

22.32-C Lin- 

30,31.33,34,35 

**800 BCST                  9 
4400,-400 HCST 

12a 6/ -22.57,+22.57 
+19.4,-19.4 

38.39,48 
41 

345 HCST 10 - 55 15.4 4« 

In the above tabulation the abbreviations for the linea are: 

VCDC 
HCWP 
HCST 

4* 

Vertical Configuration Double Circuit 
Horizontal Configuration Wood Pole 
Horizontal Configuration Steel Tower 
This is direct current test line bipolar. 
+400 and -400 are for direct current line monopolar. 

The original photographs of line towers etc., wr*-e obtained with 
Polaroid black and white or on 35 tan film. The conductor htlght» were mea- 
sured at the test location by means of a "Telehite" and tape measure and 
the conductor gradients were obtained by computer. 

4.3 Laboratory Measurement 

4.3.1 Conducted and radiated measurements were made In the Trafford 
EHV Laboratory with the 650-kV NEMA-107-1964 High voltage test circuit as 
shown by schematic on Fig. 13. Conducted measurements we.e made in the 5L38 
shielded room, which has a 60-kV NEMA high voltage test circuit. These labora- 
tory measurements were made with (1) artificial rain falling on a conductor 
(see Fig. 3c), (2) with the 5/16-inch artificial gap connected to conductor 
and (3) with two suspension insulators with a gap type discharge between them. 

The measurements x.">re made to obtain data as to what CD .-elation, 
if any, exists between laboratory and field measurements and to determine 
if radio noise is generated by conductor corona and gap discharges in the 
I to 10 GHz frequency range. 

4.3.2 Artificial Gap Spectra 

The conducted   frequency spectrum of the  5/16-inch artificial gap was 
measured  in both  the  60-kV and  the  650-kV  laboratory test circuit  from 0.015 
to  10,000 MHz.    The  frequency spectrum and  the circuit used  in the  60-kV  lab- 
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oratot? «n tibava. on fig. 2.    Tfa* ttmt circuit Is th« saae a* Fig.  1 cf Tech- 
aieal Mmpott No. IA0C~TR-66-606, Itarch 1967.    The »fuctn» obtained fro« 
I - 10 CBS hac b««D added.    Several check aessaraaeats «ere «sde at lower 
tnqvmacl'-* Co nake aura the teat condition* and circuit vere etasntlally 
tfM »am»,    th» output of the gap with toe 150 oh« loading la 150 ±2 dB above 
IjaV/kHx baodwidth up to 30 KHs.    Beyond this frequency the output drops and 
«itb aarkad fluctuations above 200 MHz.    It can be seen from Fig. 2 that 
radio noise can be wtaaured froai a gap discharge up to the oaxinum test 
frequency of 10 GHz. 

The conducted and radiated aeasureaents made with the 5/16-inch gap 
on the 650-kV 1CSM& test circuit, Fig.  13,  in Trafford High Voltage Laboratory, 
are shown in Fig.  14.    The conducted spectruat obtained with the ultra high 
voltage test circuit has lower values than the tO-kv test circuit and read- 
ing« start to decrease rapidly at auch lower frequency (about 5 MHz).    Also, 
because of circuit losses,  this 650-kW test circuit cannot measure conducted 
above 250 KHz whereas the 60-kV test circuit In 5L38 Laboratory will aessure 
up to 3 GHz,  sine« this test circuit la physically auch ssaller,  and Is con- 
sidered to have lower losses. 

; i 

il 

The laboratory radiated steasureaents gave a spectruu which corres- 
pood« auch batter than laboratory conducted Beaaurenents to the spectra ob- 
tained on power lines with the 5/16-lnch artificial gap, see for Instance, 
Fig. 42 obtained on pmer lines. Hhce vadlatloc oeasurenents were oade 
with dipols or vertical antennas It waa necessary to use smell metal shields 
at tips of antennas to prevent tip corona. Figure 3d Is a photograph of 
corona on ends of a dlpole which Is 20 feet from conductor energized at 
255 kV to ground. 

4.3.3 Gap'Dlscharge Between Two Suspension Insulators 

:i 

Two suspension insulators of the type used on high voltage lines 
were Insulated from each other with Lwo thicknesses of 7 mil tape at the 
ball and socket joint.    The two Insulators wtre then suspended from the 
canter of the test conductor In the 5L38 Laboratory and energized at 
22 kV ac to ground.    Conducted radio noise Beasuremsnts were made In the 
0.15 MHz to 10 GHz range.    Figure 2 gives the frequency spectrum In the 
0.15 MHz to 10 GHz range for the suspension Insulator gap discharge.    Radio 
noise could be measured up to 4 GHz.    The spectra  for the  5/16-inch gap Is 
Included In this figure for easy comparison.    These spectra are attenuated 
rapidly with frequency abeve 50 MHz by the 650-kV NEMA test circuit.    It 
cu- be seen that the shorter gap, about 0.014",  In the suspension Insulators, 
has about 30 dB less output than the 5/16-lnch gap at frequencies below 20 
MHz.    However,  the difference In magnitude from the two gaps decreases with 
Increasing frequency and Is only a few dB above  100 MHz. 

i     I 

4.3.4    Corona Source Spectrum 

The radiated spectrum of conductor corona was also obtained In the 
Trafford Laboratory with artificial rain to the test conductor, which was a 
two-conductor buidle of two 1.65 inch diameter 5005 all-aluminum alloy con- 
ductors.    Figure 3c la a photograph of a conductor in laboratory rain. 
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Figure  15 is the spectrua obtained  in heavy rain aaounting to ü.03 inches 
per nsinate.    The corona bpectrum for a conductor in rain is of lower magni- 
tude and of different form than the spectnnn obtained with the 5/16-loch 
gap.    Radio noise vas  lev at 5 GHz but  it could be measured with  the in- 
struaents available. 

5.    Discussion of Measurementj on Power Lines 

This Section 5 discusses data and curves of frequency spectra for 
power lines as found and tdsts on lines where the 5/16-inch artificial gap 
was connected to one of  the  line conductors. 

3.1 Frequency Spectrum for 7.2-kV Low Voltage Line 

Measurements were made on a  low voltage  line with a gap-type radio 
noise source.    The pole which has this source  is shown on photograph of Fig. 
3b and was found originally with the Sprague Interference Locator M-500.    The 
frequency spsctrum sho'-n on Fig.   lo was measured at  100 feet In the 0.15 to 
25 MHz range and In the i  to 10 GHz range.    Radio noise was detected  in the 
1  -  10 GK; range  from  I   to 2 GHz.     In  the  0.15 -  25 MRz  range  the  spectrum 
is quite  flat with maximum and minimum values  20 dB apart. 

5.2    345-kV Vertical Configuration Double Circuit Line 

5.2.1 Line Normal 

This  line,   see Fig.   11a and Fig. 4, was tested In the 0.15 to 25 MHz 
and  in the  1  -  10 GHz  range.    The measurements  In the Ö.15 - 25 MHz  range vere 
made  for reference  purposes at   ' )0  feet  laterally and east of  tower 473.     (This 
is  the  same  test location used for tests  reported  in RADC-TR-65-606, March 
1967.)    The  frequency spectra  for the 0.15 - 25 MHz  range are  shown in Fig.   17 
for October 6    1967 and for previous  tests made on November 19,   1965.    The 
frequency spectrum obtained  in the   1-10 GHz range was  obtained at  50 feet 
laterally on October 6,   1967.    The  spectrum obtained   is  on Fig.   18.    This 
figure also shows  the   location of antenna and height of  line conductors. 
Radio noise could be measured above  instrument  residual up to 2 GHz.    See 
Figures 46 and 47   in previous  report RADC-TR-66-606    March  1967,   for radio 
noise data  on this   line  in the 0.015  to  1000 MHz  range. 

5.2.2 With 5/16-Inch Artificial Gap on 345-kV ac Line 

The  5/16-inch gap was connected  to  the bottom phase and measurements 
were made  in the  I  -   10 GHz range  on  tha  test   location shown by Fig.  4.    With 
the gap at  tower  it was possible  to obtain data which indicates   lateral at- 
tenuation near ground   level  in the  glga-h&rtz range. 

The measured   lateral attenuation for  1,   1.25,   2,   2.5,   3 and  3.5 GHz 
is  shown in Fig.   19  for vertical  polarization and  on Fig.   20 for horizontal 
polarization.    The curves  shown approximate  the  radiation attenuation of 
1/distance  -~-  ooth vertical and horizontal polarizations.    The  frequency 
spectra  ob'^ined at  the various distances   from the gap are  shown on Fig.   21. 
The  radio noise  from this gap could be measured up to 8 GHz at   109  feet and 
up  to 3.7 GHz at 900 feet. 
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5.3 SAS-kV Horlatoptal Congtptrattoo Vood foU Lin« 

5.3.1    This Hoc us«t vood tcwvr« «s shown on Fig.  lib.    The test 
loecUons for this line art on Fig. 5.   HMsurements were mcde In the 1 - 10 
$fU range for the first tisM «nd in the 0.15 - 25 KRx range for reference 
purposes and conparison with previous masureraents reported in RADC-TR-66- 
606, March 1967.    Figure 22 is a plot of th« data obtained In 1966 and of 
the data obtained in 1968 when the neaaureaeats in the I - 10 GHz range 
were made.    The "flatness" of these spectra indicate that gap type source 
or sources were present on this line during both test times. 

The measurements obtained in the 1 -  10 6Hz range 50 feet laterally 
(60 feet from nearest conductor) are plotted on Fig.  23.    In this case radio 
noise could be measured up to 2.5 GHz with antenna 15 feet above the ground 
plane (earth). 

5.4 S25-kV Horizontal Configutatlon Steel Tower Line 

A photograph of the two 525-kV lines is shown on Fig. lie and the 
test locations are shown on Fig. 6. Only one of the 525-kV lines shown on 
Fig.  lie was energized during the test period in January 1968. 

5.4.1 Measurements with Line Mormal 

The radio noise spectrum was measured from 0.01 MHz to 10 GHz and 
is shown on Fig. 24. The spectrum was measured 50 feet laterally from a 
point on the ground directly under the outside phase conductor. Radio noise 
was detected from 0.010 MHz to 1.75 GHz. A lateral profile as on Fig. 25 was 
obtained for this line near mldspan. It will be noted that the profile is 
unsynnetrical and that the radio noise is higher going west and under the  un- 
energized West line conductors. A calculated curve is shown for the East side 
of the line. This calculated carve is based on the method described in Appen- 
dix II - Calculation of Electric Field Near a Transmission Line found in pre- 
vious report BADC-66-606 March 1967. Readings were taken at five distances 
up to 3500 feet from line tawer in the 0.01 - 25 MHz range. The frequency 
spectra for each distance are shown on Fig. 26. The form of spectra changes 
with distance, as would be expected. 

5.4.2 Measurements with 5/16-Inch Gap at Tower 

The 5/16-inch gap was connected to ehe outside phase (East phase of 
the East line) at the tower. Measurements were then made In the 0.15 - 25 MHz 
and 1-10 GHz ranges at several lateral distances from the gap. Measurements 
were made in the 0.15 - 25 MHz range to determine If the guyed steel towers 
used on this line had radiation characteristics similar to the radiation char- 
acteristics of the self-supporting steel towers used on the other lines. These 
frequency spectrum measurements are plotted In Fig. 27 for the 0.15 - 25 MHz 
range and on Fig. 28 for the I - 10 GHz range for vertical polarization. The 
values were on the ave; ^e lower with horizontal polarization. 

Largs variations in magnitude, 10 - 15 dB, occurred with small fre- 
quency changes in the frequency range from 2 MHz to 10 MHz. This type of 
variation in magnitude was found for all lines tested which had a natural 
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gap source or were tested with the 5/16-lach artificial gap. See Figure nun- 
bers 86,87, 92, 98 in Vol. I of RADC-TS-66-606, March 1967 report on High 
Voltage Power Line Siting Criteria. 

This oscillation in the spectrum shows up at other towers on the 
line as shown by part of data on Fig. 92 of above report taken 2.75 miles 
from the tower with the gap type source. This 525-kV line under nonual 
conditions with conductor corona, gives a smooth spectrum as can be seen 
from Fig. 26. It Is expected that with gap type sources the radiation is 
mote efficient and the towers on the line for several miles act as relatively 
efficient radiators. The direction and magnitude of the radiation changes 
with frequency In a most complex manner because of the many possible radia- 
ting elements composing a steel tower. 

A comparison of Figures 26 and 27 shows that this line had about the 
same radio noise level under normal conditions up to 3 MHz as was obtained 
with the 5/16-inch artificial gap on the East phase conductor. It lc expec- 
ted based on past experience that this noise level will decrease with eglng 
of the conductors. The data should not be used to determine the noise level 
with rain. For noise level with rain compare with other similar lines on 
the basis of gradient, conductor diameter and conductc height. 

The lateral attenuation from the gap in the 1-2 GHz range for 
both vertical and horizontal polarization is shown on Fig. 29. The Inverse 
distance relationship is not as evident, especially at 2 GHz on horizontal 
polarizations, as was found on the 345-kV line. Fig. 19. 

5.5 735-kV Horizontal Configuration Steel Tower Lines 

The tests for 735-kV ac lines were made on the essentially identi- 
cal North and South lines shown in photograph Fig. lid. The configurations 
for these two lines and the test locations are given on Fig. 7. 

5.5.1 Frequency Spectra 0.015 MHz to 7.4 GHz 

Measurements were made from 60 Hz to 7.4 GHz. The frequency spectrum 
measurements at 50 and 200 feet from tower 0.015 MHz to 7.4 GHz are given on 
Figs. 30 and 31. Data for frequencies below 0.015 MHz are reported in Section 
5.8. At 50 feet laterally from line tower radio noise was detected up to 1.5 
GHz. In the 1-1.5 GHz range the antenna pointed toward the line insulators 
except at 1.12 GHz the antenna pointed toward nearest bundle conductor's spacer. 
At 200 feet laterally from the tower, radio noise was detected up to 400 MHz. 

5.5.2 Lateral Profile 

The lateral profile for these lines was obtained for the South line 
when the North line was de-energized. The lateral profiles are shown on 
Fig. 32 for 0.154, 0.5, 1.035 3.05 10.05 and 22.3 MHz. The effect of the 
de-energlzed North line can te seen as the appreciable increase in magnitude 
shown under the North line conductor, Fig, 32. In order to obtain a calcula- 
ted field strength profile at 1.035 MHz of a magnitude about the same as the 
measured profile, a generation of 83.2 dB above 1 ^iV is required by the out- 
side phase conductor and 87 dB by the center phase conductor. 
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5.5.3 rr«iugacY Sptctf lo tha 0.15 - 2S MHz Run^a 

S«v«r«l tests wer« aadt in the 0.13 - 25 MHz range on. both the Horth 
tod Sooth llMSc These testa were made because of the difference found in 
th« ools« '.evel of the two lines in the beginning of tests and because a gap- 
ty^e source appeared later In the tests resulting in tsodicatlons of the fre- 
quency spectru* and an Increase in the noise level. 

The two lines are compared on Fig* 33. These curves were obtained 
fro« data taken 200 feet laterally from the center-line of the line. This 
location is 150 feet laterally froa the outside phase. There is a considerable 
difference between these lines, varying from 19 dB to about 1.3 dB from 0.15 
to 8 MHz respectively. This difference may be due to aging of the North line 
conductors. The North line was first energized on September 21, 1965 and was 
in service an average of 21 days per month; whereas, the South line was first 
energized on November 20, 1966 and was in service an average of 9 days per 
month. Obviously, the South line did not have a long continuous aging period 
as the North line. Also, the South line had been de-energized for «xactly a 
month previous to the day these data were obtained. During this period, bugs 
dirt, etc. probably settled on the de-energized conductors. 

During the tests a gap type source was first detected in headphones 
by its characteristic buzz on August 28th soon after the North line was re- 
energized after being de-energized on August 23, 24, 25, 26 and 27th. The 
radio noise level near the R&sfeh line increased froa 10 to 20 dB depending 
on the frequency as shown by curves on Fig. 34. The change with frequency 
was about 1/f before the gap source was detected and about (l/f)"-'^ after 
it was detected. 

Measurements were made on both sides of towers ac 14.1 and 22 MHz 
near the test site and at six locations from approximately 4.8 miles west to 
and approximately 6 miles ease of the test site. The highest readings were 
obtained on the south side of tower 808 which is adjacent to the test site. 
See Fig. 7. The frequency spectrum was then obtained on ^oth sides of 
tower 808 at a distance of 100 feet laterally from the center-line of the 
tower. The frequency spectra are on Fig. 35. At the higher frequencies 
the radio noise level becomes unsymmetrical indicating that the source is at 
this tower 808 or not too far away. The same type of measurements were then 
made on tower 809. At this tower the radio noise level was sycimetrjcal again 
supporting the view that the source is on the South phase of tower £08. Visual 
inspection and photographs were then made at night at tower 808. No sources 
were found other than those normally seen on the lower insulators on all phase 
conductors on this line. 

5.6 765-kV Apple Grove Test Lines 

This test line was used to obtain 765-kV data in the 1-10 GHz range 
because the data on the 735-kV lines described in Sec. 5.5 was not complete, 
in that it did not include measurements from 7.5 to 10 GHz because instrumenta- 
tion was not tnan available. 
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The Apple Grove 765-kV C-line configuration tnä relative location of 
the three 2400-ft.  test lines are shown on Pig. 8.    Photographs of the A-llne 
and C-llne towers are shown by Pigs.  12b and  12d.    These test lines differ In 
that grading rings are used on the bottom of the insulator strings on the A- 
llne and In that the A-llne conductors are a bundle of four i.38-loch dlatneter, 
18-lnch subconductor spacing, and the C-llne conductors are a bundle of four 
l-lnch dlaiBfeter,   18-lnch subconductor spacing. 

5.6.1    Measureoents In the  I -  10 GHz Range 

Radio noise could not be detected In the  I  -  10 GHz range opposite 
A-line and C-llne towers  90 feet from the nearest conductor and insulator 
string and hardware.    Radio noise was,  however    detected In the  1  -  10 GHz 
range at approximately 60 feet from the nearest 765-kV substation apparatus. 
The spectrum for this substation source Is on Fig.  36.    Radio noise could 
be detected  from 1  to 6 GHz.    Time was not available for finding this source. 
Teste could only be made from outside the substation fenci. 

i 

5.6.2 Effet.t of Gap Discharge at Fence 

Metal objects even near ground level and In the electric field of 
extra high voltage lines may discharge to each other and cause radio noise. 
Fences parallel to and near the conductors may have these discharges. 

A 200 foot long steel wire was placed four feet above ground level 
and insulated from the stetsl fence posts used for this exp-irlment. A gap 
about 5/32 Inch long was then formed between the fence wire and one of the 
posts. This gap and fence are shown on Fig. 12c. 

Measurements were made on this fence discharge In the frequency range 
from 0.015 MHz to 10 GHz at a distance of 200 feet laterally from the fence. 
Figure 37 gives the frequency spectrum obtained. 

This spectrum for discharge at the fence Is characteristic of gap- 
type discharges and radio noise is higher than for normal high voltage lines 
In corona with the conductors dry. Higher and lower noise levels can be ob- 
tained depending on the radiation characteristics of the metal objects forming 
these gap discharges In the electric field. Also the number of pulse groups 
from a three phase line will be twice as many as for conductor corona because 
the«se air gaps generate noise on positive and negative half cycles of the 
60 Hz wave. In fact, an oscilloscope connected to output of radio noise meter 
will indicate If a line has gap-type sources energized from all three phases 
or If the line has corona-type sources. 

5.7 800-kV Direct Current Test Line 

Radio noise measurements were made on a 4.9 mile long direct current 
test line which could be operated *400-kV bipolar, or negative or positive 
monopolar. This test line has two conductors and one ground wire. It has 
1.26 miles of two-conductor bundle of 1.82 Inch dlam er ACSR and 2.96 miles 
of a single 2.4 Inch diameter ACSR conductor. All the tests were made near 
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The effect of rain was obtained In the 0.15 to 25 MHz range. In this 
range the frequency spectra shown on Fig. 39 ware obtained 200 feet laterally 
at mid-span with and without rain. These spectra are not as smooth as found 
on long lines but vary considerably because of reflections from the open tnd 
of the test line and partial reflections at the station end. The noise level 
in rain is, however, consistently lower than In fair weather. This charac- 
teristic for dc lines is just the oppo5<l'ce to ac lines where heavy rain pro- 
duces an increase In the radio noise leval of ZU  dB. With respect to radio 
noise due to conductor corona in rain dc lines ire not as important as ac 
lines. Measurements by other investigators en 800-kV dc lines confirm this 
effect of rain for dc linec. 

5.7.1.2 Monopolar Operation 

Measurements were made in the 0.15 - 25 MHz range with positive 
monopolar operation (+A00 kV on positive conductor to ground, negative con- 

16 

the eanfccr of the line and adjacent to the 2.4 loch dlaaeter conductor. A 
photograph of steal tower at the teat site la shown by Fig. 12a and the dc 
line cOiiductor configuration end the radio noiae nea.iurenent locations are 
shown by Fig. 9. 

A photograph of this line in bipolar operation is shown by Fig. 49. 
The positive conductor has mmerous corona plumes whereas the negative conduc- 
tor la practically dark. This photograph waa aade by the Bonneville Power 
Adninistratlon and it is included in this report with their kind permission. 

Besides the tests made with line normal, zests were also made with 
ChaS/16-inch gap connected to the positive conductor and to the negative 
cwsductor. It was necessary to modify the gap for direct current operation 
by removing the 6-loch hemisphere and replacing it with a 6-lnch diameter 
barbed ring. In this way aoae corona is produced at the ring and repetitive 
discharges «re formed at the gap. 

5.7.1 Frequency Spectra with 800-kV Direct Current 
Line Hornal ___^>_ ^_ 

5.7.1.1 Bipolar Operation 

The frequency spectrum in fair weather obtained at 50 feet laterally 
from tower (76 feet from the nearest conductor for 0.015 - 25 MHz range and 
70 and 72 feet in the 30 MHz to 10 GHz range) is shown on Fig. 38. Radio noise 
was detected up to 350 MHz. No noise could be measured in the I - 10 GHz 

< | range - fair weather or In light rain. The magnitude of noise in the 0.015 
to 30 MHz range is about the sane in fair weather as for ac lines with the 
same conductor gradients. Hanuel data in rain was obtained only in the 0.13 - 
25 MHz range and in the I - '(0 GHz range. Rain data was obtained with the 
spectrum analyzer at other frequencies. Intermittent high noise levels were 

i noted during rain at 50 feet from tower especially on dipole antennas. This 
is believed to be due to static on the antenna. These results art. discussed j 
in Appendix I. } 

**»*'«H*ÖMiB,K*a&-Wi1 



ductot grounded) and negative mooopolsr operation (positive conductor gvc tded). 
These measuranientL were rade to obtain a comparison between conductor ni0ativ8 
and conductor positive.    The frequency spectra were obtained In the 0.15 to 
25 MHz range and they are shown in Fig. 41.    The radio noise was about the sane 
for positiv^  and negative conductor polarity between 0.5 MHz and 1.6 MHE.    Be- 
low 0,5 MHz it was considerably higher on aonopolar negative,  25 dB at 0.154 
MHz, and it was 25 dB higher from 3 to 4 KHz on taonopslsr positive.    It will 
be shown later that for tests with the 5/16-inch gap on positive and on nega- 
tive monopolar operation, monopolar negative has the higher radio noise above 
0.6 MHz. 

5.7.1.3 Lateral Profile at Mid-span 

The  lateral profile for this dc test line at mid-span under bipolar 
operation is shown on Fig. 40.    The  lateral profile is considerably different 
than for ac  lines,  see Fig.  32,   in that only one crest occurs and that the 
crests are shifted to be under the conductors.    This la because the positive 
and negative polarity generators are not of the same magnitude and these 
relative magnitudes change with frequency.    The calculated lateral profile 
for the same generation on both positive and negative conductors is shown 
by the dashed  line on Fig. 40 for 1 MHz.    This profile was obtained assuming 
a generation of 100 dB above  1 juV on the positive conductor. 

5.7.1.4 Comparison of 800-kV dc Line with 
345-kV PIC Line 

A 345-kV ac line which has been in service for several years was 
tested in fair weather at the same time as  the 800-k? dc line.    Both lines 
were measured at 50 feet laterally from the outside conductor.    This ac line 
Is approximately four miles from the dc line.    The comparison tests started 
at  1445 hours and finished near 1520 hours on January 8,  1968.    The frequency 
spectra obtained are on Fig. 48.    The radio noise level on the 345-kV ac line 
is lower than on the dc  line.    This is expected for this ac line,  based on the 
conductor diameters and their gradients as shown by the calculated curves for 
the 2.4 Inch conductor at 800 kV dc and the 345-kV ac line on Fig. 48 for the 
lateral distance of 50 feet. 

5.7.2    Measurements with 5/16-Inch Gap 

Radio noise measurements were made in the 0.015 MHz to 10 GHz range 
with bipolar operation at 800-kV dc on the test line and with the 5/16-inch 
artificial gap connected to the negative conductor at tower.    Measurements 
were also made In the 0.15 to 25 MHz range with bipolar operation -400 kV 
with the 5/16-iiich gap connected to the positive conductor. 

5.7.2.1    Frequency Spectra with Bipolar Operation 
at 800 kV   

The frequency spectrum obtained at 200 feet with the gap connected 
to the negative conductor is shown on Fig. 42. It was possible to measure 
radio noise at this distance over the range of 0.015 MHz to 7 GHz. The 
noise level fluctuates at the low frequencies, below 1.5 MHz, because of the 
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test Ham  cfearasttrlatic* and it flactM«tes rapidly baeaase of tower radia- 
Kioa efearactas-lstift« ia the l.S to 5 Ids raoga a« ha« been found and dis- 
e^8S«4 prevloosly tor gap type aourc««. TH« 5/16-lach gap was CMtnected 
tö tfe» focitlve eaeductor aod'asasnreaettes asa4e in the 0.15 - 25 KHz range. 
Thtse wsa«eiit«s8Qt» are coistparad oa Fig. 13 tö those obtained with the gap 
cotmeetad to the negative eosftaetor. At the higher freqaeocies, above 4 MHz, 
there is as auch as 30 dB difference ia gap outpat. This w« unexpected 
since the pip is eynsetrical ia that both •>£ the gap electrodes are exactly 
alike. Later on, measuresseats »ere »ad« ia the 2-L Laboratory vith a -250-kV 
high potential tester. The S/16-inch artificial gap was set at 5/32 inch for 
insulation reasons and neasuraa«nts «ere Bade In the 0.15 - 25 MHz range on 
both positive and negative polarity. The teet circuit was the same as shown 
on Fig. 2 and used for ac tests on gaps. Measurements wtre also made of the 
peak output on positive and negative half-cycles of the 60 hertz wave. This 
was done by means of« scope in the output of the B9(-20 receiver and the peak 
■easuring slide back circuit on this receiver. It was found for dc that the 
output is essentially the same on positive and negative polarity. For ac 
the peak values were essentially the ssae for both half cycles apd uf the 
sane magnitudes as for the plus or minus dc measurements. 

. # 

From these laboratory tests it appears that gaps give the same peak 
output on ac and dc. The reason for the decreased output for positive polar- 
ity on the SOO-kV test line as shown on Fig. 43 is not known. At the test 
line there is a «ovement of ions from one conductor toward the other and 
these loos may have reached the gap and changed the breakdown characteris- 
tics of the gap when it was eoooeeted to the positive conductor. This effect 
did not exist during the laboratory tests. Comparison of Figures 27 and 42 
for 200 feet distance shows that the radio noise fron the gap was about the 
same from the 800-kV dc line as it was from the 525-kV ac line. This is ex- 
pected based on the laboratory tests described above. 

With the 5/16-iQch gap on the negative conductor and the test line 
energised at 800 kV it was possible to make measurements from 0.013 to 400 
MHz at 200, 400, 800 and 1300 teet from the tower with the 5/16-lnch gap type 
source. The results are plotted on Figures 44, 45, and 46 for three fre- 
quency ranges. In the lowest frequency range of 0.01 to 0.154 MHz the at- 
tenuation is about l/d^ or l/d^ (see Fig. 44) and about 1/d in the other 
two frequency ranges, Figures 45,46. 

At 1300 feet there was a fence 50 feet away and the antenna was be- 
tween this fence and the line. This may be why Figures />5 and 46 show that 
readings at 1300 feet average somewhat hlg'uer than they do at 800 feet. At 
400 feet on Fig- 46 there are two groups of readings. The lower group is at 
frequencies above 150 MHz. Ho explanation is available for this abrupt change 
in l^vel above 150 MHz. These lateral attenuation curves for dc lines are 
similar to those obtained on ac lines and reported in RAiX;-TR-66-606 Vol. I, 
March 1967. 

5.8 Low Frequency Electric Field Measurements - 60 Hz to 15 KHz 

All measurements were made with the electric antenna mounted on a 
tripod at a height approximately six feet above ground and oriented for 
maximum indication on the field strength meter. See Section 3.1 for a 
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description of ehe instruneat used.    All neasureaents were »»de with the 
instrument  bandvidth adjustment set to the steasnraHiat bandwidth of 3 Be. 
The results of these measuretnents at 200 feet froa the outside phase can 
be seen in Figures 50 through 52.    Figmi 53 shows Cbe Audio Frftqucncy Re- 
ceiver residual for the different gasoline engine power supplies. 

A lateral profjule for the 525-kV line for 60,   180,  240,  300 and 
360 Hz Is shown plotted on Fig.  54.    Figure 54 shows that as the frequency 
was increased the point at which the field strength started attenuating as 
the inverse distance cubed occurred closer to the 525-W line.    The electric 
field strength for 60 Hz between 50 and 400 fest catmot be compared directly 
with the other levels since the 60 Hz field strength in this distance range 
was above the instmnent's measurement range.    At some frequencies*,  the at- 
tenuation was greater than the inverse distance cubed relationship, but this 
ctuid be due to the uneven terrain. 

In Technical Report No. RÄDC-TR-66-606, H-rch 1967, even order har- 
monics were measured on sows  lines 345 kV and below.    Even order harmonics 
were detected on both the 525-kV ac and the 800-kV dc  lines.    On Fig.   50    all 
the harmonics for 525-kV line are plotted.    The even harmonics were plotted 
up to and including 1200 Hz; but beyond this,  for sake of clarity, only the 
odd harmonics were plotted.    Figure 50 shews that the even and odd harmonics 
are about equal magnitude and  this was also true above   1200 Hz. 

The hannoaics for the 800-kV dc test line  (Fig.  52) were measured 
half-way between the positive and negative conductors.    At locations  100 
and 200 feet from the positive conductor,  the electric field levels were 
quite  loj, mostly below aaibient.    This data indicates that a smnll amount 
of harmonics come through the rectifier equipment and without a definite 
pattern for either the even or odd harmonics. 

The consistent presence of even harmonics during these tests  led 
to laboratory measurements in an attempt to find an explanation.    It was 
found that the 5/16-inch gap produces even harmonics when it is connected to 
a single phase  line.    This is similar to a single phase full-wave rectifier 
in that alternate periods of conduction and non-conduction will produce har- 
monics with an order of k = 21    ,    n is any integer.    This analysis suggests 
that if similar gaps were hung on each phase of a three-phase line,  harmonics 
of the order of 

k = 6r      , 

would ba generated which is what a six pha~e rectifier produces. A scope in- 
dependent of the Stoddart NM40 was also used to observe the even harmonics 
generated hy the 5/16-inch gap. 

A General Radio pulse generator with a variable repetition rate was 
used to verify that noise could produce harmonics. The utput of the pulse 
ge!»rator was fed directly Into the KH40. Repetition rates which produced 
frequencies of 50, 60 and 100 Hz were used and narmonics of the order of 
k = 2n were detected. 
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Th« haraoales raeasurttd ots tlw 525 «nd 735-kV H,:;s «ere made wlth- 
oat the S/16-ineh gap hanging oo one of the outside ^iiesea. If only corona 
is present oo the line, the »hove analysis suggests that the positive corona 
(since it it auch larger than the negative corona) would generate harmonics 
of the order 

k -3n 

or similar to a three-phase rectifier. Since the generated corona is larger 
for the center phase than for the outside phase for horizontal line configura- 
tions, it seeiBS logical that the generated harmonics from the center phase 
would predosinate. The harmonica generated would be of the order 

k •= n 

or sisilar to a single phase hftlf-wave rectifier. 

This tessonlng has not been verified experimentally. 

6.    Discussion of Results for Lines Normal 

6.1 12-kV Line In the  I -  10 GHz Range 

Radio noise was detected from 1 to 2 GHz at  100 feet from the  line 
conductors. 

6.2 345-kV Line in the  1-10 GHz Range 

Radio nülse was detected on the vertical configuration 345-kv  Line 
up to 2 GHz at  105 feet from the nearest conductor and was detected up to 
2.5 GHz on the 345-kV horizontal configuration wood-pole  line at 60 feet 
from the nearest conductor. 

6.3 525-kV Line in the 60 Hz to 10 GHz Range 

In the 60 Hz to 0.01 MHz frequency range both even and odd harmonics 
of 60 Hz of approximately the same magnitude were detected.    These harmonics 
varied as  1/dJ with lateral distance beyond 200 to 400 feet decoding on the 
frequency.    Radio noise was detected from 0.10 MHz to  1.75 GHz a^  112 feet 
from the nearest conductor. 

6.4 735-kV Line  in the  60 Hz  to 10 GHz Range 

In the €0 Hz to 0.01 MHz  frequency range  the 120 Hz component and 
the odd harmonics of 60 Hz were detected.    Radio noise was detected  from 
0.010 MHz to 1.5 GHz at 90    feet from the nearest conductor. 

6•^    Apple Grov;  7&5-kV Vast Project 

6-5«1     I  -   'ö GHz Range 

Radio noise was not detected at 90 feet frcwi the nearest conductor 
r-n the A or C test lines; however radio noise was aetected from 1 to 6 GHz from 
the nearest 765-kv' substation apparatus. 
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6.3.2   Gap Slsebarge oa fsacc B«ne«th Test Liac la the 
0.0)5 Ms to 10 Cas »«Ott  

Radio noise was detected fron 0.015 MEt to 7.5 GHs at 200 feat latar- 
ally fron the fence. 

6.6    8Q0-kV de Teat Lir» in the 60 B^ - 10 GHa Ratye 

In the 60 Hz to 0.310 KEs frequency range a pattern of even and odd 
harmonica of about the sasse aasgaitude were detected, but cone were oot datectad« 
These oeasureaents were perforaed sidway between the positive «ad negative 
conductors at ground level. 

Radio noise wss detected froo 0.10 MRK to 350 MHz at 72 feat fro« 
the nearest conductor.    This 800-kv dc line radio noise is lower In rain than 
in fair weather.    la fair weather the de line, based on aeasuresents-. has 
essentially the saae radio noise level as cc lines and the prediction sethod 
for dry conductor corona for sc lines based on conductor gradients and 
diameter may be used   for dc  lines. 

7.    Digcussion of Results of Laboratory Teats 

9 7.1    In the 60 Es to 0.01 MHz frequency range even hamonlcs could be de- 
tected frca the 5/16-lneh gap. 

7.2 With artificial rain of 0.03 Inches per sdnute applied to a conductor, 
radio noise was detected from 0.15 to 5 6Hz with antenna 20 feet fron the fcoo- 
ductor. 

7.3 Conducted and radiated Beasureaents were cospared with the 630-kV 
KEMA test circuit.    It was found that radiated radio noise could b« detected 
up to 10 GHz; whereas conducted radio noise could be detected only to 230 
MHz. 

7.4 Conducted radio noise was detected from 0.15 to 4 GHz <>n the 60-k? 
NEMA test circuit fron a gap discharge between two suspension itisulators. 

8.    Application of Results 

This section gives methods of prediction for conductor corona type 
radio noise and for gap-typs radio noise.    In the predict on methods for 
power lines it is necessary to consider power lines below 70 W separately 
from power lines above 70 kV.    This separation is based on the fact: that lines 
below 70 kV may have gap-type local sources and generally «i« free of conduc- 
tor corona type radio noise, and that power lines above 70 kV, espxidally 
extra high voltage lines (343 kV and above),  operate with conduetcrs in 
corona.    These higher voltage lines may also have gap-type local sources 
which, however,  can be located and usually eliminated.    Nevertheless, one 
should be aware of these possible sources.    Batted on the radio noise mea- 
surements made it can be said that there is no line voltage discrimination 
with respect to radio noise from power lines. 
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8.1 Pndletlon for tbm 525,  735 W «c «iri 000 W dc Lines 
fwr Caodaetor Cotoat Radio Bet»« «—__»^«____ 

The BMturaaeBte aad aiuly»is •• reported apply to the ground wave 
propagation as «fleeted by the presence of ground and as defined by Norton 
(BM Appendix XI). äky-waves and tropospheric «svss «re not considered. 

The prediction aethod for coodoctor generated radio coise froa the 
S25 «ad 735 kV «c lines is sisdlar to the aethod described for lines up to 
aad including 345 kV, and reported in SAOC-TK-66-606, Vol. II, March 1967. 
for de lines the prediction aethod is the saae except that the aagnltude of 
conductor generated radio noise LO fair weather is used because radio noise 
dsersasad with rain on the 800 kV dc line. For ac lines radio noise increased 
vtth rain aad for heavy rain the increase is taken as 24 dB above the average 
fait weather value for ac lines and the rain value Is used for prediction. 

In the prediction of radio noise due to conductor corona the magni- 
tude is based on a coaparison aethod as shown by the following empirical equa- 
tion. A ccaparisoft aethod Is necessary because it is not ponsible to calculate 
corona noise generation froa the presently known physical processes. The refer- 
ence line is taken as a typical line with a one-inch diaaetcr conductor with a 
gradient of 18 kVCBS/ca. For bundle conductors the aaziaua gradient on the 
eobeonductors is used in this report. 

The enpirieal equation for coepering ac lines with radio uoise due 
to conductor corona in fair weather or in rain is as follows: 

M d2 

]\ E.Eo + 3.5 (g-go)+3oiog10^ +20 1og10f-f- ... 8.1 
i I o o d 
i   i 
' f 

• i  : where E and E    are in dB above  1 uV/n I o 
f 

g and g are the conductor surface gradient in kV  /cm 
o ras 

; r and r are the conductor radii 
■ l 0 

| h and h are the conductor heights 

' d and d are the distances to the conductor ; i o 
i 

For dc  lines change  the constant 3.5 to 2.48 and use  the conductor gradient 
■ I obtainfid froa the dc voltages.    The  terms with the sero subscript refer to 

I the reference line which has a one-inch diameter conductor with a gradient 
| of  18 kV      /cm for ac  lines and 25.4 kv/cm for dc  lines. 
| rms 

: I The conductor gradients for lines tested are given in section 4.2 
' t and for other lines they can be obtainsd from the gradient factor curves of 
; | Figures 3 and 4 of Appendix II. pp. 174, 175, RADC-TR-66-606, Vol. 1, March 

l%7. 
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In the prediction sethod oted here the eqoeflOB 1« used to octablleh 
the radio noise aegnltude at I KEx.    The rcferer-e distance Is taken as 200 
feet because lines can be aeasured at this distance, data is available fro« 
other lines, and at this distance the radio noise Mgnltude for conductor 
corona decreases on the average as X (20 dB per frequency decade).    This can 
be seen fron aeasured data, Figures 31a,  21b,  42 of this report and Figures 
44, 46, 47,  in report SADC-TR-66-6Ö6, March 1967. 

The conductor corona noise magnitude prediction curves of Fig.  55 for 
the  525- and 735-kV ac  lines  in rain and for the 800-kV dc  line in fair weather 
werfe obtained froa the above equation with the one-inch  diameter conductor 
in rain as the  reference  line.    The magnitude E0 in equation 8.1 at  1 HBz,  for 
the fair w*ather curve of Fig.  55 for the reference line is bai>*d on the aver- 
age of published data for radio noise near several 345-kV lines of the Bonne- 
vllle Pcr-er Aoainistration and at the Apple Grove and SSV test projects.    The 
curves for the 525- and 735-kV  lines are for rain and are based on rain data 
on test  lines and  thes« curves are for rates of rain where thz radio nol«s 
level no longer increases with rate of rainfall.    For rainfall greater than 
about 0.25 inches per hour  (defined as heavy rain)  the Increase in radio noise 
is ir.sr-lgnlfleant. 

A prediction for conductor corona type radio noise in heavy rain has 
been made  for the  525-kV line assuming a 90 foot conductor height and 3 foot 
and 20.5 foot antenna heights and vertical polarization.     (For corrections to 
dipole antenna heights abeve 20 feet see Fig. 11-27, page 39 of report SADC- 
TR-66-606, Vol. II, March 1967.)    The predicted values with lateral distance 
from the 525-kV  line «re given by Fig.   56 for the 0.015 -  15.3 MH« range and 
by Fig.  57  for the 30.72 MHz to 10 GHz range.    The values on these figures wsre 
obtained by using the predicted magnitude versus frequency curve for 525-kV 
line from Fig.  55 and the  lateral attenuation curves Figures II-8, 11-9,  11-11, 
11-12. 11-13  in RADC-TR-66-606, Vol.  II.  pages 20,  21.  23,  24,  25 for the 
0.015 -  15.36 MHz range and Figures  58 and 59 of this  report for the 30 MHz 
to 10 GHz range.    This prediction assumes plane earth with€> 30 and <r« 20 
milli-fflhos/Hseter square. 

These prediction curves. Figures  56 and  57, may be used for 735~kV 
line also since all  conditions    are  the same and the magnitude is only l dB 
less  (see Fig.   55)   than for the 525-kV  line.    The  525-kV prediction curves may 
also be usad  for the 800-kV  line given on Fig.  55 for 90 foot conductor height, 
by subtracting the 20 dB difference shown on Fig.   55 from the predicted values 
of Figures  56 and  57 for the 525-kV line. 

8.2    Prediction for 7.2-kV Line in the  1-10 GHz Range 

From the aeasurenients made on this  line  in the 0.15 - 25 MHz range 
it  is found that  this  line has a 4 -  10 dB higher noise  leve1  above  1 MHz than 
the 4.16-kV  low voltage  line which had  the highest  level of the  low voltage 
lines  tested and reported in BADC-TR-66-606,  Vol.  II. March 1967. 

This 7.2-kV Una is considered a typical low voltage line and the 
values measured in the 1 - 10 GHz range probably are upper bound values and 
may be used for all  lines below 70 kV.    For this range  the maximum value  of 
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34 dB «M ebtaliMd at 1.48 CHs, «t 100 f*«e «a?, with vertlc«! polartution. 
for a dlsUoe« of 200 fact this .vuclwa vala« «ill b« 6 d3 less or 4S dB for 
teat sace^taa haight of 13 fast.    For this prediction example a 20.5 foot re- 
ealvar aotcana halght it asaoeod.    This results in a correction of +2 iB and 
tha radio noiaa aafcituda ia than 50 dB at 1.^ GHz.     (For antenna height cor- 
netioo aa« fig. 11-27, pag« 39 of Ilaport RADC-ii-66-606, Vol. II. March 1967.) 

Figara 60 gives the nagnitud« for all lines as obtained frotn x.ea- 
aaraaMita in the 1-10 GHz range and corractad as in the above exaaple.    For 

of the Unas the highest values vare obtained W'th horizontal polarization 
for others with vertical pslarisatson.    These curves are for all the lines 

fte« which radio noise could ha detected in the 1-10 GHz range and measured 
•tov« the iaatrunent residual.    The change in magnitude vith frequency is 
ahoHQ «a 4 or 20 dB per frequency decade.    Thii is based principally on 
Fig«. 21, 37 and 42 for the gap-type sources, where readings were obtained 
to «ovaral giga-hertz.    these figures indicate that this is s good approxima- 
tion for extrapolation of data aeasured only in the low end of the 1-10 
GSs range. 

By oaana of Fig. 60 and the lateral attenuation curves of Fig.  61 
for antenna height of 20.5 feet and conductor height of 38  ftet,  the radio 
aoia« Magnitude with lateral distance was d^tiirslned and was plotted out Co 
•boat 80,000 feat froa the 7.2 kV line for 1.25,  5 and 10 GHz.    This pre- 
diction aeauoas plane earth with   €.- 30 and ^-20 eilli-nhos/meter square. 

8.3    Prediction Method with Gap-Type Sources for the 735-kV 
Lina for the 1-10 GHz Raiute  

For  the  1-10 GHz range  the prediction will be made  for the 735-kV 
lioa.    The aaasured values are believed to be firoa g%p-t^pe sources frost line 
parta at the towar.    The 1-10 GHz antennas pointed  «t iasulutor strings  for 
■axivM «star reading.    It is pointed out here that in the \ - 10 GHz range 
no radio noise «aa detected fro« the A or C line tnwers at Apple Grove at 
7$S kV, see Sec.  S.6.    Nevertheless, without a careful investigation of cower 
empooants, it is recoasaended that prediction be based on what was measured 
in the 1-10 GHs range on other lines.    In this rase the curve on Fig.  60 
for the 735-kV line will be uaed with the lateral attenuation curve of Fig.  39 
for conductor height of 90 feet and receiver antenna height of 20.3 feet.    This 
is tha same receiver antenna height used for the 7.2-kV line prediction. 

The radio noise level to a lateral distance of about 80,000 feet is 
•hewa on Fig. 62 for this 735-kV line for the three frequencies of 1.25,  5 
and 10 GHz.    In this exaaple,  the prediction assumes plane earth with dielec- 
tric constant £"30 and conductivity ö-" 20 miUi-mhos/meter square. 

The predicted values for most lines below 70 kV in the 1 -  10 GHz 
rang« can be approximated for 20.5 fooi .^ceiver antenna heights by using 
Fig.  61 directly because these low voltage lines do not differ much in con- 
ductor height. 

in the 1 
For the two 345-kV and the 525-kV lines tested the predicted values 

- 10 GHz range cam be obtained for any distance out to 10,000 feet 
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by subtracting froa curves of Fig. 62 the difference In ■egnitwle shown oo 
Fig. 6G between the 735-kV line and the 345- and 525-kV lines.    Beyond 10,000 
feat it is necessary, becaus« of conductor height differences, to also us« 
Figs.  3,   6 and 8  in Appendix II. 

8.4    Prediction for the Fence Near 765-kV Line for the 1 
Range  

10 GHx 

This prediction is included because the conditions during this ex- 
periment can exist in practice and because relatively high radio nois« vcs 
measured. In this case the transmitting antenna is 4 feat high and again a 
receiver antenna height of 20.5 feat will be assuaed. The magnitude of radio 
noise from the fence gap at 200 feet away is given by Fig. 60. The lateral 
attenuation curve for prediction out to 60,000 feet is on Fig. 59 of this 
report. Sy means of these two curves the predicted radio «wise fro« 200 
feet to about 20,000 feet at 1.25, 5 and 10 GHz was determined and plotted 
OR Fig. 63. This fence gap effect will be independent of line voltage as 
long as the 60 cycle field at fence is sufficient to break down the gap on the 
fence. 
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mjimBQLwt TScaaooEs 

i. 

In tb* pnvioas contract on High Voltage Power Line Siting Criteria 
(BtDC-01-66-606 March 1967) aranual naasuraaentt of radio noiae were nade at 
dlffemt« fraqoenciaa. Tula taehniqua ha« deficiencies la that it la very 
tfan eoBsaieg to aaaaura the variations of radio noise throughout certain 
irayuney rangaa and ahort daratioa changes in radio noise level cannot be 
BfcgWWd eiaaltaiMMslr over a wida frequency range. 

Ifeia pnaaat contract raqutres radio noise aeasurenents on power 
Haw fxoa 60 b to 10 GHE. In order to reduce tine and inprcve the quality 
o£ miMMrwnts, apacsnm analysars and X-Y recording techniques with radio 
aoic« taatara «at« invaetlgated for the oteasureswnt of  power line radio noise. 
CoBporlaOB« wara aada «1th tba usual aanual readings taken at the same tine 
item tadle aoiaa aatars and these ware used as the standard measurement. 
Coodnetor eorooa In tba rain and fair weather and gap type sources were 
naasarad. la addition laboratory Kaasureaents of corona, gap sources and 
pula« gaaarators ware performed with the spectrum analyzer. Measurements 
wara correlated between tba spactrua analyzer and X-T recorder/radic rioise 
meter aatboda over tba frequency range 10 kHz to 1 GHz. Some measurements 
ware triad fro« 1 GHz to 10 GHz with the spectrum analyzer and TWT pre- 
amplifiers but due to overload problems these >rere not considered reliable. 
Power line barmoniee ware recorded with one spectrum analyzer unit in the 
range of 60 Rk to 650 Ha. Straightforward use of an X-Y recorder with a radio 
noise mater 1« a st«p forward over manual readings from a speed of measure- 
ment and resolution viewpoint. Line transients, lightning, etc., are not 
too troublesome since an X-Y plot of any particular frequency band ..an be 
quickly repeated. Only quasl-paak readings could be taken but these are 
easily corrected to peak. Sueeaptlbility to overload and spurious respon- 
ses can be a drawback to the use of spactrua analyzers If they have wide 
open inputs, also drift on tha frequency axis can be encountered and pic- 
ture taking of low noisa values In the presence of high CW signals requires 
approximation. The use of a tunad iaput is desirable; however, with elec- 
tronic tuning «parlous response may «till be a problem. Therefore, It Is 
euggastad that passive band»pa«s filters be used, each filter for at least 
one Oftave pass-band. Repeated checking of the frequency axis with a signal 
gaaarätor overcomes tha drift problems. In the case of the analyzer used 
for manuring power line harmonics overload from the high Intensity 60 Hz 
field has to be avoided. 

) i 

V^ry good agreement was found between the semi-automatic and 
manual methods of measurement. Data can, for Instance, be recorded quickly 
by tha apactrum analyzer over a wide frequency range compared to many hours 
that would be required for manual meaeuremsri^. Better resolution and more 
accurate information can be obtained especially when short duration weather 
chan»as occur which change the radio noise level. 
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2. IMSTROMENTS ASP AHTEHMAS 

2.1 Instruments 

Naw instrumentation (compared to RADC TR-66-606 March 1967) con- 
sists of spectrum analyzers and the use of an X-Y recorder with Che radio 
noise meters. In most cases the radio noise meters cover the same fre- 
quency range as the spectrum analyzers. The instruments used are listed 
below. 

Frequency Range 

60 - I5S000 Hz 
(60 Hz to 1 MHz capa- 
bility) 

60 - 13,000 Hz 

10 kHz - 250 kHz 

150 kHz - 25 MHz 

150 kHz - 32 MHz 

20 MHz - 400 MHz 

375 MHz - 1000 MHz 

10 kHz - 1000 MHz 

10 MHz - 10 GHz 
(Capability to 40 GHz) 

10 kHz - 10 MHz 

10 kHz - 100 MHz 
(1 kHz to 150 Hz 
capability) 

30 MHz - 300 MHz 

300 MHz to 1000 MHz 

Has 

Spectrum Analyzer Plug in 
Unit 1 L5 with storage 
oscilloscope 569 

NM40 Field Intensity- 
Mete i 

NM12T Field Intensity 
Meter 

NM20B Fifild Intensity 
Meter 

NM22A Field Intensity 
Meter 

NM30A Field Intenaity 
Hater 

üiM52A Field Intensity 
Meter 

X-Y Recorder 

Spectrum Analyzer 
851A/8551A 

Up-Conveiter £15-85518 

Broadband Pre-Amplifier 
461A 

AP-50IR Low Noise Tunable 
Pre-Amplifier 

AP-502R Low Noise 
Pre-Amplifier 

Meaufaeturer 

Tektronix 

Stoddart Elt^ ;ro 
Systems 

Stoddart Electro 
Systems 

Stoddart Electro 
Systems 

Stoddart Electro 
Systems 

Stoddart Electro 
Systems 

Stoddart Electro 
Systems 

Moseley 

Hewlett Packard 

Hewlett-Packard 

Hawlett-Packai-d 

Electro-International 
Inc. 

Electro-International 
Inc. 

1 
■i 

-> 

i 
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m m ■« IS©ö uns 

•- 

j 
1                       1 At - f 

i                      1 «s - 4 

1 

8 SSK - 12 «s 

@5 kSs - 40 MHs 

2 KStE - 400 M^t 

30C MHs - I GHs 

10 kHz - 1 GBU 

Sptctroa ÄiMilyser cott- 
»isttsg el inintHttxie* 
iksslymzs, uodmls MZt5 

|§o«8l« SP9«125 

frswätiiag S«vti fa3»» 

frew«Xl.isg'¥»«« tub« 
f*«-ÄSBplifi«r »Jr269 

Travtlliajf Sfav* fab« fr«* 
Anpliflar WJ271 

Tra^sllia^ Ha*« T»ib« 
fte-Aaplifier WJ276 

Sip»I Oen«rates 
Mod«! m 

Signal Oeaetator 
Mod«I BO 

Signal Generator 
Modal 34 T9 

13 - Hi Iispul*« 
Geesrator 

2.2 Antana«» 

rhi> «r.tcnaag uf«d vertt «a follows: 

Frgqugnev San^s Saa« 

60 8a - 15,000 Ht 

10 kHs - 250 kHs 

150 kHz - 32 MHs 

20 MHü: - 88 Ms 

1leetrie Probe 

2 M^ter Vertlc«! Sod 
(with AsiSsao« Couple? 
for mtts} 

I Mster fsttical tsd 
(witk Antenaa Coupisr 
for m&U) 

Di|«l« Tuned £o 60 KHs 

TÄirchlld Electre- 
«itric» Corp. 

Mfitkias-Johsson Co. 

Watkina-JohnsoR Co. 

Hatkif.s-John«o& Co. 

Wstkins-Johcson Co. 

Ferris 

Heasureaertt Corp. 

Meaaure^>nt Corp. 

Empire Devices Inc. 

Manufacturer 

Si;odd«rt Electro 
SystasBB 

Stodcf   :t Eiectco 
Systems 

Stoddart Electro 
System» 

Stoddart Elecsrt 
System« 

100 

8B(W«Mi»liBra»BS(^Tff!"'S^Ä?3W^^ 



?4 ISs - 350 M®« 

375 MHs - I®» mz 

1 (SSx ' 2 (S8s 

2 Gib - 4 6Hz 

4 GS« - 7 GSx 

? GH* - 10 GHs 

Bäl-fOt Bt-C©Bift«I 

^4-^1 li-Trl«ngle 

Mlcsrwaiv« Bora Aatemus 

Microwave lorn Aateuui 
^»« Maä 

Mierowc^B Parabolic 
Aatsnac 'VC* Band 

Micrewsv« Parabolic 
Antssna« "X" Sand 

Slaccro s.eternatteiMll 
SS5C. 

Electro latersstlsaai 
Inc. 

Polarad 

?olarad 

Polarad 

Polarad 

3.    MlA^p^ggr gfeDCEaMHOC 

The follc-wiag is a brief description of the general aeasureaent 
procedure. Details, calibratlooa etc, «ill be found under other headings 
in this app«ndix. 

To check the accuracy of täe autoMtie instruaentfc, rasnual mzm- 
sureaents with the Ü420C v«re cunpared with the X-Y recorder plots from the 
M22Ä and Ihe spectra« artalyxe? pictures fro« the Hewlett Packard spestnaa 
analyser.    There ««a good «greeaent In all these data.    Stareiag with the 
ia!l2T on band (I) an X-Y record would be run of line noise together with 
aseter aobient sad calibration curves.    Then the aQten&a aystera would be 
switched to the spectrun analyser (HP 85IA/8551A) operstlog with Its up 
converter (K15-8551B) and a picture taken of the. C1T display of line nolss. 
The analyzer would be arranged to be as near as possible the same bandwidth 
and frequency range as the !efl2T on band (I).    All control settings of the 
anrlyser were rscorded and the frequency axis «ad slae wave re«pon»s chetl*d. 
Checks were continually aade for analyser overload and spwrioae responses 
and records mniä identifying thm X-T record with the sp«cttu« analyzer pic- 
ture.    This procedure was followed froa 10 kHs to 1 GHz except that the up 
converter was not used b«yond 10 Mfe.    £-? records war« asde to 1 GHIE. 
Above 1 GRs soae spectrum analyser pietutes war« taten for cosspsrison 
with the manual results frcrn the Polarad nicro^sve racalvars but they were 
not considered reliable due to overloading of the spectruw analyser. 

*•    THE HADIO MOISB METSR/X-Y BBGOEDSR CCSfBIMflCm 

It is a simple eostter to speed up the 'isual annual readings tatet: 
with the Stoddatt radio noise «etsrs by the addition ot an X-Y recordsr. 
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Hw |Hf»e«*rs« fsf ««ell fr®^u«^y btad la to sss-as« thas tt» rscsrdad vertical 
«A« ia Itämr in ä#«tfe«ls «ed res mtar celibtasiors sad esäignE syfvss vith 
tkt f&^sm&J «tie ifr«««S the wi^tli of eh« r«cord«r papar.    It is beet to use 
Sfc« Ältffif esilferasi©« vnia« for t&« low frcqasi^y «nd of eseh band throughout 
rt8t tea«! «© S%*t f©T «ay ^SEtical«? fre^ueacs- th« callbretlon is knovn and 
f*«e?4a4 sttd eastaeelsa? ean b« ssde if nscsssarr.    The attcra with K-Y -*- 
«IfAtt Q^Sp^t ese^etic-sg h«vs fults constant gala-lraqoency eharaeteristlce. 
mtfe s^siusl Sssiag efe-isäl: ess si^its Is f«qul?ed t@ obtain an accurate rscord- 
isf ef «©is«.    Psstsr rscordiitg c«n rsaalt in lost inforsatlon,  iueh as not 
«S*isls^ til« Mtnal a«äsi»f® «Sinns.    Listening with hesdphon&i «Rabies 
tm4t® stmllmm ttc.  IS fe« ii«ntifiiri «ad Mfksd on th« recorder pa|«r.    Only 
fl^'1 la6sa«lty aad qyasi-j^ask fslsss of soltt caa be plotted readily but 
f^* «'«I«« mstf be sarssd oa th* fipnx at dtsired frequfneiga by stopping 
tht fas SJid BHMltssi^ £h« peak value aanuar/.    Care m&y b* necessary to 
frtvtnt isseraracles due to physical contact with th« iß-struaeßtstlon. 

^«1   MeiigayfasBts MI ZW Llses wit'- Ra^io Sols* H<s6s?/X-Y Recorder 

Th« »jwjetra recorded fro» It  kHz to 1 Glz,   50 feet frcm s 345-kV 
so ün« with «tlfi'-lsl gap at® shr.w'i In Figs,   I to 20,    they are farther 
illueerated la Fig    21 fewt this ti- . corrected to dS peak ^bove 1 üV/B/MKZ 

teairiwiäth.    Tha lo« frsqusne-ies 10 kHz to 2 HBs «s,:8 recorded In heavy to 
light rain while the remaining spectra war«  ecken «her. the  rain had ended. 
fifBtss 9,  10, and II show clearly a dosaliusnt feature of thsss spectra of 
quite sharp peek« evenly spaced et epprcxiaaEsly 378 kHz intervali.    This 
apperenS reseaüat   frequency gives a half wevtiength of 1300 feet which 
say be due to the dtst-ans« between towrs  (eboiit 600 feat) ,    Details such as 
this resonance ate easily spotted uglug X~l reeordtr tecteiques but are 
harder te notice taking sanual readings.    Figure 22 shows a very sirtilar 
rgioaacea recorded st dl£isreat distances laterally frs^ a 525-kV ac line 
with ertificial gap.    The frequancy is &17 kHz and helf wavelength,   1175 
f^tet.    Th« distence between tewera being 1462 fest.    This is a good example 
of the coasplex spectra esieountarad.    The attenuation with distance  (d)   from 
Fig. 22 can be seen to be on an «verage prspottionel to 1/d,  I.e.  from 200 
fee»: to 400 feet the «verügt level of the spectraa falls by 6 ifB. 

In Fig.  23,  si^ctra I  to 2.25 Wz froa a  525-kV ac line some peak 
rtadiogs are asrked.    These are 4 to 3 dB higher then the quasi-pea't values 
of noise snd about 1 dB higher for the AM station »easureiaents.    These peak 
so qasei-peak differences are typical of those over a wide frequency range. 
Figure 24 was recorded r.-^ar an 800-kV, de test line and the peak values 
shown sre about 12 dB higher then the quasi-ptak, which could be due to 
a  lew« puise repstitlon rata fio« the corona coapared  to ac corona.    The 
highe? th« pulse repetition rats  the closer  the quasi-peak value approaches 
the pesk.    Also on Fif,.  24 s resonance mey be observed of approximately an 
intarvs! of 39 kHs &r,i a full wavelength ef 4,7S milss which agrees well 
with the actual length of the  tagt line of 4.9 miles. 

All the f-jures santleaed also have superiuspoaed upon them a epec- 
tvum aaalyser picture taken at tha sase time as  the X-Y plot.    These pictures 
(&A soBspsrltons are dlscuagsd later. 



5. iff msam tmim 
5.1 Pul«" Sp«r^tra 

Fou    jr «nalyalt of s periodic recttngular pul»« yltld« c apcctrua 
of       £-~     wfttr« x ■ T/Tr «ad T ■ th» puls« width aad Tr th« pulM rspjtitioe 
rate,  aea Fig.  25«.   Th« firat saro in the frequaocy apectrua occurs at a f— 
quacuy f " i    *<$• a l>usac wids pulse will exhibit a first zero at 1 MHz; 
the haraoniie would be at Intervale of fr » »-, e.g. a pulse repeated 60 tiaes 
a  second would have a spectmn with 60 Hz between  the baraonica.    In Fig.  25b 
it Is seen tcut the spectral  lines reach below as well *» above the beaeline 
which corresponds to the haraonica in the pulse being 180* out of phase with 
the fundanental.    The spectra« analyzer can detect aaplitude only and not 
phase  therefore all   the spectral  lines will be displayed above  the baseline 
as  in Fig.  25b.    If we aaplitude modulate an RF carrier with & pulse wavefora 
we get essentially the saae sinTrx 8pCC(rue> 

When considering spark gapa on power  lines  generating exponential 
pulses with two tiae constanta on« aust bear in mind that  tb«se gaps fire 
several tiees each half cycle of the ac voltage.    Thus we have the situation 
of bursts of pulses at a repetition rate of  120 pulses per second  for  single 
phase.    However,  it is likely that one pulse out of each burst hag a larger 
magnitude  than the rest and  eh« apectrua measured is  from the  largest re- 
peated pulse although in the GHz region some of the smaller pulses may 

(Lalnate if they have smaller widths than the large pulse. 

Laboratory aMauraaenta were aade prior to field measurement« to 
become  familiar with the operation of the spectrum analyzer and confirm the 
theoretical spectra fro« pulses.    A rectangular pulse will give a spectrum 
falling off at 6 dB per octave with increasing frequency while «  triangular 
pulse would fall 12 dB per octave.    This was confirmed in the measurements. 

5.2 Calibration and Operation of HP Spectrum Analyzer 

In order  to convert  the radio noise measurements  to dB Pk above 
1^y/m/MHz bandwidth,  both CM and  impulse calibrations of  the spectrum 
analyser were required. 

5,2.1    CW Calibration of HP Spectrum Analyzer 

With  the  frequencies and spectrum analyzer control settings used, 
a convenient CW input  level  to read on the CRT display was  50 ^aVras   (3? dB  Pk) . 
This  level was used  for calibrations  from 10 kHz  to 1 GHz and up  to 25 MHz n 
calibrated  thermocouple and mlcroammeter w&s used for measuring the  signal 
generator output.    At higher frequencias an RF voltmeter was employed.    In 
this way calibration of  the  spectrum analyzer in dB Pk^jVCW was achieved, 
e.g.  measuring frotE  ths CRT baseline;   if a 37  dB Pk^iV CW    signal  reads 
40 dB,   then 3  dB would bs subtracted  from the  reading;  etc. 
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tKM? cat« is «a impaxtmat coaaidcrctioa for calibration purpose!. 
If Cks loc«l oaellUtor rwsps ckroash «t a high rtta tb» IF «wpllfltr will 

fclaa to rcscb its fall aa^litada before tha input la gon«; a.g. a 
im mmtif cat« fraa 3 ■««• p»t cm to 30 9MC par £■ can ratolt in a 

dwwgi is dUpUyad •Igaal of 10 a.    Saa Flf. 26. 

5.2.2 laaalaa Calibratioa of g Soactnm AnalTtar 

locals« bandwidth could not be aaasurad u»lng coevcntloaal impulse 
ealibratore bacaaao of aoslyzar froat end overload,    niters tried la frot.t 
of the eoelyser would not prevest overload.    Hewlett-Packard suggested pro- 
duciitg a» iapolM signal of «eesrataly known spectral intensity by using a 
Ct aigaai gaosretor sod a PIH aodulstor (HP sariao 8730) built into an 
0 8403 Kodnlator.    With Oils apparatus, J. Scharcr of 1ADC measured the 
following impulse bsndwidtbs fox s 8? 8551A spectrua analyser: 

? *i g««tf*i<»^ Inoalsa Bandwidth 

3 kHz 6.7 kHz 
1C kHz 19.66 kHz 

100 kHz 166.34 kHz; 
1 MHz 1.59 MHz  (Extrapclsted) 

The MHz bandwidth correction Is easily obtained from the above 
values e.g.   for 6.7 kHz Impulse bandwidth the correction is 43.5 dB. 

5.2.3 Correction of Measureaents from HP Spectrum Analyzer to 
dB Pk aV/'v'MB' ^«ndvidth  

The correction of the redio nolae values displayed on the spectruia 
analyser to dB Fk^V/a/MHz bandwidth is easily carried out one« the CW and 
impulse calibration are knows.    First, a correction is found from Fig.  26 for 
CU raspoQse at the frequency control settings, and      sweep rate used.    Then 
the impulse bandwidth correction is added and lastly the antenna correction 
factor.    If additional broadband pre-ampliflers are u»ed,  then their gain 
when used in conjunction with the spectrum aualyzer would be subtracted. 

5.2.4   Operation of the HP Spectrum A^lvzer 

In order to avoid daaage to the Input attenuator of the spectrum 
analyzer converter unit, care was taken to aeasur* the rrat value of input 
voltage with a sensitive W voltmeter.    The input power across the 50 ohm 
input must be kept below 1/4 watt.    The attenuator and gain controls on the 
convertar and analyzer were ad/usted so that a 10 dB change in converter 
attenustor eattlng,  for example, would give £ 10 d3 change in displayed spec- 
trum.    This ensured the input amplifier was not overdriven.    Frequency ac- 
curacy was checked by feeding In a signal ftotr. a standard signal generator. 
Adjustment of the converter sad analyser tuning controls was required until 
an accuracy of about Z7. to 4% was achieved up to a frequency of 100 MHz, with 
the VH? oscillator In the converter set at 184 MHz.    Measurements were made 
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using eh« MM aatanaac aed couplers «cd oetav« baada aa eha radio sola« 
wmtctt %-ith X-Y plots.    0& aach bead tha canter fraquaocy oo fha aoalysar 
display vocld ba d     cad trith a signal gaoaracor. 

It should be aapbasiBed that cara aust ba sx^rciaad througboat th« 
spectnm aaalyzer aMasureasote to aoaur* that asasurad signals or neiaa ara 
froa th* source and oot spurious respoosas due to analyser ovcrlead.    Ibis 
may be checked by observing the displayed spectra whaa tb« input attenuator 
is increased by IC dB.    If tha whole dicplay reduces by 10 dB than saasura- 
sents arc froa the source;  if sose displayed signals do not cbange in ampli- 
tude then these ara spurious responses gensrated internally within the analyzer. 
The settings of input attenuation,  gaia controls,  «weep rats, I? bandwidth, 
spectrua vlath,  fil« exposure tiae, etc. vere recorded for each frequency band 
over which aeasureaents ware made.    Typical analyser settings, antennas, etc. 
used throughout the frequency spectrua ere listed In the table on Fig.  26. 
Initially the graticule of the analyzer CUT was superimposed upon tha pic 
tures taken by aeanr of a flashlight which resulted in a bright area that 
can be seen on aoaa of the pictures.    Later an ultraviolet light was used 
to illuminate the graticule and auch barter pictures resulted. 

5.3   Measureaants on EB? Lines with Spactrua Anaiygars 

5.3.1 Frequency Spectra froa 34S-kV VCDCST-ac Line 
«tth 5/16-inch Air Gap.   10 kHz to 1 GHz 

Figures 27 to 29 cover twenty pictures taken 50 feet laterally from 
the bottoa conductor of the above line.    They are of approxiaately the saae 
octave bands as the radio noise meters.    All the pictures in Fig.  27 were 
taken with h»avy to light rain falling.    For the rest of the pictures no 
rain occurred.    Picture 55 on Fig. 28 illustrates the 378 kHz resonance 
noticed in the X-Y records.    Picture 62, Fig.  2* shows stations beneath 
the air gap aoisQ,   taken by reducing the CRT brightness so that the stations 
just appeared then taking a picture of these with many sweeps;  increasing 
the brightness to show the noise; clipping the stations and re-ascposing 
the film.    Picture 68, Fig.  29 illustrates the difficulty of picture taking 
when station amplitudes are similar to noise amplitudes because the CM sig- 
nal gives such & bright display on the CRT compared to the radio noica. 
Figure 30 shows the spectrum for 0.3 to 9.6 MEz for comparison of radio noise 
magnitudes with other Unas;  such as shown in Figs. 36, 37 and 38. 

5.3.2 Frequency Spectra from 525-kV HC-ac    Line 
with 5/16-lnch Air Gap.  10 kHz to 3.5 GH« 

Figures 31 to 33 cover twenty pictures taken 50 feet laterally from 
the outside conductor of the above liae.    Most of the bands measured are of 
a similar frequency range of those from the 345-kV line.    Pictures 289, 294 
and 299B on Fig. 22 show the 417 kHz resonance noticed in the X-Y records. 
Picture 269, Fig, 32 shows some large spikes at 2.3 KHz intervals whicn 
gives a half wavelength of 214 feet which may be a function of the tower and 
guy configuration.    That« spikes appeared on X-Y records as well.    Pictures 
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Sftt, Fig. 33 «over tfe« tT%qmaey rtttgt 2.5 to 3.5 CBa end were tak^n 
H&til <2M) uai wttbovt (Ml) tte spproprlat« IWT ?r*-*«pUfi«r.    Only about 
10 • jaia »aaltad «itfe tin p?«-aaf)ll£lar as«d ir»»-*»d of 24 dB,  tha c«?a- 
bititF of tte Mvllflar. 

5.3.3 Fr^aeaev S^aetra frees 80Ch-k¥ K-dc last 

Flguraa 34 asd 35 lllu«trata 35 plcturae takao 50 feet latarally 
ttm dM positive coedaetor at tovar of tha abov« 11B« during intermittent 
raia.    Th« fint picture la with DO input to the analyvar and just displays 
ClM lataraal aole«.    Subaaqoaat plcturaa of Una or insulator noise were 
takes at xiva atiimta intervale.    Ibis intareetiae sequence of pictures in- 
dieatQB generally very 1«* nolae values during periods of rain; Increasing 
ia valae after the rain ha* »topped, aspaelally when sunny and vindy;  then 
redoelag to aero value.    At these high frequencies this noise is thought to 
fea fraa the line insulators (glass) oa tha tower drying after rain.    Lending 
«eight to tills argun«st is tha possible resonant sfSact seen in »oee pictures, 
picture 140 for exaaple.    This gives a frequency of 6.7 MHz and half wave- 
lengthfi of 73.S feet which Is very coeparshlc with the conductor height «t 
the tower of /0 feet-,    aesultn of this nature would be laposslbl« to obtain 
Raesally and difficult vith xadio noise aster X-Y recorder techniques.    The 
advantage of the acalyggr is its wid* apectiral coverage on one picture and 
of one belüg able to sae the spectre btfore taking the picture.    The antenna 
«as covered with polyethylene to prevent precipitation static. 

5.3.4 ?r«qii«ncy Spectre frcw 500-kV K-*c Liat, 
0.27 to 1.87 MFJB 

Figure 36 shms mainly the spectra 50 feet laterally from the out- 
side phase "i th* above Use la fair weather and heavy rain; clearly indi- 
cating ehout a 24 dB increase in corona noise level in the rain. 

5.3.5 Frequency Spectra from 525-kV BC-ac Line with 
and without 5/16-ln.ch Air Gap and Line De- 
gjaargjjgd^ 0.3 MBs to 2 Mz  

figure 37 illustratss the above spectra taken 50 feet laterally from 
the outside conductor.    ¥.c tasraase la noise level is noticed with the air gap 
on the line.    This indicates that the fair weather corona aolse from this line 
is equal to, or greattr than,  the gap noise in this frequency range.    This 
was eonflnsed by manual aeasurements. 

5.3.6 Frequency Spectra 800-kV HC-dc Test Line in 
Fair Weather and Rain. 0.3 to 1.96 MHs 

Figure 38 gbow® soae interesting spectra.    The noise from fair weather 
eosena is higher than that In the x&in which Is charsxtsrlstlc of dc lines and 
difforest fro« ac lines.    In fair «aather at these frequencies the peak readings 
isr« «beat 12 dB higher than quasi-peak while in rain the difference ta usually 
«beut 5 ii (observed from Manual sreadljigs) .    Thus in rale it ia likely that 
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May ccroa* pulses cf Xov «gplltaci« exist «nil« la fsir vMtli*r fevsr paLivs 
of htghar ssplleude is the ess«. 

K««r EH? dc lines nrecipltstioa static can be a probles.    Salodrop« 
passing near the energized rooductor acquire a charge anddlscbsrfe open hit- 
ting the sstenns.    Tfti* is not observed near ae lines.    To pcevsst raindrops 
hitting the sntenoa,  tli< anteaoa ves covered with about e 4-inch dissteter 
polyethylene tube.    In Fig. 38 the spectrue due to precipitation static can 
be clearly seen but also the corona noise level shob* up veil on the saac 
picture.    This ie another virtue of the spectrua analyzer use where pulses 
of different repetition rates and different aaplitudas nay be displayed to- 
gether. 

Similar to the X-Y records the full wave resonant frequency 
(approxlnately 39 kHz)  of this 4.9 adle  long dc  test  line is seen.    If 
the noise level for a long dc traasnission line is to be derived froai this 
short test line it is likely that  the geoeetric aean of the resonant peaks 
should be taken;  similar tc the case cf the 765-kV ac Apple Grove^ test 
line. 

5.3.7   Frequency Spectra frc« 765-kV HCST-ac 
Teat Line .  

The spectra fro« the above Una is shown In Fig. 39, clearly in- 
dicating the full wave resonant frequency (epvircxiaately 400 kHz) of this 
short test line.    A multiple of this  "natural" frequency is observed at 
1.83 MHz.    Thase peak values agree w«ll with manual quasi-peak radio noise 
meter readings  taken in the past^ except for the absence of a sharp spike 
at the resonance frequency. 

An opportunity arose to record a portion of the same spectra mea- 
sured with the Hewlett Packard spectrum analyzer with a Fairchild spectrum 
analyzer.    Similar b&ndwidths,  sweep rate etc. were used and the same antenna 
system.    A tracing of the Fairchild spectrum analyser picture is displayed 
on Fig. 39.    The picture is small but details are sharp and clear.    The 
spectra seen on both analyzers are quite simil&r from a shape and signal to 
noise viewpoint.    The Fairchild instrument consists oZ interference Analyzer 
Model EMC25 and spectrum display Module, Model SPD12S.    It covers the fre- 
quency   band 14 kHz to 1000 MHz;  can be used manually as a battery operated 
radio noise meter or combined mith an X-Y recorder to read peak values or 
used as a spectrum analyzer with built-in pre-eelection over 15 octave fre- 
quency ranges.    It has features such as a remote control of antenna coupler 
bands and "brigh*'. up" and expansion of any region of displayed spectra which 
may be of specitlc interest.    It was not possible to get a detailed evalua- 
tion of  this instrument. 

5.3.8    Harmonic Measurement near 500-kV HCST-ac Line 

A few harmonic measurements were made with the Tektronix plug-in 
sp'trum analyzer unit 1L5 In ceijuDCtion with a Tektronix 549 storage os- 
ci    oscope.    The s.ite «tt which reading« were nusde was 400 feet from the 
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MKUII7 • ttaÜMt WMl raüar W»1M »t«r with «IMCTIC prob« 
tlM tatMBi« V«1SM M«B es 71«. 40, high tM^l^s for 

%f &*mvnA «ai AM« MTO diteesMd la S«c< 5.S of tba 
• the T«ktcc«ix «pw8w aaftljMff «&• 3Md vtth tb« tl»c- 

MJfKMt MmieivitlM «era »••d» M« ri«, 40, «ad It It CMO. 
«tlk hl^b MMiHvit^ 0.01 V/ea, falM rMdlRg« occur (c<«9«r« «ith 
»niU|i) 4M to tha U«li valan $0 is fiold onrloadlog tho UMlyscr. 

Iwtr •««•itivlty 0.05 ?/ea Ä« «p*et»a «mlysar dlspUy is «loiUr to 
Wt tbae icai hftraoeiCB barely sboa abov« tb« latoratl 

Ufal of Jäez iästssaast.   Tb« dlfferose« b«t«e<$D th« 60 SB sad 120 Ez 
1« MU is tiM Victor« «ttb 0.2 V/c« Masitivity, »tg. 40.    This 

•aslysas «ait «eald b« idital for bsraoolc »Meartwtnt if the 60 H2 
fiUld is rateead er flVscrod out« 

«it* 

5.3.9   jjjto g^l^ff S1^!, Va yflj »ol- B*tloo 

Saab radio ttatioa ■ign«! to lino DOU« ratio« eoa^ire v«ll, i.e. 
rig. 23 la tha I to 2 Mis ration naar a 525-W ae liea using both radio 
BOia« iaatar I-T plot« «ad tb« Rawlatt-Paekard «pectna «oalyear; s/N ratios 
of 15 to 20 dB raault; »ith tfaa radio nel«a aatav n«a«Q7iag a f«w dB less 
than tb« acaljnar which la to ba «cpectad frca «n ia^ai«« bandvldth eoosldor«- 
tloo i.e., Stoddart 91224, 10.24 kBa Uqpalaa bandwidth «ad the Hewl«tt-P«ck«rd 
85SU spactnM aoalysar 6.7 kHs {ahan tha 3 dB, 3 k&t Undvldtb Is used).    In 
tha caaa of the SOO-W dc Una, Fig. 24, tha radio noia« attar iodiettes « S/N 
ratio of «bout 23 dB «bila tha «paetrua analysar give« around 40 dB.   The sp- 
parant large dlffaranca being poaaibly doe to tha ft« large pulses per second 
fraa de lias corona, (avlda&t oaoally to fair «aatbar but on this occasion 
alto in rain), «hieb «era Measured »aao«Uy vl&h tha radio noise aeter but 
not «a the tpaetraa «c^lysar probably bacanta of toe rapid picture taking; 
about 1 aacoffif axpoeura, 

6,    CCMPAÄOO» (ff E4BI0 N0ISB MCBSt/X-T BEOSSMS AND SPECTRUM ANALYZER 
aaimBB MyaaaBBL-, »__»_ .  

Tha X-Y raeordar plott, taken 50 feet fron tb« 345-kV ?C-0C line 
«ith tha arUfieial gap on the lover phase, corrected to dB Pk. above 
1 jiV/n/KHs bandwidth are shown on Fig. 21. Values are in the range ex- 
tracted froa prevloua aestureaantt i.e.. Fig. 71 RADC TR 66-606 March 1967, 
aaaauraauatt «t 200 feet. Siadlarly corrected results froa the Hewlett- 
Fatkard tpectrua analyser «r« also illustratad in Fig. 21, These «re within 
6 ^o 10 dB of the X-Y plot« throughout the tpaetrua aeaeurad (0.01 KHz to 
1 <iHs} and in t,H« 2 to 10 Mas region tha peak« and valleys in the spectrum 
coapsrs closely. Most of the tin« the tp«etru» analyzer corrected readings 
are higher than Ahove of the f«dlc nele« aetar which aay be possibly dv» 
to «n «rror la iavulv» bandwidth (iapulse bandwidth values were taken from 
another identical «odel tp«etrua anaiyear) or th« analyzür reading a higher 
paak value than tht radio noise nMter. Also there say b» errors in the 
400 MHs to 1 GHs region since the I MHz bandwidth was usf.d on the ac^lyzer 
and this is not recoKaended in the log m xie since the response of the log 
shaping network i« not fast enough. Kowevdr, with such good agreeaent 
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Hat.   MtiAlly • St«M«n SMOl raAto- aelM wtar with «loscrtc prob« 
«M «^ to —UM» kte iMiMsie valssa «Ma ea 71«. 40, higb rwidlagi for 
tte «Mtt harr—1«t ^t« «Nwrrad «ai these aru 4i«e«SMd in S*et 5.« of tb« 
Mia sefOTt.   BMt, tiM» MtteesU spMSn» »mljfs m» ssad with tb« tUc- 
tri* ff(**«   MlfcMBt MMielvltl«« mv a»«d, »M ri«. 40, «ad it la •MB. 
fehat «Ith hlsk MMlHvlt^ 0.01 ?/ea, faiM faMliat« oeeur (cae^wr« with 
■9164 mattat«) «tM te tlw kith valan (0 Hs 2i«U overlotdlag th« «aalyMr. 
With lowtr a«aaSti«ity 0.0S ?/CB %fc« ipsetrta «wily««r dispUy 1s «lolUr to 
tht maMk rMiiat»t tat thu teaa hanwaiei b*nly »hau *bwt tbe iatoriuil 
aeäM lavtl oi th? lüstnssaat^   ?ha differ«»«« h«t«««a the 60 as «ad 120 Hz 
amiweat 1« e««a 4a eh« ^letar« with 0,2 V/cm »eaeltivit;, ?ig. 40.   This 
«yaettaa •»Xjww aalt «oald b« ideal for hanMaie imeureaant if the 60 Ha 
field ia raJBcad er ft!cared oat. 

5.3.9   Radio Seatioa ^ijjrl t» UM »o^ Ratio« 

faak radio atatioa signal to line noise ratios cospare veil. I.e. 
fit. 23 la the 1 to 2 MBt ngioa near a 525-W ac line using both radio 
noise aatar X-Y plots and the Hewlstt-Ptckard «ptctrua «nslysar;  S/N ratiot 
of 15 to 20 dB rasult; trlth th« radio neiM aetsv aessufi:« a fav dB lets 
than the analyser which is to b« «xpoctad fro« an iapalse bandwidth consldsra- 
tloo i.e., Stoddart 91224, 10.24 kls iapals« bandwidth and the H»vl«tt-Paekard 
85514 specenas analyser 6.7 kB« (when tba 3 dB, 3 kKs Undwidth Is used).    In 
the case of th« 800-W dc line, 71«. 24, th« radio nois« aetsr Indicates a S/N 
ratio of about 23 dB while the spectrua analyser gives around 40 dB.   The ap- 
parent large difference being possibly due to the few large pulses per second 
fraa de lim coroea,  (evident oeoelly in fair wsather but on this occasion 
also in rein), which were aeasared aantwlly with the radio noise aetsr but 
net 9a the spaetrua analyser probably because of too rapid picture taking; 
about 1 sacon' aspoaure. 

6.    C0K?4&I?OB Of KADI0 »MSB MBSR/X-T 8ECCSDSE AMD STECTRSM ANALYZER 
<xumn\wm mrnmiKm  

Th« X-Y recorder plots, taken 50 feet fron tbe 345°kV VG-0C line 
with the srts'.fieial gap on the lover phase, corrected to dB Pk. above 
1 jiV/n/MHs bandwidth are shown on Fig. 21.    Values are in the range «K- 
ttaeted froe previous measurements i.e.. Fig. 71 MDC TR 66-606 March 1967, 
aeasuraau&ts «t 200 feet.    Siailarly corrected results fro» the Hewlett- 
Packard tpactrna analyser are also illustrated in Fig. 21«    These «re within 
6 ';e 10 dB of vha X-Y plots throughout the spectrum meaeured (0.01 MHz to 
1 CtHs) and in th» 2 to 10 MHz region the peaks and valleys in the spectrum 
coarse closely.    Host of the time the spectcm analyser corrected readings 
are higher than ^.hos« of the f«dlc noise BMtar which my be pessibly dm 
to an error in iapuU« bandwidth (impulse bandwidth value« were taken fro® 
another idontical «odsl spectrum analyeer) or the analyzer reading a higher 
peak value than fiht- radio noise meter.    Also there may btt errors In the 
400 Ms to 1 GBs region eines the I MHz bandwidth was uscid on the aitalyesr 
and this is not recaneende!d in the log ®. ■% since the response of the log 
shaping aetwork is not fast enough.    Howevc/r, with such good agreement 
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b«t!M«B tJw eorrceted radio noiiw attar «ad aptctrvm aaalyaar nlmn tferoajfc» 
oofc tbm »fctvm It womli «ppaatr that qoaatltativa taaawwt» of radio 
BOIM my ba aada vitii the fifaetna acaljsar a« loaf aa eallbratioe« art 
aeearataljr «Mda, appropriata eorraetloa foeton aaaä aad ovarload eoniitlees 
aveidad. 

?. sgaaiai 
7.1 Fiald ttransth aaaaQraaantt can bt **4m in tha fraqoaoey rang* 60 lu 

to 1 GWt from hlgb voltagt pomr 11MS with both tha radio noiaa attar/Z-T 
racordar coablaatlona aod with tba «paet'oa aotlystrt.   Vltfa aaleetiva lopot 
and llatar pr«-«Bpllflc*cioaa this liutroatatatloa «ill ba adequato np to 
10 6Hs. 

7.2 Iha Z-T plots glva battar rasoletioc io practica than th« Icwlatt- 
Packard apactraa aaalysar vfaao ditplayi«^ ralativaly larga '"equancy raagat, 
and aore positive idaatlfloatloc of radio aad TV statioea at«, with tba oaa 
of haadpbonas. Tha Htwlatt^Packard aaalyaar with praaalactioa to avoid owar- 
load has the advaotaga« oi dlspiayios sianltanaoocly tha dlfftraat ■sfeitoda 
of diffaraat rapotitlon rata palsas; of CTOchroaislag with tha 60 Hz field 
froa tba thraa-p^taa poaar liaa and indicating th« letarferans« value fron 
aaeh phase on « ftiagl« display. Also th« ravaaling of stations or other 
sources bnrlad banaath noise and the recording of short duration changes 
in intarferenea lev«!. 

7.3 The best results, whan using tha EP aBalyrar with the converter, 
start at about 60 kHz. 

7.4 la tha power line haraonic region aeasureaaots can be conveniently 
aade with the Tektronix plug-in unit 1L5 and storage oscilloscope 549. For 
bast results, a asans of attenuation of the hifth value 60 Hz field would ba 
required. 

7.5 Ideally, to obtain quick, accurate, good reaolutlon aef-stsraaents 
of radio interference froa power lines a ccablnttion of aanual, X~Y plots, 
and spactrua analyzer techniques is required. Th« spectrua analyzer chiefly 
for spaed and resolution; X-Y techniques for resolution and station Identi- 
fication; and aanual radio noise nater aeasureaants for checks at particular 
frequansiaa. 

1. "Apple Grove ?50-ky Project - 515-kV Radio Influence and Corona Loss 
Investigations," Z. R. Taylor, U. S. Faktla. and H. Kolclo, IEEE 
Transactions Paper 31 TP 65-150 presented «fe ISXE Winter Power 
Meeting, January 1965. I 

109 

fib&1k>CUlMb"WIMfa 



b^m; 

's® 

a. 

v «^ 4 

c • 8 S O "J * « 

VAl *» >». 

«- I o c 

11 S 

£1   Si   I 

fv 

8 

es» 

c 

> 
«I« 

r^. 

o 

Ä 

■B 

c o 

s      i- 

a? 

Tsj 

E 
3 

I 
«a 

«3. 
>- 
I 
X 

E 

•S 

ac 
I 

.2» 

o 

8P 'dö ^IPtay xm 

no 

WWOSW« 

M^fts^^uyyA. 



...a ...^ä: temsäiSm 

9P 'dö ßuipBay jaiaw 

in 

iw*!a«e^^ f y.« lAnawwü) 



U^iSSSlil» 

c 
-»» 
CJ 
< 

% 1? 
s 
§ et. 
et 

& s 
g 
.y 
*•»■ 

IS r 
® JS 

I 

@P 'dO ßuipeay Jdiaw 

in 

■■v^^^^i^^jÄ^^^aswsieÄp^Bii«.«^*/^.«**!«» 



"""Tii 

U 
% 

i 

1 

s h. 

8 
%. » 
«. 
1 w 
£ 
"3 
V. 

1 •-» 
^ 
«B 

s 
«Ti a. 

g: >• 
t 
K 

"S 
E m >■> 

«< 
£ w 

g 
i 

£ 

.2» 

113 



! 

1 i- r 
I   I 

GO 
t 

55 
o. u 
w a. 

x 3 

N 

5    & 
VA S 

OE   ? 
w   U  U. ^. 
N   N   U 

552 e 
UNO    « 

c 

11 
»   M 

ce — > 
je ~ 

3° a. • 

c 
o 

« 
c - c 
e 
w 
C < 

• 8.  r 

• o 

c 

ta 
C **• 

P4    C 

. <»        J-  X > 

s 
i i 

^ 

■3 r 
w a 
-  IJ 

u  O 

^ ^ "  O 
c' v V C 
O "O 00 ac 

ax e c « St 
U J» l-  > 

— c c 
IB V >-0 

'ü C — « — u « c 
x- 3 I.   C 
— <A «    « 
w * ^J   *> 
i. « a c 
< £ -/ < 

r z 

« K 
C 
c e v a *-> > 
c 
< c o 

I. — 1-3 

11 
— c 
-3-   it 

en 
c 

O 

OJ 

« 

(V 

CM 

c 

< 

c o 
a. 
s> 
.2 

t 
«s 

x: 

c o 
en 

s. 
E o u 
» 

X    & 
s  S 

E 
Z3 

8P 'dO ßuspeey Ja^aw 

c 
w -*-* 
o s a. 

1—« > 
X 
"w 
3) 
Oi 

CM E 
l"~. 
t—l a> 

t/i 

o 
c 
o 
-ü 

©•■ «3 
ir. 0£ 

g 

11.4 



aw 
c 

S 
c o 
o. s, 
.S 

r 

'i 
c o 

s. 
E 
s 
4» 

& 

E 
3 

« 

X 

'S 
E 
a» 

o 

I 

.s* 

115 



-«       8» 

a; 
C 

< 
> 

c o 

.2 

r 

c 

& 
E 
8 
a» 
5s 

E 
3 

-S      & 

ng 

o 
$ a. 
vO >- 

X 
v. a» 
a> 

s E 
a) • W1 

O 
c 
o 

"O 

$ 
IA 1 

r>~ 

cn 
c- 

'do Suipeeij jajaw 

116 

rti 



SP MO 6ü!PW8 J8t8W 

117 

.^^w^^-rw^Äa^^ ^•«»Muwaaii 



rr\ 

c 

< 

in, 

c 
o 
o. 
w o> 

ü 
■c 

c o 
lA 

ft        g^ 

Jr. 
& 

mS 2 c 
IB 

E 
3 
i- 

S i 
csi OL 

V» 

■o c 
«J 

■^ ■s 
*o cs. 
(V > 

X 
^r » -s 

"« E 
(Sj a> *» 

s 
.2 

^ to 
OJ oc 
esi 1 

8 S 

118 

R 
«si 



k 

ap 'dö ßuipeay ja^w 
U9 

C3 



120 

n TrtMHirti i mtUMM - läi^iMiüi ■'■'■-~'-'j;—lifi MM 



k 

8P *dÖ BuiPem J8I3W 

121 

oo E 
f^ • 
f*«l «A 

© 
c 
.9 

« I ot, 
>o ji 

"NJ 

.a? 
u. 

tr\ 
»A 

 .^■■■.:-^;,''-,v-.''S^;-:"^:-.---^-->/,;t-- ■ >.-.  Sttti    ^«W^WWAtfew awwiwiimflwwwuntwfflBiigiBM.MB^^ .^.■....^; w^^111^ffBTInfl||arWll<jn|^ MrTTOjFiwiiiijjiiwjij^^jiJitu 



9 S 
9P  dÖ ßusp^ij *WI 

122 



9 3 

123 



•     oz •    —at     - 

x     tntn «j 
b • o 

N        • 

•9        I IS 

i2 
o 

* 
c. 
g 

yO k. 

2 1 
s 
t. 
0> 

•-•    N 5. 
• 31- 

s 
to 

E 
=» 
k. 
*■* o id 

r». o. 
o (« 

x; 
c 
n 
•s 

*o ex 

s 
X 
'■v. 
k. 
a> 

■— » 
E 

1—1 cu -o i/» 

o 
c 
o 
T3 

■^r 

i»~ 1 
IA 

ir\ 

en 

s 
gp  JOßuipeei) nym 

124 

S 
S 



■mWpVVVPI      ".-U    L>  — -'      " 

-     •     ' ' ' - • 

•■ . •-    • 

* ■<.--■ 

'   .- 
fti 

Ä8 

a 

at    — 0 « S, S a s. 
•       ON* ~9 «- x —      WKW «^ aw W 

I ah Is 11 i 

t i 
gp 'dO öujpfe« »m 

125 



1 



linmawaiB 

< 

c 
o 

J^    % 

o 

E 
8 

n» c 
ia 
E 
3 

-a     & 

1 
>- 
I 
X 

I 
E 
a> 

o 
c 

I 
00 

8P 'dö Buipce« J818W 

a OCVJ 

127 



^„_     _—__, ■    "'.y. 



-J.1 ■!**■.' '   *»«"■'!.■      ■-:—■"-^ • ■' '     • » . I,«^»J ■•» *■■. 

- 
■im 

m 

9 R 
8P 'dO ßüjpiia j«^ 

129 

KHnMWMnpOMMHMBaMlMHHIWi lUaMtMNHIManttMiaNBaBMtt« 



E^-'   S  

o. 

i2 
o 

c o 

E 
8 
u. 
0) a> 

So 
ra Q 

c c o 

a> 

E 

1 

1 
CM 

s S   8    S   8    SB    S 

Mfl zHW/ui/ArtiaAoqv5|e9dap 
130 



rmf&mm 

b 
u 
M >> 
S 

u 

St 

■ 
6 e 

<S o 

IE 

KM ] ad ^ 
wi « « m 
& E 

S o 
»)._    _ 
1» 1- 

X — 
od s 

i- o 
y 

lo xs 
u. ts 

(A 

"Bo   -A 
O ■o • ^— 

*J *— «J 
*> a. £ a> e > 
o  • (O 

X 

o o 
1—< 

c 
a> 

4J k. 
a        — • a> 

f^ 
.    <" 

c 
t5 o .  >o Co 
<o 

21 a 
L.I 8-2 
0 

w o 
■       4J 

k. — 
a> .^ 

1 *ds J^fe 
i.i 

■^^ "■' 

-o II 
? 

\r\ Is 
■o c 
CO 

-o ■s 
>               o iri a. 
1                   u   Ol >- 

a u X 
2 t; t 
U \A a> 

in  C   0- s 1 
«cr 

■o iq  3 q> 
c  c  c ■/> 
IS   c   u 

u 00    «>   U O 
4-i c < c 
9) 
r a< 

^ 
o 

a 
CM  ^      • 
s:   (0 y- - 

oe. i/i «.ii« T» 
»    0 

z 
w u a: L 

0 ■O >   ID Cs! 
Tl         » 

-a o - 
n 4-1    ^      C Ol 
cc ui J- o 

^ o o 
CM 

o-«» 

gp 'dö Suippay jajaw 

131 



15* 
If !!J Is ht 

I 

S 

8 '0 
o 

SI ? *< > — 
C w 

*» o. « 
«8 3 

j-i r. 

» 

>- 
I 
X 

-S 
E 

«     s 
o 
c 

1 
I 

9 S 
ap 'do ßuipwa -»»aw 

o«-^ 

132 



«Mm 

1 a"         .-SK ■■':' 

f 5 IA 

I 
IA 

5S 

N 
i 

i   -• 
• «   >. 

k k c 

a. « ö i- 
*> a. x N 

if ^88 

J< — 

< 

« e 

K 
m m 

IE 

u 9 

U =   V4   C        «I 
52   555   II 

oc: 

0 on 

1 
s 

« 
^M 

o o 

-**     'S 

its        £ 

"•S 
(A 

& 

=!   i 

M 

;    I 
E o u 

si 
5    2 

8 ■o 

V « a: o 
(1 c 
4.1 Si ai 
(1 E 
z 

c <-> 
« « S <^ 

«M CO 
0 z « t 
z z u « 

o 
o w ■«* v a. 4-t 

l-^ ig » 
■o <« *-^ 3 
11 ■o » u C 
or 

'    ■? 
■o «> 
c :   -o w 

i-i S — c 4-1 
tn as J- « < 

« 

C 

1 
>■ 
I 

$ a> 
% 
E 
« 
"5 c 

i"*      J? 

CM 

9 

133 

.»«.;:U«^it,«PL-*J:«r^«.W**SW 



!Wlj!,"JWip»M iwjujjy ■")«!■ Jig.'' tu ■., ..■■i-.-i Jmi»Mi"      11   »_i   mil        .II.JH.»II  ^i   »•..   ,        i "i" 

■1 : 

r 

.Harmonics at 
1 
?   Intarvals 
'r 

II   I   I 
 -7.iitii,9iiiai^ I m mlhjiHhiyiHi^ 

1 
T 

2 
T 

3 
T 

1* 
T 

ill! 
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display of repeated 
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c.w.f. c.i. r*. t/p Coovtrter 
l/p»'tfBy«tor 

An»1y»ar 
UP AttwMWfor 

l.F. 
»andwldth 

1 .f.    1 Sfmctnm 
Cain    1   WidCh 

KT"" 
!60 Wfj J7 dB 10 d3 04$ i*a J «te $0« lOUU/ca 

3 IBMC  tfi 
f   MC/OR 

II M " S0«dtc/<J 
«I «0 Wj " ti •i 

«00 km M •i 3 
l.S am II ii «I II 

^.21 mi II ii «QO mx/cm^ M 
6.K MHz 10 dfl •• t  mr/ra M 

!$ «Hi K MdB it ii          ; 

-. m *- II 1 kHz 3 HMz/cm M 

is mz _ M 100 Mz II Ii                  j 

«MNI _ 11 w ds II II                  i •1 

mw» . II , tl lOHHz/cin »1                   | 

»»«Hz - • l . loo mz 30 HMZ/OI tl 

WO «Hz - ti . 1 MHz Um II II 

«C MHz - " - 1 MHz 70 a •1 ■ 1 ■■i I         i 1 I ■   TW*M. tm w    | 

Table of K. P. 851A/B551A spectrum analyser control settings for C. W. inputs of various frequencies 

10 100 
Sweep Rate, msec per cm 

1000 

Fig. 216-C.W. response of H. P. 851 A/8551 A spectrum analyser for frequencies and control settings 
tabulated/sweep rate 
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Flg. 28      345 kV AC Frequency Spectra 108ft.  froa botton coaductor 
with artificial gap  (2 MHz to 54 MHz); at tower. 
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Fig. 30 345 kV AC Frequency Spectra (0.3 to 9.6 MHz) with 
artificial gap (accompanied by rain some of the time); 
at tower. 
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Flg.  31      525 kV AC Fnquency Spaotrc 110ft.   fro« outalde conductor 
wich artificial sac  (10 Uta; to 2.25 Mlz)i at tower. 
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fig. 32  525 kV AC Fraqusncy Spacers 110 ft. fro« outside conductor 
with artiflcisl gap (2.1 to 80 üffls): at towar. 
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Flg. 33 525 kV AC Frequency Spsctra 110 ft. fro» outside conductar 
with artificial gap (100 MHs to 3.5 GBi); «t cower. 
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Flg.3A  800 kV DC Frequency Spectra (80 to 147 MHz) 69 ft. 
from + conductor; at tower, in rain and fair weather. 
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Flg.35  800 kV DC Frequency Spectra (80 to 147 MHz) 69 ft. 
from + conductor; at tower, In rain end  fair weathar. 
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Flg. 36 500 kV AC Frequency Bpectra (0.27 to 1.87 MH«) In 
fair weather and heavy rain; at tower. 
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Fig,37    525 kV AC    Frequet .ly Spectr« (0.3 tc 2 MB«) with 
and without artificial gap and de-enerjissed; at tower. 
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Flg. 38 + 800 kV DC Frequaacy Spectra (0.3 to 1.96 KHz) ia 
fair weither and rala; at tower. 
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Attenuation of field with Distance for 90 and 15 Feet 
Trananlttlng and Receiving Antenna Heights Respectively 

(50 - 200 Feet). 

Fig. 14   Attenuation of Field fron Fence in the 1 - 10 GHz Range. 

178 

179 

180 

181 

182 

183 

^ 

I 

152 

'' ' ■  '"" "• 



•■ - • 

■ - ^w 

•   •  ■ 

APFLICATIOJ Of AKWm. THEORY TO KADIATIOH 
TOffi F^ffw88^ TiPa f1-" -10-0 aa 

1. Introduction 

This appendix is an extension of Appendix IV Volnae I of previous 
technical report Ho. RADC-TR-66-606, High Voltage Power Line Siting Criteria, 
March 1967. The previous mentioned report used coaputer progran based on 
Norton's General Equation* for a plane-earth to develop lateral attenuation 
profiles for the frequency range frooi approxisutely 0.015 to 1000 MHz and 
the distance range of 200 to 100,000 feat. Depending on frequency and the 
combination of conductor and antenna height, at son* point in dixtance the 
calculated attenuation changed fron the trend of inverse distance to the 
inverse-distance-squared relationship. Measured data showed cooparable 
results. 

In this report the same computer programs «ere used to calculate 
lateral profiles for the 1.25 to 10.0 GHz range. Also, a new computer pro- 
gram was written based on Norton*s equation^ for a spherical earth within 
the line of sight since the transmitting and receiving «ntennaa used in 
this study are classified by Norton as high antennas, and the curvature 
of the earth affects the calculated field intensity both at points within 
and beyond the line of sight. The lateral range of 50 to 100 feet from 
the source was also calculated and studied since field data had beer, ob- 
tained at 50 feet. 

2. Limitations of Norton's General Equation for a Plane-Earth 

Considsring the earth a flat plane, the field intensity of a 
small dipole antenna at distances of several wavelengths is calculated 
by the following: 

[" 3    12'lrrl       3    \2iri:2 
Cos-y 1 e

J ^  • + R Cos y 2 e
J ^   + (1— R) F Cos t 

(See Appendix IV, Technical Report No. RADC-TR-66-606, on computer equation 
development for explanation of this equation.) 

The above equation (hereafter referred to as Norton"a general 
equation) does not allow for diffraction loss due to earth curvature and 
the field strength calculated from it will therefore be increasingly 
higher or more conservative - at particularly long distances. Gerks and 
Norton1 give a rough rule for the distance limit of accuracy for this 
equation as 50/(fL_. )1'^ miles, hence for 10.0 GHz, a distance liml«- of 
2.3 miles. 

* References are given et  the end of this appendix. 
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2/5 
«bra th« rfctiviat «BtMU« is hlfjh (h > 2000/^^ ^ ft.) th* eor- 

Mtat« of tbt «arth «111 aodlfy tht approacSaAtloo* that «n» nonwUy «ade la 
ealcttUtlnt fl«W Intensity both at axaaa within and beyond the line of sight. 
Rortoo state« that at auffIciently large aotenos heights beToad the line of 
slsht the field iataasity ioeressas exponentially with the height rather then 
liaearly as occurs «1th acdit» antence heights, (h <2öOO/fH~ 

2'3 ft., which 
for 1000 Wbt is only 20 fast, «hile for 10 GHs it is 4.3 feet?) 

Within the line of sight, the curvature of the eerth ean still have 
several affects on the propagatloe of radio vavea for high trensaitting or 
recaivia? antennas. The reflection coefficient of the graand-rRfleeted wave 
is different for the carved surface of the earth than for a plane surface. 
Also, since die ground-reflected vave is reflected against the curved surface 
of the eerth, its energy is diverged «ore than would be indicated by the In- 
verse-distance law discussed previously. This energy divergence can be taken 
into account by applying a divergence factor D. This factor has the effect 
of reducing the ground-reflected eoapooent of the space weve, the effect on 
the reflection coefficient being scell for noderate distances. The overall 
result is, therefore, e swaller oscillation of the field intensity «bout the 
free-space value, hut with ■artin and nininua occurring at essentially the 
•aae distances as those if the divergence fector is not included. 

3. aertoo's Equation for a Subericel Kerth (within the Line of Sight) 

When antenoes ere high (1) nust be Modified es follows to cslculate 
the ground wave et points within the line of sight. 

i 

.21fr- /> 
m* +»' Cos" Cos l^ m* +»' Cosy2  eJ 

, ,      ,       .2Trr2 /X I 
I     CP8V2     ^ j 

where 

+ <1 - R') F Coe' 

T«nyf2 >(>/2Tlts) 

(2) 

1/3 

{See section on eooputer equation developnent for explenatlon of this equa- 
tion.) 

The anglesy^ aaili/2   vhich ere the angles between the direct ray 
and a plane and the ground-reflected rey end e plane respectively are 
functions of the heights of the antenne to the plane which ere smaller than 
the actual antenna heights. 

As Norton points out, equation (2) needs to be used in place of (1) 
only for high antennae. It is also restricted to points within the line of 
sight which are the ones of interest. 
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Th« line of «tght distance can Yn  calcuUtsd a«: 

«here R is the effective radius of the earth, and h« end hj «r* the heights 
of the two antenna«. The refractive Index of the air decreases with thc- 
helght above earth, «ilch has the effect of refracting radio waves dovtward 
towards the earth. This effect Is included in th* field calculatlor. by usl^g 
en earth radius larger then the actual, experimental evidence1 Indicating en 
effective radius about 4/3 the actual, or about 5280 alles. 

4. Effect of Terrain and Ground Conditions 

Where propagation Is over a rough surface, oailtlpeth reflections 
occur, especially at the higher frequencler, and the resultant field pattern 
la no longer than that Jetenlned by the combination of the direct wave with 
oi .> reflected wave. For rough terrain, movement of the receiving antenna 
causes large variations at higher frequencies In the magnitude am* phase 
of ground reflections. For high receiving antennas, such as in airplanes, 
the field pattern over mountainous terrain can show a complete absence of 
any Interaction with the ground reflection. 

A reflecting surface may be considered flat If surface Irregulari- 
ties are of such magnitude as not to cause path differences larger than some 
small fraction of the wavelength, and Day and Trolese^ give the following 
limit definition: 

where H Is the height of the surface Irregularities, Xthe wavelength, and 9 
the angle of Incidence. 

For the highest frequency covered by this study (10 GHz) If cos 9 
is taken very nearly equal to 1.0 this definition would limit the height of 
the surface irregularities to something very much less than 0.1 foot. 

For a more detailed discussion of these effects, see Appendix IV, 
Technical Report Mo. RADC-IR-66-606. 
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5. 

5.1 

TU bwic KMtlo« oMd 1* »ortoB'« •qu.tion (28)' for « 
•pfaarle«! «axth 

Spaes HOT« 

Mraet ««v« KOWid-r«£l«ct«d wav. 

Co,^i   .3       l'    +»•    00.^2     .J 
'/> 

Surfac« «*v* 

2      '      ^'2^ + (i - f) r co. v 2   •
J 

loctoa —y* thl« «quatloo 1« llaitad to distance« within the 
line of eight each that 

taafj >(V2W*a) 
1/2 

Th. ^ntltla. *.    d15 d2. r/. r^. h,. ^ h/. h^yx'. «* ^ 
ero a. Indicated la Fig. l;.and^ arethe^vejength^of^he aro aa inaxcmceo «.a n». ., ».  .. 
freqaeeey of interest end the effective redlus of the earth 
respectively. R' Is the spherieal-wavs reflection coefficient of 
the ground, and D is the divergence feetor. 

Fro« Fig. 1, it can he shown that 

cosy, Cosy2 

2Trr U2 

'1.2' 

984.2344 

0.0063838(^)^2' - ASGll.22* 

^S^HSälS^tUieTSr.y-bols used in Colter Frogr.« 
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tany2  »  I    2 -hl 
d 

h '   K * 
t«»^  "  1 - h2 

Solving thtoe equations for d, in terms of known qusntities d, 
h., h «nd ka reaulta in the following cubic equation 

d^ - 1.5 d dj2 ■> 0.5 I d2 - 2ka (^ + h2) j dj + ka hjd - 0 

This has the fora 

y3 + Pj y2 + P2 y + P3 - 0 

By substituting for y the value, Z - 1 
3 

Then Z + aZ + b - 0 

a - 1/3 (3 P2 - pp and 

b - 1/27 (2 P1
J - 9P1P2 + 27P3) 

The real root of interest 

Z ■ - / - a cos A 

where 

cos * ■b/2+ I- ai 
W  27 
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B«cie psnatt«» net a fuactioo of iistaae« used hj Morton «re: 

i 
1 

Cos b     - 

jirr H 
«• indicated by Fig. 2, «haretfia the ground conductivity ex- 
praaaad in adliläho^aatara/atttar aquara and C ia the dielectric 
constant of tht ground referred to air at unity. 

A basic pemater which ia a function, additionally, of distance 
ia given by Morton (see fig. 2): 

1)   Cos b   « X 
JTc - coa2y2' )2 + x2 

5.2 l^evelOBwent of Cceputer gquatioaa for the Reflection Factor E 

Fro« Morton, the reflection factor for a spherical earth is 
given as: 

/    .   Sin^TusssA.]1^   eJ^/4*   ^ 
Lcoa^"    J  

1      (Vertical 
Polarization) 

Sintfj 

l'    -   !^2 

[X cos b    j 
CosV    J 

b/fl l/2   eJ(tT/4 -    -2)   +   1 

,      -J(Tr/4 - b /,)      -    1      (Borisontal 
* Polarisation) 

also 

s^'f^J^.^^-'V    +1 

mjtn/u - b /2)  -  jdr/A - b/2) 
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Use Ccwputcr Prograa Sywbols 
_ » 

IAMFH2      «      tany2 

HD SIH(ÄtAH)TAIIPH2)) 

•ram       -      (11/4 - b/2) - 0.785398 - S 

For vertical polarisation 

*'   -  iiei fiaL CCQS ffHi?A) -f IS^H wmü. zi 
OB)       <XB)        CCOS  (THSXft)  - jSIH (THETA)7       +1 

fi        -      (HD)    (XB) 

, f     (Q COS  (THETA)  -  1)   (Q COS  (THE2A + 1) + Q^IR2  (THETA) 
R        -    Itt  (Q SIH (TIBTA) (Q COS  (TH8X& 4- 1)  -  (Q C06  (THETA) 

(g COS (THETA) + I)2 + Q2 SIH2  (THETA) 

*'      -      Q2 COS2 (THETA)  -  H- Q2 SIN2 (THETA) ^ 1 20 SIH tfgTA) 

Q2 COS2  (THETA) + 2Q COS  (THETA) + 1 + Q2 SIH2  (FiETA) 

- (92 -  1) -^ 129 SIH (TgTA> 
(Q2 + I) +    2Q COS  (fHETA) 

The real part of the mmerator is then 

RR     "      (Q2 - 1) - 2S - 1 

the imaginary part 

M      -      2Q SIH (THETA) 

and the deurmlnator 

RDBH    -      (Q1 + 1) + 2Q COS  (THETA) 

- QS + 1 + 2Q COS (THETA) 

for horizontal p' iarisatior . 

2D        -     SINy2 

J 

XB 
f '11/5 Cos b      l'« 
L      X     „ 
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ii -i        ■        -i        • 
b - 2b   "b   - 2 Co*      (Co* b ) - CO«      (COS b ) 

5.3   KaiMtloM for ComtHfnt» of Wve 
I)   Pliyyey yfvf 

^•Vl     o32"""'!^-   Cot^j      (Coi 
2Tfr. Zlfr. 
-^4-   + J Slo —je1-) 

flWCR - (jlf)3      008 2'^rl      -   WS   ^    Co.  (AMGU) 

i 

WCl - qjjj;)3     SHI 2^gl     -   BK   «   81n (AHCll) 

2)    Ground R»flactloo 

RDBH 
(Co. 2TrT2     + J Sin ™*U 

TV > 

Co.^2      •   COS (AIM (TAMPS2)) 

Co* to 2    -   ifiQQä 

i 
2Tr2        •   ÄNG22 
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I 
■ * 

(SUE (G0PH2)  (SC0FH2) 

Seel p«rt of ground reflected weve - (SCR 

- GRK (HR COS (AMS2r.) - RI SI» (AMG22)/KDBM 

laaglnary part of coaponent 

■ OXH 

- GRK (RR Sin (4*522) + RI Cos (A1IG22)/RDEH 

Include Divergence 

Then (SCR ■  D^VF (GROl) 

anJ CatCI  ■  9IVF (GSCI) 

fbe prograa haa also been written with the option of letting 

DWK      -  C0PH2 - SC0PH2 - 1.0 

The surface wave attenuation factor (F) !• the sane as used In 
Horton's General Equation for a Plane-Eart^. ^a surface wave coaponent Is 
also the saas except for the use of Costt^ > R » and AII622 as developed In 
this «action (See Appendix IV, Technical Report No. RADC-TR-66-606, High 
Voltage Power Line Siting Criteria). 

5.4 Total Field Factor 

The total field at some distance then becooes the vectorla1 SUB of 
the real and ioaginary parts of the three conponents: 

Sum of real parts 

SUB of iaaginaiy parts 

« R » EWCR + GRCR + SDR 

- Ü - DWCI + GRCI + SWI 

The magnitude of the total field factor is then 

»2  „2 T + Ü 

Or, calculated in decibels is 

FIELD 10 log10 r + Ü*) 
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n» ratio of ttM flold lat«wlt7 «* « «1»« dl«t*BC€ ia chat of ftM 
at « Mit dlstaae«, or L, for «wek pelarisatioa ie 

■     mis - 20.0 log     D 

Thi« «il«» i« priatod mt for beriaentai and vartieal dipola along with D, 
01. HCC, BU, OWP, ttSHD aod 00102. 

0. Ooacriptloa of Caapator Prograse for Field Stvaagtoa at « Diatanco of 
Soraral «awlaMtha  

The coapoter programs aaad in the previous report were slightly 
awdified for ttae on the Control Data Corporation 6600. These programs 
aeaa—d the noise source to be an elevated transaitter and only a single 
phase conductor of the puwer line and its Image are considered. The equa- 
tion utilised «ere for the electric field. 

6.1 Frograa Using Norton's Equation for Spherical Earth (Within 
Line of Siahrt - Ptatance Variation  

This program calculates the vertical and horizontal fields vithin 
the line of sight over a spherical earth. The noise source is considered a 
vertical electric doublet and a vertical magnetic doublet for the vertical 
and horizontal field calculations respectively which includes the cube of 
the cosine of the angle (cosine^ , and cosine^ in th* ««Her descrip- 
tion). The program also «ill calculate the fields with the cosines equal 
to one. 

The following input cards with their respective format must be 
specified for each ease. 

lc Title card (any title of 71 characters or less; first 
space a blank). 

2. Card specifying: 

a. Conductor height in feet« 

b. The receiving antenna height above ground, 

e. Frequency in MRs. 

d. The dielectric constant, and 

e. The ground conductivity in ailli-mhos per meter or 
millimhomcters per square meter. 

The Fortran format for this card la as follows: 2P5.1. F9.3, 2F7.1. 

3. Card specifying: 

a. The starting distance (do not start with zero) in 
feet. 
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b. The eadlng dlatance la feet. 

e. The dlsteiwe incrahent la feet. 

d. A Tläg" character. 

This card has a format of 3F8.1, T6. 

If the character 1 Is inputted for Itca (d), the prograa «111 set 
the cosines equal to one. If item (d) Is left blank, the prograa will use 
the cosines cubed. 

7. Description of Coszputer Calculated Attenuation Curves (2(v) to 
100.000 Feet. Plane-tarth) __—______«______ 

Figures 3 through 8 are calculated distance attenuation curves for 
frequencies fro« 1.23 to 10.0 GHz fro« 200 feet to 100,000 feet. Attenua- 
tion «as calculated for vertical and horizontal antennas using Rorton's 
general equation (Cos-V i «nd Cos3^ £oT  ditect and ground-reflected 
waves respectively). A ground dielectric constant of 30 and a conductivity 
of 20 ailliahaaeters per «etersquare uas assuaed. See Appendix IV, Techni- 
cal Report Ho. RADC-TR-66-6C6. 

These curves «ere plotted as in the above awntioned report; there- 
fore a trend line was drawn along the crests of the «axinn points. This 
line which is labeled "approxiaate" follows this inverse distance relation- 
ship and has been used in the attenuation curves froa 200 to 100,000 feet. 
Thus, values for any given curve aay be below this "approxlaate" base value 
at 200 feet, but the aethod is aore appropriate for establishing attenua- 
tion over the range of distance. 

At these frequencies and for these distances, the difference be- 
tween the calculated vertical and horizontal fields wss insignificant; there- 
fore Figures 3 through 8 are for both vertical and horizontal polarization. 
Depending on frequency and the combination of conductor and antenna heights, 
at soae point in distance the calculated attenuation changes froa the trend 
of inverse distance to the inverse-distance-squared relationship. The 
curves are, therefore, an aid in deteralning where this change takes place. 

8. Description of Coaputer-C ilculated Attenuation Curves (200 to 
100.000 Ftet. Spherical Earth. Within Line of Sight)  

Figures 9, 10 and 11 are a coaparlson of calculated distance at- 
tenuation curves assuaing a plane-earth and a spherical-earth for 1.25, 
5.00 and 10.0 GHz. Figure 9 is for a transaitting and receiving antenna 
height of 90 feet; Fig. 10 is for s transaitting and receiving antenna 
height of 90 and 15 feat respectively, and Fig. 11 is for a transaitting 
snd receiving antenna height of 35 and 90 feet respectively. These heights 
were picked as typical of what nay be encountered in practice. 

The curves as calculated for a spherical earth do not vary froa 
those calculated for a plane-earth until about 4000 feet where the attenua- 
tion la faster than the Inverse distance squared relationship. The curves 
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that the d«sv9« of «ttcaactlon depend« upon freqatney and «ntenna 
A* •itbnr freqaaney or «stonu helstat la Incraaaad, the «ttenua- 

Hea «tU be greater Wyo^ the dietaoee «iiore the Inverse dlatanee 
reUtioMhip ehansas to SOIM sfrher relationship. 

Rortoa'» osiaatloo for • apiMrlcal tarth, of course, aammes a per- 
foot aphere «ith nniforo ground cooatants. In practice, at these oiccowave 
frofoenclea, tfee effect of the terreln baa a treaendona effect on the eal- 
otleted value aa no« discussed in section 4 of this appendix. The theory 
will glee average fields encountered in practice. A conservative preetice 
would be to ose the plane-earth cclculetion. An even «ore conservative 
proctice «oold bo to use the inverse dlatanee relationship and thla is 

Deaeriptioo of Coopoter Calculated Atteaoatloo Curves (50 to 

ajusiü  
If die tranaaltting end receiving cntenna ere the saae height above 

I, the celculeted ereet velues of field strength (Norton's equation)1 

«111 attenuate as the inverse dlatanee relationship for the dlatanee range 
of 50 to 200 feet. Since the Coe^y j tern la a function of the difference 
in antenna heights, the curves «ill tend to seturate in this range, the de- 
gree of seturetion dependent upon the difference. See Fig. 12. The Cos^y | 2 
terns are a result of the type of trenaoltting antenna that Horten uses to 
develop hie equation, e vertical electric doublet for vertical polarization 
aui a vertical nagnctic doublet for horlsontel polerlsetlon. 

The field data obtained with the S/lft-lnch gep attenuated as the 
inverse dietaoee relationship. By setting the Cosines equal to 1.0 Norton's 
«quetlon »ill give e sinilar relationship. Figure 13 »how» this result for 
both the vertical and horisootel dipole end for CosV 1 2 wlth transnitting 
end receiving entenne heights of 90 and IS feet reepectively. 

Based on the field data obtained in thla atudy, if neasurenents 
are oado SO feet leterelly fro* e gap, the data should be corrected to other 
distances a« the inverae dlatanee relationship. 

1. K. A. Bortoo, "The Calculation of e Ground Have Field Intensity Over 
e Finite Conducting Spherical Earth," Froc. IBl. Vol. 29, pp. 623-639, 
Daceober, 1941. 

2. I H. Gerka, "Dee of e High-Speed Computer for Ground Wave Calculations " 
fll Tran«, on ^u^emtas and Fpopegation. Hay, 1962, pp. 292-299. 

3. J F. Day and L. G. Trolese, "Fropegetlon of Short Radio Haves over 
Desert Terrain." Froc. IBB. Feb., 19S0, pp. 163-175. 

4. Stenderd Matheawtlcel Tables, (book) 11th ed., Cheadcal Rubber Publish- 
ing Coopany, 1957, pp. 344-345. 
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FORTRAH Statenwat« 

For 

Radiation Propagation Calculatlona 

Morton Equation 

Spherical Earth 

Distance Variation 

(Within Line of Sight) 
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*   

Antenna Heights 
Transmitting  Receiving 

A       90ft 90tt 
B       60 40 
C       35 90 
D       90 15 

50   60       80   10G 150 
Lateral Distance, ft 

200 

Fig. 12-Attenuation of horizontal field 
with distance (calculated using cos3^ 

and cos^ijU 
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16 r- 

9 
•mm <** 
3. m 
oc 
c o 

c 

Horizontal Dipole 
Vertical 

cos^= cos\|i2 = 1.0 

50  60 
90  % 

80 
110 

100 
125 

150 
168 

200 Lateral Distance, ft 
214 Radial Distance, ft 

Fig. 13-Attenuation of field with distance for 90 and 15 ft 
transmitting and receiving antenna heights respectively 
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A??ooix in 

BIBLIOGSA??:- 

Tbl« foll-iw» oa fro» th* pr*?ioas ^oatract on High 7olt«gt Povet 

Lir« Si'.iag Criteria vher« Dfl aeasurrsaects were »sade 1^ the fre^siency ratine 

of 63 S* to I CAz fro» ac high voltage pover  itne» to 345 kV.    The nev con- 

tract calls for lKv*rferer«ce studies  to * frequency of 10 Gär oc &c lines to 

?35 W and an 800-kV dc  line. 

The  literature is divided into two sections as  follows: 

1>    MicKouav« Measciring InstrunÄnts and Techniques 

II.    High VC'ltege ac sod dc Power Lines - Radio Hoise 

and Associated Data , 

Note:    Many papers covering measureinents related to dc 

lines «nay be found on the previous contract 

Bibliography. 

RADC-TR-66-606, March  1967. 
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I.    »üer.TgäT« Hfca«artnc Xsjlrjcen?« «ad Teccnlc.'gg 

■ 

I.    St«odlag y«ve Setoctloo la «c STI 
LaboTAvory 

Cory, W. E. 

Tbs properties of : ? «bscrber Bacerlcls 
«re diseutied and oMsuraaent techniques 
in relation to absorber quality reviewed. 
A general purpose SPI Laboratory is de- 
scribed wicMa which standard RTI isea- 
suring e<tuipsent covering the 1 to 10 GHz 
range is used. The receiver generator and 
cfillbrated antenna used are listed with 
wtnufacturer's n? . . 
A straightforvarc technique for evaluating 
the perforndnce of absorber material is 
described and in the laboratory used as 
effective background reflectivity of about 
4% frocs 1 to 10 GKz was messured. 

IEEE TrsnsacUons on 
Electroaagnctic Co«- 
patibility. Vol. EHC7 
Ho. 1, Karch 1965. 

3. 

A New 10 GH2: to 40 GHz R?I 14easaring In- 
sfruaer.t 
Currans» J. K. 

In vlev of the increasing use of ths  X band 
(8.2 - 12.4 GHz) and Ku band (12.4 - 18 GHzO 
etc.,fur cossüunlc&tions and radar the range 
of the Stcddart NM62A,. (1 to 10 GHz) RFI tssea- 
suring instrument has been increased. This 
is achieved by use of the »IC-1040 Micro- 
wave Frequency Converter enabling RFI mea- 
surements to be made from 10 to 40 GHz. A 
description of the converter is g^ven. 
Three tuning modes are available: Manual, 
Autoscan and Sweep. X-Y records of frequency 
spectra may be made with manual or automatic 
drive of the X axis and the sweep mode may 
be used in conjunction with an oscilloscope 
to obtain a panoramic displey of a frequency 
spectrum. 

A DC Triggered High-Speed High-Power Micro- 
wave Spark Gap Switch 

Farber, H. 

A Method of switching pulsed RF power up 
to 60 kW peak in the 5 GHz range! is de- 
scribed. 

IEEE Transactions on 
Electromagnetic Corr- 
patibility. Vol. EMC7 
Ko. 2, June 1%5. 

IEEE Transactions on 
Microwave Theory & 
Techniques. Vol. M77/13 
Nc. 1, January 1965. 
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■«?«*> 

This is achieved ky means of a ^park gap 
»wl*ch triggered by dc pulse of  10-15 kV 
aoplitude with a rise time in the order of 
5>]S« 
Physical dimensions are snail as it consists 
essentially of a S/'32'! diaoeter trigger 
«tphere between two 3/8 inch diaseter heini- 
sphereo wichln a section cf waveguide. 
May be adaptable as nicrow ve reference 
source  on HV Power Lines   triggered by 
line  volts as  Instrusacnt  check. 

4.    Radio Te'escopes 

Findlay,  J. W. 

Describes various types of Radio Telescopes 
Chat have been built and tested. 
States general frequency range from 20 MHz 
to 10 GHz. Table given lists the available 
power fluxes of soese typical radio sources. 
With good radiometers it is possible to de- 
tect with reasonable certainty powers of 
10 ,-23 #/cps. 

IEEE Transactions on 
Military Electronics 
July/October 1964, | 

: 

5. Microwave Engineering 

Ishil, T. Koryu 

6. Predicting the Antenna's Role in RFI 

Jacobs, E. 

Discusses antenna characteristics such as 
gain, impedance and radiation pattern. 
The near and far field regions of operation 
are mentioned and it is noted that the near 
field region requires more study with the 
trenc, toward larger antenna sizes.  It is 
Important to consider that due possibly to 
small dimensional changes antennas of the 
same type may have different minor lobe 
patterns. 

7. The Determination of the Usable Field- 
Strength of Frequencies above 470 MHz over 
Irregular Terrain 

Kühn, V. (not abstracted) 

A brief 'ascription of UHF field strength 
Investigations in the East German Republic 

Ronald Press Co, 
New York 1966. 

Electronic Industries 
May I960 

Nachrichtentechnik 
(Germany) Vol. 15, 
No, 5. 161-6 (May 
1965) 
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i»  predated, ustertskes <t 43 »its» «t 
xi$tly tvo «pot  frecuescle«  (4£0 cod 780 
MBs),  »upportcd by aaa»,  height profilea 
*ad  field  strength plots-    Th« result» 
indicate  thst ths memttivtd field strength» 
lo moaataiaos»  terrain departed c« ouch as 
by 30 a? frost the Stuckfaola CCUL curves. 
At 780 KEs OB iverage,   they were down by 
10 dB in ths rouiitainj sod 3-4 dB in the 
hilla.    It vas else found chat the CCIS 
nethod of testing by the tceled-dovn 3-16 fa 
■ethod yield« too pcsstgsistlc result», end 
aoxe realistic tects at full aerial height« 
are to he preferred. 

Investigation of Spectrum Signature In- 
strunentation. 

Metcalfe,  E. E. 

IEEE Transactions on 
Electroossgnetlc Co»n- 
patibtllty.    Vol.  EJC? 
June 19S3 

I 

Calibration and comparison of the power 
measured by various RIFI meters and spec- 
trum analyzers.    Experimental data verifies 
the derived theoretical relationship be- 
tween the pulse power input to a receiver 
of finite bandwidth and a substituted CW 
signal.    The RIFI meters were the Polcrad 
Model FIM-2; Empire Model NF-112 anc  Stod- 
dart Models NM-62A and AN/URK-42 and  tht 
Spectrum Analysers,  the Polorad Models 
AN/UPM-84 and TSA-F; Lavole Model LA-18A 
and Hewlett-Packard Model 351A/8551A.    Mea- 
surements were made of various width pulses 
and the actual spectrum obtained on the 
Hewlett-Packard Spectrum Analyser for a one- 
microsecond pulse  is shown.    Results  indi- 
cate that data from different bandwidth 
Spectrum Analyzers may be correlated. 
Measurements uslrg three different RIFI 
meters by each of ten different opera- 
tions are tabulated.    It Is concluded 
ehat present calibration techniques in 
the EMC  field are inadequate and  extreme 
care be taken when specifying Instrument 
parameters.    Also there Is need for the 
power per unit bandwidth equations  in 
MIL-STD-449B to be reconsidered. 

9.    Technique  of Microwave Measurem-'.nts 

Montgomery, C. G. 

MIT Radiation Lab Series. 
McGraw-Hill Book Co., 
1947. 
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::-. AlrSor^e l^ÖAt Sl| 
•yreaeat* 

il Dt^tlty Mea> IEEE   TT«fi««CClOQS   OQ 
!-«dic FrsqccsCT Inter- 
ference, Jen« 1963 

Myer», a. A. 

A stuey VSB 'jaderukes to develop a reli- 
able sethod for predicting the environ- 
meatrl laterfereoce coadltloae due to 
aableoc radar  energy la a parti  ular 
area. 
n-.» pteälctloo« sad« for radar dense 
ares« oi D&ft were verified by actual 
■eatateaents.    These aes8ur«s«nt8 were 
■cde in a •eri«« of flights over the 
^reas la questioo atiag a receiver of 
-70 dB« resistivity and 20 MBz bandwidth. 
Graphs of pulses per second frequency 
(I. and S bands) are presented. 

11r    Friaclples of Radar 

Relntjes and Goate 

12. The Futurs of EMC Instruaentatlon 

Sproul, R. W. 

Present EMC Instruaentatlon is re- 
viewed in particular with reference to 
frequency domain and time domain mea- 
surements. 
I.tstrument performance and characteris- 
tics are discussed. 
Future needs are outlined especially the 
use of time domain analysis of inter- 
ference in view of the Increasing use 
of digital conmunicatlons. 

13. Analytical Prediction of Electromagnetic 
Environments 

In view ct the present development rate 
It is expected in the near future that 
radar pulses in excess of 10 MM peak power 
and receiver sensitivities In the order 
of -110 dBm will exist which will further 
Increase Interference problems. 

MIT Radar School Staff 
Third Edition 
McGraw-Hill Book Co., 
1952. 

IEEE Transactions on 
Electromagnetic Com- 
patibility, Vol. FMC7, 
No. 1, March 1965. 

IRE Transactions on 
CoaBtunicatlons Systems, 
June 1961. 
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14. 

Tbif paper diseusset progrunet In USA «ad 
JJt eoaecroiag Elcetrocugnetle Compatibility 
aod prediction of «leetroMgostle environ- 
ment«, etc. 
In «11 case« ittheoattcai laodel« are de* 
v«loped for solution by digital computer. 
Gives exasple of histogram relating the 
mutber of receivers jananed by mutual in- 
terference to the probability of this 
occurring in a desire signal complex. 

A ^eodbook on Methc^s and Procedures for 
Automating R?l/EMI Measuretaents 

White, D. R. J. 

White Electromagnetics, 
Inc., Rockvllle. Maryland. 
Library of Congress Catalog 
Card No. 66.26617. 

15. New Electromagnetic Compatibility In- 
strumentation and Measurement Require- 
ments and Techniques 

White. D. R. J. 

Discusses measurement «csuracy and mis- 
leading definitions. Probable instrumenta- 
tion errors are listed. New RIFI instru- 
ment needs are discussed together with the 
various responses of X-Y recorders. 
Antenna pattern measurements using the sun 
as a signal generator and the conduct of 
electromagnetic site surveys are reviewed. 

IEEE Transactions on 
Electromagnetic Cotn- 
patlblllty. Vol. EKC7 
No. 2, June 1965. 
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II. High Voltage ac and dc Power Lines 
 and Associated Data 

Radio Noise 

1. Corona-Lose Characteristics of EHV* 
Transmission Lines Based on Project 
EHV Research 

Anderson» J.G., Baretsky, Jr., M., 
McCarthy, D.D. 

Since 1960 the corona-loss charac- 
teristics of a variety of extra-high- 
voltage (EHV) transmission-line con- 
figurations have been under study at 
Project EHV (1), (2). This paper 
presents results from the analysis 
of corona losses «ue&sured under all 
weather conditions experienced dur- 
ing 2-1/2 years of observation of 
single or bundled conductors at 500 
or 700 kV. In addition, corona 
characteristics are presented for 
switching-surge transients and 
severe steady-state overvcltages. 
The purpose of this paper is: (1) to 
sutomarize some of the statistical 
aspects of fair- and foul-weather 
corona-loss observations for the 
configurations studied, and (2) in 
terms of electrical and meteorologi- 
cal parameters, to describe an equa- 
tion for corona loss on EHV lines 
that Is in a form directly applicable 
by transmission engineers to EHV line 
design. 

2. Prog «s Report on BPA HV DC Test 
Line Radio Noise and Corona Loss 

Bailey, Burt M. 

Power transmission of high-voltage 
direct current  (HV dc) by overhead 
lines presents a new concept with 
which the Industry has had little 
experience.    Radio noise and corona 
loss values were recorded on a full- 
scale test  line and  statistically 
analyzed In relation to prevailing 
weather conditions.    Comparison was 
made to radio noise readings taken 
on a nearby ac line.    Results cover 
the analysis of approxl-tu'tely six 
months'  data. 

i91 

Paper 31 TP 65-700, IEEE Trans- 
actions on Power Apparatus   and 
System«, Vol. PAS-85, Ko.  12, 
December 1966, pp.  U96-1212 

Paper 31 TP 66-403,  IEEE Trans- 
actions on Power Apparatus and 
Systems, Vol.  PAS-86, No.  10, 
October 1967, pp.  1141-45. 



A. 

Alternating Current Corona in Foul 
Weather II - Below Freezing Point 

Boulet, L.. Cahlll, t,,  Jakubstyk, 
B. Jim 

?h« Mebanlam of ae corona caused 
by the presence of ice particles is 
shown. Two kinds of precipitation 
are distinguished: the snow-like 
and hail-like foros. Conditions 
of tnowcover formation on trans- 
sdesion-llae conductors are analysed. 
This cover oay resul*: in the highest 
corona energy losses, caused mainly 
by steady pulseless corona in the 
positive and Trichel lapubes in 
the aegative, half-cycle. No stream- 
ers are reported from the snowcover 
by conductor voltage gradients of 
less then tO kV rms/em. Streamer 
discharges and high radio inter- 
ference ere caused by impinging 
snowflakes end liquid or frozen 
waterdrops on the conductor sur- 
face. The results of laboratory 
tests confirmed field investiga- 
t'-^ns on the Hydro-Quebec 315-kV 
t nsmlssion system. 

Effect of Station Radio Koise 
Sources on Transmission Line Noise 
Levels - Experimental Results 

Davey, Jack, Deloney, H. L.» 
LaForest, J. J. 

Xnown sources (gaps) of radio noise 
(RI) generation were applied to a 
tranamission line close tc a station 
and the resultant tranamission line 
RI levels were monitored. Measure- 
ments are in good agreement wich 
calculated values. Measurements 
of station impedance were made. 
RI gaps were found to be stable and 
operated as constant current gen- 
erators yvtv a wide range of load 
impedance. 

Paper 31 TP 65-80P, IEEE Tranc- 
actlons on Power Apparatus and 
Systems, Vol. PAS-85, No. 6, 
June 1966. 

Paper 31 TP 66-490, IEEE Trans- 
actions on Power Apparatus and 
Systems, Vol. PAS-86, No. 8, 
August 1967, pp. 1007-11. 
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5.    WeA^ii UOO-kV Direct Curreat Teit 
Project:    II   Radio Interference 
and Corona Losa 

Gebrig, E, J. 

Radio interference and corona loss 
was Investigated over a one yerr 
period from bipolar (*550 kV) and 
monopolar de test lines of 1.3 to 
4.2 milas In length. Influence of 
line constructiont conductccs, fre- 
quency and weather were studied. 
Radio infltie! j« found to be similar 
to ac lines jaaicer)t for precipitation 
and wind effect«. Al 50 dc radio In« 
fluence exerted less disturbance to 
radio receivers than ac for the 
same signal to noise ratio. 

6. Modes of Corona Plschsrges in Air 

Glao, Trlnh ft.,  Jordan, Jan B. 

Corop* discharger in air exist under 
several distinctl»! forms, either 
pulsative or stabia. The properties 
of different coroc^r modes are analyzed 
as they appear in s cylindrical dis- 
torted field. Differences between dc 
and ae excitations fire emphasized. 
Corona discharges my  produce energy 
loss without detectable radio roise 
or high noise at lav  energy loss, de- 
pending upon their £.>rm of appearance. 
The different withstands of asymmetric 
gaps under different polarities also 
find their explanatiot* in corona mech- 
anism. 

IEEE Transactions on Fewer 
Apparatus and ''vstems. Vol. 
PAS-e6, Ho. 3, «arch 1967 

Paper 31 C 44-A, IEEE Trans- 
actions on Power Apparatus 
acid Systems, Vol. PAS-87, 
No. 5, May 1968, pp. 1207-15. 

7. Right-of-Way and Conductor Selection 
for the Allegheny Power System 500-kV 
Transmission System 

Guyker, W. C, O'Nell, J. E., Hlieman, 
A. R. 

The Allegheny Power System 500-kV 
tranätnlsslon system has been designed 
before cemmercial SOO-kV lines have 
had any service experience. To 
achieve an optimum design, studies 

Paper 31 TP 65-812, IEEE Trans- 
actions on Power Apparatus and 
Systems, Vol. PAS-85, No. 6, 
June 1966, pp. 624-32. 
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««re sterforaed ia all «rsss,    TäIS 
p«p&t |st«ss&,:s the results of ttvr 
Stäiäf of right-of-way width and 
e.oa<iuc£or sis«.    The line was de- 
«igsed to bm cmpatibie with exist- 
ing ffp» S (54 siB) scadio ststiea 
atgasl l«¥sls aad ske aiaifflsj» COR- 
ductor »i«ffi asiS right-of-way width 
(200 fest) -»er® selected based on 
compsiativ« data item op«iratia§ and 
test facility liass.    An economic 
evaluation of a muaber of eatisfas- 
tory conductor systsass {2-, 3-, «ad 
4-conductcr bundles) was made result- 
ing in the selection of e 2-cotidue- 
tor bundle of 1.681-iBch ACS^l condc- 
tors  for this system. 

Tennessee Valley Authority's Radio 
Intarfei-erce Experiences an 500-kV 
XraasäBiPslon Lines 

Hartley, James W,j Smith, Robert T. 
Dobson, Herbert I. 

Paper 31 TP 67-455,  IEEE Trans- 
actions on Power Apparatus and 
Systems, Vol. PAS-87, No. 4, 
April 1968,  pp.  903-11 

This paper describes a two-ysar in- 
vestigation of radio interference 
(RI)  levels in the vicinity of 400 
miles of operating 300-kV trans- 
mission lines.    Discussions are 
given of instruments, antennas, and 
types of surveys;  the design and 
development of RI monitoring sta- 
tions; and comparisons of the 
relative merits of various sup- 
plementary items.    Results from 
RI profiles, RIV measurements,  and 
monitor station recordings are 
analyzed and presented along with 
brief discussions of signal-to- 
noise ratios and evaluation of 
TVA's traasmission line design and 
construction techniques. 

Insulation Requiremerits, Corona 
Losses, and Corona Radio Inter- 
ference for High Voltage dc Lines 

Hylten-Cavallius, N. 

Discusses at length the problems 
of insulator pollution arJ gives 

rapet 63-998, IEEE Transactions 
on Power Apparatus and Systems, 
Vol. 83, May 1964,  pp.500-08 
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details of tests ova? a two year 
period on both ac and dc. Dasirable 
features for good dc insulators are 
outlined. Radio interference on dc 
lines is due to corona pulses on the 
line, partial discharges on insula- 
tors and by pulses occurring at the 
ignition of the valves, being trans- 
mitted via the 3%itchyard to the line. 
Mentions Radio Interference raeasure- 
ments in the extreme high frequency 
range; 30 MHz to 1.5 GHz. Measure- 
ments carried out on a 30 m long test 
line at 250 kV dc with positive po- 
larity corresponding to 2.9 cm/kV 
on the insulators. Instrument used 
was a radio telescope at a distance 
of IOC to 200 m and no significant 
radiation was recorded from the line 
in foul or fair weather. During bad 
weather the insulator chains radiated 
about 10"-^ watts/Hz period of the 
receivers bandwidth in the whole fre- 
quency range. 

10. Corona Losses, Radio Interference        CIGRE Paper No. 407, 1964 
and Insulator Requirements for HV dc 
Lines. Studies Regarding Insula- 
tor Interference for Frequencies 
between 30 and 1500 MHz. 

Hylten-Cavallius, N. 

Describes measurements of radio in- 
terference and corona losses carried 
out simultaneously on HV dc lines. 
Monopolar to 1000 kV and bipolar to 
-350 kV. Details are given on in- 
sulator choice and long term pollution 
tests. 
Results are tabulated regarding radio 
interference measurements from line 
insulators for frequencies between 
30 MHz and 1.5 GHz. These measure- 
ments were carried out on a short un- 
loaded test line by Orsala Space Ob- 
servatory; a division of the Research 
Lab of Electrophysics, Chalmers' Tec- 
nical University, Gothenburg, Sweden. 
A radio telescope was used and the 
insulators found to radiate on an 
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•vtrage 10 5 w/H«. Silicon treat- 
«•nt of Insulators was found to re- 
duce radictlon by about 10 dB. 
It la concluded that since In high 
••naitlvlty radio aatroncsy work the 
flux density of radio frequency in- 
tarferance should not exceed lO"26 

w/Hx/m^. Than Inaulater radiation 
■wkea power line« a potential source 
cf disturbance for radio astroncay 
observations And  space cotnsronic-s- 
tlros at distances closer than 100 km. 

11. Correlation of Various El Meters 
and Reading Coraparlson of 7.1 Meter 
Operators on a 735-kV Line 

This paper describes the results 
of a study, sponsored by Working 
Group No. I  of the RI Subcossaittee, 
on Hydro-Quebec's 735-kV line. 
Various RI measuring techniques 
were used in obtaining frequency- 
spectrum and lateral profiles. 
Radio noise measuring locations were 
studied and compared with measuring 
practices for determining statistical 
RI levels of operating EKV lines. Com- 
parison between different RI meters 
has indicated that in the broadcast 
band the Stoddart NM20B reads 1 to3 
dB higher than the Siemens. An RI 
measuring test among 14 meter opera- 
tors indicated the "human" error to 
be plus or minus 2 dB. Nighttime 
visual corona was observed and dis- 
cussed. 

12. A Laboratory Study of the Effects by 
Wind on dc Corona 

Khalifa, M. M. 

The corona vs wind characteristics of 
dc lines having in one case discrete 
metal projections from smooth conduc- 
tors and in the other, stranded con- 
ductors were studied using two labora- 
tory models. The model with projec- 
tions had wind speeds up to 15 mph 
across it from blowers whilst the 
other model was used in conjunction 
with a 15 foot wind tunnel and wind 
speed up to 50 mph. 

mm 

Papei. 31 C 44-B, IEEE Transactions 
on Power Apparatus and Systems, 
Vol. 2AS-87, No, 5, May 1968, pp. 
1249?1259. 

IEEE Transactions on Power Appara- 
tus and Systems, Vol. PAS-86, 
March 1967, No. 3. 
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13. Study of Overhead Ground Wires 
for dc Transmission Lines 

Khalifa, Mohamed M. 

The Influence of overhead ground 
wires on the corona losses, RI, and 
telephone Interference of dc lines 
was studied« Corons losses and RI 
were measured on a full-scale bi- 
polar test line. Corona losses 
were measured on laboratory odels 
of monopolar, homopolar, and bipolar 
lines. Telephone interference levels 
were calculated. Experimental and 
calculated results are presented. 

14. Radio Interference from the First 
735-kV Lina of Hydro-Quebec 

Lacroix,ReaI and Charbonneau, 
Hulbert 

Results of radio interference (RI) 
level measurements on the first 735-kV 
line of Hydro-Quebec are presented. 
The cumulative relativ«: frequency of 
RI levels for the period from Octo- 
ber 1, 1963 to July 17, 1966, is 
studied. An approximation of this 
curve by three uniformly distributed 
meteorological conditions and the 
distribution curve of absolute humidity 
are presented. An ensuing equation 
for the evaluation of RI levels in 
terms of temperature and relative 
humidity is included. The rate of 
change of RI levels with the maximum 
surface gradient on the conductors 
is reported. Frequency spectra and 
Isteral profiles measured at mid-span 
are shown. The evaluation of RI levels 
using a published method is also illus- 
trated, 

15. Radio-Noi.se Levels of EHV Transmission 
Lines Based on Project EHV Research 

LaForest, J.J., Beretsky, Jr., M. 
and MacCarthy, D. D. 

The results of three years of experi- 
ments and theoretical research on 
transmission-line radio noise at Pro- 
ject EHV are presented. Computer 
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Paper 31 C 44-D, IEEE Trans- 
actions on Power Apparatus and 
Systems, Vol. PAS-87, No. 7, 
July 1968, pp.  1648-56. 

Paper 31 TP 67-435,  IEEE Trans- 
actions on Power Apparatus and 
Systems, Vol.  PÄS-87,  No. 4, 
April  1968,  pp.   932-39. 

Paper 31 TP 65-706,  IEEE Trans- 
actions on Power Apparatus and 
Systems, Vol. PAS^SS, No.  12, 
December 1966,  pp.   1213^30 
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p^ogr^u v«r« developed is  process 
tht data  on a statlitlcal basis, «nd 
as output provids both histogram? 
aod regtrestloa siuilyses for four 
test cc-afigurafion» operated at the 
600- and TOO-l« levels. Fair veather 
radlo-noia^ levels were found to be 
significantly affected by  relative 
huäddlty, relative air density, and 
absolute value of wind velocity, 
cod these relatioaships are discussed. 
Wet-weather effects are presented 
and discussed. Both fair-weather 
and vet-%teather expertieeatal re- 
sults are Incorporated in a theoreti- 
cal analysis of trarssaiissicm-llne 
radio noise resulting in a procedure 
which enables the transmission-line 
designer to predict in advance of con- 
struction, average fair-weather and 
wet-weather radio noise profiles for 
EHV transmission lines. 

Seasonal Variation of falr-Weather 
Radio Noise 

LaForest, James J, 

Fcper 31 TP 67-436. IEEE Trans- 
actions on Power Apparatus and 
Systems, Vol. PAS-87, No, 4, 
April 1968, pp. 928-31. 

One year of fair-weather radio noise 
(RI) data from an EHV line was analyzed. 
Two types of variation were found: 
long-term over several months end 
short-term over asveral days. Sum- 
mer RI readings were higher than 
winter readings by 12 dB and lasted 
longer. Based on these results, a 
procedure for predicting average 

monthly RI levels is outlined. Short- 
term variations of fair-weather RI 
levels were analyzed statistically 
using the washing effect of rain on 
the conductor surface as an explana- 
tion of the RI variation. Results 
yielded a favorable Inference for 
the statistical model. 
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17. Propagation Data for Interffreitce 
Analysis 

Read,  Dr.  H. R.,  et al. 

The Information contained in Volume 
I on Propagation Data for Inter- 
ference A.ialysls presents methods 
useful in the computation of propa- 
gation characteristics for persons 
involved in interference analysis 
and prediction. The data include 
theoretical equations, worked-out 
examples, and representative curves 
showing typical infortnation for 
«ost ali modes of propagation en- 
countered. 
The second volume on Propagation 
Data for Interference Analysis is 
entirely supplemental to Volume I. 
Working curves only, with a few 
examples showing their usage, are 
presented in order to enhance the 
value of Volume I by supplying the 
Radio Frequency Interference Eng- 
ineer with data whereby he can make 
quick  estimates to aid in the 
analysis of interference. 

18. A Method to Detect the Delonization 
Margin Angle and to Prevent the Com- 
mutation Failure of an Inverter for 
de Transmission 

Jansky & galley 
A Division of Atlantic Research 
Corporation, Washington 7, D. C. 
Alexandria, Va, 

Volumes X and II, January 1962. 

IEEE Transactions on Power Appara- 
tus and Systems, Vol. PAS-86, 
No. 3, March 1967. 

MachIda, T. 

Describes a method of continuously 
monitoring the extinction angle of 
valves used as inverters for dc 
transmission so that with the 
aid of a comparison circuit the ex- 
tinction angle may be continuously 
controlled and maintained between 
crltJcal desired limits. 
The deviation of extinction margin 
angle is around 15,5 percent with- 
out control and 1.1 percent with 
control. 
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Investigation of Covim oa  Overhead 
Traa«ol«slon Line Conductors at High 
Voliags de 

Mortis, R. M. 

Corona loss investigeticna were made 
on a 370 foot outdoor test line of 
1.106 laches diameter and then on a 
two conductor bundle spaced 18 Inches. 
Voltages up Co 500 kV war« used. 
Two types of tests were esrried mit: 
one, recording corona loss current 
while varying Che voltage in incre» 
■cat with the weather conditions 
constant; two, recording loss rut- 
rec; with constant voltage for long 
periods under variable weather con- 
ditions. Prelininary results indi- 
cate that in wet weather lostas 
are considerably l.lgher than In d?y 
weather. 

Rational Research Council of 
Canada, June 1961 
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20. Corona and RI Caused by Particles On 
or Hear EHV Conductors; I - Fair 
Heather 

Newell, Hobart H., Liao, Tseng-Wu, 
and Harburton, Frank W. 

This study was made to identify, 
photograph, and establish the radio 
noise importance of the fair-weather 
coronas occurring on an ae high- 
voltage transoission line conductor. 
Excursions of fair-weather inter- 
ference to over teu times the base 
value of the line noise are attribu- 
ted to corona plumes from vegetable 
particles and insects attached to 
the conductor. Vegetable psrtides 
and insects are dielectrics whose 
plumes occur on the positive half- 
cycle of potential. Radio noise 
from these plumes overridss other 
corona loises associated with the 
dielectric particles, the noise 
from wsatnered metal protrusions on 
the conductor strands, and the nor- 

Paper 31 TP 66-310, lEIg Trans- 
nctions on Power Apparatus and 
Systems, Vol. PAS-86, No. 11, 
November 1967, pp. 1375-83. 
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mal nolee frora Insulators, acces- 
sories, and hardware. The con- 
ductor surface gradient, the total 
conductor surface arec, and the 
rate of gradient decay outward from 
t'na surface are important to both 
particle attachment and severity 
of plume formation. 

21. Corona and RI Caused by Particles 
On cr Near EHV Conductors: II - Foul 
Weather 

Newell, Hebert H., Liao, Tseng-Wu, 
and Warburun, Frank W. 

This study was made to identify and 
photograph the foul-weather coronas 
occurring on a high-voltage trans- 
mission-line conductor and to estab- 
lish their radio-noise importance. 
On the most tested 230-kV line, snow 
impingement plumes caused radio in- 
terference (RI) to 90 times, and 
water drop spray plumes to 75 times, 
that of the base fair-weather noise 
level. Foul-weather RI caused by 
snow, rain, fog, ice, and condensate 
associated with the conductor over- 
rode RI generated on insulators, 
accessories, hardware, and weathered 
conductor protrusions, H2O particles 
in different foms were present in 
the conductor environment for one- 
fifth the yearly time. The conduc- 
tor surface gradient, the rate of 
decay outward from the conductor, 
the total conductor surface area, 
H2O particle size and formation, 
and sir velocity over the conductor 
are important to bofh particle at- 
tachment to the conductor and to the 
severity and form ot corona. This 
corona occurs as plumes, Impingement 
plumes, spray plumes, glows, and 
mlcrosparks. Confirming laboratory 
teats were made at 230 and 345 kV. 
Confirming observations were made 
on 345- and 500-kV lines. Corona 
losses were caused by impingement 
plumes during snowstorms and princi- 
pally by spray plumes In rain. 

Paper 31 C 44-C, IEEE Trans- 
actions on Power Apparatus 
and Systeos, Vol. PAS-87, No. 4, 
April 1968, pp. :.)ll-27. 
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A Method for Atuu jsi» of R&dlo 
Sols* on Sigh-Voltage Trans- 
oltsioa Lines 

t*i*la,  W. E., «nd Taylor, Edgar R. 

A tecs;niqae is described for approxi- 
netiag the effect of various factors 
on tiie radio noiss level, due to con- 
ductor corona, on EHV transmission 
lines. The technique is essentially 
one of eoaparison. Relations are 
given in the Appendix for calculating 
the conductor gradients and results 
are presented in curve form, the ap- 
plication is intended only for com- 
parison of radio noise generated 
by conductor corona on ac lines, vith 
conductors ranging only fron 0.3 to 
1.3 inches radius (1.5 to 3.3 cm) 
and for the frequency range from 
about 0.2 to 1.6 MHz. If an exist- 
ing line has been evaluated statis- 
tically the technique can be used 
to approximate the radio noise level 
of another line. A relation is also 
given for obtaining curves of S-phase 
voltage to conductor radius for the 
same radio noise generation. Because 
of possible conductor surface diffai- 
ences and enviroonental differences, 
which cannot be too acccirately evalua- 
ted, care ir necessary ii\ ar.y final 
estimation of the average radio noise 
leve1. 

Paper 31 TP 66-407, IfciE Trans- 
actions on Power Apparatus and 
Systems, Vol. PAS-97 Ho. 2, 
February 1968, pp. 334-45 

23. Radio Holse Measurements on High 
Voltage Lines from 2.4 to 345 kV 

Pakala, W. E., Taylor, Jr., £. R. 
and Harrold, R. T. 

This paper Is based on radio noise 
measurements made near overhead 
power lines operating at voltages 
from 2.4 kV to 345 kV inclusive. 
Some of the measurements made are 
discussed and analysed and used In 
a radio noise prediction technique 
for determining the location of com- 
i&inlcation and electronic sites with 
respect to high voltage overhead 
power lines. 

1968 IEEE EMC Symposium Record, 
Seattle, Washington, July 23-24- 
25, 1968; IEEE 68 C12-EMC, 
pp. 96-107. 
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This paper fa necessarily only a 
sumnary of the work which has been 
reported and detailed test results, 
calculations, appendices, and com- 
plete bibliography ha-'e been 
oaitted. 

24, RI Problems in HV-Line Design 

Paris, Lulgl and Sforzini, Mario 

Criteria for the selection of line 
coaductors and insulators are presented 
which may be helpful to the HV line 
designer when choosing among different 
line solutions. Methods are given 
for the predetermination of RI from 
both conductors and insulator strings, 
then criteria are exposed for the 
definition of "limit" values for RI 
levels; these criteria are for the 
designer's reference. 

25. Generation of Abnormal Harmonics 
in High-Voltage ac-dc Power Sys- 
tems 

The possibility of abnormal harmonic 
generation in an ac system feeding 
a converter load is examined from 
the standpoint of automatic control 
systems used in modern HVDC trans- 
mission systems. It is shown that 
with certain types of automatic con- 
trols, the firing angles of converter 
valves may sustain some errors, 
which in turn could generate abnormal 
harnonic currents in the three-phase 
ac system feeding the converter. A 
criterion for predetermining the 
type and extent of abnormal harmonic 
generation is defined, and numerical 
examples given. Methods of reducing 
abnormal harmonic generation are dis- 
cussed, and some  experimental data 
supporting the theoretical calcula- 
tions are also included. 

Paper 31 TP 67-406, IEEE Trans- 
actions on Power Apparatus and 
Systems, Vol. FA3-S7, Ko. 4, 
April 1968, pp. 940-946. 

Paper 31 TP 67-495, IEEE Trans- 
actions on Power Apparatus and 
Systems, Vol. PAS-87, No. 3, 
March 1968, pp. 873-83. 
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BPA'i llOO'kV dc Test Project: I 
Meaturewmtt and Irntrwmentntion 

Poland, M. G. 

Describes laetrumentatlon end mee- 
surlog techniques for the eutoeatic 
long tern recording of data, such 
as radio ieflueoce. corona lots, 
insnlator leakage surge currents, 
etc. froa a five-mile long *300 kV 
dc test line. Mainly solid state 
equipment is used and information 
such as radio influence current 
which is measured by a clamp or 
transformer is telemetered to the 
recording station. 
RIV is recorded at the same time 
from a 345-19 ae line It,*.*  miles 
«way as a cheek between ae and dc 
lines under the same weather con- 
ditions.  167 KHz and 834 KHz are 
the frequencies at which HIV is re- 
corded. 

IEEE Transactions on Power Appara- 
tus and Systems, Vol. FAS-86, 
March 1967, No. 3. 

27. Investigation of Corona on Overhead 
Transmission Line Conductors at 
High Voltage dc 

Rakoshdas, B. 

Experimental investigations were 
made of the radio interference char- 
acteristics of two 370 foot long 
test lines, one a single 1.108 inch 
diameter conductor, the other a two 
conductor bundle spaced 18 inches. 
The experiments «ere made in fair 
weather with voltages up to 500 kV 
dc. Radio interference frequency 
spectra were recorded under the line 
center and lateral profil*R and mea- 
surement of antenna patterns made. 
Frequencies measured extended to 10 
MHz. The performance of a long line 
of similar combination is estimated 
from the standing wave pattern of 
the trequency spectrum anc lateral 
profile of tha test line, pictures 
of a Spectrum Analyzer display of 

National Research Council of 
Canada, March 1962 
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28. 

corona radio nol»« ami radio ntattoai 
up to a frequency of 9 KHa. «.ad radio 
stations alette are «Iven« 

Pulses and Radio Influence Voltage 
of Direct Voltage Corona 

Rakoshu. B. 

Describes experiments carried out 
to determine the pulse and RIV 
characteristics of smooth and 
stranded conductors vlth respect 
to polarity and conductor diameter 
at high voltage dc. Mainly the mea- 
surements were made In the labora- 
tory using a cylinder-coaxial wire 
electrode arrangement and wire di- 
ameters less than 1/4". Othsr 
measurements were made outdoors with 
conductor diameters up to 3/8". 
It was found that on negative polar- 
ity the pulses causing RIV were 
smaller Is amplitude but sharp with 
a high repetition rate. On positive 
p.-larity, the pulses are larger in 
amplitude, of Tonger duration and 
their repetition rate Is lower. The 
positive corona pulse Is described 
as a double exponential with a 50 
nanosecond rise time whilst the nega- 
tive pulse has a linear front of 20 
nanosecond rise. The frequency spec- 
trum of positive pulses drops very 
rapidly beyond 1 MHz whilst the spec- 
trum fron negative pulses reavalns 
flat to 3 MHz. The RIV from positive 
pulses Is dominant at low frequencies 
due to the large pulse amplitude. 
Covers theoretically by means of 
Fourier aalydis the spectrum from 
these different pulse shapes. 

29. Unusual Current Harmonics Arising 
from High-Voltage DC Transmission 

Reeve, John and Krlshnayya, P. C. S. 

Unbalance In the operation of high 
voltage dc converters glv-»p rise to 
unusual cr uncharacterit. t.l<; .armonics 

National Research Council, 
Ottawa, Canada, March 1963 

Paper 31 TP 67-500, IEEE Trans- 
«etloa« on Power Appare" s and 
Systems, Vol. PÄS-87, No. 3, March 
1968, pp. 883-93. 

205 



la the «c «svefora not «xpected froa 
the existing theory relating to bal- 
aaead oper«ticri. Analysis of the 
effect of -unbalances In the alterna- 
ting voltages and the valva firing 
eagles is provided together with 
selected characteristics illustrating 
the variatloes in the harmonics with 
onbalanee as determined by a compre- 
hensive digital computer program. 
Six-pulse asd 12-piilse operation is 
considered. 

30. 500-kV Line Design: II - Corona and 
RIV Characteristics of Insulator- 
Hardware Assemblies 

Saruyama, Tukio; Yasui. Mitsuru, 
and Nagasaki, Shoji. 

Paper 31 TP 66-352, IEEE Trans- 
actions on Power Apparatus and 
Systems, Vol. PAS-86, No. 9, 
September 1967, pp. 1091-97. 

31. 

This paper describes the corona noise 
characteristics of insulator-hardware 
assemblies la the Boso Power Trans- 
mission Line of Tokyo Electric Power 
Company which is the first 800-kV 
transmission line in Japan. The 
results of corona noise measurement 
made on a V-string insulatov assem- 
bly and a strain Insulator assembly 
are reported. Data on the corona 
noise level of insulator-hardware 
obtained from a test line were con- 
verted into noise level values for 
an actual transmission line for 
comparison with the conductor corona 
nclse levels. The design of the ta- 
' uiator hardware was decided accor- 
dingly. 

Comparative Radio Noise Levels of 
Transmission Lines, Automotive 
Traffic, and   Stabilized Arc 
Welders 

IEEE TransactioAS on Electro- 
magnetic Compatibility, Vol. EMC-9 
No. 2, September 1967, pp. 73-77. 

Skomal, Edward N. 

Radio interference data that have 
been measured throughout the fre- 
quency range of 30 Hz to 1 GHz on 
power transmission lines, automotive 
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traffic, and RF stabilized arc welders 
by many investigators have been assem- 
bled, converted to a coonon system 
of units, and ccelectively plotted. 
The resulting composite presentations 
permit an assessment of the relative 
interference levels produced by the 
threä types of radio noise sources. 
It is concluded that below 25 MHz, 
lower voltage transmission, lines 
and RF stabilized arc welders are 
the major incidental radio noise 
sources when the observer is within 
100 feet of the source. Above 40 MHz, 
automotive traffic and lower voltage 
transmission lines are the major 
radio noise sources with neither ap- 
pearing to be consistently the greater 
when an observer is within 50 feet or 
less of the source. 

32, Communication Circuits on 500-kv 
Lines 

Swingle, T. M., and Dobson, H. L. 

The characteristics of 500-kV trans- 
mission lines from a communication 
viewpoint are discussed based on 
tests and observations of the Ten- 
nessee Valley Authority's first 
500-kV line to be placed in service. 
Dead-line carrier frequency tests 
included attenuation on the insulated 
shield wires and phsse-coupled power- 
line carrier arrangements. Model 
component attenuation, relative ve- 
locity of propagation, and other 
characteristics of natural mode be- 
haviour are covered. Experiences 
to date on operation of powerline 
carrier terminals and audio equip- 
nwnt are given, alon^ with a brief 
resume of RI, measurements. 

Paper 31 TP 66-53, IEEE Trans- 
actions on Power Apparatus and 
Systems, Vol. FAS'85, Ko. 10, 
October 1966, pp. 1059-64. 

33. Verification Tests of the VEPCO 
500-kV System 

Wagner, Charles L., Smith, H. Melvin, 
Taylor, Jr., Edgar R., and LaPrade, 
John H. 

Paper 31 C45-B, IEEE Trans- 
actions on Power Apparatus and 
Systems, Vol. PAS-87, No. 4, 
April 1968, pp. 1032-44. 
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The reaulte of thu first field teat« 
ptrforaed to verify the design of 
the Virginia Electric Power Company 
500-kV systea are presented. Initial 
radio influence measurements made on 
each line section are compared with 
levels calculated during the design 
studies. Switching-surge voltages 
recorded during various normal and 
abnormal switching conditions are 
given, and are shown to be well 
within predicted values. Descrip- 
tions are given of the measuring 
equipment and techniques used for 
the field tests and for a continual 
monitoring of the system. 
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