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ABSTRACT 

The objectives of Project 6.3 were to measure the attenuation of electromagnetic radia- 
tion of various frequencies due to propagation through an ionized cloud, and to compute 
the rate of removal of electrons by recombination and attachment from the attenuation 
measurements. 

Radio signals propagated through an ionized cloud for yields up to 9.6 kt, from one 
to four minutes after the detonation, were not attenuated. 

An M-33 X-band fire-control radar skin tracked an FJ aircraft through the ionized 
cloud from a 40-kt detonation.   No difference in signal level was noted whether or not 
the ionized cloud was interposed between the radar and the aircraft. 
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FOREWORD 

This report presents the preliminary results of one of the 43 projects comprising the 
Military Effects Program of Operation Plumbbob, which included 28 test detonations at 
the Nevada Test Site in 1957. 

For overall Plumbbob military-effects information, the reader is referred to the 
" Summary Report of the Director, DOD Test Group (Programs 1-9)," ITR-1445, which 
includes: (1) a description of each detonation, including yield,  zero-point location and 
environment, type of device, ambient atmospheric conditions, etc.; (2) a discussion of 
project results; (3) a summary of the objectives and results of each project; and (4) a 
listing of project reports for the Military Effects Program. 

PREFACE 

Dr. Ralph Zirkind of the Bureau of Aeronautics, Navy Department, Washington, D. ( 
is responsible for the theory in Section 1.3 of this report. 

The U. S. Naval Air Special Weapons Facility Detachment supplied the aircraft, 
pilots, M-33 radar, and the aircraft controller in support of this project. 
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Chapter    I 

INTRODUCTION 
1.1 OBJECTIVES 

The objectives of Project 6.3 were:   (1) to measure the attenuation of electromagnetic 
radiation of various frequencies due to propagation through an ionized cloud from a nuclear 
detonation, and (2) to compute the rate of removal of electrons by recombination and at- 
tachment from the attenuation measurements. 

1.2 BACKGROUND 

The attenuation of electromagnetic radiation through ionized media has been reported 
previously (Reference 1).   Radioactivity produces an electron atmosphere different from 
free space, thereby attenuating incident radiation.   Results from Operation Redwing 
(Reference 1) indicate that at low frequencies ( 4 to 8 Mc) complete blackout or strong 
perturbation of the transmitted signal occurred for yields in excess of 250 kt.    For lower 
yields and other frequencies little data exists.   In Reference 2, it is reported that X-band 
(9,375-Mc) energy suffered strong attenuation at times of the order of microseconds 
after the blast.    For Redwing Shot Inca, the attenuation persisted in a sporadic fashion 
for at least 10 seconds (end of recording time) after the detonation (Reference 2).   Meas- 
urements for kiloton-range detonations at later periods of time after the detonation have 
not been made.   Serious operational implications are evident if attenuation occurs; e. g. 
loss of radio contact. 

1.3 THEORY 

The attenuation of an electromagnetic signal transmitted through a radioactive cloud 
from a nuclear detonation can be considered to be a result of the excess electrons from 
the fission-product gamma and beta radiation. 

Consider a medium having Ne free electrons per cubic centimeter with velocity V 
acted upon by an external force: 

- -iwt 
e E0 

Then, in the absence of a magnetic field,1 the equation of motion is (Reference 3): 

1 Emission of electrons is isotropic; therefore the magnetic 
field merely rearranges directions but not average number 
per unit volume. 
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Where:    -mV .        2 —-—  = opposing force • 

m = electron mass 

T = mean free time between collisions 

E0= amplitude of electric field 

OJ = angular frequency of electric field 

e = electron charge 

The steady state solution of equation 1.1 is: 

- -iwt 
V  = tlfi  (1.2) 

m Fi 

(1.3) 

The current density j for Ne free electrons per cubic centimeter moving with 
velocity V is: 

m (1 - iw)       m /I2 + a,2) 

Where:  E   =  root-mean-square value of the electric field. 
The complex conductivity a' is defined by: 

h m(l + T2oj2) 

From electromagnetic theory, the complex propagation factor k is defined by the re- 
lation: 

.2   « <«•")•-^(i*£^ 

Where:   a  = phase constant 

/3   = attenuation coefficient 

€0 = permittivity of free space ( -— in Gaussian units) 
u 4 7T 

c   =  speed of light 

If Equation 1.4 is substituted into Equation 1.5 and real and imaginary parts are equated, 
the following results are obtained: 

The term — has the dimensions of — •   It has been 
T time 

justified to be sufficiently accurate for experimental pur- 
poses (Reference 4). 
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«•-,«-5- 1 - 
N€r

2e2 

2 ,-2 

2fl^   = 
co 

enm (1 + or T 

N€re' 

cuenm (1 + CO2T2) 

(1.6a) 

(1.6b) 

Equations 1.6a and 1.6b can be solved simultaneously for ^  with the following result: 

R2  ..  w /      Nee
2r2 \ 

^ "e0m(l + w2T2)/ 

/      N€e
2T2 y      /Nee

2r \2 

\      e0m(l + u2T2))       \ wf0m(l + w2T2)j 

1/2' 

(1.7) 

The positive value of 02is taken to ensure a real value for the attenuation coefficient. 
To convert from power loss in nepers (the units of /3) to power loss in decibels, the fol- 
lowing relation applies: 

Power Loss  = 8.686 0 db/cm (1.8) 

The terms r and Ne in Equation 1.4 will now be defined.   From kinetic theory 
(Reference 5) the mean free path \m for a molecule is given by 

(1.9) 
m        /2 7rnd2 

Where:   n  = number of molecules/cm3 

d  =  mean molecular diameter (3 x 10-8 cm) 

The mean free path \e for a free electron is related to the molecular mean free path by: 

Xe  =  4vr2Xm (1.10) 

If Equation 1.10 is substituted into Equation 1.9 the following is obtained 

X     - -*- (1.10a) 

For a gas having a Boltzman distribution (Reference 5) the average velocity is given by: 

8KT 
(1.11) av 7r m 

Where:     K =  Boltzman's constant (1.38 x 10 u erg/deg) 
T  = Absolute temperature in degrees Kelvin 
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The collision frequency is by definition: 

* = ^SL (1.12) 

Upon substitution of Equations 1.10a and 1.11, Equation 1.12 becomes: 

" = nd   (-2m-) (1'13) 

If it is assumed that  T is 300° K: 

v  = — =  7.6 x 10~8n (1.14) 
T 

Where:    —   =  2.6 x 1019/cm3 (Reference 5) 

Ambient Density at Altitude 
Ambient Density at Sea Level 

By Reference 6: 

(T  =  (1 - 6.88 x I0"8h)4-268 (1.15) 

Where:     h = altitude in feet above sea level 

The radioactive cloud associated with an atomic detonation consists primarily of 
fission products mixed with surface contaminants.   In determining the electron density, 
the simplifying assumption that the cloud is a uniform mixture of fission products will be 
made.   These fission products emit gamma rays and beta particles, which in turn ionize 
the surrounding air and thereby produce electrons. 

The number of beta particles emitted per second per kiloton, t minutes after fission 
(Reference 7), is given by: 

9.12 x 1020Y 
ty  =  —2  (1.16) 

Where:     Y  =  total yield in kilotons 

The mean energy of the fission-product betas is approximately 0.4 Mev (Reference 
8).   Since it requires about 32.5 ev per ion pair at sea-level pressures (Reference 7) 
and the range of the beta particles is about 1.5 meters (Reference 8), about 82 electrons 
per centimeter of path will be formed for each beta particle emitted. 

The number of gamma rays emitted per second per kiloton, t minutes after fission, 
is given by (Reference 8): 

4.56xl020y NY   =  JX3 ~ <!•«> 

The mean energy of the gamma rays is approximately 0.7 Mev (Reference 8).   It is 
shown in Reference 7 that each gamma will produce approximately 0.8 electrons. 

The cloud volume will now be defined as a function of time.   In Reference 8 the 
ionized cloud dimensions are given as: 

Horizontal Diameter  =  6.8 x 10* Y°-2t0-3 (cm) (1.18a) 
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Vertical Thickness     =  2.27 x l0*Y°-2t0-2 (cm) (1.18b) 

Where:     Y = yield of device in kilotons 
t  =  time in minutes after detonation 

If the cloud is considered to be an oblate spheroid, its volume is: 

V  = 4""' <3-4 x 104 Y°-2t0-3)2 (1.14 x io*Y°-2t0-2) 

=  5.5 x 10ls Y0'8 t0-8 (1.19) 

By combining Equations 1.16, 1.17, and 1.19 with the number of electrons produced 
per centimeter of path, the production rate P of electrons per cubic centimeter,   t 
minutes after detonation, at sea-level density is: 

9.12xlO20Y       82xl.5xl02 4.56xl020Y p   =     x + 
t1-2 5.5 x i<)i3Y0.6t°-8 t1-2 

0.8         2xlOnY0-4 

5.5 x 1013Y°-8t0-8    " t* (1-20) 

The contribution from gamma rays is insignificant in comparison with that from beta 
particles. 

Electron production and attachment are dependent upon the gas density within the 
cloud.   It will be assumed that the density within the cloud is equivalent to the ambient 
atmospheric density.   From Reference 9, the height of the cloud H above the point of 
detonation as a function of time is: 

H  =  4600 Y0-2 t0,9 (ft) (1.21) 

The exponent of t  in Equation 1.21 is valid for t ^ 30 seconds after detonation.   For 
later times the cloud rises at a slower rate and a more appropriate relation is,3 for 
t > 30 seconds: 

H   =  4600 Y0,2 t0'53 (ft) (1-22) 

Upon substituting Equation 1.22 into Equation 1.15, the following is obtained: 

r 14-2B* 
(7=1- (6.88 x 10~8) (Z + 4600 Y0-2 t0'63) (1.23) 

Where:   Z  = height of burst in feet above sea level 

3 This is an interpolation by R. Zirkind between Equation 
1.21 and data from Reference 10. 
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The equation for the instantaneous electron density Ne(t) can now be written.   From 
a conservation equation, the time derivative of the electron density is: 

d Ne (t) 
——    = Production Rate - Removal Rate (1-24) 

As previously stated, the production rate indicated in Equation 1.20 is proportional to 
the gas density.   Since the recombination process can be neglected (Reference 11), the 
only removal process considered here is electron attachment, which is also proportional 
to the gas density. 

Hence, substitution of Equation 1.20 into Equation 1.24 yields: 

dN€(t)       (TX2xl015YM 

dt 
o- a N€ (t) (1.25) 

Where: a  is defined by Equation 1.23 

a = attachment rate at sea level 
t   • time in minutes after detonation 

The above analysis is valid until the cloud reaches its stabilized altitude.    (30 seconds 
<ts7 minutes).   For t > 7 minutes, the volume of the cloud must be determined ex- 
perimentally for the particular cloud investigated and the production rate in Equation 
1.20 modified accordingly.   Furthermore, after the cloud reaches its stabilized altitude, 
<r will be a numerical constant.   Lastly, it is assumed that fallout of fission products 
does not occur; within the observation period of Project 6.3, this assumption will intro- 
duce little error. 
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Chapter   2 

PROCEDURE 

2.1    OPERATIONS 

It was planned that Project 6.3 would participate only in shots of less than 10-kt 
yield, because for the larger-yield devices the A4D-1 and FJ aircraft used were com- 
mitted to aircraft effects projects. Specifically, the project participated in Shots 
Franklin, Lassen, and Wilson using the A4D-1 aircraft, and in Shots Franklin and 
Priscilla using the FJ aircraft. 

The first and primary part of the operational phase was designed to measure the 
attenuation of electromagnetic energy propagated through the ionized nuclear cloud. 
The second part was designed to check the ability of an M-33 X-band radar to skin track 
an aircraft while the aircraft was screened from the radar by an ionized cloud. 

2.1.1 Attenuation Measurement. To obtain attenuation measurements, the A4D-1 
aircraft carrying transmitters tuned to six different frequencies from 4 Mc to 9,245 Mc 
was positioned at H + 1 minute, so that the ionized cloud was on a straight line between 
the aircraft and a set of ground-based receivers.   Between H + 1 and H + 4 minutes, the 
aircraft was flown toward the ground receivers along a course that kept the cloud di- 
rectly between the aircraft and the receivers.   Radio signals transmitted from the air- 
craft through the cloud to the receivers were recorded at the receiver site and compared 
to recordings  taken on a calibration run made immediately prior to the shot. 

The initial position of the aircraft was determined, based upon the predicted loca- 
tions of the cloud at H + 1 minute.    From H + 1   to H + 4 minutes the pilot positioned the 
aircraft by observing flares of 3 x 106 candlepower set off at the receiver site.   On the 
Franklin and Lassen shots, the cloud density was thin enough for the pilot to observe 
the flares directly through the cloud.   On the Wilson shot, the pilot maintained the proper 
aircraft position by keeping the flares screened from his vision by the cloud. 

To make the preshot calibration run and in case weather conditions prevented the 
pilot from visually positioning the aircraft, flight patterns were computed to be used by 
the M-33 radar controller to position the aircraft. These patterns were computed as 
late as possible prior to zero time to take into account the latest predicted locations of 
the ionized cloud for the time interval from H + 1 to H + 4 minutes. Figures 2.1, 2.2, 
and 2.3 show the flight patterns for the A4D-1 aircraft for Shots Franklin, Lassen, and 
Wilson prior to their correction to account for the drift of the cloud due to wind. 

2.1.2 Radar Skin Tracking. To accomplish the second part of the experiment, the 
FJ aircraft was flown so that its track was approximately perpendicular to a line be- 
tween the M-33 radar station and the ionized cloud.    The cloud lay between the aircraft 
and the radar station.   The aircraft was positioned by Tacan during the standby phase 
of the flight and visually by the pilot from H + 1 to H + 6 minutes.   During this latter 
phase of the flight, the aircraft was skin tracked by the M-33 radar set.    Figure 2.4 
shows the planned flight pattern for the FJ aircraft for Shot Priscilla. 
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2.2  AIRCRAFT INSTRUMENTATION 

2.2.1   Transmitters. All airborne equipment required for this project except a 
pilot's control box was carried in a 150-gallon fuel tank mounted under the fuselage of 
the A4D-1 aircraft.   The same plugs and wiring as are used for the Navigational Radio 
Stores Assembly (NAVPAC) were utilized.    Two control boxes, C760A/A and Douglas 
45-44401-501, which are used with the NAVPAC were replaced by a box containing all 
necessary controls for operation of the airborne equipment.   Table 2.1 gives some 
characteristics of the transmitting equipment. 

TABLE 2.1    CHARACTERISTICS OF TRANSMITTING EQUIPMENT 

Frequency Type of 
Emission 

Peak Power Polarization Antenna 
Gain 

Mc decibels 
4.085 2PO 75 — — 

19.2275 2PO 75 — — 
160 3000PO 1,000 Vertical 0 

960 3000PO 1,000 Vertical 0 

3,100 3000PO 1,000 Vertical 12 

9,245 3000PO 40,000 Vertical 12 

The transmitters were enclosed in a pressurized capsule approximately 6 V2 feet 
long and 12 V2 inches in diameter.   Airborne instrumentation consisted of a power meter 
for each transmitter, an altimeter, an artificial horizon, primary voltage monitors and 
a clock.   A camera operating at about one frame every two seconds recorded the read- 
ings of the instruments.    The equipment was designed to meet the environmental, 
electrical, and mechanical requirements of Specification MIL-I-5400.   Figure 2.5, 
2.6, 2-7, 2.8, amd 2.9 show various views of the airborne equipment. 

2.2.2  Antennas- Directional horn antennas for the X-band and S-band transmissions 
were mounted in the nose section of the pod behind a radome, both with a 10-degree 
downward tilt.   A blade type AS-133 IFF antenna was mounted on the centerline of the 
pod about three feet from the nose for the L-band frequency.   A stub antenna tuned to 
160 Mc was mounted on the centerline of the pod about six feet from the nose section. 

TABLE 2.2 CHARACTERISTICS OF AIRBORNE ANTENNAS 

Frequency Vertical Beam 
Width 

Horizontal Beam 
Width 

Polarization Gain 

Mc degrees degrees decibels 
4.085 — — — — 

19.2275 — — — — 
160 90 180 Vertical 0 

960 90 180 Vertical 0 
3,100 40 30 Vertical 12 
9.245 43 28 Vertical 12 

Brass bars about 8 feet long were mounted horizontally a little above the centerline of 
the pod about four inches from the pod.   These were excited at one end; the other end 
was an open circuit.   When these brass bars were properly matched, they caused the pod 
and therefore the aircraft to act as a radiator.   It was difficult to calculate the principal 
direction of polarization; however, sufficient energy was radiated to give a signal level 
about 30 decibels above noise at maximum range (40 miles) for the 20-Mc transmitter 
and about 10 to 15 decibels above noise for the 4-Mc unit.   Table 2.2 gives some charac- 
teristics of the airborne antennas. 
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O Receiver Station 
(G-6.3-9005.02) 

© M-33 Radar 

Figure 2.2   No-wind flight pattern for A4D-1 aircraft for Shot Lassen. 
Time in minutes before and after detonation indicated on pattern. 
Ground speed of aircraft 420 knots. 
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Figure 2.3  No-wind flight pattern for A4D-1 aircraft for Shot Wilson. 

© Receiver Station 
(G-6.3-9005.01) 

Time in minutes before and after detonation indicated on pattern. 
Ground speed of aircraft 400 knots. 
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Figure 2.4  No-wind flight pattern for FJ aircraft for Shot Priscilla. 
Time in minutes before and after detonation indicated on pattern. 
Ground speed of aircraft 425 knots. 
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2.3    GROUND INSTRUMENTATION 

Two trailer vans located about 500 feet apart housed duplicate sets of receiving 
equipment.   Variations in field strength caused by reflections were compensated for by 
combining the data from the two receiving stations.    Figures 2.10 and 2.11 show 
interior and exterior views of the receiving vans. 

2.3.1  Receivers. Receivers from the X, S,  L, and A bands were procured from 
Airborne Instruments Laboratory.    These receivers were built up of commercial sub- 

Figure 2.5  Airborne equipment showing replaceable transmitter units, 
cradle, and pressure tight capsule. 

assemblies, i.e., local oscillators from General Radio, Inc. , power supplies from 
Lamda, Inc. , etc   The contractor assembled these parts into rack-mounted equipment. 
Collins 51J4 receivers were utilized for the two HF frequencies.   Since all these re- 
ceivers were built to commercial standards,  care to provide reasonable environmental 

Figure 2.6   Airborne equipment showing transmitter assembled in 
cradle, and pressure tight capsule. 
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Figure 2.7  Airborne equipment showing sections of pod. 

conditions was necessary to ensure satisfactory results.   Table 2.3 gives pertinent 
data regarding these receivers. 

Outputs from these receivers were integrated and recorded.   The integrators were 
essentially vacuum tube voltmeters with a time constant of about 0.05 second. 

2.3.2  Antennas.   Directional antennas mounted on rotatable masts affixed to the 
trailer vans were used for all frequencies of interest except the 4.085-Mc frequency. 
Long-wire antennas from 50-foot masts to each trailer were used for the lowest fre- 
quency.   Characteristics of these antennas are shown in Table 2.4. 

2.4    MAINTENANCE  FACILITY 

A maintenance truck stationed at Indian Springs Air Force Base was utilized as a 
workshop for calibration and repair of the aircraft installation for Project 6.3. 

Figure 2.8   Airborne equipment showing instrument theater. 
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2.5  DESCRIPTION OF DATA 

2.5.1 Attenuation Measurement. Outputs from the receivers were integrated and 
presented as voltages on Varian G-ll Strip Chart Recorders. These recorders had a 
response time of about 0.1 second.   The receivers had the limiting dynamic ranges in 

TABLE  2.3    CHARACTERISTICS OF RECEIVER8 

Frequency Band Width Noise Figure Dynamic Range 

Mc Mc decibels decibels 

4.085 10"' 10 SO 
19.2275 10"' Id 60 

160 3 10 60 

960 5 10 50 
3,100 5 10 50 
9,245 5 10 55 

the receiving-recording chains.   Tests showed that the system was capable of record- 
ing to a precision of ± 1 decibel. 

Stability of the transmitting and receiving systems had to be assured for at least 
35 minutes.    The transmitter power outputs were continuously monitored and recorded, 

TABLE   2.4   CHARACTERISTICS OF GROUND-BASED ANTENNAS 

Frequency Vertical Beam 
Width 

Horizontal Beam 
Width 

Polarization Gain 

Mi- degrees degrees decibels 

4.085 90 Omnidirectional Horizontal 0 
19.2275 45 150 Vertical 8 

160 30 80 Vertical 13 

960 80 30 Vertical 12 
3,100 40 3D Vertical 12 

9,245 43 28 Vertical 12 

and it was shown by several tests that the calibration of the receivers would not change 
appreciably for one hour. 

The receiving-recording chain was calibrated before and after each run.    Further 
corrections due to power drift of the transmitters as recorded by a camera were planned. 

Figure 2.9   Airborne equipment showing assembled pod. 

but experience showed that the power drift in the transmitters was negligible over a 
period of one hour. 

A calibration run established signal strength versus time; then a similar run with 
the ionized cloud interposed between the aircraft and the ground station was made. 
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Figure 2.10  Interior view of ground 
receiver van showing receivers, 
monitors, and recorders. 

Curves were plotted for both (designated A and B, respectively).   Since the aircraft po- 
sition was never exactly as predicted, the time axes of both curves were expanded or 
contracted in order that points on the calibration-run curve (A) would correspond in 
distance to points on the interposed-cloud curve (B).   The difference between Curves A 
and B represented attenuation versus distance from the aircraft to the ground receivers. 
The distance scale was then referred to time after detonation. 

2.5.2 Radar Skin Tracking.  A check to determine if the ionized cloud would affect 
the return for an X-band radar was made on Shot Priscilla.   An operator observed the 
radar return on an A-scope presentation.   Motion pictures were taken of this display as 
the FJ aircraft flew so that the ionized cloud lay between the M-33 radar and the aircraft. 

Figure 2.11   Exterior view of two ground receiver vans. 
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Chopter   3 

RESULTS 

3.1 ATTENUATION MEASUREMENTS 

On all shot participations the equipment utilized for attenuation measurements func- 
tioned properly.   The pilot of the aircraft was able to accomplish visual positioning, as 
planned, without difficulty.   Except for the 4.085-Mc channel, the records obtained in- 
dicated no attenuation of the frequencies tested due to propagation of the radio signals 
through the ionized clouds of Franklin, Lassen, and Wilson in the period H + 1 to H + 4 
minutes. 

Figure 3.1 is a photograph showing a sample of the data taken during Shot Wilson 
of a record of the S-band signal.    The bottom chart shows the time from H - 10 to H — 
7 minutes—the calibration run.   The top chart shows the time from H + 1 to H + 4 min- 
utes—the interposed-cloud run.   The calibration scale for the lower chart is at the 
right, while the calibration scale for the upper chart is at the left. 

Interference on the 4.085-Mc channel on each shot prevented the recording of con- 
clusive data for that channel.    However,  a characteristic 400-cycle tone from the 
4.085-Mc receiver was audible both during the calibration run and the run with the ion- 
ized cloud interposed.   No difference in signal level was noted. 

Records of the position of the A4D-1 aircraft during the participation were obtained 
by the M-33 radar on Shot Wilson.   Edgerton, Germeshausen and Grier, Inc. (EG&G) 
tracked the Wilson cloud by photography to obtain after-the-fact information on its exact 
position.   It is planned to reduce the data so obtained to confirm the relative positions 
of the aircraft and cloud with respect to the ground receivers.   Results will be included 
in the final (WT) report of this project. 

3.2 RADAR SKIN TRACKING 

An M-33 X-band radar skin tracked the FJ aircraft from H-hour to H + 6 minutes 
on Shot Priscilla.   The aircraft flew so that the ionized cloud was between the M-33 
radar and the aircraft at H + 3 minutes and H + 5 % minutes.   The radar did not lose 
track at any time during the period from H-hour to H+ 6 minutes, and no evidence of 
loss of signal at H + 3 minutes or H + 5 i/2 minutes was noted by the observers.   Records 
of the flight path of the FJ aircraft were obtained from the radar, and EG&G tracked the 
cloud.   It is planned to verify that the aircraft was behind the cloud at the times noted 
by the pilot.   Results of this after-the-fact data will be included in the final (WT) report 
of this project. 
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Chapter   4 

DISCUSSION 
4.1 THEORY 

The development in Section 1.3 applies only in an infinite, homogeneous medium 
with both transmitting and receiving systems within the medium.   This was not the case 
in this experiment, since both transmitters and receivers were outside the ionized 
medium and the radio energy must pass through the boundary layer twice.   However, 
that theory serves as a basic approach, since the geometry, boundary conditions and 
ionization gradient within the cloud would be very difficult to determine. 

The leading edge of a sharp pulse was used to measure signal strength. This 
greatly reduced the effect of reflections and any multipaths on the recorded signal 
strength, since only the shortest path signal was recorded. 

4.2 INTERFERENCE 

Difficulty with interference on the 4-Mc channel was noted only during the period 
from about 0100 until 0500.   Checks from 0900 until 1800 showed at least 15 decibels 
less interference than during the pre-dawn period.    This phenomenon was probably due 
to the fact that the ground wave was highly attenuated because of the terrain, but that 
the sky wave was not.   Since the sky wave was strong during the time of the detonation, 
more interference during the pre-dawn period than during the day could be expected. 

There was too little safety factor in the 4-Mc channel, due to the difficulty of de- 
signing a low-frequency antenna in the limited space available.   Since the A4D-1 air- 
craft were also used as effects aircraft for another project, no external antenna 
structures could be fitted. 

4.3 FREQUENCY DRIFT 

Some frequency drift in the S- and X-band transmitters and in the X-band re- 
ceivers was noted.   Careful re-tuning immediately before recording produced satisfac- 
tory results. 

4.4 CALCULATIONS 

Due to the lack of attenuation noted, calculation of the rate of removal of electrons 
by recombination could not be made. 
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Chapter   5 

CONCLUSIONS    and    RECOMMENDATIONS 

5.1 CONCLUSIONS 

From one to four minutes after a nuclear detonation of 10-kt yield or less, there is 
no attenuation of the radio signals tested by this project as a result of passing through 
the ionized cloud. 

An X-band fire control radar will track a small jet aircraft with no noticeable loss 
of signal when the aircraft is screened from the radar by the ionized cloud of a 40-kt 
detonation. 

5.2 RECOMMENDATIONS 

No further electromagnetic-attenuation measurements of the type attempted by this 
project should be made for low-kiloton-range detonations during time periods later than 
H+ 1 minute. 
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