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1\7|arcom and Popov in the beglnnlng of the 20 century. It was a

~ great success: At the same time N. Tesla tried to use directed
energy for wireless transmission of electricity but has failed because
the technology was not yet ripe. Meanwhile, radio communication
become one of the most Important technology.

-~

* The progress in Directed Energy Systems (DES) began only after

ﬁ—?@lﬂ 70yearsifellewing the development.of high power.and
Juency commuRicatic wweless.sy‘s{eM‘ADAR LADAR, ana

ention of efficient RECTENNA by W.C Brown' in 1973

« Shall be described :Terrestrial DES up to a few Km, UAV and HAPS
up to25 km and satellites up to 40000 Km




Welrcdericlyffe Tower — Teslal Tower

Tesla purchased 0.8 square km in
New York in 1900 and start build the
tower —
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RECTENNA dimensions on the
tower 3.4x7.2m, 1975

P out from a klystron= 30kW Ef.
of RECTENNA 82.5%

French Reunion Island project:. .
d=700m, P=10kW , f=2.45 GHz
by ESA participation 1996

Project Hawaii d=148km
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Dt (m)=(dr(m)x0.6/f(GHz))0.5 [ At (m2)=dr(m)/2f(GHz)

Dt (with HAPs dr=20000m and F=5.8GHz.
Therefore Dt=45m
For maximal power transfer efficiency
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AN antiStic. PICTULELC ©  CONGEL
Plorneers: P, Glaser, J. Mankins, rl. Irroto,
J\Jr\b 'lncl Jziozin)

(oncentrating mirrors

Photovoltaic cells convert
light to electricity

Microwave transmitter dish

kigh-energy microwave beam
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Laser receiver
(“solar” cell array)

Power (example)
A. Input

B. DCto laser
C. Beam power
D. DC delivered

4000 W
3600
2000
1000

Laser
power supply

Prime Power
(Generator or

1 _L

Batte ry

AC line)

Laser cooling

Tracking and
_ safety sensors

Beam

\ director

High power LASER
manufactures and developers
companies: LASER motive,
ENTECH, UAH LASER WPT
due to its small dimensions,
weight and accuracy of the
beam can deliver power to

mobile aircrafts or troops. But
limited to reduced operation due
to atmospheric losses and
scattering especially under dust,
haze, fog, clouds or rain.
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Figure 2a. The three-dimensional field-intensity dis- Figure 2b. The three-dimensional field-intensity dis-
tributions on the rectenna for the Gaussian beam. tributions on the rectenna for the Ravleigh beam: D,
and D, are the quadrupole sensors.

The Radio Science Bulletin 338; 2011 p 27.
([3
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S.J. Freedber Jr,Breaking Defense, 8 July 2020. Air Force’s THOR high-powered microwave is
designed tg drones.Defense, 8 July 2020
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L.atm .(db) for f=5.8 GHz and Rain path length of 4km and clouds;
weather at T=(0°C) and Rain: 5mm/h (0.05),10mm/h(0.16), 50mm/h(1.2),
100mm/h(2.8), and Severe thunderstorm (9) 19
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ATTENUATION COEFFICIENT (48/km)

/V‘

\'ﬂNb'

Oy (/< 10 GHz, use Scale B)

1 i
20 50 100 200 500
2 5 10 20 50
FREQUENCY (GHa2)

Surface pressure: 1 atm (1013.6 mb)
Surlace wemperature: 20°C
Surince water vapor density: 7.5 9,",3

Fig. 30. Clear sky atienuation per unit length versus frequen-
cy. (From K. Miya, ed., Satellite Communications Technolo-
gy. Tokyo: KDD Engineering and Consulting, Inc., 1982.)

THROUGH ATMOSPHERE IN DECIBELS

TOTAL ONE-WAY ZENITH ATTENUATION

[l

41 W

100

FREQUENCY IN GH:

Surface water vapor Gonsity
A T5¢m
B 0g/m’ idey stmosphera)

R is the range of varetion due 1o fine structure

Fig. 31. Total clear sky loss versus frequency. (From K. Miya,
ed.. Satellite Communications Technology. Tokyo: KDD
Engineering and Consulting, Inc., 1982.)

105410 clear sky loss factor,
— 50, mean raindrop
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Thermal Management
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Windows &
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e From the top |
. the U.S. Navy’s Laser
Weapons Demonstrator
System, which was
deployed on the USS
Portland,;

The U.S. Air Force’s
Airborne Laser;

The U.S. Air Force’s High

Energy Laser Weapons

System, which

was cerﬂﬂw
combat Sept. 14th, 2020;

The Turkish Army’s ground

based ROKETSAN Laser

Weapon

00:00:00:00
25



A 'small unmanned aircraft is shot down with a high-energ
Raytheon laser weapon Megan Crouse Mil & AE, 27 July 2021
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Begin Fine Tracking
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~ Review (Trevikthick

- Concept drawing of
low-earth orbiting |
particle beam
weapon in the
future, courtesy of

hos Alamos National
= ratory v =

o . I .
5 Aerospace Projects

2019).
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Free Space Wireless

Cornrnunicatior = JJrlfJJfJS P

=~ Sr=FxH Pr=SxA b
C=P =P-G,- G( 4 j
Ad
EIRP = P.G,

p EIRP -G,
L. L
P.[dBm] = EIRP awi — Lige; + Grpasin
Lige; = L, +32.44 +20log Ry, +20l0g Ty




