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WASHINGTON DC 20230 
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Request for Comments 

   Docket No. 181130999–8999–01 

  RIN 0660–XC044  

 
COMMENTS OF THE POLARIS PNT GROUP 1 / 2 

MARCH 16, 2019 
 
The Request for Comments (“RFC”)3 seeks comments on: 
 
The National Spectrum Strategy ... to 

(a)  Increase spectrum access for all users, including on a shared basis, through 
transparency of spectrum use and improved cooperation and collaboration 
between Federal and non- Federal spectrum stakeholders. 

(b)  Create flexible models for spectrum management. 

(c)  Use ongoing research, development, testing, and evaluation [RDT&E]. 
(d)  Build a secure, automated capability to facilitate assessments. 

(e)  Improve the global competitiveness of United States terrestrial and space-related 
industries and augment the mission capabilities of Federal entities through 
spectrum policies, domestic regulations, and leadership in international forums. 

 
The Space Policy Directive-3 ... considerations:  

•  consistency between ...national and international regulations and goals ...in, the 
RF spectrum for space services. 

•  advantages of addressing spectrum in ...STM [Space Traffic Management]. 

•  flexible spectrum use and ...emerging technologies for...space systems. 
•  spectrum-dependent STM components, such as inter-satellite safety 

communications and active debris removal systems. 
 

                                                
1   To National Telecommunications and Information Administration, U.S. Department of 

Commerce, 1401 Constitution Avenue NW, Room 4600, Attn: John Alden, Washington, DC 
20230.�This is emailed to: spectrum-strategy-comments@ntia.doc.gov.  

2   Re ‘Polaris’ - see signature page below. / These Comments are limited to public information. 
3   In the Federal Register, Vol. 83, No. 245, Friday, Dec. 21, 2018, Notices.  
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 1. The POLARIS PNT GROUP (or POLARIS PNT) listed on the signature page 

below, is involved in many of the matters in the subject NTIA RFC as listed above. This is 

shown at http://www.polarispnt.space/.  This site has embedded PPT PDF files with details and 

citations to papers on technology and systems.  These are attached as Exhibits 1 to 3.   

 2. In brief, radio-based systems for communication, location, and remote sensing 

have to date dealt mostly with terrestrial systems with, relatively, only a scattering of earth 

atmosphere and space systems.  However, there is a compelling case for radio-based systems for 

the latter as POLARIS PNT summarizes in this website.  

 Because these are mostly new, the site and the 3 Exhibits from it contain (A) broad 

concepts and longer-term projections, and (B) closer-in developments, technologies and systems. 

 (A)   Broad concepts and longer-term projections (from Exhibit 2): 

• 3D Radio Systems.  3D- use of Earth’s ionosphere-plasmasphere-magnetosphere 
(3D IPM) Using radio frequency transceiver phased arrays with facilities similar 
to the radio astronomy LOFAR and SKA for both space and atmosphere science, 
RF systems (enhanced broadband meteor burst centric), sub-nanosecond time 
synchronization and encryption, augmentation, via: 

•  Facilities 1: Phased arrays, mini-SKAs, timed for dual earth/ astronomy radio 
functions. Terrestrial and high seas (F1). 

•  Facilities 2: Extensive private-facility rooftop stations combining solar-energy 
panels and RF transceivers (F2). 

•  F2 distribution: Any stores, utilities, nonprofits, and ‘amazons’. 

•  Tech, e.g., Eastlund US2007 patent 0238252A1 (method and apparatus for 
altering a region in the earth's atmosphere, ionosphere, and/or magnetosphere); A. 
Streltsov: Energy from Space Plasma; and Whistler waves' to protect 
communications from nuclear blast.  https://laserearthshield.info; Plasma and rf-
laser transducer antennas in personal & IOT devices.  (Other not herein.) 

 (B) Closer-in developments, technologies and systems (from Exhibit 3)  

• Advanced Continental Low-VHF 20-55 MHz Meteor Burst Radio Signaling 
Networks (MB) (MBRS) and Low VHF Ground Wave Radio Signaling Networks 
(lvGWRS) -- For critical infrastructure & services, including: 

• MBRS: for broadcast data (for N-RTK for GNSS-GPS high accuracy; other), 2-
way communications, MB positioning navigation & timing (GPS independent) 
(“iPNT”), MB encryption, atmospheric science and prediction... 

• lvGWRS: for best, low interference and attenuation, LOS & NLOS networks in 
urban and indoor iPNT and low-rate networks for geolocation, ground drones, 
search & rescue, smart cities and buildings. 
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• Overall: Advanced MBRS, as indicated herein, can provide highly cost effective 
and critical benefits to the nation. 

Advanced Meteor Burst Radio Signaling 
• Billions of small meteoroids enter the atmosphere daily, few large enough to be 

visible, and create no- cost, ever-renewed, smart, plasma antenna arrays in the 
sky, responsive to VHF 20-55 MHz. 

• With new radio, antenna and computer techniques, this will enable ‘4G’ and ‘5G’ 
Meteor Burst Radio Signaling services that are robust, secure, continent wide with 
no coverage gaps, at low-cost-of-coverage. 

• It will deliver n-RTK for precision GPS nationwide.  

• It will provide Position, Navigation and Timing services independent of GPS and 
far more secure from sky or terrestrial attacks.  

• It will improve atmospheric and weather science that is much needed, and provide 
other major benefits. 

• NTIA and FCC spectrum is available (see Exhibit 3) and is little used. 
• Reception of the many key data services will be via one-way broadcast, 

receivable in any radio device, even consumer smart phones. 
The above-referenced B. Eastland patent (see ¶4 below) indicates, among other 
developments (some not disclosed herein) how advanced MBC - MBRS as outlined in 
Exhibit 3 can be used to greatly enhance: 

•  Terrestrial 5G wireless in urban to remote areas -- and lower overall ambient RF 
levels and "pollution." 

•  Earth atmosphere and space radio communications, science and probes. 
•  Substantially reduce greenhouse gases in Earth's atmosphere layers. 

•  Other critical and economically viable systems and services. 

 3. The better known components indicated above include “Meteor Burst 

Communications” in low VHF ranges (approx. 20-55 MHz) (“MBC”).  In the US, this is 

extensively used by the US DOA for its “SNOTEL” and “SCAN” systems.  (See Exhibit 3 at p, 

23 et seq.) These are narrowband and low bandwidth systems, sufficient for the purposes.  

However, far more advanced high capacity MBC is feasible and planned by POLARS PNT, and 

is described at the above website (and in Exhibit 3, from the site).   

 4. From the Eastland Patent, above: US2007/0238254 (emphases added): 

Abstract.  This invention is a method and apparatus for creating artificially 
ionized regions in the atmosphere utilizing ionization trails of cosmic rays and 

                                                
4   Copy at: https://patents.google.com/patent/US20070238252A1/en  
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micro-meteors to ignite plasma patterns in electric field patterns formed by 
ground based electromagnetic [phased array] wave radiators. The applications are 
useful for telecommunications, weather control, [and]... protection and defense 
applications. The invention lowers the power requirements for forming artificial 
ionized regions in the atmosphere by a factor of up to 1600 times lower than those 
required in existing designs and projections for creation of artificial ionized 
regions in the atmosphere. 

[00116] A principal embodiment is to use cosmic particles, such as ... micro-
meteor trails, to ignite an artificial ionized region “plasma pattern” in the air.... 

[0022] Another... is to enhance cellular communication systems by producing disc 
shaped plasma patterns at altitudes of at least 10,000 meters over one or more 
existing cellular communications towers. 

[0023] Another...is to provide a short haul cellular telecommunications systems 
by producing disc shaped plasma patterns at altitudes of at least 10,000 meters 
and the use of at least one cellular base station with an upward pointing antenna. 

[0024] Another ...is a city wide cellular communications system by producing a 
disc shaped plasma pattern at altitudes of at least 30,000 meters and the use of at 
least one cellular base station with an upward pointing antenna. Another principal 
embodiment of this patent is to provide a strong signal for city wide cellular 
communication by producing five disc shaped plasma pattern in a roughly 
parabolic pattern at an altitude of at least 30,000 meters and the use of at least one 
cellular base station with an upward pointing antenna. The additional gain 
provided by this system could make it possible to provide very high data rates to 
cellular equipment, possibly giving a WI FI connection to a whole city. 

[0025] Another...is to provide a long haul communication system by erecting 
shaped plasma patterns at two different locations on the earth's surface, each 
pattern located at an altitude of 80,000 meters and to use a base station at each 
location to send and receive telecommunications signals. 

[0026] Another... is a portable system for city wide communication. The 
individual phased array radiating elements have the capability to vary the 
frequency and phase of the electromagnetic wave generator and to point the 
electromagnetic radiation in the proper direction. Such a system would be useful 
... in natural disasters. 

[0027] Another ...  is to ... create the plasma layer to accelerate electrons on the 
surface of the plasma layer to high energy... for communications or military 
applications. 

[0028] This invention makes practical many applications that derive from 
production of plasma patterns in the air. 
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 5. The POLARIS PNT entities and work is based on involvement in wireless 

expanded to GPS-GNSS and other radio-based systems -- all still in early phases verses 

capabilities.   

 Forms of “3D Radios Systems” --  “use of Earth’s ionosphere-plasmasphere-

magnetosphere (3D IPM)” as outlined above and described further in the 3 Exhibits hereto, can 

substantially enhance radio science and systems in the nation, and thousands of miles beyond the 

nation’s territorial limits, for many critical applications of federal agencies and the general 

public. 

 The United States began the GNSS with GPS and has been the world leader.  US DOC 

and NTIA play major rules, e.g., https://www.gps.gov/governance/agencies/commerce/.  The 

matters herein are in accord and can enhance developments and success in these and many other 

critical radio-based systems of many kinds. 

 The undersigned has net with the GPS office at DOC, NTIA OSM at DOC, some 

agencies’ wireless program offices, and DARPA over the last several decades on matters leading 

to those summarized herein.  The undersigned also arranged for funding and contributions to 

University of California studies related to these matter.5 

 The undersigned also met with the FCC on these matters also, and a plan to “migrate” 

(under existing law and precedent) certain radio spectrum now under FCC domain to, or 

primarily to, NTIA OSM domain on behalf of US agencies that may work with the public-benefit 

programs of the POLARIS PNT entities on matters outlined herein. In this regard, the FCC does 

not have the capabilities, interest or patience, for these matters and even works against these the 

undersigned worked on for over a decade including on a non-profit bases.6   

 However, other federal agencies who can use or may use advanced systems and services 

outlined herein for their own use, and in part host or may host them for broad commercial uses, 

with various forms of “sharing,” should have the capabilities, longer-term plans and programs, 

ample spectrum rights and much if the infrastructure needed.  

 

                                                
5  See https://people.eecs.berkeley.edu/~kannanr/assets/project_loc/CHALOCBA.pdf 
6   The same applies to certain State of California authorities.  Both are easy to show. The 

undersigned is proceeding with FCC, judicial, ADR, Congressional, and other remedies, 
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Respectfully submitted, 
 
 
POLARIS PNT GROUP - 7 
Polaris PNT PBC 
Polaris PNT 1, PB LLC 
Polaris PNT 2, PB LLC 
Polaris PNT 3, PB LLC 
 
By: 
 
 
 
 
Warren Havens 
President and individually 
2649 Benvenue Ave. 
Berkeley, CA 94704  
polaris.havens@gmail.com 
 

 

3 EXHIBITS 

 

                                                
7   Delaware statutory public-benefit companies (for private profit and public benefit). 



	

EXHIBIT - 1  



The Earth is a spinning magnet and with the Sun form a radio- 
magnetic- plasma- electric system active above the Earth’s 
surface in the coupled ionosphere and magnetosphere.   

This can be harnessed for the energy needed for civilization; for 
long range high capacity communications including a new 
generation and configuration of global Internet; to advance and 
protect global “free speech” and online education, arts and 
sciences; to scrub the atmospheric layers of many greenhouse 
gasses; to beneficially modify weather and climate and improve 
forecasting; for distributed phased radio astronomy, 
supercomputing and encryption with a growing global 
instrument; and for other critical applications.   

This can be implemented to a large extent by private individuals 
and companies and coordinated by nonprofit foundations using 
open technologies. 

Research and systems for the main components needed exist 
at least in viable first generations.  Documents at this website 
show some of these.







The following pages in black and white (some coloring 
reset) are from: “HAARP, research and applications: a 
joint program of Phillips Laboratory and the U.S. Office of 
Naval Research, January 1, 1995.”  We are not a 
government entity and have different applications and 
systems in mind, but aspects of this US report  are  
useful to show some of the physical systems involved, 
and some techniques.   

This should be read with other documents at this 
website. 

The Nordic-nations “EISCAT 3D” project is designed to 
exceed HAARP in various ways (however, HAARP may 
be enhanced, as well). See, e.g.. next page. 



[Continued re EISCAT 3D]  See, e.g.,  
https://www.eiscat.se/eiscat3d/ 

https://www.eiscat.se/eiscloud/index.php/s/
XH2Y3mQeXat5wdW?
path=%2FPublicity%20material#pdfviewer  --  

       "EISCAT_3D follow in this tradition of global  
collaboration, as is evident by their strong ties with the U.S. 
“In the future, we would like to regard our radars, and also 
any other new-generation incoherent scatter radars, as a 
joint global instrument, which then finally would have a joint 
science programme directed to the most relevant science 
questions,” says Turunen. The joint instrument and 
programme mentioned would require possible modifications 
to the training regimen for future radar scientists, as it 
requires them to work on a more global scale and with global 
data. With this in mind, Turunen and his partners are already 
looking towards organising global incoherent scatter radar 
schools along with colleagues from the U.S.   

       "Because of EISCAT_3D’s dedication to international 
collaboration, the project has been invited to participate in 
science and political discussions by the EU and the [U.S.] 
National Science Foundation [“NSF’]. The two organisations 
are currently in talks to determine ways to jointly advance 
and finance the development, operation and use of large-
scale research infrastructures.” 

The above indicates, EISCAT 3D’s international nature.  This 
may involve with US private non-governmental entities as 
well as US government entities such as NSF.



Above is from an EISCAT 3D presentation. 

Pages below in black-and-white are from an HAARP 
presentation.













KAIRA is part of EISCAT 3D (see above) and “LOFAR” (google it). 
Below from: http://kaira.sgo.fi/p/radars.html `

Above (with some background knowledge) generally depicts 
aspects of the following.  Cost-effective globally distributed 
coordinated phased antenna arrays, some transmit and some 
receive and some both (most in HF, VHF, and lower UHF 
frequency ranges), will allow greatly expanded 
understanding, and beneficial control and use of earth’s 
layers of atmospheres, which interact with “space 
weather” (from sun activity and some deeper space). This is 
a fundamental development of great significant to 
civilization not well known and thus far not well integrated 
and pursued.  It is involves but should mainly be a science 
projects.



	

EXHIBIT - 2  
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st
an
di
ng
	o
f	t
hi
s	
pr
es
en

ta
/o

n	
re
qu

ire
s	
ad
di
/o

na
l	b
ac
kg
ro
un

d	
kn
ow

le
dg
e.
		

M
BR

S	
ca
n	
be

	u
se
d	
di
re
ct
ly
	fo

r	
pP

N
T	
(in

de
pe

nd
en

t	o
f	G

PS
/	
G
N
SS
),	
an
d	
in
di
re
ct
ly
	b
y	
de

liv
er
in
g	
nR

TK
	d
at
a	
an
d	
in
	o
th
er
	w
ay
s.
			

W
ire

le
ss
	p
PN

T	
–	
ra
di
o	
si
gn

al
in
g	
an

d	
da

ta
	fo

r	
pr
ec
is
e	
po

si
/o

n,
	n
av
ig
a/

on
	a
nd

	ti
m
in
g-
-		
is
	fa

r	m
or
e	
im

po
rt
an

t	t
ha
n	
m
or
e	
w
ire

le
ss
	

co
m
m
un

ic
a8

on
s.
	E
.g
.,	
se
e	
w
w
w
.te

rr
an
au
tx
.c
om

.		
		A

ls
o	
se
e	
w
w
w
.p
ol
ar
is
PN

T.
sp
ac
e.
		

Fo
r	
th
e	
ne

ed
ed

	u
bi
qu

ito
us
	n
a/

on
w
id
e	
pP

N
T,
	lo
w
ba
nd

	V
H
F	
is
	n
ee
de

d.
			
N
on

pr
ofi

t	p
ub

lic
-	p

ri
va
te
	c
om

m
on

s	
ar
e	
ne

ed
ed

	a
s	
w
el
l.	
	

Fo
r	
m
or
e	
ca
pa
ci
ty
	in
	h
ig
h-
us
e	
ar
ea
s,
	o
th
er
	s
pe

ct
ru
m
	a
nd

	n
et
w
or
ks
	w
ou

ld
	b
e	
us
ed

	a
nd

	in
te
gr
at
ed

.	

Th
e	
fo
llo
w
in
g	
sl
id
es
	p
ri
m
ar
ily
	g
iv
e	
in
fo
rm

a/
on

	o
n	
cu
rr
en

t	a
dv
an
ce
d	
te
ch
no

lo
gy
	a
va
ila
bl
e	
as
-is
,	o
r	
w
ith

	re
as
on

ab
le
	a
da
pt
a/

on
	

gi
ve
n	
th
e	
sc
al
e	
in
vo
lv
ed

.		
			

Co
m
m
en

ts
	b
el
ow

	in
	b
ox
es
	a
re
	a
dd

ed
	fo

r	
fu
rt
he

r	
ex
pl
an
a/

on
	o
f	t
he

	te
xt
	a
nd

	g
ra
ph

ic
s,
	m

os
t	o

f	w
hi
ch
	a
re
	la
rg
el
y	
se
lf	
ex
pl
an
at
or
y	
in
	

co
nt
ex
t	o

f	t
he

	s
lid
es
	a
bo

ve
,	i
nc
lu
di
ng
	th

e	
p.
	3
	c
ha
rt
,	f
or
	th

e	
su
ita

bl
y	
in
fo
rm

ed
	re

ad
er
.	

M
os
t	o

f	t
he

	b
el
ow

	a
re
	e
xc
er
pt
s	
fr
om

	th
e	
do

cu
m
en

ts
	n
am

ed
.		
U
nd

er
lin
in
g	
is
	a
dd

ed
.		
	O
nl
in
e	
so
ur
ce
s	
sh
ow

n.
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1	
In
tr
od

uc
/o

n,
	

N
ee
d	
an
d	
G
oa
ls
	

I.	
	A
dv
an
ce
d	
M
et
eo

r	
Bu

rs
t	R

ad
io
	S
ig
na
lin
g	
(M

BR
S)
	–
	w
ha
t	a

nd
	w
hy
	



W
ar

re
n 

Ha
ven

s 
20

16
!

10
	

1/
19
/1
6	

G
oa

l,	
N
ee
d,
	a
nd

	P
la
n	
-		
1	

U
bi
qu

ito
us
	“
3D

	W
ire

le
ss
”	
	is
	n
ee
de

d,
	a
nd

	A
dv
an
ce
d	
M
BR

S	
sh
ou

ld
	a
nd

	c
an
	b
e	
its
	fo

un
da
/o

n	

Cu
rr
en

tly
,	t
he

	v
as
t	m

aj
or
ity

	o
f	w

ire
le
ss
	is
	fl
at
-e
ar
th
	b
ou

nd
	a
nd

	th
us
	“
2d

,”
	a
nd

	u
se
s	
w
av
e	
fo
rm

s	
th
at
	a
re
	a
ls
o	
2d

	s
in
ce
	O
A
M
		a
nd

	s
im

ila
r	
3d

	w
av
e	

fo
rm

s	
ca
nn

ot
	w
or
k	
w
el
l	i
n	
N
LO

S	
2d

	th
at
	p
re
do

m
in
at
es
,	a
nd

	la
ck
s	
pr
ec
is
io
n	
in
	/
m
e	
an
d	
sp
ac
e	
ev
en

	in
	2
d	
(it
	is
	fu

zz
y)
.		
Th
is
	“
fla
t”
	a
nd

	“
fu
zz
y”
	

w
ire

le
ss
	im

po
se
s	
se
ve
re
	li
m
ita

/o
ns
,	a
s	
is
	im

po
se
d	
w
he

n	
so
m
eo

ne
	c
an
no

t	b
al
an
ce
,	s
ee
	a
nd

	h
ea
r	
w
el
l.[
1]
			

Th
e	
ex
ce
p/

on
s	
ar
e	
sa
te
lli
te
	c
om

m
un

ic
a/

on
s	
an
d	
lig
ht
ly
	u
se
d	
lo
w
	s
pe

ct
ru
m
	s
ky
w
av
e	
co
m
m
un

ic
a/

on
s	
[2
]	[
3]
.	2
d	
fla
t-
fu
zz
y	
w
ire

le
ss
	la
ck
s	
th
e	

he
ig
ht
	d
im

en
si
on

	a
nd

	w
ith

	it
,	L
O
S	
pr
op

ag
a/

on
,	a
nd

	w
ith

	th
at
,	h
ug
e	
ga
in
s	
in
	E
RP

	e
ffe

c/
ve
ne

ss
,	s
ig
na
l-l
ev
el
	p
re
di
ct
ab
ili
ty
,	v
er
/c
al
	p
ol
ar
iz
a/

on
,	

an
d	
ac
cu
ra
te
	/
m
e	
tr
an
sf
er
	(G

PS
	le
ve
l	o
r	
be

[
er
)	a
nd

	th
us
	th

e	
ba
si
s	
to
	s
ec
ur
el
y	
[s
ee
	4
]	c
ur
e	
th
e	
fu
zz
in
es
s	
vi
a	
pP

N
T.
	

A
dv
an
ce
d	
M
BR

S	
w
ill
	p
ro
vi
de

	3
d	
w
ire

le
ss
	n
a/

on
w
id
e,
	C
on

/n
en

ta
l,	
an
d	
In
te
rc
on

/n
en

ta
l	(
ea
si
ly
	w
or
ld
w
id
e,
	w
he

n	
co
or
di
na
te
d)
	in
	a
	h
ig
hl
y	
co
st
	

eff
ec
/v
e	
an
d	
se
cu
re
	m

an
ne

r,	
an
d	
pr
ov
id
e	
LO

S-
ba
se
d	
fu
nc
/o

ns
	in
cl
ud

in
g	
G
PS
-	i
nd

ep
en

de
nt
	P
os
i/
on

,	N
av
ig
a/

on
	a
nd

	T
im

in
g	
(“
ip
PN

T”
)	f
or
	a
	

fo
un

da
/o

n	
of
	a
ll	
“s
m
ar
t”
	c
ri
/c
al
	in
fr
as
tr
uc
tu
re
	a
nd

	s
er
vi
ce
s.
	

Ba
se
d	
on

	Io
no

sp
he

re
	h
ei
gh
ts
,	a
dv
an
ce
d	
M
BR

S	
w
ill
	v
er
y	
co
st
	e
ffe

c/
ve
ly
	c
ov
er
	e
ve
ry
w
he

re
,	e
ve
n	
in
	m

os
t	r
em

ot
e	
ar
ea
s	
an
d	
fa
r	
off

sh
or
e	
(b
y	
1,
00
0	

m
ile
s	
or
	s
o,
	a
nd

	m
or
e	
w
ith

	re
la
ys
	o
n	
sh
ip
s	
an
d	
is
la
nd

s)
.		
Th
e	
m
or
e	
it	
is
	u
se
d	
at
	b
as
e	
an
d	
re
m
ot
e	
st
a/

on
s,
	th

e	
m
or
e	
ca
pa
ci
ty
	is
	g
en

er
at
ed

.		
It
	c
an
	

de
liv
er
	n
RT

K	
co
rr
ec
/o

ns
	(a
lre

ad
y	
fo
r	
th
e	
m
os
t	p

ar
t	a

va
ila
bl
e	
in
	th

e	
U
S	
la
nd

	m
as
s,
	v
ia
	N
O
A
A
	C
O
RS
,	e
tc
.)	
on

	b
ro
ad
ca
st
	b
as
is
	to

	e
ve
ry
on

e	
at
	n
ot
	

co
st
	to

	re
ci
pi
en

t,
	a
nd

	n
om

in
al
	to

ta
l	c
os
ts
	o
f	d

el
iv
er
y.
	

A
dv
an
ce
d	
M
BR

S	
w
ill
	p
ro
vi
de

	3
d	
w
ire

le
ss
	b
ec
au
se
	it
	is
	b
as
ed

	o
n	
Io
no

sp
he

ri
c	
ra
di
o	
w
av
e	
pr
op

ag
a/

on
,	a
nd

	it
	w
ill
	b
e	
hi
gh
ly
	c
os
t	e

ffe
c/
ve
,	a
nd

	
sp
ec
tr
um

	e
ffi
ci
en

t,
	d
ue

	to
	u
si
ng
	th

e	
“f
re
e”
	b
ill
io
ns
	o
f	“
sm

ar
t	a

nt
en

na
s”
	in
	th

e	
Io
no

sp
he

re
	th

at
	a
pp

ea
r	
da
ily
	b
y	
pl
as
m
a	
tr
ai
ls
	c
re
at
ed

	b
y	
gr
ai
n-

si
ze
d	
m
et
eo

ro
id
s	
th
at
	b
ur
n	
up

	in
	th

e	
Io
no

sp
he

re
	c
re
a/

ng
	th

is
	p
la
sm

a	
tr
ai
l	a
nt
en

na
s.
[4
]		
	

A
dv
an
ce
d	
M
BR

S	
3d

	w
ire

le
ss
	w
ill
	in
te
gr
at
e	
ea
si
ly
	w
ith

,	a
nd

	e
xt
en

d	
an
d	
pr
ot
ec
t,
	o
th
er
	w
ire

le
ss
,	i
n	
m
an
y	
w
ay
s,
	in
cl
ud

in
g	
bu

t	n
ot
	li
m
ite

d	
to
	u
se
	o
f	

an
d	
by
	d
ro
ne

s.
		A

dv
an
ce
d	
M
BR

S	
ad
ds
	o
th
er
	b
en

efi
ts
	s
ho

w
n	
be

lo
w
.		
	

[1
]		
Th
us
,	e
.g
.,	
m
ov
em

en
t	t
o	
co
m
m
er
ci
al
	‘5
G
’	i
s	
hi
gh
ly
	d
iffi

cu
lt	
an
d	
co
st
ly
.		
G
ov
er
nm

en
t,
	e
ve
n	
m
ili
ta
ry
	g
ov
er
nm

en
t,
	w
ire

le
ss
	is
	fu

rt
he

r	
be

hi
nd

	o
n	
its
	‘5
G
’	

in
cl
ud

in
g	
si
nc
e	
th
e	
de

ve
lo
pm

en
ts
	a
re
	s
o	
co
m
pl
ex
	th

at
	it
	c
an
no

t	k
ee
p	
up

	w
ith

	th
e	
co
m
m
er
ci
al
	s
ec
to
r.	
			

[2
]		
Tr
op

os
ca
[
er
	a
nd

	H
F	
pr
im

ar
ily
.		
Bu

t	t
he

se
	h
av
e	
fa
r	
m
or
e	
co
st
,	a
nt
en

na
-s
iz
e	
an
d	
ot
he

r	
lim

ita
/o

ns
	v
s.
	a
dv
an
ce
d	
M
BR

S.
	

[3
]		
A
nd

	c
er
ta
in
	m

ili
ta
ry
	s
up

er
	lo
w
	fr
eq

ue
nc
y,
	v
er
y	
lo
w
	d
at
a	
ra
te
	s
ig
na
lin
g	
th
ro
ug
h	
th
e	
ea
rt
h	
an
d	
se
as
:	n

ot
	c
on

si
de

re
d	
he

re
.		

[4
]		
N
o	
ho

s/
le
	p
ar
ty
	c
an
	k
no

ck
	th

es
e	
ou

t	o
r	
ja
m
	th

em
,	a
s	
is
	e
as
y	
to
	d
o	
w
ith

	G
PS
.		
M
BR

S	
is
	fa
r	
m
or
e	
su
rv
iv
ab
le
	e
ve
n	
in
	a
	n
uc
le
ar
	a
[
ac
k	
(s
ur
fa
ce
,	o
r	
hi
gh
-a
l/
tu
de

	
EM

P	
to
	“
fr
y”
	m

an
y	
el
ec
tr
on

ic
s)
	o
r	
se
ve
re
	s
ol
ar
	fl
ar
e	
or
	c
or
on

al
	m

as
s	
ej
ec
/o

n	
th
at
	a
ls
o	
m
ay
	“
fr
y”
	th

es
e.
		T
hi
s	
is
	e
xp
la
in
ed

	in
	v
ar
io
us
	U
S	
go
ve
rn
m
en

t	s
tu
di
es
	a
nd

	
pr
iv
at
e	
pu

bl
ic
a/

on
s,
	fo

un
d	
on

lin
e.
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A
	-	
	P
hy
si
ca
l	R
F	
&
	T
ec
hn

ic
al
	N
ee
ds
	

Ro
bu

st
	a
nd

	n
an
os
ec
on

d	
sy
nc
hr
on

iz
ed

:	

�
 
N
a/

on
w
id
e	
RF
	s
pe

ct
ru
m
	(S
pe

ct
ru
m
)	f
or
	

su
pe

r	
ra
ng
e	
(R
an
ge
)	R

F	
lin
ks
	(L
in
ks
)	

�
 
Sp
ec
tr
um

	re
du

nd
an
cy
	(R

F	
Re

du
nd

an
cy
)	

�
 
Li
nk
	p
ro
pa
ga
/o

n	
re
du

nd
an
cy
	(L
in
ks
	

Re
du

nd
an
cy
)	

�
 
Bo

C	
(b
es
t	o

f	c
la
ss
)	d

at
a	
br
oa
dc
as
t	l
in
ks
	

ov
er
	R
an
ge
	(B

ro
ad
ca
st
)	

�
 
Bo

C	
2-
w
ay
	li
nk
s	
ov
er
	R
an
ge
	(2

-W
ay
)	

�
 
Ch

ip
s	
fo
r	
co
re
	fu

nc
/o

ns
	(C

hi
ps
)	

�
 
Su
pe

r-
ga
in
	b
as
e	
an
te
nn

a	
ar
ra
ys
	(B

as
e	

A
rr
ay
s)
	

�
 
Im

pr
ov
ed

	re
m
ot
e	
ra
di
o	
an
te
nn

as
	

(iA
nt
en

na
s)
	in
cl
ud

in
g	
ph

as
ed

	M
es
h	

	
 
Re

m
ot
e	
ra
di
os
	fi
xe
d	
an
d	
m
ob

ile
	m

es
h	

ne
ts
	(M

es
h)
	



 
H
ig
h	
re
du

nd
an
t	e

nc
ry
p/

on
	(E

nc
ry
p/

on
)	

C	
–	
Po
la
ris
	P
N
T	
So
lu
8o

n	
-		

1.
		A

.	1
-3
.		
Th
e	
A
.1
	th

e	
Sp
ec
tr
um

:		
go
ve
rn
m
en

t	h
as
	it
.		

Pr
iv
at
e,
	in
cl
ud

in
g	
pr
iv
at
e	
no

np
ro
fit
	c
an
	p
ar
tn
er
.		

			
		R
an
ge
,	a
nd

	R
F	
Re

du
nd

an
cy
,	a
nd

	L
in
k	
Re

du
nd

an
cy
	a
re
	b
y	

m
id
-V
H
F	
lo
ng
	ra

ng
e	
te
rr
es
tr
ia
l	L
in
ks
,	a
nd

	2
5-
55
	M

H
z	
Pa
gi
ng
	

su
pe

r	
lo
ng
	ra

ng
e	
te
rr
es
tr
ia
l	a
nd

	s
ky
w
av
e	
M
et
eo

r	
Bu

rs
t	

(M
B)
	R
F	
Li
nk
s.
	

2.
	A
.	4
.	B

ro
ad
ca
st
:	D

ig
ita

l	R
ad
io
	M

od
ia
le
	fo

r	
te
rr
es
tr
ia
l,	
an
d	

on
e-
w
ay
	n
ex
t-
ge
n	
M
B	
fo
r	
M
B	
Li
nk
s.
			

3.
		A

.5
.	2
-W

ay
:		
N
ew

-g
en

	M
B	
an
d	
te
rr
es
tr
ia
l	(
be

lo
w
).	

4.
		A

.6
.		
Ch

ip
s	
av
ai
la
bl
e	
an
d	
co
st
	e
ffe

c/
ve
	(b

el
ow

).	

5.
		A

.7
.		
Ba

se
	A
rr
ay
s:
	a
va
ila
bl
e,
	b
as
ed

	o
n	
ra
di
o	
as
tr
on

om
y	

an
d	
ea
rt
h-
at
m
os
ph

er
e	
w
id
e-
ar
ea
	d
is
tr
ib
ut
ed

	p
ha
se
d	
ar
ra
y	

ad
va
nc
em

en
ts
	(e

ss
en

/a
lly
,	c
om

pu
te
r	
te
ch
	a
pp

lie
d	
to
	

si
m
pl
e	
an
te
nn

a	
el
em

en
ts
	fo

r	
su
pe

r-
ga
in
,	l
on

g-
ra
ng
e	
re
ce
iv
e	

an
d	
ra
da
r)
.	

6.
		A

.	8
,	9
.		
A
ls
o	
av
ai
la
bl
e	
no

w
	–
	s
ee
	b
el
ow

.	

7.
		A

.	1
0.
		V

ia
	M

B	
na
no

se
co
nd

	/
m
in
g	
an
d	
M
B	
pl
as
m
a-
tr
ai
ls
’	

un
pr
ed

ic
ta
bl
e-
ch
ar
ac
te
ri
s/
cs
-b
as
ed

	e
nc
ry
p/

on
.		

B	
-	P

ro
bl
em

s	
to
	d
at
e	
(in

du
st
ry
-	m

ar
ke
ts
)	

(k
ey
ed
	to

	#
’s
	u
nd

er
	A
)	

1.
 A
.1
.		
N
o	
on

e	
ha
s	
ta
ke
n	
th
e	
/m

e	
an
d	

eff
or
t	b

ut
	th

e	
th
is
	g
ro
up

.	

2.
 A
.	1
-1
0.
		T
ak
es
	to

o	
m
uc
h	
lo
ng
-t
er
m
	

fo
re
si
gh
t,
	re

se
ar
ch
,	d
ev
el
op

m
en

t.
	

D
oe

s	
no

t	fi
t	i
n	
co
m
m
er
ci
al
	o
r	

go
ve
rn
m
en

t	b
us
in
es
s	
m
od

el
s	
of
	a
ny
	

ot
he

r	
en

/t
y	
or
	c
oo

rd
in
at
ed

	g
ro
up

.	

3.
 O
th
er
s,
	e
xc
ep

t	h
ig
he

r	
le
ve
ls
	in
	th

e	
U
S	

PN
T	
(G
PS
	a
nd

	re
la
te
d)
	c
om

m
un

ity
,	

ha
ve
	n
ot
	u
nd

er
st
oo

d	
pr
ec
is
e	
Po

si
/o

n,
	

N
av
ig
a/

on
	&
	T
im

in
g	
or
	p
PN

T	
an
d	
w
hy
	

it	
is
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ca
l	d
et
ec
/o

n	
of
	ra

di
o	

w
av
es
	th

ro
ug
h	
na
no

-
m
ec
ha
ni
ca
l	t
ra
ns
du

ce
rs
	

(7
) 
O
ng
oi
ng
	a
dv
an
ce
s	
in
	c
om

pu
te
r	

te
ch
	a
pp

lie
d	
to
	th

e	
ab
ov
e	
an
d	

ra
di
o/
	a
nt
en

na
	te

ch
	g
en

er
al
ly
	

Th
e	
sa
m
e	
te
ch
	w
ill
	g
re
at
ly
	d
ec
re
as
e	

RF
	s
ig
na
l	l
ev
el
s	
an
d	
im

pr
ov
e	
da
ta
	

th
ro
ug
hp

ut
.	

N
ot
e:
	T
he

	a
bo

ve
	is
	fr
om

:	“
Sp
ec
tr
al
	O
cc
up

an
cy
	a
t	V

H
F:
	Im

pl
ic
a/

on
s	
fo
r	
Co

gn
i/
ve
	R
ad
io
s.”
	F
al
l	2
00
5	
IE
EE
	

Ve
hi
cu
la
r	
Te
ch
no

lo
gy
	C
on

fe
re
nc
e	
(D
al
la
s)
.	B
y	
St
ev
e	
El
lin
gs
on

	o
f	V

T,
	M

PR
G
.	
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1/
19
/1
6	

Th
is
	p
ap
er
	in
di
ca
te
s	
av
ai
la
bi
lit
y	
of
	la
rg
e	
am

ou
nt
s	

of
	s
pe

ct
ru
m
,	o
n	
ba
si
s	
of
	it
s	
us
e	
in
	/
m
e,
	in
	b
ot
h	

ur
ba
n	
an
d	
ru
ra
l	a
re
as
.		
	S
o	
do

	o
th
er
	s
pe

ct
ru
m
	u
se
	

an
d	
oc
cu
pa
nc
y	
fie

ld
	s
tu
di
es
	a
nd

	re
po

rt
s	
fr
om

	
fe
de

ra
l	a
ge
nc
ie
s.
	

Cu
rr
en

tly
	I	
ca
nn

ot
	c
om

m
en

t	h
er
ei
n	
on

	s
om

e	
FC
C	

lic
en

se
es
	a
nd

	li
ce
ns
es
	in
	th

is
	ra

ng
e,
	a
s	
in
di
ca
te
d	

ab
ov
e.
		

A
ga
in
,	M

BR
S	
us
es
	~
40
	M

H
z	
as
	d
efi

ne
d	
ab
ov
e	

(2
5-
55
	M

H
z)
.		
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47
	C
FR
	1
5.
23
1	
-	P

er
io
di
c	
op

er
a/

on
	in
	th

e	
ba
nd

	4
0.
66
-4
0.
70
	M

H
z	
an
d	

ab
ov
e	
70
	M

H
z.
	

(a
)	T

he
	p
ro
vi
si
on

s	
of
	th

is
	s
ec
/o

n	
ar
e	
re
st
ri
ct
ed

	to
	p
er
io
di
c	
op

er
a/

on
	w
ith

in
	th

e	
ba
nd

	
40
.6
6-
40
.7
0	
M
H
z	
an
d	
ab
ov
e	
70
	M

H
z.
	E
xc
ep

t	a
s	
sh
ow

n	
in
	p
ar
ag
ra
ph

	(e
)	o

f	t
hi
s	
se
c/
on

,	t
he

	
in
te
n/

on
al
	ra

di
at
or
	is
	re

st
ri
ct
ed

	to
	th

e	
tr
an
sm

is
si
on

	o
f	a
	c
on

tr
ol
	s
ig
na
l	s
uc
h	
as
	th

os
e	
us
ed

	
w
ith

	a
la
rm

	s
ys
te
m
s,
	d
oo

r	
op

en
er
s,
	re

m
ot
e	
sw

itc
he

s,
	e
tc
.	C
on

/n
uo

us
	tr
an
sm

is
si
on

s,
	v
oi
ce
,	

vi
de

o	
an
d	
th
e	
ra
di
o	
co
nt
ro
l	o
f	t
oy
s	
ar
e	
no

t	p
er
m
i[
ed

.	D
at
a	
is
	p
er
m
i[
ed

	to
	b
e	
se
nt
	w
ith

	a
	

co
nt
ro
l	s
ig
na
l.	
Th
e	
fo
llo
w
in
g	
co
nd

i/
on

s	
sh
al
l	b
e	
m
et
	to

	c
om

pl
y	
w
ith

	th
e	
pr
ov
is
io
ns
	fo

r	
th
is
	

pe
ri
od

ic
	o
pe

ra
/o

n:
	

(1
)	A

	m
an
ua
lly
	o
pe

ra
te
d	
tr
an
sm

i[
er
	s
ha
ll	
em

pl
oy
	a
	s
w
itc
h	
th
at
	w
ill
	a
ut
om

a/
ca
lly
	d
ea
c/
va
te
	

th
e	
tr
an
sm

i[
er
	w
ith

in
	n
ot
	m

or
e	
th
an
	5
	s
ec
on

ds
	o
f	b

ei
ng
	re

le
as
ed

.	

(2
)	A

	tr
an
sm

i[
er
	a
c/
va
te
d	
au
to
m
a/

ca
lly
	s
ha
ll	
ce
as
e	
tr
an
sm

is
si
on

	w
ith

in
	5
	s
ec
on

ds
	a
s
er
	

ac
/v
a/

on
.	

(3
)	P

er
io
di
c	
tr
an
sm

is
si
on

s	
at
	re

gu
la
r	
pr
ed

et
er
m
in
ed

	in
te
rv
al
s	
ar
e	
no

t	p
er
m
i[
ed

.	H
ow

ev
er
,	

po
lli
ng
	o
r	
su
pe

rv
is
io
n	
tr
an
sm

is
si
on

s,
	in
cl
ud

in
g	
da
ta
,	t
o	
de

te
rm

in
e	
sy
st
em

	in
te
gr
ity

	o
f	

tr
an
sm

i[
er
s	
us
ed

	in
	s
ec
ur
ity

	o
r	
sa
fe
ty
	a
pp

lic
a/

on
s	
ar
e	
al
lo
w
ed

	if
	th

e	
to
ta
l	d
ur
a/

on
	o
f	

tr
an
sm

is
si
on

s	
do

es
	n
ot
	e
xc
ee
d	
m
or
e	
th
an
	tw

o	
se
co
nd

s	
pe

r	
ho

ur
	fo

r	
ea
ch
	tr
an
sm

i[
er
.	T
he

re
	is
	

no
	li
m
it	
on

	th
e	
nu

m
be

r	
of
	in
di
vi
du

al
	tr
an
sm

is
si
on

s,
	p
ro
vi
de

d	
th
e	
to
ta
l	t
ra
ns
m
is
si
on

	/
m
e	
do

es
	

no
t	e

xc
ee
d	
tw

o	
se
co
nd

s	
pe

r	
ho

ur
.	

(4
)	I
nt
en

/o
na
l	r
ad
ia
to
rs
	w
hi
ch
	a
re
	e
m
pl
oy
ed

	fo
r	
ra
di
o	
co
nt
ro
l	p
ur
po

se
s	
du

ri
ng
	e
m
er
ge
nc
ie
s	

in
vo
lv
in
g	
fir
e,
	s
ec
ur
ity
,	a
nd

	s
af
et
y	
of
	li
fe
,	w

he
n	
ac
/v
at
ed

	to
	s
ig
na
l	a
n	
al
ar
m
,	m

ay
	o
pe

ra
te
	

du
ri
ng
	th

e	
pe

nd
en

cy
	o
f	t
he

	a
la
rm

	c
on

di
/o

n	

(5
)	T
ra
ns
m
is
si
on

	o
f	s
et
-u
p	
in
fo
rm

a/
on

	fo
r	
se
cu
ri
ty
	s
ys
te
m
s	
m
ay
	e
xc
ee
d	
th
e	
tr
an
sm

is
si
on

	
du

ra
/o

n	
lim

its
	in
	p
ar
ag
ra
ph

s	
(a
)(
1)
	a
nd

	(a
)(
2)
	o
f	t
hi
s	
se
c/
on

,	p
ro
vi
de

d	
su
ch
	tr
an
sm

is
si
on

s	
ar
e	

un
de

r	
th
e	
co
nt
ro
l	o
f	a
	p
ro
fe
ss
io
na
l	i
ns
ta
lle
r	
an
d	
do

	n
ot
	e
xc
ee
d	
te
n	
se
co
nd

s	
as

er
	a
	m

an
ua
lly
	

op
er
at
ed

	s
w
itc
h	
is
	re

le
as
ed

	o
r	
a	
tr
an
sm

i[
er
	is
	a
c/
va
te
d	
au
to
m
a/

ca
lly
.	S
uc
h	
se
t-
up

	
in
fo
rm

a/
on

	m
ay
	in
cl
ud

e	
da
ta
.	

(b
)	I
n	
ad
di
/o

n	
to
	th

e	
pr
ov
is
io
ns
	o
f	§

	1
5.
20
5,
	th

e	
fie

ld
	s
tr
en

gt
h	
of
	e
m
is
si
on

s	
fr
om

	in
te
n/

on
al
	

ra
di
at
or
s	
op

er
at
ed

	u
nd

er
	th

is
	s
ec
/o

n	
sh
al
l	n
ot
	e
xc
ee
d	
th
e	
fo
llo
w
in
g:
	

(1
)	T

he
	a
bo

ve
	fi
el
d	
st
re
ng
th
	li
m
its
	a
re
	s
pe

ci
fie

d	
at
	a
	d
is
ta
nc
e	
of
	3
	m

et
er
s.
	T
he

	/
gh
te
r	
lim

its
	a
pp

ly
	

at
	th

e	
ba
nd

	e
dg
es
.	

(2
)	I
nt
en

/o
na
l	r
ad
ia
to
rs
	o
pe

ra
/n

g	
un

de
r	
th
e	
pr
ov
is
io
ns
	o
f	t
hi
s	
se
c/
on

	s
ha
ll	
de

m
on

st
ra
te
	

co
m
pl
ia
nc
e	
w
ith

	th
e	
lim

its
	o
n	
th
e	
fie

ld
	s
tr
en

gt
h	
of
	e
m
is
si
on

s,
	a
s	
sh
ow

n	
in
	th

e	
ab
ov
e	
ta
bl
e,
	b
as
ed

	
on

	th
e	
av
er
ag
e	
va
lu
e	
of
	th

e	
m
ea
su
re
d	
em

is
si
on

s.
	A
s	
an
	a
lte

rn
a/

ve
,	c
om

pl
ia
nc
e	
w
ith

	th
e	
lim

its
	in
	

th
e	
ab
ov
e	
ta
bl
e	
m
ay
	b
e	
ba
se
d	
on

	th
e	
us
e	
of
	m

ea
su
re
m
en

t	i
ns
tr
um

en
ta
/o

n	
w
ith

	a
	C
IS
PR

	q
ua
si
-

pe
ak
	d
et
ec
to
r.	
Th
e	
sp
ec
ifi
c	
m
et
ho

d	
of
	m

ea
su
re
m
en

t	e
m
pl
oy
ed

	s
ha
ll	
be

	s
pe

ci
fie

d	
in
	th

e	
ap
pl
ic
a/

on
	fo

r	
eq

ui
pm

en
t	a

ut
ho

ri
za
/o

n.
	If
	a
ve
ra
ge
	e
m
is
si
on

	m
ea
su
re
m
en

ts
	a
re
	e
m
pl
oy
ed

,	t
he

	
pr
ov
is
io
ns
	in
	§
	1
5.
20
5	
sh
al
l	b
e	
de

m
on

st
ra
te
d	
us
in
g	
th
e	
m
ea
su
re
m
en

t	i
ns
tr
um

en
ta
/o

n	
sp
ec
ifi
ed

	in
	

th
at
	s
ec
/o

n.
	

(3
)	T

he
	li
m
its
	o
n	
th
e	
fie

ld
	s
tr
en

gt
h	
of
	th

e	
sp
ur
io
us
	e
m
is
si
on

s	
in
	th

e	
ab
ov
e	
ta
bl
e	
ar
e	
ba
se
d	
on

	th
e	

fu
nd

am
en

ta
l	f
re
qu

en
cy
	o
f	t
he

	in
te
n/

on
al
	ra

di
at
or
.	S
pu

ri
ou

s	
em

is
si
on

s	
sh
al
l	b
e	
a[

en
ua
te
d	
to
	th

e	
av
er
ag
e	
(o
r,	
al
te
rn
a/

ve
ly
,	C
IS
PR

	q
ua
si
-p
ea
k)
	li
m
its
	s
ho

w
n	
in
	th

is
	ta

bl
e	
or
	to

	th
e	
ge
ne

ra
l	l
im

its
	

sh
ow

n	
in
		§
	1
5.
20
9,
	w
hi
ch
ev
er
	li
m
it	
pe

rm
its
	a
	h
ig
he

r	
fie

ld
	s
tr
en

gt
h.
		

(c
)	T

he
	b
an
dw

id
th
	o
f	t
he

	e
m
is
si
on

	s
ha
ll	
be

	n
o	
w
id
er
	th

an
	0
.2
5%

	o
f	t
he

	c
en

te
r	
fr
eq

ue
nc
y	
fo
r	

de
vi
ce
s	
op

er
a/

ng
	a
bo

ve
	7
0	
M
H
z	
an
d	
be

lo
w
	9
00
	M

H
z.
	F
or
	d
ev
ic
es
	o
pe

ra
/n

g	
ab
ov
e	
90
0	
M
H
z,
	th

e	
em

is
si
on

	s
ha
ll	
be

	n
o	
w
id
er
	th

an
	0
.5
%
	o
f	t
he

	c
en

te
r	
fr
eq

ue
nc
y.
	B
an
dw

id
th
	is
	d
et
er
m
in
ed

	a
t	t
he

	
po

in
ts
	2
0	
dB

	d
ow

n	
fr
om

	th
e	
m
od

ul
at
ed

	c
ar
ri
er
.	

(d
)	F
or
	d
ev
ic
es
	o
pe

ra
/n

g	
w
ith

in
	th

e	
fr
eq

ue
nc
y	
ba
nd

	4
0.
66
-4
0.
70
	M

H
z,
	th

e	
ba
nd

w
id
th
	o
f	t
he

	
em

is
si
on

	s
ha
ll	
be

	c
on

fin
ed

	w
ith

in
	th

e	
ba
nd

	e
dg
es
	a
nd

	th
e	
fr
eq

ue
nc
y	
to
le
ra
nc
e	
of
	th

e	
ca
rr
ie
r	
sh
al
l	

be
	±
0.
01
%
.	T
hi
s	
fr
eq

ue
nc
y	
to
le
ra
nc
e	
sh
al
l	b
e	
m
ai
nt
ai
ne

d	
fo
r	
a	
te
m
pe

ra
tu
re
	v
ar
ia
/o

n	
of
	−
20
	

de
gr
ee
s	
to
	5
0	
de

gr
ee
s	
C	
at
	n
or
m
al
	s
up

pl
y	
vo
lta

ge
,	a
nd

	fo
r	
a	
va
ri
a/

on
	in
	th

e	
pr
im

ar
y	
su
pp

ly
	

vo
lta

ge
	fr
om

	8
5%

	to
	1
15
%
	o
f	t
he

	ra
te
d	
su
pp

ly
	v
ol
ta
ge
	a
t	a

	te
m
pe

ra
tu
re
	o
f	2

0	
de

gr
ee
s	
C.
	F
or
	

ba
[
er
y	
op

er
at
ed

	e
qu

ip
m
en

t,
	th

e	
eq

ui
pm

en
t	t
es
ts
	s
ha
ll	
be

	p
er
fo
rm

ed
	u
si
ng
	a
	n
ew

	b
a[

er
y.
	

(e
)	I
nt
en

/o
na
l	r
ad
ia
to
rs
	m

ay
	o
pe

ra
te
	a
t	a

	p
er
io
di
c	
ra
te
	e
xc
ee
di
ng
	th

at
	s
pe

ci
fie

d	
in
	p
ar
ag
ra
ph

	(a
)	o

f	
th
is
	s
ec
/o

n	
an
d	
m
ay
	b
e	
em

pl
oy
ed

	fo
r	
an
y	
ty
pe

	o
f	o

pe
ra
/o

n,
	in
cl
ud

in
g	
op

er
a/

on
	p
ro
hi
bi
te
d	
in
	

pa
ra
gr
ap
h	
(a
)	o

f	t
hi
s	
se
c/
on

,	p
ro
vi
de

d	
th
e	
in
te
n/

on
al
	ra

di
at
or
	c
om

pl
ie
s	
w
ith

	th
e	
pr
ov
is
io
ns
	o
f	

pa
ra
gr
ap
hs
	(b

)	t
hr
ou

gh
	(d

)	o
f	t
hi
s	
se
c/
on

,	e
xc
ep

t	t
he

	fi
el
d	
st
re
ng
th
	ta

bl
e	
in
	p
ar
ag
ra
ph

	(b
)	o

f	t
hi
s	

se
c/
on

	is
	re

pl
ac
ed

	b
y	
th
e	
fo
llo
w
in
g:
	

In
	a
dd

i/
on

,	d
ev
ic
es
	o
pe

ra
te
d	
un

de
r	
th
e	
pr
ov
is
io
ns
	o
f	t
hi
s	
pa
ra
gr
ap
h	
sh
al
l	b
e	
pr
ov
id
ed

	w
ith

	a
	

m
ea
ns
	fo

r	
au
to
m
a/

ca
lly
	li
m
i/
ng
	o
pe

ra
/o

n	
so
	th

at
	th

e	
du

ra
/o

n	
of
	e
ac
h	
tr
an
sm

is
si
on

	s
ha
ll	
no

t	b
e	

gr
ea
te
r	
th
an
	o
ne

	s
ec
on

d	
an
d	
th
e	
si
le
nt
	p
er
io
d	
be

tw
ee
n	
tr
an
sm

is
si
on

s	
sh
al
l	b
e	
at
	le
as
t	3

0	
/m

es
	

th
e	
du

ra
/o

n	
of
	th

e	
tr
an
sm

is
si
on

	b
ut
	in
	n
o	
ca
se
	le
ss
	th

an
	1
0	
se
co
nd

s.
	

[5
4	
FR
	1
77
14
,	A

pr
.	2
5,
	1
98
9;
	5
4	
FR
	3
23
40
,	A

ug
.	7
,	1
98
9,
	a
s	
am

en
de

d	
at
	6
8	
FR
	6
85
46
,	D

ec
.	9
,	2
00
3;
	

69
	F
R	
71
38
3,
	D
ec
.	9
,	2
00
4]
	

N
ot
e:
		W

e	
be

lie
ve
	th

is
	s
pe

ct
ru
m
	c
an
	b
e	
us
ed

	fo
r	
so
m
e	
M
BR

S	
fu
nc
/o

ns
,	

id
ea
lly
	w
ith

	c
er
ta
in
	w
ai
ve
rs
	u
po

n	
m
ee
/n

g	
ru
le
-w
ai
ve
r	
st
an
da
rd
s,
	w
hi
ch
	

ca
n	
be

	m
et
,	b
as
ed

	o
n	
us
e	
in
	r
ur
al
	a
re
as
,	a
nd

	d
ro
ne

s	
w
ith

	p
ol
ar
iz
a/

on
,		

po
ss
ib
ly
	O
A
M
	u
se
,	e
tc
.		
Th
is
	w
ou

ld
	b
e	
su
pp

le
m
en

ta
l	a
nd

	n
ot
	e
ss
en

/a
l.	
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m
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	th

e	
ba
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	a
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	a
nd

	th
e	

ip
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	fu

nc
/o

ns
	

II.
	A
dv
an
ce
d	
M
et
eo

r	
Bu

rs
t	R

ad
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	S
ig
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lin
g	
(M

BR
S)
	–
	te

ch
no

lo
gi
es
		

*	
G
PS
-	i
nd
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To	appear	in	2013	IEEE	Interna/onal	Symposium	on	Phased	Array	Systems	&	Technology.	c	2013	IEEE	

Design	and	Commissioning	of	the	LWA1	Radio	Telescope	
S.W.	Ellingson,	J.	Craig,	J.	Dowell,	G.B.	Taylor,	J.F.	Helmboldt	

Abstract—LWA1	is	a	new	large	radio	telescope	array	
opera/ng	in	the	frequency	range	10–88	MHz,	located	in	
central	New	Mexico.	The	telescope	consists	of	about	260	
pairs	of	dipole-type	antennas	whose	outputs	are	
individually	digi/zed	and	formed	into	beams.	
Simultaneously,	signals	from	all	dipoles	can	be	recorded	
using	one	of	the	telescope’s	“all	dipoles”	modes,	
facilita/ng	all-sky	imaging.	Notable	features	of	the	
instrument	include	four	independently-steerable	beams	
u/lizing	digital	true	/me	delay	beamforming,	high	
intrinsic	sensi/vity	(≈	6	kJy	zenith	system	equivalent	flux	
density),	large	instantaneous	bandwidth	(up	to	78	MHz),	
and	large	field	of	view	(about	3–10�,	depending	on	
frequency	and	zenith	angle	of	poin/ng)….	

Non-astronomical	applica/ons	of	the	LWA1	include	study	of	the	Earth’s	ionosphere,	meteor	ioniza/on	trails,	and	propaga/on	
by	reflec/on	from	aircras.	A	vivid	example	is	shown	in	Fig.	16.	Recent	results	on	ionospheric	characteriza/on	and	meteor	trails	
are	documented	in	[15]	and	[16],	respec/vely….	

[15]	J.F.	Helmboldt	et	al.,	“Passive	over-the-horizon	radar	with	WWV	and	the	first	sta/on	of	the	Long	Wavelength	Array,”	Radio	
Sci.,	submi[ed,	2013.	Preprint:	h[p://www.ece.vt.edu/swe/lwa/memo/lwa0195.pdf.	

[16]	J.F.	Helmboldt	et	al.,	“at	55.25	MHz	with	the	first	sta/on	of	the	Long	Wavelength	Array,”	Radio	Sci.,	submi[ed,	2013.	

LWA1.		NASA	photo.	
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ra
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m
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ra
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ra
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	c
an
	

im
pr
ov
e	
G
PS
-G
N
SS
	c
or
re
c/
on

s	
an
d	
th
us
	p
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f	t
he

	s
op

hi
s/
ca
te
d	
ar
ra
y	
in
st
ru
m
en

t.
		F
RI
	re

m
ov
al
	is
	im

po
rt
an
t	t
o	
en

ha
nc
em

en
ts
	in
	M

et
eo

r	

Bu
rs
t	s
ig
na
l	t
ra
ns
m
is
si
on

s	
fo
r	
co
m
m
un

ic
a/

on
s,
	/
m
in
g,
	ra

da
r,	
an
d	
en

cr
yp
/o

n,
	a
s	
is
	w
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e”
	c
os
ts
	

in
di
ca
te
d	
ab
ov
e	
sh
ou

ld
	c
om

e	
do

w
n	
w
ith

	v
ol
um

e,
	a
s	
w
ith

	s
om

e	
of
	th

e	
ot
he

r	
co
st
s	
as
	w
el
l.	
	T
hi
s	
is
	v
er
y	
lo
w
	c
os
t	f
or
	th

e	
pe

rf
or
m
an
ce
	a
nd

	

up
gr
ad
ab
ili
ty
.		
A
ls
o,
	s
om
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is
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ro
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ro
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	d
is
co
ve
ri
es
,	i
n	
al
l	w

av
el
en

gt
h	
re
gi
m
es
.	T
he

	
su
cc
es
s	
of
	tr
an
si
en

t	s
ea
rc
he

s	
in
	th

e	
op

/c
al
	(w

ith
	th
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ra
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ra
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ra
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ra
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ad
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	c
ou

nt
er
pa
rt
s	
in
	o
th
er
	w
av
el
en

gt
hs
.	

Th
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ad
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r	
in
te
gr
a/

on
.	T
hi
s	
al
l-s
ky
	s
en

si
/v
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	p
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ad
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m
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ro
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w
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ro
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ro
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ra
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om

	a
ro
un

d	
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ro
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		T
he

	n
ov
el
	m

od
ul
ar
	c
on

fig
ur
a/

on
	o
f	A

M
IS
R	
al
lo
w
s	
re
la
/v
e	
ea
se
	o
f	r
el
oc
a/

on
…
.	

Re
m
ot
e	
op

er
a/

on
	a
nd

	e
le
ct
ro
ni
c	
be

am
	s
te
er
in
g	
al
lo
w
	re

se
ar
ch
er
s	
to
	o
pe

ra
te
	a
nd

	
po

si
/o

n	
th
e	
ra
da
r	
be

am
	in
st
an
ta
ne

ou
sl
y	
to
	a
cc
ur
at
el
y	
m
ea
su
re
	ra

pi
dl
y	
ch
an
gi
ng
	

sp
ac
e	
w
ea
th
er
	e
ve
nt
s.
	

			
			
		A

M
IS
R	
co
ns
is
ts
	o
f	t
hr
ee
	s
ep

ar
at
e	
ra
da
r	
fa
ce
s,
	w
ith

	e
ac
h	
fa
ce
	c
om

pr
is
ed

	o
f	1

28
	

bu
ild
in
g	
bl
oc
k-
lik
e	
pa
ne

ls
	o
ve
r	
a	
30
-	b

y	
30
-m

et
er
,	r
ou

gh
ly
	s
qu

ar
e,
	s
ur
fa
ce
.		
Th
e	
fir
st
	

th
re
e	
fa
ce
s	
in
	P
ok
er
	F
la
t,
	A
la
sk
a	
(P
FI
SR
),	
an
d	
Re

so
lu
te
	B
ay
,	N

un
av
ut
,	C
an
ad
a	
(R
IS
R-
N
	

an
d	
RI
SR
-C
),	
ar
e	
in
	u
se
	fo

r	
sc
ie
n/

fic
	in
ve
s/
ga
/o

ns
…
.	S
in
ce
	e
ac
h	
fa
ce
	o
f	A

M
IS
R	

fu
nc
/o

ns
	in
de

pe
nd

en
tly
,	A

M
IS
R	
ca
n	
be

	d
ep

lo
ye
d	
in
	u
p	
to
	th

re
e	
se
pa
ra
te
	lo
ca
/o

ns
	a
t	

th
e	
sa
m
e	
/m

e.
	

			
			
		A

M
IS
R	
is
	m

ad
e	
up

	o
f	4

,0
96
	a
nt
en

na
s,
	g
iv
in
g	
a	
co
m
bi
ne

d	
po

w
er
	o
f	u

p	
to
	tw

o	
m
eg
aw

a[
s.
	B
y	
ph

as
in
g	
th
e	
si
gn
al
	c
om

in
g	
fr
om

	th
e	
in
di
vi
du

al
	a
nt
en

na
s,
	th

e	
ra
da
r	

be
am

	c
an
	b
e	
st
ee
re
d	
al
m
os
t	i
ns
ta
nt
an
eo

us
ly
	fr
om

	o
ne

	p
os
i/
on

	in
	th

e	
sk
y	
to
	a
no

th
er
.	

Th
is
	u
ni
qu

e	
fe
at
ur
e	
of
	A
M
IS
R	
is
	e
sp
ec
ia
lly
	im

po
rt
an
t	f
or
	s
tu
dy
in
g	
ra
pi
dl
y	
m
ov
in
g	

fe
at
ur
es
	o
f	t
he

	a
tm

os
ph

er
e.
	

[F
ro
m
:		
h[

ps
:/
/w

w
w
.s
ri
.c
om

/w
or
k/
pr
oj
ec
ts
/a
dv
an
ce
d-
m
od

ul
ar
-in

co
he

re
nt
-s
ca
[
er
-r
ad
ar
-a
m
is
r	
	]	

Co
m
m
en

ts
.		
Th
is
	is
	a
no

th
er
	p
ha
se
d	
ar
ra
y	
si
m
ila
r	
to
	th

os
e	

ab
ov
e,
	b
ut
	th

is
	is
	m

or
e	
m
od

ul
ar
,	e
as
y	
to
	re

lo
ca
te
,	a
nd

	h
as
	

al
lo
w
s	
ne

ar
	in
st
an
ta
ne

ou
s	
be

am
	s
te
er
in
g.
		A

ls
o	
no

te
	th

e	
im

po
rt
an
ce
	to

	c
lim

at
e	
ch
an
ge
	d
et
ec
/o

n,
	a
nd

	s
pa
ce
-

w
ea
th
er
	d
et
ec
/o

n	
im

po
rt
an
t	f
or
	e
le
ct
ri
c	
gr
id
	a
nd

	
co
m
m
un

ic
a/

on
	p
ro
te
c/
on

.		
	

Re
fe
re
nc
es
	2
:		
Re

		a
dv
an
ce
d	
ba
se
	s
ta
/o

ns
		-
	a
da
p/

ng
	p
ha
se
d	
ar
ra
ys
	u
se
d	
in
	s
pa
ce
	a
nd

	e
ar
th
	a
tm

os
ph

er
e	
ra
di
o	
re
ce
iv
e	
an
d	
ra
da
r	
sy
st
em

s.
			



W
ar

re
n 

Ha
ven

s 
20

16
!

94
	

1/
19
/1
6	…
Th
e	
W
uh

an
	M

ST
	ra

da
r	
op

er
at
es
	a
t	v
er
y	
hi
gh
	fr
eq

ue
nc
y	

(V
H
F)
	b
an
d	
(5
3.
8	
M
H
z)
	b
y	
ob

se
rv
in
g	
th
e	
re
al
-/
m
e	

ch
ar
ac
te
ri
s/
cs
	o
f	t
ur
bu

le
nc
e	
an
d	
th
e	
w
in
d	
fie

ld
	v
ec
to
r	
in
	

th
e	
he

ig
ht
	ra

ng
e	
of
	3
.5
–9
0	
km

…
.	T
hi
s…

D
op

pl
er
	ra

da
r	
is
	

Ch
in
a’
s	
fir
st
	in
de

pe
nd

en
t	d

ev
el
op

m
en

t	o
f	a
n	
M
ST
	ra

da
r	

fo
cu
si
ng
	o
n	
at
m
os
ph

er
ic
	o
bs
er
va
/o

n.
	…
	

			
A
dv
an
ce
d	
ra
da
r	
te
ch
no

lo
gi
es
	a
re
	u
se
d,
	in
cl
ud

in
g	
hi
gh
ly
	

re
lia
bl
e	
al
l–
so
lid
-s
ta
te
	tr
an
sm

i[
er
s,
	lo
w
-n
oi
se
	la
rg
e	

dy
na
m
ic
	ra

ng
e	
di
gi
ta
l	r
ec
ei
ve
rs
,	a
n	
ac
/v
e	
ph

as
ed

	a
rr
ay
,	

hi
gh
-s
pe

ed
	d
ig
ita

l	s
ig
na
l	p
ro
ce
ss
in
g,
	a
nd

	re
al
-/
m
e	
gr
ap
hi
c	

te
rm

in
al
s.
		

			
In
tr
od

uc
/o

n.
		S
in
ce
	th

e	
fir
st
	v
er
y	
hi
gh
	fr
eq

ue
nc
y	
(V
H
F)
	

ra
da
r	
in
	Ji
ca
m
ar
ca
	s
uc
ce
ss
fu
lly
	o
bs
er
ve
d	
at
m
os
ph

er
ic
	

w
in
ds
	a
nd

	tu
rb
ul
en

ce
	in
	th

e	
19
70
s	
[…
],	
VH

F	
ra
da
rs
	h
av
e	

be
en

	e
st
ab
lis
he

d	
su
cc
es
si
ve
ly
	a
ll	
ov
er
	th

e	
w
or
ld
	to

	
fa
ci
lit
at
e	
an
d	
bo

os
t	w

or
ld
w
id
e	
at
m
os
ph

er
ic
	re

se
ar
ch
.		

			
Su
ch
	V
H
F	
ra
da
rs
	h
av
e	
de

ve
lo
pe

d	
in
to
	th

e	
m
os
t	

si
gn
ifi
ca
nt
	fa
ci
li/

es
	fo

r	
at
m
os
ph

er
ic
	re

m
ot
e	
se
ns
in
g	
th
at
	

ar
e	
ca
pa
bl
e	
of
	c
on

/n
uo

us
ly
	o
pe

ra
/n

g	
un

de
r	
al
l	w

ea
th
er
	

co
nd

i/
on

s	
w
ith

	fi
ne

	s
pa
/a

l	a
nd

	te
m
po

ra
l	r
es
ol
u/

on
s.
	

Cu
rr
en

tly
,	a
	la
rg
e	
nu

m
be

r	
of
	V
H
F	
ra
da
rs
	fo

r	
at
m
os
ph

er
ic
	

re
se
ar
ch
	a
re
	u
nd

er
	o
pe

ra
/o

n,
	s
itu

at
ed

	fr
om

	th
e	
po

la
r	

re
gi
on

	to
	th
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ad
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rs
ta
nd

in
g	
of
	th
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ra
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ra
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r	
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ra
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	p
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	fo
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er
	ra

da
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	e
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	th
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en
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	b
is
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	ra

da
r	
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os
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se
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	ta

rg
et
	in
	th
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ar
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	(a
s	
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po
se
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	th

e	
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en
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na
l	b
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er
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).	
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	th

e	
po

te
n/

al
	to
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lia
bl
y	
de

te
ct
	a
nd

	tr
ac
k	
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al
l	a
ir-
ve
hi
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es
	w
ith

	h
ig
h	
se
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i/
vi
ty
.		
Fu
nd

am
en

ta
ls
	o
f	r
ad
ar
	(i
nc
lu
di
ng
	m
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os
ta
/c
,	b
is
ta
/c
,	

an
d	
m
ul
/s
ta
/c
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	a
	b
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ef
	h
is
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	a
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	p
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se
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.		
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m
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f	F
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	ra

da
rs
	a
re
	p
re
se
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ed

	a
lo
ng
	w
ith

	m
et
ho

ds
	fo

r	

ov
er
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m
in
g	
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em

	b
as
ed
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n	
ne

w
	te

ch
no

lo
gi
es
	–
	a
cc
ur
at
e	
el
ec
tr
om
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ne
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	s
im
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ne
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ng
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te
m
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)	l
oc
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on
	o
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m
in
at
or
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an
d	
re
ce
iv
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	s
m
al
le
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	tr
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i[
er
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d	
re
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iv
er
s.
	A
	

pr
og
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m
	p
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to
	a
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om

pl
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h	
th
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e	
go
al
s	
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	g
iv
en

	in
	th

e	
A
pp

en
di
ce
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	a
lo
ng
	w
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	a
n	
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pl
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	th
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	lo
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r	
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re
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m
m
en
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.		
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	c
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en
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in
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w
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w
	p
ha
se
d	
ar
ra
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ci
al
ly
	a
s	
w
e	
pl
an
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us
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r	
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ot
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N
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a/
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m
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	T
hi
s	
ar
/c
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e	
to
pi
cs
.	

Re
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ra
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	a
nd

	a
	re

ce
iv
er
	th
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at
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/c
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	re
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po
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ro
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	s
ig
n
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n
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y
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ra
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ro
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ra
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ra
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ad
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.		
A
ls
o,
	th
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ra
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at
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ad
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fo
rm

a/
on

	a
bo

ut
	th

e	
am

pl
itu

de
,	p
ha
se
,	a
nd

	d
el
ay
	/
m
e	
of
	s
ig
na
l-	
fr
om

	e
ac
h	
an
te
nn

a,
	w
e	
ca
n	
de

te
rm

in
e	
th
e	

an
gu
la
r	
co
or
di
na
te
s	
of
	th

e	
m
et
eo

r.	
	*
	*
	*
	*
	

			
		T
he

	ra
di
o	
w
av
e	
re
fle

c/
on

	fr
om

	m
et
eo

r	
tr
ai
ls
	h
as
	b
ee
n	
st
ud

ie
d	
su
ffi
ci
en

tly
	w
el
l	a
nd

	is
	u
se
d	
fo
r	
in
fo
rm

a/
on

	
tr
an
sm

is
si
on

,	a
nd

	fo
r	
pr
ec
is
io
n	
/m

e	
sc
al
e	
co
m
pa
ri
so
n.
		T
he

	p
re
ci
si
on

	/
m
e	
sc
al
e	
co
m
pa
ri
so
n	
by
	m

et
eo

rb
ur
st
	c
ha
nn

el
	is
	

pe
rf
or
m
ed

	b
y	
th
e	
si
gn
al
	p
ro
pa
ga
/o

n	
/m

e	
ex
cl
us
io
n	
m
et
ho

d	
-	b

y	
se
nd

in
g	
of
	/
m
e	
si
gn
al
	p
ar
ce
l	f
ro
m
	th

e	
se
co
nd

ar
y	
cl
oc
k	

st
an
da
rd
	to

	th
e	
po

in
t	o

f	t
he

	p
ri
m
ar
y	
st
an
da
rd
	a
nd

	it
s	
co
ns
eq

ue
nt
	re

tr
an
sm

is
si
on

	b
ac
kw

ar
d	
to
ge
th
er
	w
ith

	th
e	
cl
oc
k	
si
gn
al
	

of
	th

e	
pr
im

ar
y	
st
an
da
rd
	[2

].
	T
hi
s	
m
et
ho

d	
is
	b
as
ed

	o
n	
go
od

	re
ci
pr
oc
ity

	o
f	t
he

	m
et
eo

r-
bu

rs
t	c
ha
nn

el
	(e

qu
al
	/
m
e	
of
	

st
ra
ig
ht
	a
nd

	re
ve
rs
e	
si
gn
al
	p
ro
pa
ga
/o

n)
,	a
nd

	it
	a
llo
w
s	
sy
nc
hr
on

iz
a/

on
	w
ith

	a
n	
er
ro
r	
of
	a
bo

ut
	1
	n
s	
[b
ill
io
nt
h	
of
	s
ec
.]f
or
	

di
st
an
ce
s	
up

	to
	2
00
0	
km

	[3
].
	H
ow

ev
er
,	t
o	
re
ce
iv
e	
su
ch
	a
	s
m
al
l	e
rr
or
	v
al
ue

,	o
ne

	n
ee
ds
	s
uffi

ci
en

tly
	c
om

pl
ic
at
ed

	re
ce
iv
in
g,
	

pr
oc
es
si
ng
	a
nd

,	w
ha
t	i
s	
ve
ry
	e
ss
en

/a
l,	
tr
an
sm

iÖ
ng
	d
ev
ic
es
	in
	b
ot
h	
po

in
ts
.	

			
		T
he

	s
yn
ch
ro
ni
za
/o

n	
of
	/
m
e	
an
d	
fr
eq

ue
nc
y	
st
an
da
rd
s	
by
	T
V	
si
gn
al
s	
do

es
	n
ot
	s
up

po
se
	a
	s
ig
na
l	r
et
ra
ns
m
is
si
on

	in
	th

e	
re
ve
rs
e	
di
re
c/
on

,	w
hi
ch
	is
	w
hy
	w
e	
do

	n
ot
	n
ee
d	
to
	in
st
al
l	t
he

	tr
an
sm

iÖ
ng
	d
ev
ic
e	
at
	th

e	
po

in
t	o

f	t
he

	s
ec
on

da
ry
	c
lo
ck
.	T
he

	
ca
pi
ta
l	T
V	
ce
nt
er
s	
tr
an
sm

iÖ
ng
	th

e	
Fi
rs
t	P

ro
gr
am

	o
f	S
ta
te
	T
el
ev
is
io
n	
w
ith

	/
m
e	
an
d	
fr
eq

ue
nc
y	
si
gn
al
s	
ha
ve
	a
	s
uffi

ci
en

tly
	

la
rg
e	
po

w
er
	a
nd

	w
or
k	
in
	a
	s
ui
ta
bl
e	
fr
eq

ue
nc
y	
ba
nd

	(i
n	
M
os
co
w
	o
n	
th
e	
fir
st
	fr
eq

ue
nc
y	
ch
an
ne

l,	
in
	K
ie
v	
on

	th
e	
se
co
nd

	
on

e,
	th

at
	c
or
re
sp
on

ds
	to

	fr
eq

ue
nc
ie
s	
of
	4
8	
...
	6
6	
M
H
z)
.	T
hi
s	
en

ab
le
s	
di
re
ct
	re

ce
p/

on
	o
f	t
he

se
	s
ig
na
ls
	b
y	
a	
m
et
eo

r-
bu

rs
t	

ch
an
ne

l.	
	T
im

e-
fr
eq

ue
nc
y	
in
fo
rm

a/
on

	is
	c
on

ta
in
ed

	in
	e
ac
h	
fr
am

e	
of
	th

e	
TV

	s
ig
na
l	a
nd

,	c
on

se
qu

en
tly
,	i
s	
re
pe

at
ed

	e
ac
h	
20
	

m
s.
	

Co
m
m
en
t.
		T
hi
s	
de

sc
ri
be

s	
ho

w
	T
V	
ch
an
ne

ls
	in
	th

e	
lo
w
	V
H
F	
ra
ng
e	
(3
0-
70
	M

H
z	
or
	s
o)
	c
an
	b
e	
re
ce
iv
ed

	o
ve
r	
a	
M
et
eo

r	
Bu

rs
t	(
M
B)
	s
ig
na
lin
g	
m
od

e:
	

th
at
	is
,	t
he

y	
re
fle

ct
/	
re
-r
ad
ia
te
	o
ff
	o
f	M

B	
pl
as
m
a	
tr
ai
ls
	a
ut
om

a/
ca
lly
-	a
nd

	c
an
	b
e	
re
ce
iv
ed

	w
ith

	a
	s
ui
ta
bl
y	
tu
ne

d	
re
ce
iv
e	
ra
di
o	
an
d	
hi
gh
	g
ai
n	

an
te
nn

a.
		W

e	
pl
an
	n
et
w
or
ks
	o
f	M

B	
st
a/

on
s	
in
	th

e	
U
S	
w
ith

	n
um

be
rs
	a
nd

	s
pa
ci
ng
	to

	n
ot
	n
ee
d	
to
	u
se
	a
ny
	T
V	
si
gn
al
s	
in
	th

is
	ra

ng
e	
fo
r	
/m

e	
tr
an
sf
er
	

fu
nc
/o

ns
	(t
ha
t	a

re
	k
ey
	to

	m
ay
	fu

nc
/o

ns
	if
	a
cc
ur
at
e	
en

ou
gh
,	i
nd

ic
at
ed

	in
	o
th
er
	s
lid
es
	h
er
ei
n)
:	h

ow
ev
er
,	T
V	
“s
ig
na
ls
	o
f	o

pp
or
tu
ni
ty
”	
ca
n	
al
so
	b
e	

us
ed

,	a
nd

	im
pr
ov
ed

	w
ith

	b
e[

er
	/
m
in
g	
at
	th

e	
TV

	tr
an
sm

i[
er
s:
	th

is
	u
se
	o
f	T

V	
st
a/

on
	s
ig
na
l	i
n	
th
e	
M
B	
ra
ng
e	
w
ill
	a
dd

	a
cc
ur
ac
y,
	re

du
nd

an
cy
,	a
nd

	
ro
bu

st
ne

ss
.		
Th
is
	w
ill
	a
dd

	li
[
le
	c
os
t	t
o	
th
e	
ne

tw
or
ks
.		
Th
is
	u
se
	o
f	T

V	
st
a/

on
s	
in
	M

B	
re
ce
iv
er
	w
ill
	e
nh

an
ce
	M

B	
pP

N
T.
		S
ee
	a
ls
o	
fo
llo
w
in
g	
pa
ge
s.
		

Co
m
m
en
t.
		

Th
is
	a
nd

	
fo
llo
w
in
g	

ad
di
/o

na
l	

ar
/c
le
s,
	

gr
ap
hs
,	m

ap
s	

an
d	

Co
m
m
en

ts
	a
ll	

ex
pl
ai
n	
ho

w
	

TV
	V
H
F	

si
gn
al
s	
ca
n	
be

	
us
ed

	in
	o
ur
	

pl
an
ne

d	
pP

N
T-
ba
se
d	

ne
tw

or
ks
.		
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Co
m
m
en
t.
		T
he

	a
bo

ve
	id
ea
	is
	n
ot
	n
ew

	a
s	
it	
su
gg
es
ts
.		
H
ow

ev
er
,	t
hi
s	
co
nc
ep

t	i
s	
ba
se
d	
on

	te
rr
es
tr
ia
l	r
ec
ep

/o
n	
of
	T
V	
“s
ig
na
ls
	o
f	o

pp
or
tu
ni
ty
”	
fo
r	

m
u/

la
te
ra
/o

n	
lo
ca
/o

n.
		A

	p
ro
bl
em

s	
is
	ra

ng
e	
of
	s
uffi

ci
en

t	T
V	
si
gn
al
s	
in
	V
H
F	
an
d	
U
H
F	
ra
ng
e	
fo
r	
m
u/

la
te
ra
/o

n,
	a
nd

	th
at
	th

e	
an
gl
es
	o
f	

m
ul
/l
at
er
a/

on
	a
re
	o
s
en

	n
ot
	v
er
y	
go
od

	fo
r	
ac
cu
ra
cy
.		
In
	a
dd

i/
on

,	t
he

	/
m
in
g	
of
	th

e	
TV

	s
ig
na
ls
	is
	n
ot
	a
s	
gr
ea
t	a

s	
in
	a
	d
ed

ic
at
ed

	m
ul
/l
at
er
a/

on
	

sy
st
em

s	
w
he

re
	th

e	
fix
ed

	b
as
e	
st
a/

on
s	
tr
an
sm

it	
an
d/
or
	re

ce
iv
e	
th
e	
/m

ed
	s
ig
na
ls
.		
A
	b
e[

er
	m

et
ho

d	
is
	w
ha
t	w

e	
pl
an
,	t
o	
us
e	
de

di
ca
te
d	

m
ul
/l
at
er
a/

on
	w
ith

	te
rr
es
tr
ia
l-w

av
e	
an
d	
m
et
eo

r-
bu

rs
t	s
ky
w
av
e	
pr
op

ag
a/

on
	(i
n	
40
,	2
00
,	a
nd

	9
00
	M

H
z)
	b
ut
	a
ls
o	
us
e	
th
e	
TV

	“
si
gn
al
s	
of
	

op
po

rt
un

ity
”	
fo
r	
en

ha
nc
em

en
ts
	a
nd

	re
du

nd
an
cy
.		
So
m
e	
TV

	c
ha
nn

el
s	
in
	V
H
F	
ra
ng
es
	c
an
	a
re
	re

as
on

ab
ly
	c
lo
se
	to

	o
ur
	4
0	
an
d	
20
0	
M
H
z	
lic
en

se
d	

sp
ec
tr
um

,	a
llo
w
in
g	
sh
ar
ed

	c
om

po
ne

nt
s.
		S
ee
	a
ls
o	
ab
ov
e	
an
d	
fo
llo
w
in
g	
ar
/c
le
s.
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Co
m
m
en
t.
		S
ee
	p
re
ce
di
ng
	p
ag
es
	a
nd

	C
om

m
en

t.
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Co
m
m
en
t:
		(
co
n/

nu
ed

	fr
om

	p
re
ce
di
ng
	p
ag
es
).	
	T
hi
s	
is
	fr
om

	a
	

N
A
SA

	w
eb

si
te
	o
n	
m
et
eo

r	
bu

rs
t	(
M
B)
	w
av
e	
re
ce
p/

on
	o
f	T

V	
si
gn
al
s	
in
	lo
w
	b
an
d	
VH

F	
(in

	th
is
	c
as
e,
	c
ha
nn

el
	4
	in
	S
E	
U
S)
.		
Se
e	

pr
ec
ed

in
g	
pa
ge
s	
fo
r	
ou

r	
pl
an
ne

d	
us
e	
of
	T
V-
si
gn
al
	M

B	
w
av
e	

ap
pl
ic
a/

on
s.
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If	
th
e	
ra
di
o	
w
av
es
	fr
om

	th
e	
tr
an
sm

i[
er
	re

ac
h	
th
e	
m
et
eo

r	
tr
ai
l	…

.	[
i]n

	fo
rw

ar
d-

sc
a[

er
,	t
he

	tr
an
sm

i[
er
	a
nd

	re
ce
iv
er
	a
re
	s
ep

ar
at
ed

	o
s
en

	b
y	
hu

nd
re
ds
	o
f	

ki
lo
m
et
er
s	
or
	m

or
e,
	s
o	
th
e	
br
oa
dc
as
t	s
ig
na
l	i
s	
re
fle

ct
ed

	fo
rw

ar
d	
to
	th

e	
re
ce
iv
er
	

fr
om

	a
	m

et
eo

r's
	io
ni
za
/o

n	
tr
ai
l,	
w
hi
ch
	m

us
t	l
ie
	s
om

ew
he

re
	b
et
w
ee
n	
th
e	
tw

o	
pl
ac
es
.		

Th
e	
id
ea
l	s
ou

rc
e	
of
	ra

di
o	
si
gn
al
s	
in
	th

at
	b
an
d	
sh
ou

ld
	b
e	
co
n/

nu
ou

s	
an
d	

po
w
er
fu
l.	
	F
or
	m

an
y	
ye
ar
s	
th
e	
vi
de

o	
ca
rr
ie
r	
of
	a
na
lo
g	
TV

	tr
an
sm

i[
er
s	
ha
s	
be

en
	

th
e	
be

st
	c
ho

ic
e	
fo
r	
fo
rw

ar
d	
m
et
eo

r	
sc
a[

er
	m

on
ito

rs
,	e
sp
ec
ia
lly
	c
ha
nn

el
s	
2	
–	
5	

Fr
om

:	“
D
et
ec
/n

g	
m
et
eo

r	
ra
di
o	
ec
ho

es
	u
si
ng
	th

e	
RT

L/
SD

R	
U
SB
	d
on

gl
e,
”	
by
	C
ip
ri
an
	S
ufi

tc
hi
,	N

2Y
O
.		
h[

p:
//
w
w
w
.li
ve
m
et
eo

rs
.c
om

/	
	

CH
BX
-T
V	
in
	S
au
lt	
St
e.
	M

ar
ie
,	O

nt
ar
io
	[a
bo

ve
]	t
ra
ns
m
iÖ

ng
	o
n	
ch
an
ne

l	2
	a
na
lo
g	
TV

	1
00
	k
W
	o
f	p

ow
er
.		
To
	e
s/
m
at
e	
th
e	
m
ax
im

um
	ra

ng
e	
of
	a
	s
ig
na
l	r
efl

ec
te
d	

by
	a
	m

et
eo

r	
tr
ai
l,	
on

e	
co
ul
d	
re
so
lv
e	
a	
si
m
pl
e	
ge
om

et
ry
	p
ro
bl
em

.	T
he

	m
ax
im

um
	d
is
ta
nc
e	
w
ou

ld
	b
e:
	

			
			
	D
m
ax
	=
	2
	R
	a
co
s(
R/
(R
+H

))
	[4

]		
/	
	R
:	E
ar
th
	ra

di
us
	(6

37
1	
km

)		
/	
	H
:	A

l/
tu
de

	o
f	r
efl

ex
io
n	
po

in
t	(
85
…
10
5	
km

)	

Th
e	
m
ax
im

um
	th

eo
re
/c
al
	d
is
ta
nc
e	
to
	u
/l
iz
e	
a	
co
n/

nu
ou

s	
tr
an
sm

iÖ
ng
	to

w
er
	fo

r	
m
et
eo

r	
sc
a[

er
	[b

ur
st
]	d

et
ec
/o

n	
ra
ng
es
	b
et
w
ee
n	
20
70
	a
nd

	2
30
0	
km

.		
If	

w
e	
co
ns
id
er
	a
	c
on

se
rv
a/

ve
	d
is
ta
nc
e	
of
	2
00
0	
km

	a
ro
un

d	
th
e	
CH

BX
-T
V	
to
w
er
	lo
ca
te
d	
in
	S
au
lt	
St
e.
	M

ar
ie
,	O

nt
ar
io
,	t
he

	a
re
a	
co
ve
ra
ge
	c
ou

ld
	b
e	
pl
o[

ed
	(F
ig
.	

3)
.		
M
or
e	
th
an
	h
al
f	o

f	U
S	
st
at
es
	c
ou

ld
	b
en

efi
t	f
ro
m
	th

is
	C
an
ad
ia
n	
tr
an
sm

i[
er
	fo

r	
m
et
eo

r	
de

te
c/
on

	p
ro
je
ct
s.
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A
D
VA

N
CE

D
	M

BR
S	
re
:	

	‘W
hi
te
	S
pa
ce
’	S
pe

ct
ru
m
,*
	

D
ro
ne

s,
		

5G
	C
M
RS
,		

O
A
M
	W

ire
le
ss
,	e
tc
.	

*	
M
os
tly

	D
es
cr
ib
ed

	a
bo

ve
	in
	th

e	
Sp
ec
tr
um

	s
ec
/o

n	
	

A
dv
an
ce
d	
M
et
eo

r	
Bu

rs
t	R

ad
io
	S
ig
na
lin
g	
(M

BR
S)
	-	
Te
ch
no

lo
gy
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Co
m
m
en
t.
		L
ic
en

se
d	
~4
0	
an
d	
~2
00
	M

H
z,
	w
ith

	e
xc
lu
si
ve
	r
ig
ht
s,
	h
ig
he

r	
po

w
er
	w
he

re
	n
ee
de

d,
	a
nd

	fu
ll	
co
ve
ra
ge
,	c
an
	b
e	

fo
un

da
/o

na
l	s
pe

ct
ru
m
	o
nt
o	
w
hi
ch
	W

hi
te
	S
pa
ce
	s
pe

ct
ru
m
	in
	th

e	
sa
m
e	
m
id
	to

	lo
w
	V
H
F	
ra
ng
e	
ca
n	
be

	a
dd

ed
,	f
or
	g
re
at
er
	

ca
pa
ci
ty
.		
	T
hi
s	
is
	s
im

ila
r	
to
	L
TE
-A
ss
is
te
d	
(o
r	
so
m
e/

m
es
	c
al
le
d	
LT
E-
U
nl
ic
en

se
d)
	w
he

re
	u
nl
ic
en

se
d	
lo
w
er
	p
ow

er
	s
pe

ct
ru
m
	

ne
ar
	li
ce
ns
ed

	L
TE
	b
an
ds
	a
re
	c
om

bi
ne

d,
	in
	L
TE
-A
dv
an
ce
d	
m
ul
/-
ba
nd

	(m
an
y	
no

n-
ad
ja
ce
nt
	b
an
ds
)	t
ec
h	
an
d	
se
rv
ic
e.
	

Th
e	
ar
/c
le
	a
bo

ve
	d
es
cr
ib
es
	o
ne

	im
po

rt
an
t	u

se
	o
f	l
ow

er
-r
an
ge
	W

hi
te
	S
pa
ce
	s
pe

ct
ru
m
.		
	

Th
e	
ar
ra
ng
em

en
ts
	d
es
cr
ib
ed

	a
bo

ve
	w
ill
	s
ub
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