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the electromgnetic neasure-
nents conducted by the Central aiﬁ' tion Laboratory
during Operatiom ursmr-mm:a [} forus recorded
at—bhw-Reovede-Previag-Greund reveal the original pulse
shape before being-distorted the o of propagation.
Reccords made at distances of and kilo-
zaters shov the changes in vaveforms brought sbout by
propagation. Attempts vere made to interpret the vave-
forms received at distant staticns in terme of active
nodes of propagation, and to rslate the bomb yleld to
propagation distance, electrousgnetic fisld siyre—rth and
energy, detonation height, etc. Expressiocas arve also
given relating the attenuation of the puise to propaga-
tion distance.
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1.1 OBJECTIVE

The cbjective of this research program is to chtaim background
informtion for the development of an sutomatis, continuouwsly operas--
ing electromgatic surveillance system cagable of detesting pulsee
from atomic vespons detonsted ia certaia suspect arees. 4 success-
ful elsotromagnetis detection system vould have the advantage of
furnishing the earliest and the wost acourate detomation timee, The
true detonation time is of increased importance al timee vhes the
atacsphere is alrsady contaminated frow a previcus explosica. I is
thought that a suocessful detestion system can be developed using
tvo or mare stations located in low noise areas and utilizing time
coineidence recoguition, Successful ocperssion would depend upoe
millisecond timing scouracy sod aa intimte knowledge of. fonospherie
propagation conditicns along the transwission pathe involved,.

The Defense Research Laboratory of the University of Tuxss 1is
coneexnad vith the problems of engineering the detactiom systemy
viile the Central Radioc Propagation Laboratory 18 primarily consern-
od vith the natwre of the ganerated signal and its modificatics ia
form and intensity after propagation by the iocncephere.
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marks vere recarded on the fourth channel of this mmoleopd M
records provided peek field strength values, st the above mentiocoed. fre-
quenciss and bandwidths, as vel) as the tine of reception of the electro-
sagnatic pulss. Detcuation times vere sent from the Bypwvada Proving .
Ground to the distant field stations, and after sllowances for JTOPSgM-
tion delay, positive idsntification of the desired pulses vas possidlae,

For each gvent an effort vas sade to record the droadband
vave form on & single record, and slso to record the rise tine of the
initial poartions of the pulse on other records, using a mere sensitive
scale, To accouplish this, five oscilloscopes wvere used with diffarent
gain settings and sveep rates, since the sxact relatiomships between the
Deak field strength, pulse length, yield, distance from ground zero,
tover height, etc., were not Xnown. Reliable recards of wvaveforws wers
obtained for all events except No. 1, in which case the sigual exceeded
the dynamic range of the equipwent. As experience was gained in pre-
dicting the strength of ths signal, otber records of interest were
obtained using higher gains, faster sveep rates, and longer delay lines,
By these means, the small amplitude detail thet precedesd the main
negative pulse vas revesled.

Additional experiments were conducted for Shots No. 1, 2,
3, sod & 40 gein information regarding the rslative strencth of the
horizontally and vertically polarized couponents of the .« .atioa
field., This vas ascomplished by recording the horizontally-polarised
component of the downcoming sky wvave after ionospherie reflectiom.
This component is related in amplitude to the horizontally-polarized
conponent radisted by the gource,

2.1.2 Tests Conducted at Bouldex, Coloradoj Weshingtom, D. Cj
S 3 California

At Boulder and Washingtom vertical antennss were used with
cathode-follover units vhich vere connected dy coaxial ceblas to the
Yroedband equipwent and the narrov-band receivers. The bandwidth of
the brosdband equipment used at these statioms vas sufficient to re-
cord the vaveforus with considaradle fidelity, Howewer, at Washington
1t vas necessary to use a filter to reject statiom ¥88 for Shots No. .

1 through 8.

The pulse outputs of the three narrow-band receivers, vhich
vers tuned to frequencies of 1% x¢, 30 ke, and & chetnel near the max-
imm usable frequency for the path, vere recorded on three chastels
of & four-Yeam ossillovcope., The fourth chenvel vas used to rscord
timing marks, The detonation timgs detersined fros the Kevads

0N
1
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properly. The onee-per-second pulse output. o¢ tlb ﬂ-!mtmtm
synchronized vith the seconds ticks received: frow statiom: WiW.. The . -
audic cutput of a receiver tuned to statiom WNV¥ van: connected: be :
vertical deflection plates of am cseillosocpe;. and the seconds pulses.:
from the timing unit vers allowed to trigger the sveep of this cseillo-
sccpe. A phase-shifting circuit in one stage of the fPequenqcy divider

vas then adjusted until the sesconds Sicks frow:WW¥, which cousiss: of
ttn cycles of 1000 tps, vers seen om the oscilloscope. The two wnits
vere in synchronism vhen the start of the cscilloscope sweep coineided
with the vary beginning of each WV seconds tick. Pigure 3.5k {s a
photograph of & time couparison betvesn seconds marks received from
WWV and the timer unit. Note that the timing unit pulse in this figurs
is about 1.5 williseconds later than the beginning of the seccnds mark
received from WWV.

2.3 DESCRIPTION OF EQUIPMENT USED AT TEE NEVADA PROVING GROUND

The squipment used in Nevada vas divided among tlres sites with
only twvo sites in cperation simultsnscusly. At Site 7.1A vere located
the broadband equipment, timing equipwment, and narrow-band receivers,

The other two sites, 7.1B and T.1C, vere used ocnly for Lrosdband weasure-
ments, Powver vas supplied Dy portadbls dissel genarators st all three
sites. Figure 2.1 is a Block diapras of the equipment arrangement as
used at the main site.

2,3.1 Antenos Systems and Cathode-Follower Units

Various antennas and csthode-follover arrangessnts were iried
during the first three shots at the main site. For Shot No. 1, the
field strength exceeded the dynamic range of the equipwent. Tor Shok Xo.
2 & 7.19-wter vartical antenna, with a .38-weter diameter aluminium disk
om top, wvas used at the main site. It vas thought thed this disk would
improve the low-frequenay response, but later it vas found $0 ds mneces-
sary, and it vas not used after Shot ¥o. 3. A schematic diagram of the
cathode-follower unit used for Shot No. 2 1s showm im Figure 2.2.

Attm-uuiutubuoottbonuaasmmw-
1y to the cathoda-follower grid for Shot Ne. 3. For Shots No. b thirough
11 & capeeity divider wvas ingluded in the cathode follower ta decrense
the voltage deliversd by the antemns to the catbode-follover unid, The
voltage divider consisted of sa additicnal capesitor of AT pufd ccanested
to ground and aching with the anteons base capasity of 10.7 uufd. The
1inpus impedence of the cathode-follower umit vas very highy so thaé over
the freqrency range of interest, the opsm acireuid voltage of the satemma
vas ispressed upom the .

19
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'A% Sites 7.1B and 7.1C the antennss used for Shots No. 3
through 11 vere idantical to that used at 5ite 7.1A, exceps thah. their
bases vers counscted direstly to the cscilloscope probes. The proves, .
vhick had an input inpedance of 10 megohms shunted by an input capasity
of 13 uufd, provided a voltage attenuation of 1011. To cbtain ampli-
tude calibrations, a voltage from s standard signal generator was
applied to the input of the cathode-follower unit through a capacitor
representing the antenna.

2.3.2 Narrov-band Measurements

Three Haswarlund SP-600 receivers, using the 3 ke band-
width position, vere tuned to frequencies of 2.5, 5 and 1% Me. The
signal voltages verse applied to the receivers from the cathods-follower
unit. The radlo-frequency gain controls were set by estimate and no
automatic volume control was used. The cutputs frow the receivers
vere taken froa the intermediate frequency cutput and detected using
a X34 erystal, a 10,000 obm resistor, and s 0,001 ufd capesitor.
These voltages wvere applied to the horizontal deflection plates of a
four-beam osoilloscopes. The fourth channel of this oscill was
used to record timing marks as previously descrided (Fig. 3.33).

records vere made using an NBS strip film camera which
moved the film vertically past the face of the oscilloscops at the
rate of 17 inches per second.

2.3.3 Broadband Measursments

At the main site five Tektromix type 513-D cscilloscopes
wvere used with different sensitivities and sveep spseds, They vere
modified to trigger either from positive or negative signals. ‘hem
sxternal tri ing wvas used, the trigger voltage vas obtained from
a separate 1,05-meter antenna, vhich peruitted the earliest aspects
of the pulse to be recorded. The signal voltage vas ncrmally delayed
0.2% psee with respsct to the start of the swveep. The swveep delay
tize vas increesed to 0.k psec by adding an external delay line,

Amplitude calibrations vere accowplished By applying a
voltage, through s dummy antemna, to the input of the catbode follower
from a standayd sigmal geverstor and messuring the corresponding de-
fleations produced om the cecilloscopes. The Yroadband equipwment hed
1{near amplitude response up to » cm of oscilloscope deflectiom.
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- CRLLETET L fm mde on esoh osoilloscope to deterwuine
the degreess of skemess that existed betwveen the grid on the fuce
of the cathode ray tube and the directions, horisontal and vertical,
in vhich the spot vas deflected. Photogrephio rec ]
vertical skewness for each of the eight horisontal centimeter marks and
harizontal skewvness over the vertical rangs of four centimsters for each
cscilloscops. Thess values of skewness vere taken iuto cousideration
vhen computing the frequenscy functions from the wvaveforms.

The frequency response for each of the broadband receivers
used at the wain site vas obtained by feeding a signal into the cathols
follover and messuring the corresponding deflestion mroduced cm each of
the oseillcscopes at different frequencies ranging from ) ks to 30 Me,
The results are shown in Figure 2.5. It can be seen from this figure
that in all cases the response vas unifors at lesst from 1 Xa to 2 Me
and slovly dimintahed at higher frequencies.

The transient respcnse of the dDroadband equipmsnt vas de-
terwined by feeding a square vave into the brosdband system and chserv-
ing the rise time cu the oscilloscopes. Using a 0.26-uses square-vave
input t0 the cathode follower, a rise time of 0,02 usec vas odtained.

of the transient respouse of the squipwent are showm in
Figwe 2.9. No ringing or overshoot is cbserved at any pulse leungth.
The fastest rise time observed for the alectromagnetic pulses from
detomations vas of the order of 0.2 ar 0.3 usec, vhile the rise time
for the equipment vas .02 psec.

Broadband deflections were converted into equivalent values
of vertically-polariszed field strengths by metching the peak deflsctions
vith a sinusoidal voltage from the standerd sigoal gemerator. The peak
value of voltage required to matck the deflecticn and the sutenns ef-
fective beight in meters were used to obtain field strength in units of
volts per wetar.

The antenns used for Shot No. 1 had a phyvical length of
0.43 meters. Its effective hefght vas deteruined in the following
manner. A fisld-strength meter was set up at & point about 200 feet
svay from the main sits. The assumption ves umade that the field
strength at the main site and at the field strength meter vas the
sams value, The msasuwresmmnts demcnstrated that the sagnetic vee
received from distant VLY stations vere of the ssme magnitule om top
of the trailer and at the point 200 feet avay
receivers vas tuned to the same distant sta
meter. Radio-rangs stadicns, NSS and NPM vere used for ocslibeation.
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The receiver output yoltage and the velus of £1s ) _
with the fisld-strength meter vers notedi.. The y

tion vas then discomneqted, and the signal generator comneated: tox -
the imput of the cathodg-follower umit through e capes . Yepresenty -
ing the antenna. The pesk valus of. signal-generstce. voltage necessary-
to match the puk receiver dsflecticn ves noted. The ratic of peaits
signal-generator voltage thus cbtained to the: value: of: - aedsured. Deak:
field strength gave a value of effective m“ 0.1 mmt
0.k3.mtor anterns. D

Using formlss by King and Blake! ’ nccmttnmls o&
input self-resistance and self-resctance of & s fcal. mtm
based on Hallen's snalysis, were calculated. se formalas. give. ..
s mich better approximtion than those darived, assuming a sinu-
soidal distridbution of current. For the 0.43-meter antemns the ef-
fective height was calculated to be 0.12 meters.

The values of effective height of tha short antennas used,.
at the Nevads Proving Ground are considerably lsss. than those obtained .
using one-half of the physical-langth of the antennas.. These diffarenses
arise from the fact that the antennas erployed here are not sufficiently
short, in terms of their capacitance effsct to groud, to Justify th
linesr current distribution vhich results in the valus of effactive.
height equal to one-half the physical length.

For Shot No, 2 & .19-mster vertical suteanma, top-loaded
with a .38-meter dismeter disk, vas used. The top loading nrndto
increase the effective height over that of a plain .19-meter vertical.
antenna. An effective height of 0.10 maters vas caloulated for this.
antenna, assuming a linesr current distridutios produced by the top
1“‘1!"

b ¥

For shots No., 3 through 11 & .21-wmeter antemns, followed
by suitadble capacity voltage dividers, vas used to record the vaveforss.
Due to the low pick-up fagtar of this shors auntenns, 1 vas difficuls .
to messure its sffective height dy receiving distsut, very low
stations. Howsver, the values of antenms capeaity (3.13 pufd) and
sntenns base capecity (8.29 pufd) were determined is the field
the substitution method. Again, using forwulas dy King sod the
sntenns capacity was calqulsted to be 3.50 pufd, cgmpered te the
neasured valus of 3.13 uufd. The effective height wves calculated to
be .07 metars.
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vhere

resultant voltage acting around the loop

field intensity of signel at the loop in volts per meter
nuzbey of turns ia loop = 1l

vavelength of sipml in neters

ared of loop insquare meters

srmaly
[ B D% BN B ]

At & frequency of 16 kc, % = 1.7 weters,

2.4 DESCRIPTION OF INSYRUMENTATION USED AT BOULDER, COIKRADC

This test site vhich vas seven miles sast of Bomldar, Colarsdo,
had a low noise lavel. Tha great-circle distance detween the Mevada
toat site and the Doulder site is 1003 Im.

For the droedband vavefOorm messuremsnts, cne outpus of the cathode-
follover unit vent to the oscilloscope through a bardpase filter de-
signed to reduce 60 cps pickup and interference from redio rangs and
local broadcasting stations, The cscilloscope was aodified to permit.
self-triggering with either polarity of incoming signal. The droed-
band pulses vers recorded from the cscilloscope using a 33 um cawers
vith & fi{lm speed of 10 inches.per second,

Other outputs of the cathods-follower unit went to the narrow-
band, lov-frequency receivers having dendwidths of
These receivers vere tumed to frequenciss of 15 and 30 ke. A yeceiver
with a bandvidth of 3 ke wvas tuned to a channal oear the
uable frequency for the path., The pulses from the thres recsivers,
together with timing marks, were recardad from a four-chamnsl oscillo-
sccpe, using & 335 wm camera, vith s film speed of 17 inches per second,
Trigger gate pulses from the droaddand ceeilloscope were mixed with
the timing marks, so thas the times vhen bLroadbend wvavefOrus were
reccrdad could be determined. A four-channel cscilloscope recard from
Boulder is shown in Figure 3.75.

In calibrating the narrov-bend equipmems, the cutpud of a Nevy
typs LP-5 signal generator wee fed through a dummy antemme to the
input of the cathode-follower unit. 7The ras outpus of the sigmal
gemerata necessary to match the peak deflsction reccwrded during the

E
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sffeative height of the antenns (for the opem aircuit case) vas

caloulated to be 3.7 mtars. Unfortumately, the equipmens loaded

the antenna, The equivalent circuits of the antenna-snd the fnput

cirouit to the cathode follower are shova 1a Piguye 2.7, The oire

cui§ values vere obtained from readio-frequency dridgs msesuremants,
1%

c‘ Co [ Cq = antenna capaoity, T2 uufd
R
v ~Ns ——— ‘ s antenne’ Ca) 1
° ]JI l G by mu" pacity,
C. ™ input capacity to zathode-
Antenna Equivalent Cireuit follover unit, 30 purd

Boulder, Colorado
R = input resistancs to cathode-
Tigure 2.7 follover unis, 700,000 ohms

The ratios of open-circuit antenna voltages to voltages supplied
to the input of the cathode-follower unit, Vo/V; , vere caloulated at

a seriss of frequencies. The values of antemns effective height realized
at frequencies between 3 and 30 ko are the produst of the thecrstical

effective height of 3.T meters.and the approprists values of V./¥,
as shown in Teble 2.1.

TARLE 2.1
CORRECTED EFFECTIVE EEIGRT OF ASTENNA AT BOULDER
£(ke) v/ Effvctive Beight (uweters)
5 °'a 5'7 x 0-2. L4 O.Ba
10 0.ko 3.7 x 0.M = 1.3
1’ 0.48 3.7 x 0.” L ] 1-8
30 0.57 3.7 4 0.” = 2.1
SN
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In calidrating the narrovw-band equipmest: the sijoal-generatod®
: output vas camected to the input of the cathods-follover vais. .
located at the dase of the antenns. The voltage sutputs of the
. signal generator required to match the peak defYections recordad
during the detection tasts vers used vith apprepriate values of
antenna offective height to obtain equivalent values of vertically
polarized elsotric fisld,

The filter unit vhich vas used in the droadband equipment vas
designed to reduce 60 cps pickup and to pravide a gradusl cutoff st
frequencies above 100 ke 30 as to reduce interference from brosd.-
cast stations. For Shots %o. 1 through 8 it was necesssry to use
an additional filtsr in the broadband equipment to reject staticm
HSS at n frequency of 18 ke, This station, vhich is located at -
Annapolis, Maryland, only 30 miles avay, produced severs inter-
ference. Since the pesk {8 energy cccurred at frequensibs near'

15 ke, the necessity of using the NES rsjection filter vas wost
unfortunate. An arracgement was finally mads with the Nevy vhich
resulted in B9S being off the air for Shots No. 9, 10 and 11. Thus,
the NSS rejection filter was not used for these events.

Tvo mathods were used to dstermine the sffective beight of the
antenna, By measurement, the effective height a$ a frequemcy of 16
ke wvas found to be 2.9 meters. Using formulas by King and Blakel,
a value of 2.1 weters vas calculated.

The equivalent circuit of the anterns and input cirewdd te the-
cathods-follower unit is showa in Plgure 2.9. The cirouits valme
were ocbtained from radio-frequancy bridge measurssents.

= antenna base capasi
Wy =D - w % s *n

l C, = inpus capacity of cathode-
Antenna Equivalent Circuit follover unis, 30 purd

Washingtom, D. C. R = input resistance to cathode-
Figure 2.9 follower wait, m’m ohms

Cq ‘
_IIL _L I C, = antenna cspmaity, 65 uufd
R
>

g
v e
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The ratics of opca eircuit antenna vol to voltage. supplied
to the input of the cathode-follover unit, Vo/Vy , vere caloulated

at & seriss of frequencies. The valus of antenna effective height
used in this report, vhich is the produst of the antenna sffuctive
hcuh:tu'thnmlmaan mith-uwhhnl\nofvohi,
1s 1.4 meters.

TABLE 2.2
CORRECTED EFFECTIVE HEIGHE OF ANTENNA AT FP. BELVOIR

£(ko) Vo/Vy Effective He meters
5 0.62 0. x 2.1 = 1.5
10 0.66 0.66 x 2.1 = 1.b
15 0.67 0.8/ x 2.1 = 1.b
30 0.67 0.6T x 2.1 =« 1.»
100 0.68 0,68 x 2.1 « 1.k

The above results indicate that the overall response of the

broadband equipwent, including the antenma dut without the NES filter,

is flat vithin 1 ab from 5 ke to 100 ke,
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retolhat although the energy peaks at & frequency near 33 ke,
the peak is not neerly as sharp ax that for Shot No. 2. A fash
sveep presantstion, Figuwe 3.27, reveals the rise tine and duration
of about 5.9 psec of the negative pulse. The sama pulse, recorded
at a distance of ¥3.6 km from ground zero, is shown in Pigure 3.29.
Note that the sawe pulse shape wvas recoarded at this distanoce as at
18.6 x» (Fig. 3.3).

Shot No. &

Figure 3.6 shows & pulse recordsd from an ll-kilotom
weapon, detonated at a bheight of 6022 feet above the earth, Nate
that this wvaveform is not the same as those reccrded fyow bowbs
detonated on top of a 300-foot tower. Although the firss half cyols
is in the negative direction, this component 1s of much shorter time
duration than for Shots No. 2 and 3. The peak field strength of
about 86 v/m seems to e lov, cousidering the yield of the bowb. The
frequency functiom, Figure 3.9, indicetes an energy peak at a fre-
quengy nesr 28 kc. A record mads with the gain comtrols set in
expectation of a larger field strength is shown in Figure 3.303
Pigure 3.31, vhich vas recorded using a fast sweep rate, details the
negative portion of the pulse., Pigure 3.32 is a vertical incidence -
measurenent, indicating that the original horizontally-polarized com-
ponents was reflected from an ioncspheric layer height of about 95 km. .
Yigure 3,33 is a record of responses to the pulse by narrow-band re-
ceivers tuned to 2, 5 and 15 Mc. The timing darks are recorded on
the bottom trace. Figure 3,34 is the same pulse recoarded in the
presence of noise at Site T.1B, k3.6 Xm from the source. The arrow
indicates the waveform vhich is thought tc be the desired ome, be-
cause it has the seme shaps as that shown in Figure 3.6. The posi-
tive peak value of field strength in Figure 3.3% is about 50 v/wmy
hovever, that of Pigure 3.6 is about 86 v/ma. The antennss used at
the two sites were of the same length, dut only the antemna as the
mein site was calidrated. The differsnce in flsld strengths may be
due to the fact that the two antennas were at different heights sdove

-~

the earth. -
Shot No.
Figwe 3.7 is a pulse recarded from the second smll

‘boab, which had a yleld of about 0.22 kilotons, and was detaneted “

from the top of a 100-foot tower. An automstic camers shutter clos-
ing mechaniss produced the noise pulses vhich sre sesm a8 three hori-
zontal lines extending scross the vhotograph. The first half-cyels

ko
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is agsin in the negative directica and hus » mmwmru-«.
The frequency function, Figurs 3.10, carrespouding to: this vaveformy
has & peak in energy st a frequency near 33 ke. Tha sams pulse; showm
in Figure 3.8, vas recarded st s distance of 46.% ks fros the. sowrces .
™is vavefora is similar %0 that in Figwre 3.7, indicating thas 18 418
not change materially at tuice the propagation distance.. It woulk de,
expected that .the higher frequency couponents might be move: highly .
attenuated at the greater distance, but this trend is not.evident from

a comgarison of tha two frequency functions in Figures 3,10 and 3.11.
Reflections from the hills immediately bebhind Site 7.18 may have
slightly altered the vavefors in Figure 3.8 after about % psee. The
rise time of the negative pulse is shown in Figures 3.36 and 3.37;

the latter vas recorded using s 0.3 usec svesp dslay tiwe,

Shot Mo, 6

Figure 3.12 shows the pulse rscorded at a range of 27.L km
from a 2k-kiloton weepon, vhich was detonated from a 300-foot tower.
The first half-cycle is in the negative direction and has a duration
of abont 18 usec, and the frequency function, Figure 3.15, peaks at
about 15 ke. The same pulse, recorded with s sveep speed of 35 usec/ew,
is seen in Pigure 3.38; the total sweep time vas not of sufficient
length to permit the trace to retwrn to the zero axis. Figwe 3,39
shovs the rise time of the negative phase of the pulse, using a sweep
rate of 1 usec/cm and a total sveep delay tims of about O.% psec, The
peak £1eld strength recorded at %0 tm (Fig. 3.42) 1{s 1.2 times greater
than that recorded at & distance of 27 ks (Fig. 3.12). This ingom-
sistency in peak figld strength wvas also cbserved for Shok ¥o. b,
Since an antenna calibration wvas made at the 27-Im sits and not as the
5C-km site, the values of field strenglh rscorded at the 27-ka site
are more ralisble. Figure 3.10, cbtained using s sveep delay of .%
usec and very high gain, revesls a small positive cosponens immedf-
ately preceding the large negative phase. The csuse of this positive
movement is not known, but it vas also recorded another statiom
operated by the Los Alamos Scientific Laboratory *. Figure 3.1 is
a8 record shoving respouses to the pulse by narrovw-band receiver tuned
to 5 and 2 Me. On the timing trace a seconds mark is shom om the
extrems right, and & 40 wsec timing maxk appesrs immedistely below
the 2 Me receiver response, Mgure 3.42 is sisilar to Figuwre 3.39,
except that the latter vas recorded using an sxterml delay line
vhich gave a sweep dalay of 0.2 usec.
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A3 xilctens, vas

record in Pipoe 5.45 wms obtained vith ap cverall sweep
delay of 0.5 usec; s very high gain vas used so that the main
negative phase saturated the equipment. The early detail consisted
of an initial negative pulse, followed by a smell positive pulse,

and finally by the main negative cne, This detsil wvas also Chserved
by the Los Alamos Seientifis Laboratory group as a seperate site,
Figure 3.46 shows the responss to the pulse recorded from the narrow-
band receivers. tuned to frequencies of 5 and 2 Ms. and slso shows. the
tize recaptiom of these pulses ss determined frod the timing marks on
the bottom trace,

Shot No. 8

Shot No. 8 vas a detonated at a height

A Tektronix 517 cssillo-
scope, on Sc Laborstory for only
Shot No. 8, vas used to record the rise time of this pulse. Since the
517 oseilloscope is capable of reprodusing pulses vith faster rise
times than the 513-D oscilloscope, an atteapt vas made to compare the
rise times reccorded by the two sets of equipment. Unfortumately, this
comparison vas not successful bdecause ringing ocowrred in aa antenna
lead comemn to all 513-D oscilloscopes, see Figures3.h7 and 3.48, and
too mech gain vas used in the J17 oscilloscope, vhich vas driven neer
the point of ssturatiom at the 37 v/m level., The pesk amplitude of
this pulse vas about 300 v/m (Fig. 3.18). -

.

Shot No. 9
e pulse reccrded ad a distance of 1M km frow this 27-
kiloton vesapon, vhich vas detonsted from s 300-foot tower, is showm
in Figure 3.18, The pesk of the frequency fimetion of this pulse (Pig. 3.31)
ocours at adout 1T ke. The pulse, recordsd st the same distance btue
* (T

k2

o remimarn ettt



S R S T Xt ST g

PR

e e NS

DECLASSIFIED IN Fy
Authority: EO 1352 t

Date: JAN &0°°,§'.°f§ Dl WHg

at a different site, is seen in Pigure 3.52, TN YEVEIU s
ATe very similar, and the pesk valug of rield: strength 1% abodd GA8:

v/u 10 both cases. Eigh-frequency responses recorded s% ]
of 5 and 2 Mo, and the timing trace, sre showm in Pigure 3.951.

Shot Xo, 10

Figure 3.19 saovs the pulse recarded at 15.3 m from the
15-kiloton cammon shot, which vas detonated at » height of adout 300
feet above the earth. The negative half cyole is seen have & sharp
spiks vhich was not usual vith the 300-foot towsr shots. This same
5pike is also evident in Pigure 3,53, .vhich vas recarded at a distance
of 1.4 xm, The vaveforms of Both pulses ars siwilsyj esch Mas a
negative peak amplitude of about 580 v/m, The peak of the

funstion, Figure 3,22, for the pulse shovm in Figure 3.19, ocours ad
about 28 ke. Figure 3.4 shovs the rise time of the negative phase,
using a sveep delay time of O, usec. The same pulse, recotded ad a
different site, is shown in Figwe 3.56. The peak amplitules of both
negative pulses are about 550 v/m. Figure 3.55 is the nerrow-dand re-
cord, showving high-frequency responses at 5 and 2 ¥o. Pigure 3.97 is
a record of early rise rate, using high gain and s O.b usee sweep
delay tims. No positive or negative precursors vere recordad in ad-
vance of the main negative pulse. This result was conlirmed by
mexbers of the Los Alamos Scientific Laboratory.

ot No. 1L

Shot No. 11, Raving a yield of abont §1 kilotons, vas an
air drop dstonated at a height of 1390 feet above the earth, The re-
corded pulse is shown in Pigure 3.20, and its fungtion is
shown in Flgure 3.25, with a peak at sbout 18 ke. A compmrison of
this record with that of Shot No. b, another air drop (Fig. 3
reveals some significant differences. The radiation pattern
high air 4rop might de different from that of a lov sir &xop,
due to different angles of reflection from the ground, diffaerences in
the vaveforws of received pulses would bde produced ., The record
shovn in Figure 3.50 revesls the rise time of the negative of
the pulse. This record vas made using a O.0 uses sweep dolay time.
Flgure 3.%9 shovs the positive detail recorded 1n sdvance the
main negative phase. This record vas msde using s O.M uyses sveep
delay time, and it ves necessary to use s very high gain ia ordes
to see these smll positive precursors. .
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The ground vave sttemwtion (referred to thculunat.ﬁh)
m-ﬁwhu&um&amww Therefors;. the

Referring to.
nwos.xosuuun-cmmmmw-enmm-pu
to the sgcond-hop sky vave. mvmwmuunqwmn
amnm.mmwudmrmtmr-enu,am
third and fourth half- les aye taken to be the third-hop sky-vave
reflections. Similarly, the fifth and sixth half-oyoles correspond to
the arrival time cf the fourth-hop sky vave.

ions of additional reecrds cbtained at e,
Belvoir appesr in Figures 3.91 to 3.1ll.
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CHAPTER IV

DISCUSSION OF RESULTS

k.1 ACCURACY OF TIMING AT ALL STATIONS

Msasuremants of virtual time of datonations vere made at all
sites, including Stanford. (No discussion of other measurements made
at Stanford ave givem in this repart.) Detoumation times wvere come
puted from the cbservations at each recording site in accordance with
the following

T, = tims of reception of pulse st recording site,
using WV {or WVR) time ss received, un-
corrected for propagation delay.

time of propagation of standsard WWV (or WWVR)
time signal to recording site.

T, = time of propagation of pulse signal to record.

ing site.
Tg = T+ Ty - l'p = astronowical time of detonation.

<]
-
[ ]

TABLE k,1
PARAMETERS FOR COMPUTING ASTRONOMICAL TIME OF DRTONATION

= (in secmds)

Station Ty Tp Ts - T
lievada Proving

Ground 0,0115 0.000 0.011%
Boulder 0.008 0,00k 0,00k
Ft. Delvoir G.000 0.011% -0,0115%
Stanford 0.01h 0.002 0,012

After the approximate detonation times were knowm, factors such
as the relative amplitude of the 15 and 30 ke signals, the time co-
incidence of pulses recorded om the three nmxrovw-band channels,; aad
the appearance of the btroadband vaveforws made possiBble, in most
cases, the selection of the correet vulse of ¢ach station, Whea mere
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acourate propagation times hed been datermined, i.e. the delay in
¥ arrival of sigoals fyom WUY and the actual delay time of the pulse
2 traveling over a known distance, the exact datonation time ab

o Nevads Proving Ground vas caloulated. The results of such calcula-
# tions are tadulated in Tadle 4.2, which shows thad all of the de-
A tmation times agree to vithin 3 milliseconds, vith one exceptiom.

TABLR b.2

4
g

Nevada Boulder Wash o Stanford

Mar.17  1320:00,340 1320:00.329 1320:00.341 1320:00.339
Mar.2%  1310:00.099 1310100.099 1310:00.100 1310:00.100
Mar.31 1300:00.001 13002 00,006 uoosoo.oos 13002 00,006
Apr. 6 5;!3:38 R1Y 138,524 15%31 ;;z 1 33.513
Apr.ll 199.795 $59.T91 2. 124h: 59,
12582 59. 972  1238:199.970 1238:1%9.971 12381%9.972
Wy 8 Ienmal 1TNBID 1XNAIN 1%N39.973
o, i r (P p N »
g B=n Eag Saf 2ol
e 00, 130 10U,
June b 1114:%6.692  NHo record  111h:%6.652 111Mi%6.691

R i

ESvomuouruwn - F
»

.2 Discussion of . o _Radiation and Its tion

It 1is clear from the foregoing that the exploeiom of an A-Domd
gives rise to a pulse of electromagnetic radiatiom, the principle
energy of vhich lies in the very low frequency part of the radio
spectrum with its maximum lying between 13 and 60 ke, for veapons
of the sizes used in thie UPSHOR-XNOTHOLX tests. It is alsc clear
thed the radiation is predominantly plane-polarised vith ite elsctric
vectoy perpendicular.

Until a satisfactory model of process has deea develcped
1¢ may de assumsd that the radiation is substantially the same as
thas radiated by shock-exciting a lov-frequency, highly-damped
antens. We wvill sesums thas this antenna is shars as compeyed
with the vavelength at vhich the energy has a maxism, and that one
end 18 st or close to tha surface of the eerth.
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Yertical antennas located ab 3 Oy OF 010Re: to: the. .
surface of the eartd, will receive thiy squree by save.
ersl modes of propagatiom, muwmmumm

) characteristios, These modes sre the surface vave and.the: several
sky vaves reflected by the. ioncephare. At very greas. distancss,’
vhere propagatice 1s schieved by miltiple rothctm from the
::::pm, the situation is simdlar to thet axperisnasd in vave

8.

b.2.1 Oroupd-veve Propagation

Energy propugated in the ground vave 1is attenuated by:
three principal factors, namely, spresding out of the wave, absorp~
tion of the onergy by the ground, and diffractiom around the eerth.
This latter factcr becouws impartant at great distances, Over s
plans sarth the density of energy is given by

X - (2/a2) e ()

vhers B, 1s the energy at unit distaunce, 4 , the distance at
vhich the energy is cbserved, and a , an attenmtion indsx depsm-
dent ou the electric conductivity and dielectric constant of the
ground. Thus at distances close to the sourcs, the inverse distance
effect is greater, vhile at greater distances sdeorpiiom becomes more
important. At distences mach over 1000 ks the effect of the cawrva-
ture of the earth becomss i{mportant and losses due t6 diffrastion
around the esrth must be takém into accoust in addition to the losses
wentionad adove,

b.2.2 Sky-vave Propagation

Most of the energy radiated from owr assuned model is
propagated upvard through the atwosphere and does not go into the
surface vave, Some Of this ensrgy is rsflscted by the icmosphers
and returned to the surface of the eaxth. This is
hop sky-vave propagation. The retwrned energy may de psrtially
reflected by the earth back to the icoosphere where 1% may be again
reflected and the process repeated any muber of times, This is
known as multiple-hop sky-vave Dropegation. Attenustionm of the
eky-vave modes 1s dsterwined by the spresding out of the
by losses through reflection at the ionospbare and at the earth.
The enargy density at some distance & , due 0 each mode is given

by

e
89
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B = (B/d?) R} RO-L (2)

in vhich B° is the energy density at unit distance from the source
in the 4irection of the central ray for that particular mods, R,
and R, , the reflection coeffioients of the ionosphere and the

sarth, and n , the nuber of hops in the wode. In wmost cases R
is considersbly greater than R; and may be considered unity.

The velue vhich R; TAY assums covers a vide ranges.
It despends on geograpbic location, time of day, season of year,

" asimuath of propagation, and angle of incidencs oo the ionosphere.

For smll angles of incidenoce, i.e, vhen the energy is propagated
nearly normal to the iovosphere, Ry i{s small, 0.01 or less, dut
at largesr angles, particularly at night, it my approach unity.
Because of the smallness of R; for sual)l angles of incidence,
only the modes having a fev reflscticons at rather large angles de-
liver mich cnergy at & distant point, and sky-vave modes are of
1{ttle impartance at short distances fur low-frequency propegation.
The angles of incidencs are calculated on the dasis of classical
geometric optics, regarding the icnosphere and the earth as two
coneeatric epherical airrars, concave aad convex, separated by a
distance of TO to 90 km for lov-frequancy wvaves.

Becsuse of diffsrences in length of path traversed by
the groind vave and the seversl sky-wvave uodes from the source to a
receiving point, the vaves arriving by one mode zay Ye in o out
of phase with respest to ancther at certain frequencies. This
gimriuporedomwhmthsicnﬂhmhm&orumm
with respect to vhat it would de if only one mods vers active.
Bovever, if a transuitted signal cansists of a pulse representable
by s band of frequencies, and the difference in travel time by
different modes is such that the signals fros two or more podes
mrgs, an alterstion in the farm of the received pulse oecwrs.
This results in a changs in the spectral representation of the
pulse, soms frequency regions being enhbanced and other diminished.
It is not possible thas enhmncement or diminution can occowr
throughout the speetrsl range of the pulse.

" g
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b.2.3 Wave-guide Consepts _

At distances from the source sufficiendtly great thad:
a nusber of independent, large angle, sky-vave noles can be activs,
the snergy radisted st low angles from the source may be: regarded
as trapped hatween tha sarth and the toncsphere. In: thiw case-ib
1{s convenient to ccusider propagation as & vave -guide phienomenon:
The energy is attciusted Dy spreading cut of the wave; but ina: this
csse, since the energy does not spread out in three dimensionsj it
is attenuated proportionately, approximtely to tha inverss first
pover of the distance instend of ths inverse square. Additiomsl
attanuation results from absorption in the vave guide. The energy
density at any point at distance 4 may be givea by

- g/ (5 Ry 0 o)

in vhich E; is the energy density at distance d; vhere one my
begin to apply the vave guide comcept, and ¢ and G4 are the
angular wessures of 4 and 4; to correct for the finite curvature
of the esrth. The index, « , is the adsorption coefficient of the
vave guide. The equation may be expressed in wore usable fors

T - X(8/4) (-.—ig—‘) a® (»)

in vhich X 1is a coefficient of coupling in launching the vave-
guide mode and E, has the sems significance as in Equatios (1),
but & does not have the sawe value as in Equatiom (1).

k.2.% Applications to Cbservations Reported

We may nov consider the application of these principles
to the messurewsnts descrided in this report. The levads
Oround sites are vell vithin the region vhers practically all the
snergy rSceived is traunsmitted from the source by the ground-wave
wode. Because of the closensss of the receiving site to ths
source, i all cases, and the low sttemation by ground adsorptiocs
for the spectrum range of the pulse, the shape of the pulse, as
Teceived at these sites, is Put littie altered DY propagation effocts,

92
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Tt. Delvoir 1s well within the regics where the vave-
guide nodel zay de considered spplicabls:. At this distance the
ground vave is 50 strongly attenmated dy ground adsdrption and
lossca due to diffrection srowid the esrth that it may be considered
complatsly absent. The one-hop sky-vave mode delivers no appre-
clsble enargy becauss a direct ons-hop path is not gecmetrically
possible, so that enargy to excite this uode must be Adtffracted
around the earth vith attsndant heavy losses. Tvo-, three-, four-
and higher-hop zodes ars peruissidls, and the angles of incidence
are $0 great that the reflaction cosfficients are large.

The sits at Boulder lies in & transition region. The
ground vave and the one-hop sky vave deliver nearly all the energy.
Righer order modas are also active, but except for the two-hop
mode, little energy is delivered by thew because of the low re-
flection coefficianta forr the small angles of incidenoce involved.
It is convenient to assume that Boulder is at a sufficient distance
from the Nevada Proving Ground that vave-guids approximations way
be considered from that point cutwerd,

4.3 EVALUATION OF PROPAGATION CONSTANTS

Various constsuts used for calculation of field strengths at
lowv frequancies appear in the literature. However, decause of
the very special nature of these cbservations, it vas considered
desirable to derive nev constants from the dats themselves.

The first step vas to calculate the total snergy density re-
corded at each of the sites. This was done by masuring the de-
flsctions of the oscilloscopes caused by the pulse at regular in-
tervals of tios, A t. The crdinates s0 cbtained ware squared and
mltiplied by the square of the reduction feactor for coaversion of
oscilloscope deflection to volts per meter amd by the length of
the tiae interval iavolved, The quantitiss so cbtained vere summed
and divided by 377 colms to give the results in joules par square
meter. The procedurs is represented in the following equatiom.

2 =« b2 v At/ 377 ohme (%)

in which h2 1s the ordinate in centimeters on the oscilloscope,
v the reduction factor, and A t the time interval betwsen

ordinates.

ohiGREL..

A

.
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In addition the energy valuss obtained from the: obs
at the Ravads Proving Ground wers normalized’ to:s: distanaed of”
: 1 kn from the source in accordsnce with Bjuetiod (1). THEw vam -y "
. done so that energy from the various shots could: be coupared: sinos+<-: . -
; the distances of the recording sites from the source vere diffeventy: :
for the various shots. In making this normalization i vas ase- <. -
sumed that ground-vave abscrption over such short distances vas -
negligible, '

The energy densities calculated for the variocus shots are
presented in Table 3.3, In cases vhere dsta are lacking in the
table, suitable records for calculating the e vere not
cbtained, Alsc the energy values for Shots No. 6, 7, and 8 at
Ft. Belvoir are & little too lov, due to the filter vhich was
connected in the receiving circuit to eliminete interference from

NBS.
TARLE b3
. mmcnmmnmmswgm.z-g
Energy Density
. Eo Qbeerved at DEnergy Density Energy Density

ho Total XPG Normalizad Observed gt Observed at
:o.t Bp ?Joulu to 1 ke (3/:2) :lould-r (3/w%) :%. Belvoir(}/uR)

8.1 x10° 190 x 1073 .299 x 10-6

2
3 02x10% ¢ $x103

b 0.5x m: 121 x 1073 A\

5 0.12x 10 28x 100 .40

6 10 x10° 2M0x 1:3_"__?21"’: :@:iv x 1076 .018 x 1076
T 159 x10°  30x 1003 s x106: o x 06
8 5.7 xw® 1360 x 03" .07 x 106 .009 x 106
9 108 x10° 280 x 107" 15 x 106 .007 x 1076
0 2.8 x16 680 x 105 B x 106 .00% x 106
11 9.2 x 105 2200 x 103 193 009 x 10-6

——
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ATTENUATION INDEX AND “COUPLING CO2
PR WAVE QUIDE MODEL BEYOHDY 1 ,

Shet No. X

(108,4) antilog {@5/1000 =}
6 6.02 - 10 10,3 x 1079 1.9
T 5-83 - ].0 608 x 10‘5 l.,"

8 6.13 - 10 13.5 x 102 2.3 -
9 6.13 - 10 13.5 x 10°9 3.3
10 5.98 - 10 9.6 x 10°9 2.0
Average 6.02 - 10 10.8 x 10”2 2.2

The constants for the vave-guide model of propegatiom to great
distances my be derived from the values of energy densities givem

in Table 4.3. BExpressing Equatiom () in logarithws to the base 10
and neglacting the term 0/sin O ,. which is substantially unity, ve
have

Lee
log 8, = log X+ log X - logd - XA  (7)

Thare are tve paramnters to be determined, X and %k,. Using the

-date from Nevads Proving Oround, Boulder, and Ft. Belveir, the cal-

culated parsmeters are ss given in Teble 4.5. It is interesting to
calculate from these paramsters the energy to be expected at Ft.

Balvoir for Shot No. 11, for vhich no chservations aze availsdle ad
Boulder. The calculated value is 0,0120 x 109 joules Der square
neter,sod the cheerved value was 0,009%7 x 1077 joulss Der square meter,

In spite of the relatively good agresmnt of the constants de-
teruined from the individual shots, sows reservations misd be mde
in applying thes for propegation caloulaticns under other conditions.
The gramd attenuation index Ik, is accurstely deterwined for the
particular terreia involved, Im‘ over regions of good condiwctivity
1% would de consideradly less. For progagatica over so& vater;

i

9

S —
S =
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Labsception e ¥ hgligivle, the [rincipal loss in the surface
vave) apart frowm inverse distance squared, being due to ¢iffrastion
whick: is importans ad distances over several hundred kilomsters,.

The reflaction coefficient of the icnosphere as given in Table
h.h 1s reliable for calculation of received energy for approximstely
equal distances and similar zenith angles of the sun. The valus is
not suitable for use vhen the path liss in dariness. '

The coupling coefficient and attenuation index calculated for
the vava-guide model ars subject to some uncertainty sinse chserva-
tious at ouly two distances, 1000 ku and 3400 km, vere used in the
caleulations. The smll valve of the effesctive coupling coefficient
is due in part to the arditrary detarmination to use the energy at
unit distance {in this case taken as 1 ku) as a reference value.
This acoounts for about a lundred-rold reduction in the apparent
coupling cosfficient, the remaining fagtor of 100 resulting from
ascape of the energy from the esrth-ionosphere boundaries within the
first few hundred kilowsters, Expressed in decidels, there is a.

4O &b loss repreasented by the effective coupling coefficient, 20 db
of vhich arises from geometric consideratioms inherent in the assump-
tiom regarding the point vhere E, is meamwed, and the remmining 20 &
from actual leakage.

A different distridbution of losses Letween the coupling roef-
ficient and the attenustion index wmight have resulted if cbservations
bad been made at other distances than those given, and certainly if
the source and receiving sites had all beem in darkness. Hovever,
the attentiation index is not likely to bte im appreciable error for
daylight propagation. PFMurthermore, it Is in good agresment with the
attenustion index for daylight propagation in the very low frequency
rangs sas obtained frow nusercus wsasurensats wads m continuons.
vave transmitters cperating at very low frequencies.

4.5 ENERGY RADIATED FROM SOURCE

The anergy densities calculated from the ocdservations at the
sites at Nevadn Proving Cround uay be used to derive the total slestro-
nagnetic energy radiated by eech bowd. Asgsuming sgain that redistiom
occurred frow s short vertical dipole, the energy radisted in any-
diression is proportionsl to ¢ s vhare O is the angla of
alevatios above the horizomtal. Ths totsl energy radiated is given by

oM
”,
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B, = 0.086 Y/ (1+h) (10}
,0’ in this case bdeing in Joules per square meter.

Sowe reservations must de held regarding the reliadility of the
absolute valuss of the energies calculated from the data cdtained ab
the Nevads Proving Ground, although the relative velues are undoubt-
edly reliabls. The small valus for the coupling coefficient an& the
high valus for adsorption of the ground wave as received at Boulder,
calculated previcusly, suggest that the energies may be too large.

The linear relatiooship vetveen yield and total rediated energy,
vhen the height corrections sre applied, may de fortuitous. Nothing
can ds concluded regarding theiyr applicability to weapons having
yields far outside the ranges of those involved herw, or to other
types such as thermonuclesr weapouns.

k.5 DIRECYTION OP THE ELECTRIC VECTUR CF THE RADIATED FIKLD .

Considerable interest is attached to the direction of the electric
veotor radiated from the scurce and recorded at the near receiving .
sitas, The direction of this vector for the main initial phase of the
pulse vas the same in all cases. .

To obtain the relation detween the directiom of curreat flow in
the source, and the direction of deflection of the oscilloscope, ve
exprese the radiation electromsgnetic field in terms of the veator
potential A , and then relate the latter to the source current 4 :

A
- - H = A
2 Y = v 2
Az, t) -fi.‘f-_.'_f.;.i)_ av
v [!'. -zt

™us a cwrrent vhich is increasing in the dowvnwverd direction
gives rise to an eleotric field'positive in the wwvard directiom.
s conslusion may be checked through H , using the faaS that the
Poynting veotor E x H 1s poeitive in the directiom of emergy flov.
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The satenna-oseilloseope camlcum vere suels M, b
deflection corresponded to aa eleatric field positive: vpward a® ¢
receiving site, Ve therefure conslude that the main current in the: -
source vas incressing downward mtuu:tcuncuu‘ Thin does+ -
not apply to the smll positive-going recurscrs cbosarved in some:
cm.o

1. Rooald King and F. G. Blake, Jr., "The Self-Tupedance of & Syss
metrical Astenna”, Proe. IRR, duly, 1942, Vol. 30, p..339

2. Frederick Dmmons Terman, Radic Engineers Bandbook (MeGraw-H311
Book Company, 1543}, First Paitios, p. 813

3. K. G. Jansky; "An mzmm mvutiaucn of the Charsgter-
lltif:,g otGgumm Types of Noise", I'rcy. IRE, 1939, vol. 21,
5-T68.

%, R. D, Ingland and R. R, Partridge, Jr., "Investigation of Barly
Elsctromagnetic Signals”, Los Alamos Scientific Laborstory,
University of California, Nov, 1953.

,n Qo Ro w, J. J. lﬂ'ln, ¥, G. llchlll and A, r. B. 'm
"Wavefcen Enargy and Reflaction b the Ionospbere of Ama'
m Rﬂ’- Soe., w, _E’ "o 5’m. i

6. J. D. Best, J. A. Ratcliffe, and M. ¥, Wilkes, "Experimental In-
vestigations with Very Waves Refleoted from the Iomosphere™,

Proe. Roy. 80a., Saept. » % -1 61‘
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THE NATIONAL BUREAU OF STANDARDS: = = o133 7

Funections and Aetivitios

The functions of the National Burean of Stand -:r-ﬂl-g_u.robl&flrﬁlqr
3, 190, ss amended by Congress in Public Law 619, 1950. Thess inelude the development aad
meintensnce of the nationsl standards of messurement s !:ro_x(i&!lllll!
Rsurrng s coneistent with igi?i-i&}tg
and properties of materisle; the development of methods and instrmments for testing materisle,
devices, and structures; advisory services 10 Covernment Agemeios om sdentific and techmics!
problerus; invention and development of devices to-serve spocial needs of the Govornment; and the
development of standard practices, codes, and specifications. The work includes besic and applied
research, development, enginecring, instrumentation, teating, ‘cvaluation, calibeation services, and
various consultation and information services. A major portioa of the Burean's work le performed
for other Government Agencies, particularly the Departisent of Defose and the Atomie Energy
Commiesion. .—.vn:xal&-au«ar- is suggestod by the listing of divisions and sectione om the
inside of the front cover.

Reports and Publications

The. results of the Buresu's work take the form of cither actual oquipment and devices or
published papors and reports. Reports are isemed to the sponscring agency of & particulsr project
or progrsm. Published papers appeer cither in the Burcan's own series of publications or in the
journale of professional and ecientific societies. The Buresw itself publishes thres monthly peri-
odicale, avsilable from the Government Printing Ofice: The Journal of Research, which presents
complete papers reporting technics] investigations; the Tochticel News Bulletin, which preseats

summary and preliminary reports on work in progress; and Basic Radio Propagation Predietions,
which provides data for determining the best froquencies to use for radie communivetions throughout
the world. There mre alae five series of nomporiodical publications: The Applied Mathemation

nformation on the Buresu's publications can be found in NBS Circular 468, Publications of
the Nadons! Burean of Standarde (§1.25) and its Supplemant ($0.75), available from the Supecin-
tendent of Documents, Governeneat Priating Office. Inquiries regacding the Burean’s repores and’
1?&'27%3??&??—40{;&

Standards, Waghington 25, D. C.
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