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LESSON 2 LEARNING OBJECTIVES
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1.1 Identify key bands within the FCC bandwidth
allocations.

1.2 Identify sources of loss in a link budget and perform a
link budget analysis.

1.3 Identify types and sources of noise and how to
incorporate them into a link budget.



Allocations Friis Review Antennas Noise Link Budget Link Budget

FCC ALLOCATIONS

Dr. Rogers ECE 448 (Spring 2025) 3 / 17

U.
S. 

DEP
ARTMENT OF COMMERC

E

N
A

TIO
N

A
L TELEC

O
M

M
UNICATIONS & INFORMATIO

N
 A

D
M

IN
IS

TR
A

TI
O

N

M
O

BI
LE

  (
AE

R
O

N
AU

TI
C

AL
 T

EL
EM

ET
ER

IN
G

)

S
)

5
.6

8
5

.7
3

5
.9

0

5
.9

5

6
.2

6
.5

2
5

6
.6

8
5

6
.7

6
5

7
.0

7
.1

7
.3

7
.3

5

8
.1

8
.1

9
5

8
.8

1
5

8
.9

6
5

9
.0

4
0

9
.4

9
.5

9
.9

9
.9

9
5

1
0

.0
0

3
1

0
.0

0
5

1
0

.1
1

0
.1

5

1
1

.1
7

5
1

1
.2

7
5

1
1

.4
1

1
.6

1
1

.6
5

1
2

.0
5

1
2

.1
0

1
2

.2
3

1
3

.2
1

3
.2

6
1

3
.3

6
1

3
.4

1
1

3
.5

7
1

3
.6

1
3

.8
1

3
.8

7
1

4
.0

1
4

.2
5

1
4

.3
5

1
4

.9
9

0
1

5
.0

0
5

1
5

.0
1

0
1

5
.1

0

1
5

.6
1

5
.8

1
6

.3
6

1
7

.4
1

1
7

.4
8

1
7

.5
5

1
7

.9
1

7
.9

7
1

8
.0

3
1

8
.0

6
8

1
8

.1
6

8
1

8
.7

8
1

8
.9

1
9

.0
2

1
9

.6
8

1
9

.8
0

1
9

.9
9

0
1

9
.9

9
5

2
0

.0
0

5
2

0
.0

1
0

2
1

.0

2
1

.4
5

2
1

.8
5

2
1

.9
2

4
2

2
.0

2
2

.8
5

5
2

3
.0

2
3

.2
2

3
.3

5

2
4

.8
9

2
4

.9
9

2
5

.0
0

5

2
5

.0
1

2
5

.0
7

2
5

.2
1

2
5

.3
3

2
5

.5
5

2
5

.6
7

2
6

.1
2

6
.1

7
5

2
6

.4
8

2
6

.9
5

2
6

.9
6

2
7

.2
3

2
7

.4
1

2
7

.5
4

2
8

.0

2
9

.7
2

9
.8

2
9

.8
9

2
9

.9
1

3
0

.0

UNITED
STATES

THE RADIO SPECTRUM

NON-GOVERNMENT EXCLUSIVE

GOVERNMENT/ NON-GOVERNMENT SHAREDGOVERNMENT EXCLUSIVE

RADIO SERVICES COLOR LEGEND

ACTIVITY CODE

NOT ALLOCATED RADIONAVIGATION FIXED

MARITIME MOBILE
FIXED

MARITIME MOBILE

FIXED

MARITIME MOBILE

Radiolocation RADIONAVIGATION

FIXED

MARITIME
MOBILE

Radiolocation

FIXED

MARITIME
MOBILE

FIXED

MARITIME
MOBILE

AERONAUTICAL
RADIONAVIGATION

AE
R

O
N

AU
TI

C
AL

RA
DI

O
NA

VI
G

AT
IO

N
Ae

ro
na

ut
ica

l
M

ob
ile

M
ar

iti
m

e
R

ad
io

na
vi

ga
tio

n
(R

ad
io

 B
ea

co
ns

)
M

AR
IT

IM
E

RA
DI

O
NA

VI
G

AT
IO

N
(R

AD
IO

 B
EA

C
O

N
S)

Ae
ro

na
ut

ic
al

R
ad

io
na

vi
ga

tio
n

(R
ad

io
 B

ea
co

ns
)

3 9 1
4

1
9

.9
5

2
0

.0
5

3
0

3
0

5
9

6
1

7
0

9
0

11
0

1
3
0

1
6
0

1
9
0

2
0
0

2
7
5

2
8
5

3
0
0

3 kHz 300 kHz

300 kHz 3 MHz

3 MHz 30 MHz

30 MHz 300 MHz

3 GHz

300 GHz

300 MHz

3 GHz

30 GHz

 Aeronautical
Radionavigation
(Radio Beacons)

MARITIME
RADIONAVIGATION
(RADIO BEACONS)

Ae
ro

na
ut

ica
l

M
ob

ile

M
ar

itim
e

R
ad

io
na

vi
ga

tio
n

(R
ad

io
 B

ea
co

ns
)

AE
R

O
N

AU
TI

C
AL

RA
DI

O
NA

VI
G

AT
IO

N
(R

AD
IO

 B
EA

C
O

N
S)

 AERONAUTICAL
RADIONAVIGATION
(RADIO BEACONS)

 Aeronautical
Mobile

Ae
ro

na
ut

ica
l M

ob
ile

RA
DI

O
NA

VI
G

AT
IO

N

 A
ER

O
N

AU
TI

C
AL

R
AD

IO
N

AV
IG

AT
IO

N
M

AR
IT

IM
E

M
O

B
IL

E Aeronautical
Radionavigation

 M
O

BI
LE

 (D
IS

TR
ES

S 
AN

D
 C

AL
LI

N
G

)

M
AR

IT
IM

E 
M

O
BI

LE

M
AR

IT
IM

E
M

O
B

IL
E

(S
H

IP
S 

O
N

LY
)

M
O

B
IL

E

AE
R

O
N

AU
TI

C
AL

R
AD

IO
N

AV
IG

AT
IO

N
(R

AD
IO

 B
EA

C
O

N
S)

AE
R

O
N

AU
TI

C
AL

RA
DI

O
NA

VI
G

AT
IO

N
(R

AD
IO

 B
EA

C
O

N
S)

BROADCASTING
(AM RADIO)

M
AR

IT
IM

E 
M

O
BI

LE
 (T

EL
EP

H
O

N
Y)

M
AR

IT
IM

E 
M

O
BI

LE
 (T

EL
EP

H
O

N
Y)

 M
O

BI
LE

 (D
IS

TR
ES

S 
AN

D
 C

AL
LI

N
G

)

MARITIME
MOBILE

LAND MOBILE

MOBILE

FIXED ST
AN

D
AR

D
 F

R
EQ

. A
N

D
 T

IM
E 

SI
G

N
AL

 (2
50

0k
H

z)

ST
AN

D
AR

D
 F

R
EQ

. A
N

D
 T

IM
E 

SI
G

N
AL

Sp
ac

e 
R

es
ea

rc
h MARITIME

MOBILE

LAND MOBILE

MOBILE

FIXED

AE
R

O
N

AU
TI

C
AL

M
O

BI
LE

 (R
)

ST
AN

D
AR

D
 F

R
EQ

.

AE
R

O
N

AU
TI

C
AL

 M
O

BI
LE

 (R
)

AE
R

O
N

AU
TI

C
AL

M
O

BI
LE

 (O
R

)

AE
R

O
N

AU
TI

C
AL

M
O

BI
LE

 (R
)

FIXED

MOBILE**

Radio-
location

FI
XE

D
M

O
BI

LE
*

AMATEUR

FI
XE

D

FI
XE

D

FI
XE

D

FIXED

FI
XE

DMARITIME
MOBILE

M
O

BI
LE

*

M
O

BI
LE

*

M
O

BI
LE

ST
AN

D
AR

D
 F

R
EQ

. A
N

D
 T

IM
E 

SI
G

N
AL

 (5
00

0 
KH

Z)

AE
R

O
N

AU
TI

C
AL

 M
O

BI
LE

 (R
)

AE
R

O
N

AU
TI

C
AL

 M
O

BI
LE

 (O
R

)

ST
AN

D
AR

D
 F

R
EQ

.
Sp

ac
e 

R
es

ea
rc

h

MOBILE**

AE
R

O
N

AU
TI

C
AL

 M
O

BI
LE

 (R
)

AE
R

O
N

AU
TI

C
AL

 M
O

BI
LE

 (O
R

)
F

IX
E

D
M

O
B

IL
E

*

BR
O

AD
C

AS
TI

N
G

M
AR

IT
IM

E 
M

O
BI

LE

AE
R

O
N

AU
TI

C
AL

 M
O

BI
LE

 (R
)

AE
R

O
N

AU
TI

C
AL

 M
O

BI
LE

 (O
R

)

FI
XE

D
M

ob
ile

AM
AT

EU
R

 S
AT

EL
LI

TE
AM

AT
EU

R

AM
AT

EU
R

FIXED

Mobile

M
AR

IT
IM

E 
M

O
BI

LE

MARITIME
MOBILE

AE
R

O
N

AU
TI

C
AL

 M
O

BI
LE

 (R
)

AE
R

O
N

AU
TI

C
AL

 M
O

BI
LE

 (O
R

)

F
IX

E
D

BR
O

AD
C

AS
TI

N
G

FI
XE

D
ST

AN
D

AR
D

 F
R

EQ
. A

N
D

 T
IM

E 
SI

G
N

AL
 (1

0,
00

0 
kH

z)
ST

AN
D

AR
D

 F
R

EQ
.

Sp
ac

e 
R

es
ea

rc
h

AE
R

O
N

AU
TI

C
AL

 M
O

BI
LE

 (R
)

AM
AT

EU
R

FIXED

Mobile* AE
R

O
N

AU
TI

C
AL

 M
O

BI
LE

 (R
)

AE
R

O
N

AU
TI

C
AL

 M
O

BI
LE

 (O
R

)

FI
XE

D

FI
XE

DBR
O

AD
C

AS
TI

N
G

M
A

R
IT

IM
E

M
O

B
IL

E

AE
RO

NA
UT

IC
AL

 M
O

BI
LE

 (R
)

AE
RO

NA
UT

IC
AL

 M
O

BI
LE

 (O
R)

RA
DI

O
 A

ST
RO

NO
M

Y

M
ob

ile
*

AM
AT

EU
R

BR
O

AD
C

AS
TI

N
G

AM
AT

EU
R

AM
AT

EU
R 

SA
TE

LL
IT

E

M
ob

ile
*

FI
XE

D

BR
O

AD
C

AS
TI

N
G

ST
AN

D
AR

D
 F

R
EQ

. A
N

D
 T

IM
E 

SI
G

N
AL

 (1
5,

00
0 

kH
z)

ST
AN

D
AR

D
 F

R
EQ

.
Sp

ac
e 

R
es

ea
rc

h

FIXED

AE
R

O
N

AU
TI

C
AL

 M
O

BI
LE

 (O
R

)

M
A

R
IT

IM
E

M
O

B
IL

E

AE
R

O
N

AU
TI

C
AL

 M
O

BI
LE

 (O
R

)
AE

R
O

N
AU

TI
C

AL
 M

O
BI

LE
 (R

)

FI
XE

D

FI
XE

D

BR
O

AD
C

AS
TI

N
G

ST
AN

D
AR

D
 F

R
EQ

.
Sp

ac
e 

R
es

ea
rc

h

FI
XE

D

M
AR

IT
IM

E 
M

O
BI

LE

M
ob

ile
FI

XE
D

AM
AT

EU
R

AM
AT

EU
R

 S
AT

EL
LI

TE

BR
O

AD
C

AS
TI

N
G

FI
XE

D
AE

R
O

N
AU

TI
C

AL
 M

O
BI

LE
 (R

)

M
AR

IT
IM

E 
M

O
BI

LE

FI
XE

D
FI

XE
D

FI
XE

D

 M
ob

ile
*

 M
O

BI
LE

**

FI
XE

D

ST
AN

D
AR

D
 F

R
EQ

. A
N

D
 T

IM
E 

SI
G

N
AL

 (2
5,

00
0 

kH
z)

ST
AN

D
AR

D
 F

R
EQ

.
Sp

ac
e 

R
es

ea
rc

h

 L
AN

D
 M

O
BI

LE
M

AR
IT

IM
E 

M
O

BI
LE

 L
AN

D
 M

O
BI

LE
 M

O
BI

LE
**

 R
AD

IO
 A

ST
R

O
N

O
M

Y
BR

O
AD

C
AS

TI
N

G
M

AR
IT

IM
E 

M
O

BI
LE

 L
AN

D
 M

O
BI

LE
FI

XE
D

 M
O

BI
LE

**
FI

XE
D

 M
O

BI
LE

**

 M
O

BI
LE

FI
XE

D

FI
XE

D

FI
XE

D
FI

XE
D

FI
XE

D

 LA
ND

 M
O

BI
LE

 M
O

BI
LE

**

AM
AT

EU
R

AM
AT

EU
R

 S
AT

EL
LI

TE

 M
O

BI
LE

 L
AN

D
 M

O
BI

LE

M
O

BI
LE

M
O

BI
LE

FI
XE

D

FI
XE

D

M
O

BI
LE

M
O

BI
LE

FI
XE

D

FI
XE

D

LA
N

D
M

O
B

IL
E

LA
N

D
M

O
B

IL
E

LA
N

D
M

O
B

IL
E

LA
N

D
 M

O
BI

LE
R

ad
io

 A
st

ro
no

m
y

RA
DI

O 
AS

TR
ON

OM
Y

LA
N

D
 M

O
BI

LE

FI
XE

D
FI

XE
D

M
O

BI
LEM
O

BI
LE

MOBILE

LA
N

D
 M

O
BI

LE

FIXED

LA
N

D
M

O
B

IL
E

FI
XE

D

FI
XE

D

M
O

BI
LE

M
O

BI
LE

LAND
MOBILE AMATEUR

BROADCASTING
(TV CHANNELS 2-4)

FI
XE

D
M

O
BI

LE

FI
XE

D
M

O
BI

LE

FI
XE

D
M

O
BI

LE
FI

XE
D

M
O

BI
LE

AE
R

O
N

AU
TI

C
AL

 R
AD

IO
N

AV
IG

AT
IO

N

BROADCASTING
(TV CHANNELS 5-6)

BROADCASTING
(FM RADIO)

AERONAUTICAL
RADIONAVIGATION

AE
R

O
N

AU
TI

C
AL

M
O

BI
LE

 (R
)

AE
R

O
N

AU
TI

C
AL

 M
O

BI
LE

AE
R

O
N

AU
TI

C
AL

 M
O

BI
LE

AE
R

O
N

AU
TI

C
AL

M
O

BI
LE

 (R
)

AE
R

O
N

AU
TI

C
AL

M
O

BI
LE

 (R
)

AE
R

O
N

AU
TI

C
AL

 M
O

BI
LE

 (R
)

M
O

B
IL

E
F

IX
E

D

AM
AT

EU
R

BROADCASTING
(TV CHANNELS 7-13)

MOBILE

FIXED

MOBILE

FIXED

MOBILE SATELLITE

FIXED

MOBILE
SATELLITE

MOBILE

FIXED

MOBILE
SATELLITE

MOBILE

FI
XE

D
M

O
BI

LE

AE
R

O
N

AU
TI

C
AL

 R
AD

IO
N

AV
IG

AT
IO

N

ST
D.

 F
RE

Q
. &

 T
IM

E 
SI

G
NA

L 
SA

T.
 (4

00
.1

 M
Hz

)
ME

T. 
SA

T.
(S

-E
)

SP
AC

E 
RE

S.
(S

-E
)

Ea
rth

 E
xp

l.
Sa

te
llit

e 
(E

-S
)

M
O

BI
LE

 S
AT

EL
LI

TE
 (E

-S
)

FI
XE

D
M

O
BI

LE
R

AD
IO

AS
TR

O
N

O
M

Y

R
AD

IO
LO

C
AT

IO
N

Am
at

eu
r

LA
N

D
 M

O
BI

LE

Meteorological
Satellite (S-E)

LA
N

D
 M

O
BI

LE
BR

O
AD

CA
ST

IN
G

(T
V 

CH
AN

NE
LS

 14
 - 2

0)

BROADCASTING
(TV CHANNELS 21-36)

TV BROADCASTINGR
A

D
IO

 A
S

TR
O

N
O

M
Y

R
AD

IO
LO

C
AT

IO
N

FI
XE

D

Am
at

eu
r

AERONAUTICAL
RADIONAVIGATION

M
O

BI
LE

**
FI

XE
D

AE
RO

NA
UT

ICA
L

RA
DIO

NA
VIG

AT
IO

N
R

ad
io

lo
ca

tio
n

R
ad

io
lo

ca
tio

n
M

AR
IT

IM
E

R
AD

IO
N

AV
IG

AT
IO

N

M
AR

IT
IM

E
R

AD
IO

N
AV

IG
AT

IO
N

R
ad

io
lo

ca
tio

n

Radiolocation

Radiolocation

RADIO-
LOCATION RADIO-

LOCATION

Amateur

AE
RO

NA
UT

IC
AL

RA
DI

O
NA

VI
G

AT
IO

N
(G

ro
un

d)

RA
DI

O
-

LO
CA

TI
O

N
Ra

di
o-

lo
ca

tio
n

AE
RO

. R
AD

IO
-

NA
V.

(G
ro

un
d)

FI
XE

D 
SA

T.
 (S

-E
)

RA
DI

O
-

LO
CA

TI
O

N
Ra

di
o-

lo
ca

tio
n

FIXED

FIXED
SATELLITE

(S-E)

FI
XE

D

AE
R

O
N

AU
TI

C
AL

 R
AD

IO
N

AV
IG

AT
IO

N M
O

BI
LE

FI
XE

D
M

O
BI

LE

R
AD

IO
 A

ST
R

O
N

O
M

Y
Sp

ac
e 

Re
se

ar
ch

 (P
as

siv
e)

AE
R

O
N

AU
TI

C
AL

 R
AD

IO
N

AV
IG

AT
IO

N

R
AD

IO
-

LO
C

AT
IO

N
R

ad
io

-
lo

ca
tio

n
R

AD
IO

N
AV

IG
AT

IO
N

R
ad

io
lo

ca
tio

n

R
AD

IO
LO

C
AT

IO
N

R
ad

io
lo

ca
tio

n

R
ad

io
lo

ca
tio

n

R
ad

io
lo

ca
tio

n

R
AD

IO
LO

C
AT

IO
N

R
AD

IO
-

LO
C

AT
IO

N

M
AR

IT
IM

E
R

AD
IO

N
AV

IG
AT

IO
N

M
AR

IT
IM

E
RA

DI
O

NA
VI

G
AT

IO
N

M
ET

EO
R

O
LO

G
IC

AL
AI

D
S

Am
at

eu
r

Am
at

eu
r

FIX
ED

FI
XE

D
SA

TE
LL

IT
E 

(E
-S

)
M

O
BI

LE

FI
XE

D
SA

TE
LL

IT
E 

(E
-S

)

FI
XE

D
SA

TE
LL

IT
E 

(E
-S

)
M

O
B

IL
E

FI
XE

D FI
XE

D

FI
XE

D

FI
XE

D

M
O

BI
LE

FI
XE

D
SP

AC
E 

RE
SE

AR
CH

 (E
-S

)
FI

XE
D

Fi
xe

d
M

O
BI

LE
SA

TE
LL

IT
E 

(S
-E

)
FI

XE
D 

SA
TE

LL
IT

E 
(S

-E
)

FI
XE

D 
SA

TE
LL

IT
E 

(S
-E

)

FI
XE

D
SA

TE
LL

IT
E 

(S
-E

)

FI
XE

D
SA

TE
LL

IT
E 

(S
-E

)

FI
XE

D
SA

TE
LL

IT
E 

(E
-S

)
FI

XE
D

SA
TE

LL
IT

E 
(E

-S
) FI

XE
D

SA
TE

LL
IT

E
(E

-S
) FI

XE
D

SA
TE

LL
IT

E
(E

-S
)

FI
XE

D

FI
XE

D

FI
XE

D

FI
XE

D

FI
XE

D

FI
XE

D

FI
XE

D

ME
T.

SA
TE

LL
IT

E 
(S

-E
)

M
ob

ile
Sa

te
llit

e 
(S

-E
)

M
ob

ile
Sa

te
llit

e 
(S

-E
)

M
ob

ile
Sa

tel
lite

 (E
-S

)
(n

o 
air

bo
rn

e)
Mo

bil
e 

Sa
tel

lite
(E

-S
)(n

o 
air

bo
rn

e)

M
ob

ile
 S

at
ell

ite
 (S

-E
)

M
ob

ile
Sa

te
llit

e 
(E

-S
)

M
O

BI
LE

SA
TE

LL
IT

E 
(E

-S
)

EA
RT

H 
EX

PL
.

SA
TE

LL
IT

E(
S-

E)

EA
RT

H 
EX

PL
.

SA
T.

 (S
-E

)

EA
RT

H 
EX

PL
.

SA
TE

LL
IT

E 
(S

-E
)

ME
T.

SA
TE

LL
IT

E
(E

-S
)

FI
XE

D

FI
XE

D

SP
AC

E 
RE

SE
AR

CH
 (S

-E
)

(d
ee

p 
sp

ac
e 

on
ly)

SP
AC

E 
R

ES
EA

R
C

H
 (S

-E
)

AE
R

O
N

AU
TI

C
AL

R
AD

IO
N

AV
IG

AT
IO

N

R
AD

IO
LO

C
AT

IO
N

R
ad

io
lo

ca
tio

n

R
ad

io
lo

ca
tio

n

R
ad

io
lo

ca
tio

n

R
ad

io
lo

ca
tio

n

M
AR

IT
IM

E
R

AD
IO

N
AV

IG
AT

IO
N M

et
eo

ro
lo

gi
ca

l
Ai

ds
RA

DI
O

NA
VI

G
AT

IO
N

R
AD

IO
LO

C
AT

IO
N

R
ad

io
lo

ca
tio

n

R
AD

IO
-

LO
C

AT
IO

N

Ra
dio

loc
at

ion

R
ad

io
lo

ca
tio

n
Am

at
eu

r

Am
at

eu
r

Am
at

eu
r

Sa
te

llit
e

R
AD

IO
LO

C
AT

IO
N

FI
XE

D

FI
XE

D

FIXED

F
IX

E
DFIXED

SATELLITE
(S-E)

FIXED
SATELLITE

(S-E)

Mobile **

SP
AC

E 
RE

SE
AR

CH
(P

as
siv

e)
EA

RT
H 

EX
PL

.
SA

T.
 (P

as
siv

e)
RA

DI
O

AS
TR

O
NO

M
Y

SP
AC

E
RE

SE
AR

CH
 (P

as
siv

e)
EA

RT
H 

EX
PL

.
SA

TE
LL

IT
E 

(P
as

siv
e)

R
AD

IO
AS

TR
O

N
O

M
Y

BR
O

AD
C

AS
TI

N
G

SA
TE

LL
IT

E

AE
RO

NA
UT

IC
AL

 R
AD

IO
NA

V.
Sp

ac
e 

Re
se

ar
ch

 (E
-S

)

Space
Research

La
nd

 M
ob

ile
Sa

te
llit

e 
(E

-S
)

Ra
di

o-
lo

ca
tio

n
RA

DI
O

-
LO

CA
TI

ON

RA
DI

O
NA

VI
GA

TI
ON F
IX

E
D

S
A

TE
LL

IT
E

 (
E

-S
)

La
nd

 M
ob

ile
S

at
el

lit
e 

(E
-S

)

La
nd

 M
ob

ile
Sa

te
llit

e 
(E

-S
)

Fi
xe

d
M

ob
ile

FI
XE

D
 S

AT
.  (

E-
S)

Fi
xe

d
M

ob
ile

FI
XE

D

M
ob

ile
FI

XE
D

M
O

BI
LE

Sp
ac

e 
Re

se
ar

ch
Sp

ac
e 

Re
se

ar
ch

Sp
ac

e 
Re

se
ar

ch

SP
AC

E 
RE

SE
AR

CH
(P

as
siv

e)
RA

DI
O 

AS
TR

ON
OM

Y
EA

RT
H 

EX
PL

. S
AT

.
(P

as
siv

e)

Ra
dio

loc
at

ion

R
AD

IO
LO

C
AT

IO
N

R
ad

io
lo

ca
tio

n

FX
 S

A
T 

(E
-S

)
FI

XE
D 

SA
TE

LL
IT

E 
 (

E-
S)

F
IX

E
D

FI
XE

D

F
IX

E
D

M
O

B
IL

E

EA
RT

H 
EX

PL
.

SA
T.

 (P
as

siv
e)

M
O

B
IL

E

Ea
rth

 E
xp

l.
Sa

tel
lite

 (A
cti

ve
)

St
an

da
rd

Fr
eq

ue
nc

y 
an

d
Ti

m
e 

Si
gn

al
Sa

te
llit

e 
(E

-S
)

Ea
rth

Ex
pl

or
at

io
n

Sa
te

llit
e

(S
-S

)
M

O
BI

LE
FI

XE
D

M
O

B
IL

E

F
IX

E
D

Ea
rth

Ex
pl

or
at

io
n

Sa
te

llit
e 

(S
-S

)

F
IX

E
D

M
O

B
IL

E
F

IX
E

D
S

A
T 

(E
-S

)

FI
XE

D 
SA

TE
LL

IT
E 

(E
-S

)
M

O
BI

LE
 S

AT
EL

LI
TE

 (E
-S

)

FI
XE

D
SA

TE
LL

IT
E

(E
-S

)

M
O

BI
LE

SA
TE

LL
IT

E
(E

-S
)

St
an

da
rd

Fr
eq

ue
nc

y 
an

d
Ti

m
e 

Si
gn

al
Sa

te
llit

e 
(S

-E
)

St
an

d.
 F

re
qu

en
cy

an
d 

Ti
m

e 
Si

gn
al

Sa
te

llit
e 

(S
-E

)
FI

XE
D

M
O

BI
LE

R
AD

IO
AS

TR
O

N
O

M
Y

SP
AC

E
R

ES
EA

R
C

H
(P

as
si

ve
)

EA
RT

H
EX

PL
O

RA
TI

O
N

SA
T.

 (P
as

siv
e)

R
AD

IO
N

AV
IG

AT
IO

N

R
AD

IO
N

AV
IG

AT
IO

N
IN

TE
R

-S
AT

EL
LI

TE

R
AD

IO
N

AV
IG

AT
IO

N

R
AD

IO
LO

C
AT

IO
N

R
ad

io
lo

ca
tio

n

S
P

A
C

E
 

R
E

.
.(

P
as

si
ve

)
EA

RT
H 

EX
PL

.
SA

T.
 (P

as
siv

e)
F

IX
E

D
M

O
B

IL
E

F
IX

E
D

M
O

B
IL

E

F
IX

E
D

M
O

BI
LE

M
ob

ile
F

ix
edFI

XE
D

SA
TE

LL
IT

E 
(S

-E
)

B
R

O
A

D
-

C
A

S
T

IN
G

B
C

S
T

S
A

T
.

FI
XE

D
M

O
BI

LE

F
X

S
A

T(
E

-S
)

M
O

B
IL

E
F

IX
E

D

EA
R

TH
EX

PL
O

R
AT

IO
N

SA
TE

LL
IT

E
FI

 X
ED

SA
TE

LL
IT

E 
(E

-S
)

M
OB

IL
E

SA
TE

LL
IT

E 
(E

-S
)

M
O

B
IL

E
F

IX
E

D

S
P

A
C

E
R

E
S

E
A

R
C

H
(P

as
si

ve
)

EA
RT

H
EX

PL
O

RA
TI

O
N

SA
TE

LL
IT

E
(P

as
siv

e)

EA
RT

H
EX

PL
O

RA
TI

O
N

SA
T.

 (P
as

siv
e)

SP
AC

E
R

ES
EA

R
C

H
(P

as
si

ve
)

IN
TE

R-
SA

TE
LL

IT
E

RA
DI

O
-

LO
CA

TI
O

N

SP
AC

E
RE

SE
AR

CH
F

IX
E

D

MOBILE

F IXED

MOBILE
SATELLITE

(E-S)

M
O

BI
LE

SA
TE

LL
IT

E
RA

DI
O

NA
VI

G
AT

IO
N

RA
DI

O
-

NA
VI

G
AT

IO
N

SA
TE

LL
IT

E

EA
RT

H
EX

PL
O

RA
TI

O
N

SA
TE

LL
IT

E F IXED
SATELLITE

(E-S)

M
O

BI
LE

FI
XE

D
FI

XE
D

SA
TE

LL
IT

E 
(E

-S
)

AM
AT

EU
R

AM
AT

EU
R

 S
AT

EL
LI

TE

AM
AT

EU
R

AM
AT

EU
R

 S
AT

EL
LI

TE

A
m

at
eu

r
S

at
el

lit
e

A
m

at
eu

r
R

A
D

IO
-

LO
C

A
TI

O
N

M
O

BI
LE

FI
XE

D
M

O
BI

LE
SA

TE
LL

IT
E

(S
-E

)

FI
XE

D
SA

TE
LL

IT
E

(S
-E

)

M
O

BI
LE

FI
XE

D
BR

O
AD

-
C

AS
TI

N
G

SA
TE

LL
IT

E

BR
O

AD
-

C
AS

TI
N

G

SPACE
RESEARCH

(Passive)

RADIO
ASTRONOMY

EARTH
EXPLORATION

SATELLITE
(Passive)

MOBILE

F
IX

E
D

M
O

BI
LE

FI
XE

D
R

AD
IO

-
LO

CA
TI

O
N

FI
XE

D
SA

TE
LL

IT
E

(E
-S

)

MOBILE
SATELLITE

RADIO-
NAVIGATION
SATELLITE

RADIO-
NAVIGATION

Radio-
location

EA
RT

H 
 E

XP
L.

SA
TE

LL
IT

E 
(P

as
siv

e)
SP

AC
E 

RE
SE

AR
CH

(P
as

siv
e)

F
IX

E
D

F
IX

E
D

S
A

T
E

LL
IT

E
(S

-E
)

SPACE
RESEARCH

(Passive)

RADIO
ASTRONOMY

EARTH
EXPLORATION

SATELLITE
(Passive)

FIXED

MOBILE

M
O

B
IL

E
IN

TE
R-

SA
TE

LL
IT

E

RADIO-
LOCATION

INTER-
SATELLITE

Radio-
location

MOBILE

MOBILE
SATELLITE

RADIO-
NAVIGATION

RADIO-
NAVIGATION
SATELLITE

AM
AT

EU
R

AM
AT

EU
R

 S
AT

EL
LI

TE

Am
at

eu
r

Am
at

eu
r 

Sa
te

llit
e

R
AD

IO
-

LO
C

AT
IO

N

M
O

BI
LE

FI
XE

D
FI

XE
D

SA
TE

LL
IT

E 
(S

-E
)

M
O

BI
LE

FI
XE

D
FI

XE
D

SA
TE

LL
IT

E
(S

-E
)

EA
R

TH
EX

PL
O

R
AT

IO
N

SA
TE

LL
IT

E 
(P

as
siv

e)
SP

AC
E 

RE
S.

(P
as

siv
e)

SP
AC

E 
R

ES
.

(P
as

si
ve

)

R
AD

IO
AS

TR
O

N
O

M
Y

FIXED
SATELLITE

(S-E)

FIXED

M
O

BI
LE

FI
XE

D

M
O

BI
LE

FI
XE

D

M
O

BI
LE

FI
XE

D

M
O

BI
LE

FI
XE

D

M
O

BI
LE

FI
XE

D

SP
AC

E 
R

ES
EA

R
C

H
(P

as
si

ve
)

R
AD

IO
AS

TR
O

N
O

M
Y

EA
R

TH
EX

PL
O

R
AT

IO
N

SA
TE

LL
IT

E 
(P

as
si

ve
)

EA
RT

H
EX

PL
OR

AT
IO

N
SA

T.
 (P

as
siv

e)

SP
AC

E
RE

SE
AR

CH
(P

as
siv

e)
IN

TE
R-

SA
TE

LL
IT

EIN
TE

R
-

SA
TE

LL
IT

E

IN
TE

R
-

SA
TE

LL
IT

E

IN
TE

R
-

SA
TE

LL
IT

E

MOBILE

MOBILE

M
O

BI
LEMOBILE

SATELLITE

RADIO-
NAVIGATION

RADIO-
NAVIGATION
SATELLITE

FIXED
SATELLITE

(E-S)

FIXED

FI
XE

D
EA

RT
H

EX
PL

OR
AT

IO
N 

SA
T.

(P
as

siv
e)

SP
AC

E 
RE

S.
(P

as
siv

e)

SPACE
RESEARCH

(Passive)

RADIO
ASTRONOMY

EARTH
EXPLORATION

SATELLITE
(Passive)

M
O

BI
LE

FI
XE

D

M
O

BI
LE

FI
XE

D

M
O

BI
LE

FI
XE

D

FI
XE

D
SA

TE
LL

IT
E 

(S
-E

)

FI
XE

D
SA

TE
LL

IT
E(

S-
E) FI

XE
D

SA
TE

LL
IT

E 
(S

-E
)

EA
RT

H 
EX

PL
.

SA
T.

 (P
as

siv
e)

SP
AC

E 
RE

S.
(P

as
siv

e)

R
ad

io
-

lo
ca

tio
n

R
ad

io
-

lo
ca

tio
n

R
AD

IO
-

LO
CA

TI
O

N

AM
AT

EU
R

AM
AT

EU
R

 S
AT

EL
LI

TE

Am
at

eu
r

Am
at

eu
r 

Sa
te

llit
e

EA
R

TH
 E

XP
LO

R
AT

IO
N

SA
TE

LL
IT

E 
(P

as
siv

e)
SP

AC
E 

R
ES

. (
Pa

ss
iv

e)

MOBILE

MOBILE
SATELLITE

RADIO-
NAVIGATION

RADIO-
NAVIGATION
SATELLITE

MOBILE

MOBILE

FIXED

RADIO-
ASTRONOMY

FIXED
SATELLITE

(E-S)

FIXED

3
.0

3
.0

2
5

3
.1

5
5

3
.2

3
0

3
.4

3
.5

4
.0

4
.0

6
3

4
.4

3
8

4
.6

5
4
.7

4
.7

5

4
.8

5

4
.9

9
5

5
.0

0
3

5
.0

0
5

5
.0

6
0

5
.4

5

MARITIME
MOBILE

AM
AT

EU
R

AM
AT

EU
R

 S
AT

EL
LI

TE
FI

XE
D

M
ob

ile
M

AR
IT

IM
E 

M
O

BI
LE

ST
AN

DA
RD

 F
RE

QU
EN

CY
 &

 T
IM

E 
SI

GN
AL

 (2
0,

00
0 

KH
Z)

Sp
ac

e 
R

es
ea

rc
h

AE
R

O
N

AU
TI

C
AL

 M
O

BI
LE

 (O
R

)

AM
AT

EU
R

 S
AT

EL
LI

TE
AM

AT
EU

R

ME
T.

 S
AT

. (S
-E

)
M

OB
. S

AT
. (

S-
E)

SP
AC

E 
RE

S.
 (S

-E
)

SP
AC

E 
OP

N.
 (S

-E
)

ME
T.

 S
AT

. (S
-E

)
M

ob
. S

at.
 (S

-E
)

SP
AC

E 
RE

S.
 (S

-E
)

SP
AC

E 
OP

N.
 (S

-E
)

ME
T.

 S
AT

. (S
-E

)
M

OB
. S

AT
. (

S-
E)

SP
AC

E 
RE

S.
 (S

-E
)

SP
AC

E 
OP

N.
 (S

-E
)

ME
T.

 S
AT

. (S
-E

)
M

ob
. S

at.
 (S

-E
)

SP
AC

E 
RE

S.
 (S

-E
)

SP
AC

E 
OP

N.
 (S

-E
)

MOBILE

FIXED

FI
XE

D
La

nd
 M

ob
ile

FI
XE

D
M

O
BI

LE

 L
AN

D 
M

O
BI

LE

 L
AN

D 
M

OB
IL

E

 M
AR

IT
IM

E 
M

OB
IL

E
 M

AR
IT

IM
E 

M
OB

IL
E

 M
AR

IT
IM

E 
M

O
BI

LE  M
AR

IT
IM

E 
M

OB
IL

E

 L
AN

D 
M

O
BI

LE

FI
XE

D
M

O
BI

LE
MO

BI
LE

 S
AT

EL
LIT

E 
(E

-S
)

R
ad

io
lo

ca
tio

n

Ra
di

ol
oc

at
io

n
LA

ND
 M

O
BI

LE
AM

AT
EU

R

 M
OB

IL
E 

SA
TE

LL
IT

E 
(E

-S
)

 R
AD

IO
NA

VI
GA

TI
ON

 S
AT

EL
LI

TE

M
ET

. A
ID

S
(R

ad
ios

on
de

)

 M
ET

EO
RO

LO
G

IC
AL

 A
ID

S 
(R

AD
IO

SO
ND

E)

SP
AC

E 
 R

ES
EA

RC
H

 (S
-S

)
FI

XE
D

M
O

BI
LE

LA
N

D
 M

O
BI

LE
FI

XE
D

LA
N

D
 M

O
BI

LE

FI
XE

D
FI

XE
D

R
AD

IO
 A

ST
R

O
N

O
M

Y

R
AD

IO
 A

ST
R

O
N

O
M

Y
M

ET
EO

R
O

LO
G

IC
AL

AI
D

S 
(R

AD
IO

SO
N

D
E)

M
ET

EO
R

O
LO

G
IC

AL
AI

D
S 

(R
ad

io
so

nd
e)

M
ET

EO
R

O
LO

G
IC

AL
SA

TE
LL

IT
E 

(s
-E

)

Fixed

FIXED

MET. SAT.
(s-E)

F
IX

E
D

FI
XE

D

AE
RO

NA
UT

IC
AL

 M
OB

IL
E 

SA
TE

LL
IT

E 
(R

) (
sp

ac
e 

to
 E

ar
th

)

AE
RO

NA
UT

IC
AL

 R
AD

IO
NA

VI
GA

TIO
N

RA
DI

ON
AV

. S
AT

EL
LIT

E 
(S

pa
ce

 to
 E

art
h)

AE
RO

NA
UT

IC
AL

 M
OB

ILE
 S

AT
EL

LIT
E 

(R
)

(sp
ac

e 
to 

Ea
rth

)
Mo

bil
e 

Sa
tel

lite
  (

S-
 E

)

RA
DI

O 
DE

T.
 S

AT
. (

E-
S)

M
O

B
IL

E
S

A
T(

E
-S

)
AE

RO
. R

AD
IO

NA
VI

GA
TIO

N
AE

RO
. R

AD
IO

NA
V.

AE
RO

. R
AD

IO
NA

V.
RA

DI
O 

DE
T. 

SA
T. 

(E
-S

)

RA
DI

O 
DE

T. 
SA

T. 
(E

-S
)

MO
BI

LE
  S

AT
. (E

-S
)

MO
BI

LE
 S

AT
. (E

-S
)

Mo
bil

e 
Sa

t. 
(S

-E
)

RA
DI

O 
AS

TR
ON

OM
Y

R
AD

IO
 A

ST
R

O
N

O
M

Y
 M

O
BI

LE
 S

AT
. 

(E
-S

)

FI
XE

D
M

O
BI

LE

FI
XE

D

FI
XE

D
(L

O
S)

M
OB

IL
E

(L
OS

)
SP

AC
E

RE
SE

AR
CH

(s
-E

)(s
-s

)

SP
AC

E
OP

ER
AT

IO
N

(s
-E

)(s
-s

)
EA

RT
H

EX
PL

OR
AT

IO
N

SA
T. 

(s-
E)

(s-
s)

Am
at

eu
r

M
O

BI
LE

Fi
xe

d
RA

DI
OL

OC
AT

IO
N

AM
AT

EU
R

R
AD

IO
 A

ST
R

O
N

.
S

P
A

C
E

 R
E

S
E

A
R

C
H

EA
R

TH
  

EX
PL

 S
AT

FI
XE

D 
SA

T.
 (

S-
E)

FIXED

MOBILE

FIXED
SATELLITE (S-E)

FI
XE

D
M

O
BI

LE
FI

XE
D

SA
TE

LL
IT

E 
(E

-S
)

FI
XE

D
SA

TE
LL

IT
E

(E
-S

)
M

O
BI

LE
FI

XE
D

SP
AC

E
RE

SE
AR

CH
 (S

-E
)

(D
ee

p 
Sp

ac
e) AE

RO
NA

UT
IC

AL
 R

AD
IO

NA
VI

G
AT

IO
N

EA
RT

H
EX

PL
. S

AT
.

(P
as

siv
e)

3
0
0

3
2
5

3
3
5

4
0
5

4
1
5

4
3
5

4
9
5

5
0
5

5
1
0

5
2
5

5
3
5

1
6

0
5

1
6

1
5

1
7

0
5

1
8

0
0

1
9

0
0

2
0

0
0

2
0

6
5

2
1

0
7

2
1

7
0

2
1

7
3

.5
2

1
9

0
.5

2
1

9
4

2
4

9
5

2
5

0
1

2
5

0
2

2
5

0
5

2
8

5
0

3
0

0
0

RADIO-
LOCATION

BR
O

AD
C

AS
TI

N
G

FIXED

MOBILE

AM
AT

EU
R

RA
DI

O
LO

CA
TI

O
N

M
O

BI
LE

FI
XE

D
M

AR
IT

IM
E

M
O

BI
LE

M
AR

IT
IM

E 
M

O
BI

LE
 (T

EL
EP

H
O

N
Y)

M
AR

IT
IM

E
M

O
BI

LE
LA

ND
M

O
BI

LE
M

O
BI

LE
FI

XE
D

3
0

.0

3
0

.5
6

3
2

.0

3
3

.0

3
4

.0

3
5

.0

3
6

.0

3
7

.0
3

7
.5

3
8

.0
3

8
.2

5

3
9

.0

4
0

.0

4
2

.0

4
3

.6
9

4
6

.6
4

7
.0

4
9

.6

5
0

.0

5
4

.0

7
2

.0

7
3

.0

7
4

.6
7

4
.8

7
5

.2
7

5
.4

7
6

.0

8
8

.0

1
0

8
.0

1
1

7
.9

7
5

12
1.

93
75

12
3.

08
75

12
3.

58
75

12
8.

81
25

13
2.

01
25

1
3

6
.0

1
3

7
.0

1
3

7
.0

2
5

1
3

7
.1

7
5

1
3

7
.8

2
5

1
3

8
.0

1
4

4
.0

1
4

6
.0

1
4

8
.0

1
4

9
.9

1
5

0
.0

5

1
5

0
.8

1
5

2
.8

5
5

1
5

4
.0

15
6.

24
75

15
7.

03
75

15
7.

18
75

1
5

7
.4

5
1

6
1

.5
7

5
1

6
1

.6
2

5
1

6
1

.7
7

5
16

2.
01

25

1
7

3
.2

1
7

3
.4

1
7

4
.0

2
1

6
.0

2
2

0
.0

2
2

2
.0

2
2

5
.0

2
3

5
.0

3
0

0

ISM – 6.78 ± .015 MHz ISM – 13.560 ± .007 MHz ISM – 27.12 ± .163 MHz

ISM – 40.68 ± .02 MHz

ISM – 24.125 ± 0.125 GHz 30 GHz

ISM – 245.0 ± 1GHzISM – 122.5  ± .500 GHzISM – 61.25 ± .250 GHz

3
0

0
.0

3
2

2
.0

3
2

8
.6

3
3

5
.4

3
9

9
.9

4
0

0
.0

5
4

0
0

.1
5

4
0

1
.0

4
0

2
.0

4
0

3
.0

4
0

6
.0

4
0

6
.1

4
1

0
.0

4
2

0
.0

4
5

0
.0

4
5

4
.0

4
5

5
.0

4
5

6
.0

4
6

0
.0

46
2.

53
75

46
2.

73
75

46
7.

53
75

46
7.

73
75

4
7

0
.0

5
1

2
.0

6
0

8
.0

6
1

4
.0

6
9

8

7
4

6

7
6

4

7
7

6

7
9

4

8
0

6

8
2

1
8

2
4

8
4

9
8

5
1

8
6

6
8

6
9

8
9

4
8

9
6

9
0
1
9
0
1

9
0

2

9
2

8
9

2
9

9
3

0
9

3
1

9
3

2
9

3
5

9
4

0
9

4
1

9
4

4
9

6
0

1
2

1
5

1
2

4
0

1
3

0
0

1
3

5
0

1
3

9
0

1
3

9
2

1
3

9
5

2
0

0
0

2
0

2
0

2
0

2
5

2
1

1
0

2
1

5
5

2
1

6
0

2
1

8
0

2
2

0
0

2
2

9
0

2
3

0
0

2
3

0
5

2
3

1
0

2
3

2
0

2
3

4
5

2
3

6
0

2
3

8
5

2
3

9
0

2
4

0
0

2
4

1
7

2
4

5
0

2
4

8
3

.5
2

5
0

0
2

6
5

5
2

6
9

0
2

7
0

0

2
9

0
0

3
0

0
0

1
4

0
0

1
4

2
7

1
4

2
9

.5

1
4

3
0

1
4

3
2

1
4

3
5

1
5

2
5

1
5

3
0

1
5

3
5

1
5

4
4

1
5

4
5

1
5

4
9

.5

1
5

5
8

.5
1

5
5

9
1

6
1

0
1

6
1

0
.6

1
6

1
3

.8
1

6
2

6
.5

1
6

6
0

1
6

6
0

.5
1

6
6

8
.4

1
6

7
0

1
6

7
5

1
7

0
0

1
7

1
0

1
7

5
5

1
8

5
0

MA
RI

TIM
E 

MO
BI

LE
 S

AT
EL

LIT
E

(sp
ac

e 
to 

Ea
rth

)
MO

BI
LE

 S
AT

EL
LIT

E 
(S

-E
)

R
AD

IO
LO

C
AT

IO
N

R
AD

IO
N

AV
IG

AT
IO

N
SA

TE
LL

IT
E 

(S
-E

)

R
AD

IO
LO

C
AT

IO
N

Am
at

eu
r

R
ad

io
lo

ca
tio

n
AE

R
O

N
AU

TI
C

AL
R

AD
IO

N
AV

IG
AT

IO
N

SP
A 

C
E 

 R
ES

EA
R

C
H

 (
 P

as
si

ve
)

EA
RT

H 
 E

XP
L  

SA
T 

(P
as

siv
e)

RA
DI

O 
  

 A
ST

RO
NO

M
Y

M
O

BI
LE

M
O

BI
LE

 *
*

FI
XE

D-
SA

T 
  

(E
-S

)
FI

XE
D

FI
XE

D FI
XE

D
**

LA
ND

 M
OB

ILE
 (T

LM
)

MO
BI

LE
 S

AT
.

(S
pa

ce
 to

 E
ar

th)
MA

RI
TI

ME
 M

OB
ILE

 S
AT

.
(S

pa
ce

 to
 E

ar
th)

M
ob

ile
(A

er
o. 

TL
M)

M
O

BI
LE

 S
AT

EL
LI

TE
 (

S-
E)

MO
BI

LE
 S

AT
EL

LIT
E

(S
pa

ce
 to

 E
art

h)
AE

RO
NA

UT
IC

AL
 M

OB
ILE

 S
AT

EL
LIT

E 
(R

)
(sp

ac
e 

to 
Ea

rth
)

3
.0

3
.1

3
.3

3
.5

3
.6

3
.6

5

3
.7

4
.2

4
.4

4
.5

4
.8

4
.9

4

4
.9

9

5
.0

5
.1

5
5

.2
5

5
.3

5

5
.4

6
5

.4
7

5
.6

5
.6

5

5
.8

3

5
.8

5
5

.9
2

5

6
.4

2
5

6
.5

2
5

6
.7

0
6

.8
7

5

7
.0

2
5

7
.0

7
5

7
.1

2
5

7
.1

9
7

.2
3

5
7

.2
5

7
.3

0

7
.4

5

7
.5

5

7
.7

5

7
.9

0

8
.0

2
5

8
.1

7
5

8
.2

1
5

8
.4

8
.4

5

8
.5

9
.0

9
.2

9
.3

9
.5

1
0

.0

1
0

.4
5

1
0

.5
1

0
.5

5
1

0
.6

1
0

.6
8

1
0

.7

1
1

.7

1
2

.2

1
2

.7

1
2

.7
5

1
3

.2
5

1
3

.4

1
3

.7
5

1
4

.0

1
4

.2

1
4

.4

1
4

.4
7

1
4

.5
14

.7
14

5

15
.1

36
5

1
5

.3
5

1
5

.4
1

5
.4

3

1
5

.6
3

1
5

.7
1

6
.6

1
7

.1

1
7

.2
1

7
.3

1
7

.7
1

7
.8

1
8

.3
1

8
.6

1
8

.8

1
9

.3
1

9
.7

2
0

.1
2

0
.2

2
1

.2

2
1

.4
2

2
.0

2
2

.2
1

2
2

.5

2
2

.5
5

2
3

.5
5

2
3

.6

2
4

.0

2
4

.0
5

2
4

.2
5

2
4

.4
5

2
4

.6
5

2
4

.7
5

2
5

.0
5

2
5

.2
5

2
5

.5
2

7
.0

2
7

.5

2
9

.5

2
9

.9

3
0

.0

ISM – 2450.0 ± 50 MHz

3
0

.0

3
1

.0

3
1

.3

3
1

.8

3
2

.0
3

2
.3

3
3

.0
3

3
.4

3
6

.0

3
7

.0

3
7

.6

3
8

.0

3
8

.6

3
9

.5

4
0

.0

4
0

.5

4
1

.0

4
2

.5

4
3

.5

4
5

.5

4
6

.9

4
7

.0

4
7

.2

4
8

.2

5
0

.2

5
0

.4

5
1

.4

5
2

.6

5
4

.2
5

5
5

.7
8

5
6

.9
5

7
.0

5
8

.2

5
9

.0

5
9

.3

6
4

.0

6
5

.0

6
6

.0

7
1

.0

7
4

.0

7
5

.5

7
6

.0
7

7
.0

7
7

.5
7

8
.0

8
1

.0

8
4

.0

8
6

.0

9
2

.0

9
5

.0

1
0

0
.0

1
0

2
.0

1
0

5
.0

1
1

6
.0

1
1

9
.9

8

1
2

0
.0

2

1
2

6
.0

1
3

4
.0

1
4

2
.0

1
4

4
.0

1
4

9
.0

1
5

0
.0

1
5

1
.0

1
6

4
.0

1
6

8
.0

1
7

0
.0

1
7

4
.5

1
7

6
.5

1
8

2
.0

1
8

5
.0

1
9

0
.0

2
0

0
.0

2
0

2
.0

2
1

7
.0

2
3

1
.0

2
3

5
.0

2
3

8
.0

2
4

1
.0

2
4

8
.0

2
5

0
.0

2
5

2
.0

2
6

5
.0

2
7

5
.0

3
0

0
.0

ISM – 5.8 ± .075 GHz

ISM – 915.0  ± 13 MHz

IN
TE

R-
SA

TE
LL

IT
E

RA
DI

OL
OC

AT
IO

N
SA

TE
LL

ITE
 (E

-S
)

AE
RO

NA
UT

IC
AL

RA
DI

ON
AV

.

PLEASE NOTE: THE SPACING ALLOTTED THE SERVICES IN THE SPEC-
TRUM SEGMENTS SHOWN IS NOT PROPORTIONAL TO THE ACTUAL AMOUNT
OF SPECTRUM OCCUPIED.

AERONAUTICAL
MOBILE

AERONAUTICAL
MOBILE SATELLITE

AERONAUTICAL
RADIONAVIGATION

AMATEUR

AMATEUR SATELLITE

BROADCASTING

BROADCASTING
SATELLITE

EARTH EXPLORATION
SATELLITE

FIXED

FIXED  SATELLITE

INTER-SATELLITE

LAND MOBILE

LAND MOBILE
SATELLITE

MARITIME MOBILE

MARITIME MOBILE
SATELLITE

MARITIME
RADIONAVIGATION

METEOROLOGICAL
AIDS

METEOROLOGICAL
SATELLITE

MOBILE

MOBILE SATELLITE

RADIO ASTRONOMY

RADIODETERMINATION
SATELLITE

RADIOLOCATION

RADIOLOCATION SATELLITE

RADIONAVIGATION

RADIONAVIGATION
SATELLITE

SPACE OPERATION

SPACE RESEARCH

STANDARD FREQUENCY
AND TIME SIGNAL

STANDARD FREQUENCY
AND TIME SIGNAL SATELLITE

R
AD

IO
 A

ST
R

O
N

O
M

Y

FIXED

MARITIME MOBILE

FIXED

MARITIME
MOBILE Aeronautical

Mobile

ST
AN

D
AR

D
 F

R
EQ

. A
N

D
 T

IM
E 

SI
G

N
AL

 (6
0 

kH
z)

FI
XE

D
M

ob
ile

*

ST
AN

D.
 F

RE
Q.

 &
 T

IM
E 

SI
G.

ME
T. 

AI
DS

(R
ad

ios
on

de
)

Sp
ac

e 
Op

n.
 (S

-E
)

MO
BI

LE
.

SA
T. 

(S
-E

)

Fi
xe

d

St
an

da
rd

Fr
eq

. a
nd

Ti
m

e 
Si

gn
al

Sa
te

llit
e 

(E
-S

)

FI
XE

D

ST
AN

D
AR

D
 F

R
EQ

. A
N

D
 T

IM
E 

SI
G

N
AL

 (2
0 

kH
z)

Am
at

eu
r

M
O

B
IL

E

FI
XE

D
 S

AT
.  (

E-
S)

Sp
ac

e
Re

se
ar

ch

ALLOCATION USAGE DESIGNATION

SERVICE EXAMPLE DESCRIPTION

Primary FIXED Capital Letters

Secondary Mobi le 1st Capital with lower case letters

U.S. DEPARTMENT OF COMMERCE
National Telecommunications and Information Administration
Office of Spectrum Management

October 2003

M
O

BI
LE

BR
O

AD
C

AS
TI

N
G

TRAVELERS INFORMATION STATIONS (G) AT 1610 kHz

59-64 GHz IS DESIGNATED FOR
UNLICENSED DEVICES

Fixed

A
E

R
O

N
A

U
T

IC
A

L
R

A
D

IO
N

A
V

IG
A

T
IO

N

SP
AC

E 
R

ES
EA

R
C

H
 (P

as
si

ve
)

* EXCEPT AERO MOBILE (R)

** EXCEPT AERO MOBILE WAVELENGTH

BAND
DESIGNATIONS

ACTIVITIES

FREQUENCY

3  x 107m 3  x 106m 3  x 105m 30,000 m 3,000 m 300 m 30 m 3 m 30 cm 3 cm 0.3 cm 0.03 cm 3  x 105Å 3  x 104Å 3  x 103Å 3  x 102Å 3  x 10Å 3Å 3  x 10-1Å 3  x 10-2Å 3  x 10-3Å 3  x 10-4Å 3  x 10-5Å 3  x 10-6Å             3 x 10-7Å

0 10 Hz 100 Hz 1 kHz 10 kHz 100 kHz 1 MHz 10 MHz 100 MHz 1 GHz 10 GHz 100 GHz 1 THz 1013Hz 1014Hz 1015Hz 1016Hz 1017Hz 1018Hz 1019Hz 1020Hz 1021Hz 1022Hz 1023Hz   1024Hz 1025Hz

THE RADIO SPECTRUM
MAGNIFIED ABOVE3 kHz 300  GHz

VERY LOW FREQUENCY (VLF)
Audible Range     AM Broadcast           FM Broadcast          Radar Sub-Millimeter       Visible             Ultraviolet                        Gamma-ray                       Cosmic-ray

Infra-sonics Sonics Ultra-sonics Microwaves Infrared

P L S XC Radar
Bands

LF      MF           HF    VHF        UHF  SHF       EHF         INFRARED      VISIBLE        ULTRAVIOLET               X-RAY    GAMMA-RAY             COSMIC-RAY

X-ray

ALLOCATIONS
FREQUENCY

B
R

O
A

D
C

A
S

T
IN

G
F

IX
E

D
M

O
B

IL
E

*

B
R

O
A

D
C

A
S

T
IN

G
F

IX
E

D
B

R
O

A
D

C
A

S
T

IN
G

   
   

   
 F

IX
E

D
   

   
   

   
 M

o
b
ile

   
   

   
   

   
   

   
   

 F
IX

E
D

B
R

O
A

D
C

A
S

T
IN

G

BR
O

AD
CA

ST
IN

G
FI

XE
D

FI
XE

D

B
R

O
A

D
C

A
S

TI
N

G

FI
XE

D
BR

O
AD

CA
ST

IN
G

FI
XE

D

BR
O

AD
CA

ST
IN

G
FI

XE
D

BR
O

AD
CA

ST
IN

G

FI
XE

D
BR

O
AD

CA
ST

IN
G

FI
XE

D

BR
O

AD
CA

ST
IN

G
FI

XE
D

FI
XE

D

FI
XE

D

FI
XE

D
FI

XE
D

FI
XE

D

LA
N

D
M

O
B

IL
E

F
IX

E
D

AE
R

O
N

AU
TI

C
AL

 M
O

BI
LE

 (R
)

AM
AT

EU
R

 S
AT

EL
LI

TE
AM

AT
EU

R M
O

BI
LE

 S
AT

EL
LI

TE
 (

E-
S)

F
IX

E
D

Fi
xe

d
M

ob
il

e
R

ad
io

-
lo

ca
ti

on
F

IX
E

D
M

O
B

IL
E

LA
N

D
 M

O
BI

LE
 M

AR
IT

IM
E 

M
O

BI
LE

FI
XE

D
 L

AN
D 

M
O

BI
LE

FI
XE

D

LA
N

D
 M

O
BI

LE

R
A

D
IO

N
A

V
-S

A
T

E
L

L
IT

E

FI
XE

D
M

O
BI

LE

FI
XE

D
 L

AN
D 

M
O

BI
LE

ME
T. 

AI
DS

(R
ad

io
-

so
nd

e)
SP

AC
E O

PN
.

 (S
-E

)
Ea

rth
 E

xp
l S

at
(E

-S
)

Me
t-S

ate
llit

e
 (E

-S
)

ME
T-

SA
T.

 (E
-S

)
EA

RT
H 

 E
XP

L
SA

T. 
(E

-S
)

Ea
rth

 E
xp

l S
at

(E
-S

)
Me

t-S
ate

llit
e

 (E
-S

)
EA

RT
H 

 E
XP

L
SA

T. 
(E

-S
)

ME
T-

SA
T.

 (E
-S

)

LA
N

D
 M

O
BI

LE
LA

N
D

 M
O

BI
LE

FI
XE

D
LA

N
D

 M
O

BI
LE

FI
XE

D

FI
XE

D

FI
XE

D
 L

AN
D 

M
O

BI
LE

LA
N

D
 M

O
BI

LE
FI

XE
D

 L
AN

D 
M

O
BI

LE

LA
N

D
 M

O
BI

LE
 L

AN
D 

M
O

BI
LE

LA
N

D
 M

O
BI

LE

M
O

BI
LE

FI
XE

D

M
O

BI
LE

FI
XE

D

  B
R

O
AD

C
AS

T
M

O
BI

LE
FI

XE
D

M
O

BI
LE

FI
XE

D

FI
XE

D
LA

N
D

 M
O

BI
LE

LA
N

D
 M

O
BI

LE
FI

XE
D

LA
N

D
 M

O
BI

LE AE
RO

NA
UT

IC
AL

 M
O

BI
LE

AE
RO

NA
UT

IC
AL

 M
O

BI
LE FI

XE
D

LA
N

D
 M

O
BI

LE
LA

N
D

 M
O

BI
LE

LA
N

D
 M

O
BI

LE
FI

XE
D

LA
N

D
 M

O
BI

LE
FI

XE
D

M
O

B
IL

E
FI

XE
D

FI
XE

D
FI

XE
D

M
O

BI
LE

FI
XE

D

FI
XE

D
FI

XE
D

  B
R

O
AD

C
AS

T

LA
N

D
 M

O
BI

LE
LA

N
D

 M
O

BI
LE

FI
XE

D
LA

N
D

 M
O

BI
LE

M
ET

EO
RO

LO
G

IC
AL

AI
DS

FX
Sp

ac
e 

re
s.

R
ad

io
 A

st
E-

Ex
pl

 S
at

FI
XE

D
M

O
BI

LE
**

M
O

BI
LE

 S
AT

EL
LI

TE
 (

S-
E)

RA
DI

OD
ET

ER
M

IN
AT

IO
N 

SA
T.

 (S
-E

)

Ra
dio

loc
ati

on
M

O
BI

LE
FI

XE
D

Am
at

eu
r

Ra
dio

loc
at

ion

A
M

A
T

E
U

R

FI
XE

D
M

O
BI

LE

B-
SA

T
FX

M
O

B
Fi

xe
d

M
ob

ile
Ra

di
ol

oc
at

io
n

R
A

D
IO

LO
C

A
TI

O
N

M
O

BI
LE

 *
*

Fi
xe

d 
(T

LM
)

LA
N

D
 M

O
BI

LE
FI

XE
D 

(T
LM

)
LA

N
D

 M
O

BI
LE

  (
TL

M
)

FI
XE

D-
SA

T 
  

(S
-E

)
FI

XE
D 

(T
LM

)

M
O

BI
LE

MO
BI

LE
 S

AT
.

(S
pa

ce
 to

 E
ar

th)
M

ob
ile

 *
*

M
O

BI
LE

**
FI

XE
D

M
O

BI
LE

M
O

BI
LE

 S
AT

EL
LI

TE
 (E

-S
)

SP
AC

E 
O

P.
(E

-S
)(s

-s
)

EA
RT

H   
  EX

PL
.

SA
T. 

 (E
-S)

(s-
s)

SP
AC

E 
RE

S.
(E

-S
)(s

-s
)

FX
.

M
O

B.

M
O

BI
LE

FI
XE

D

M
ob

ile

R
- L

O
C

.

BC
ST

-S
AT

EL
LI

TE
Fi

xe
d

R
ad

io
-

lo
ca

tio
n

B-
SA

T
R

- L
O

C
.

FX
M

O
B

Fi
xe

d
M

ob
ile

Ra
di

ol
oc

at
io

n
FI

XE
D

M
O

BI
LE

**
Am

at
eu

r
RA

DI
O

LO
CA

TI
O

N

SP
AC

E 
R

ES
..(

S-
E)

M
O

BI
LE

FI
XE

D
M

O
B

IL
E 

SA
TE

LL
IT

E 
(S

-E
)

M
A

R
IT

IM
E

 M
O

B
IL

E

M
ob

ile FI
XE

D

FI
XE

D

  B
R

O
AD

C
AS

T
M

O
BI

LE
FI

XE
D

M
O

BI
LE

 S
AT

EL
LI

TE
 (E

-S
)

FI
XE

D

          
          
     F

IX
ED

M
A

R
IT

IM
E

 M
O

B
IL

E
   

   
   

 F
IX

E
D

FI
XE

D
M

O
BI

LE
**

FI
XE

D
M

O
BI

LE
**

FI
XE

D
  S

AT
 (S

-E
)

AE
R

O
.  

 R
AD

IO
N

AV
.

FI
XE

D
SA

TE
LL

IT
E 

(E
-S

)

Am
at

eu
r- 

sa
t (

s-
e)

Am
at

eu
r

M
O

B
IL

E
FI

X
E

D
 

S
A

T(
E

-S
)

F
IX

E
D

FI
XE

D 
SA

TE
LL

IT
E 

(S
-E

)(E
-S

)

FI
XE

D
FI

XE
D 

SA
T 

(E
-S

)
M

O
B

IL
E

Ra
di

o-
lo

ca
tio

n
RA

DI
O

-
LO

CA
TI

O
N

F
IX

E
D

 S
A

T
.(

E
-S

)

M
ob

ile
**

F
ix

ed
M

ob
ile

FX
 S

AT
.(E

-S
)

L 
M

 S
at

(E
-S

)

A
E

R
O

 
R

A
D

IO
N

A
V

FI
X

E
D

 S
A

T 
(E

-S
)

AE
RO

NA
UT

IC
AL

 R
AD

IO
NA

VI
G

AT
IO

N
R

AD
IO

LO
C

AT
IO

N
Sp

ac
e 

Re
s.

(a
ct

.)

R
AD

IO
LO

C
AT

IO
N

R
ad

io
lo

ca
tio

n

R
ad

io
lo

c.
RA

DI
O

LO
C.

Ea
rth

 E
xp

l 
Sa

t
Sp

ac
e 

Re
s.

Ra
dio

loc
at

ion
B

C
S

T 
S

A
T.

F
IX

E
D

FI
XE

D 
SA

TE
LL

IT
E 

 (
S-

E)
FI

X
E

D
 S

A
TE

LL
IT

E
 (

S
-E

)
EA

R
TH

 E
XP

L.
 S

AT
.

FX
 S

A
T 

(S
-E

)
SP

AC
E 

R
ES

.

FI
X

E
D

 S
A

TE
LL

IT
E

 (
S

-E
)

FI
X

E
D

 S
A

TE
LL

IT
E

 (
S

-E
)

FI
X

E
D

 S
A

TE
LL

IT
E

 (
S

-E
)

M
O

BI
LE

 S
AT

. (
S-

E)

FX
 S

A
T 

(S
-E

)
M

O
B

IL
E

 S
A

TE
LL

IT
E

 (
S

-E
)

FX
 S

A
T 

(S
-E

)
ST

D 
 F

RE
Q

.  &
 T

IM
E

M
O

BI
LE

 S
AT

 (S
-E

)

EA
R

TH
 E

XP
L.

 S
AT

.
M

O
B

IL
E

F
IX

E
D

SP
AC

E 
R

ES
.

F
IX

E
D

M
O

B
IL

E
M

O
B

IL
E

**
F

IX
E

D
EA

R
TH

 E
XP

L.
 S

AT
.

F
IX

E
D

M
O

BI
LE

**
R

A
D

.A
S

T
S

P
A

C
E

R
ES

.

F
IX

E
D

M
O

B
IL

E

IN
TE

R-
SA

TE
LL

IT
E

F
IX

E
D

RA
DI

O
 

AS
TR

O
NO

M
Y

S
P

A
C

E
 

R
E

S
.

(P
as

si
ve

)

AM
AT

EU
R

AM
AT

EU
R 

SA
TE

LL
IT

E

Ra
dio

-
lo

ca
tio

n
Am

at
eu

r
RA

DI
O

-
LO

CA
TI

O
N

Ea
rth

 
Ex

pl
.

Sa
te

lli
te

(A
ct

iv
e)

F
IX

E
D

IN
TE

R-
SA

TE
LL

IT
E

RA
DI

O
NA

VI
G

AT
IO

N

RA
DI

OL
OC

AT
IO

N 
     

    S
AT

EL
LIT

E (
E-

S)
IN

TE
R-

SA
TE

LL
IT

E

F
IX

E
D

S
A

T
E

LL
IT

E
(E

-S
)

RA
DI

O
NA

VI
G

AT
IO

N

F
IX

E
D

S
A

T
E

LL
IT

E
(E

-S
)

F
IX

E
D

M
O

BI
LE

 S
AT

EL
LI

TE
 (E

-S
)

FI
X

E
D

 S
A

TE
LL

IT
E

 (
E

-S
)

M
O

B
IL

E
F

IX
E

D
Ea

rth
 

Ex
pl

or
at

io
n

Sa
te

lli
te

 
(S

-S
)

st
d f

re
q

  &
 ti

m
e

 e
-e

-s
at

 (
s-

s)
M

O
B

IL
E

F
IX

E
D

 e
-e

-s
at

M
O

B
IL

E

SP
AC

E
RE

SE
AR

CH
  (d

ee
p  

sp
ac

e)

R
AD

IO
N

AV
IG

AT
IO

N
IN

TE
R

- 
S

A
T

S
P

A
C

E
 

R
E

S
.

F
IX

E
D

M
O

B
IL

E
S

P
A

C
E

 
R

E
S

E
A

R
C

H
(s

pa
ce

-t
o-

E
ar

th
)

S
P

A
C

E
R

E
S

.

F
IX

E
D

S
A

T.
 (

S
-E

)
M

O
B

IL
E

F
IX

E
D

FI
X

E
D

-S
A

TE
LL

IT
E

M
O

BI
LE

F
IX

E
D

F
IX

E
D

S
A

T
E

LL
IT

E
M

O
B

IL
E

S
A

T
.

F
IX

E
D

S
A

T
M

O
B

IL
E

S
A

T
.

EA
R

TH
E

X
P

L
SA

T 
(E

-S
)

Ea
rth

Ex
pl

.
Sa

t (
s 

- e
)

SP
AC

E
 R

ES
. (

E-
S)

FX
-S

AT
(S

-E
)

FI
XE

D
M

O
BI

LE
B

R
O

A
D

-
C

A
S

T
IN

G
B

C
S

T
S

A
T

.

RA
DI

O
AS

TR
O

NO
M

Y
F

IX
E

D
M

O
B

IL
E

**
FI

XE
D

SA
TE

LL
IT

E 
(E

-S
)

M
O

BI
LE

SA
TE

LL
IT

E 
(E

-S
)

FI
XE

D
SA

TE
LL

IT
E 

(E
-S

)

M
O

B
IL

E
R

A
D

IO
N

A
V

.
S

A
T

E
LL

IT
E

F
IX

E
D

M
O

B
IL

E
M

O
B.

 S
AT

(E
-S

)
R

A
D

IO
N

A
V

.S
A

T.

M
O

B
IL

E
S

A
T 

(E
-S

).

F
IX

E
D

M
O

B
IL

E
F

X
S

A
T(

E
-S

)

M
O

B
IL

E
F

IX
E

D

IN
TE

R
- 

S
A

T
E

A
R

TH
 

E
X

P
L-

S
A

T 
(P

as
si

ve
)

SP
AC

E 
RE

S.

IN
TE

R
- 

S
A

T
SP

AC
E 

RE
S.

E
A

R
T

H
-E

S

IN
TE

R
- 

S
A

T
E

A
R

T
H

-E
S

SP
AC

E 
RE

S.
M

O
B

IL
E

F
IX

E
D

EA
RT

H
EX

PL
O

RA
TI

O
N

SA
T.

 (P
as

siv
e)

S
P

A
C

E
 

RE
S.

M
O

B
IL

E
F

IX
E

D
IN

T
E

R
- 

S
A

T

F
IX

E
D

M
O

B
IL

E

IN
TE

R-
SA

T
RA

DI
O

-
LO

C.
M

O
B

IL
E

F
IX

E
D

EA
RT

H
EX

PL
O

RA
TI

O
N

SA
T.

 (P
as

siv
e)

M
O

BI
LE

F
IX

E
D

IN
TE

R-
SA

TE
LL

IT
E

F
IX

E
D

M
O

B
IL

E
**

M
O

B
IL

E
**

IN
TE

R-
SA

TE
LL

IT
E

M
O

B
IL

E
IN

TE
R-

SA
TE

LL
IT

E

R
A

D
IO

LO
C

.
A

m
at

eu
r

A
m

at
eu

r S
at

.
A

m
at

eu
r

R
A

D
IO

LO
C

.
A

M
A

TE
U

R
 S

A
T

A
M

A
TE

U
R

R
A

D
IO

LO
C

.

SP
AC

E
RE

SE
AR

CH
(P

as
siv

e)

EA
RT

H
EX

PL
 S

AT
.

(P
as

siv
e)

F
IX

E
D

M
O

B
IL

E
IN

TE
R-

SA
TE

LL
IT

E
SP

AC
E

RE
SE

AR
CH

(P
as

siv
e)

EA
RT

H
EX

PL
 S

AT
.

(P
as

siv
e)

Am
at

ue
r

F
IX

E
D

M
O

-
B

IL
E

IN
TE

R-
SA

T.
SP

AC
E

RE
S.

E A
 R T

 H
  EX

PL
   . S

AT

IN
TE

R-
SA

TE
LL

IT
E

IN
TE

R-
SA

T.
IN

TE
R-

SA
T.

M
O

BI
LE

FI
XE

D

FX
-S

A
T 

(S
 - E

)
BC

ST
 - 

SA
T.

B-
 S

AT
.

M
OB

**
FX

-S
AT

SP
AC

E 
RE

SE
AR

CH

SP
AC

E
RE

S.
.

This chart is a graphic single-point-in-time portrayal of the Table of Frequency Allocations used by the
FCC and NTIA. As such, it does not completely reflect all aspects, i.e., footnotes and recent changes
made to the Table of Frequency Allocations. Therefore, for complete information, users should consult the
Table to determine the current status of U.S. allocations.
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PR �
PTGTGRAe

4πR2

�
PTGTGRλ

2

p4πRq2

Ø

GT

λ

R

PR = power collected by the receiving antenna
(W)

PT = power sent by the transmitting antenna (W)

GT = gain of the transmitting antenna

R = distance between the two antennas

GR = gain of the receiving antenna

Ae = effective receiving aperture

λ = wavelength of the signal (m)
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 Friis equation (algebraic form)

PR �
PTGTGRλ

2

p4πRq2


 Friis equation (dB form)
PR,dB � PT,dB �GT �GR � 20log10 pλq � 20log10 p4πq � 20log10 pRq

� PT,dB �GT �GR � 20log10 pcq � 20log10 pf q
� 20log10 p4πq � 20log10 pRq

� PT,dB �GT �GR � 147.5 dB � 2f dB � 20log10 pRq

Friis (dB form)

PR,dB � PT,dB �GT �GR � LP

ùñ LP � Path Loss � 2f dB pHzq � 2R dB (meter) � 147.5 dB
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 For the given system, convert values to dB

Parameter Linear dB

Pt 120W

Gt 1201.2

Grt 281.5

f 3.7 GHz

R 80 km
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RF Hardware- 5   

BTP 11/14/12 

Antennas 

Antennas transfer energy contained in circuits (voltages/currents) 

to electromagnetic radiation (E and H fields) 

 

 

Early Dish Antenna (WWII) Slotted Waveguide 

Passive Phased Array Horn Active Phased Array 

Large Parabolic Dish 



RF Hardware- 7   

BTP 11/14/12 

Antenna Parameters 

Effective Aperture 

Directivity 

Gain 

Beamwidth 

𝑮𝒂𝒊𝒏 = 𝑫𝒊𝒓𝒆𝒄𝒕𝒊𝒗𝒊𝒕𝒚 × 𝒆𝒇𝒇𝒆𝒄𝒆𝒊𝒏𝒄𝒚 

 

𝑨𝒏𝒈𝒖𝒍𝒂𝒓 𝒔𝒆𝒑𝒆𝒓𝒂𝒕𝒊𝒐𝒏 𝒐𝒇 
− 𝟑𝒅𝑩 𝒑𝒐𝒊𝒏𝒕𝒔 𝒐𝒇 𝒎𝒂𝒊𝒏 𝒍𝒐𝒃𝒆  

𝑹𝒂𝒅𝒊𝒂𝒕𝒊𝒐𝒏 𝒊𝒏𝒕𝒆𝒏𝒔𝒊𝒕𝒚 
 𝒊𝒏 𝒂 𝒑𝒂𝒓𝒕𝒊𝒄𝒖𝒍𝒂𝒕 𝒅𝒊𝒓𝒆𝒄𝒕𝒊𝒐𝒏 

𝑯𝒐𝒘 𝒎𝒖𝒄𝒉 𝒑𝒐𝒘𝒆𝒓 𝒊𝒔 𝒕𝒓𝒂𝒏𝒔𝒇𝒆𝒓𝒓𝒆𝒅 
 𝒇𝒓𝒐𝒎 𝒂𝒏 𝒊𝒅𝒆𝒂𝒍 𝒑𝒍𝒂𝒏𝒆 𝒘𝒂𝒗𝒆 

𝑬𝒙𝒑𝒓𝒆𝒔𝒔𝒆𝒅 𝒓𝒆𝒍𝒂𝒕𝒊𝒗𝒆 𝒕𝒐 𝒂  
𝒕𝒉𝒆𝒐𝒓𝒆𝒕𝒊𝒄𝒂𝒍 𝒊𝒔𝒐𝒕𝒓𝒐𝒑𝒊𝒄 𝒓𝒂𝒅𝒊𝒂𝒕𝒐𝒓 (𝒅𝑩𝒊) 

 

Antenna Design Objectives: 

• Accentuate radiation in desired directions, suppress in others 

• Achieve maximum circuit  space power transfer 
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ANTENNA CONSIDERATIONS: GAIN PATTERN
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ANTENNA CONSIDERATIONS: ORIENTATION
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ÐÝ 15�

25� ÝÑ
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NOISE
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“Hey Bear, can you hear me now?”



Allocations Friis Review Antennas Noise Link Budget Link Budget

NOISE
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SNR

SNR �
Psig

Pnoise

Noise Figure

NF �
SNRin

SNRout
ÝÑ Typical 2-8dB

System Noise Figure

For a system of cascaded components:

F � 1�
Pint

GakTBW
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NOISE SOURCES
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Shot Noise

Arises from the flow of electrons in semiconductor
devices:

i2rms � 2kTBg0 ùñ P � kTBW

ùñ T � Noise temperature

Other Sources


 Generation-recombination noise

 Temperature fluctuation noise

 Quantum noise (hf )
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ATMOSPHERIC
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Source: ITU-R P.676-11
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LINK BUDGET: EXAMPLE
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Goal is to have � 10 dB of margin

Parameter Value

Pt 630mW

Prx,min -93dBm

Gtx 4dBi

Grx 1dBi

f 2.45 GHz

Rmax 3 km

Max bank angle (HPBW) 20�

Insertion loss (radio-antenna) 1.5dB
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LINK BUDGET: HOMEWORK

Dr. Rogers ECE 448 (Spring 2025) 17 / 17

Task: Conduct a link budget analysis for a
consumer-grade GPS system, based on realistic,
commonly available devices. You will need to
research the appropriate parameters, make (and
document) reasonable assumptions, and
produce a report detailing your analysis.
Due date: 17 Jan 2025 (COB)


	Allocations
	Friis Review
	Antennas
	Noise
	Link Budget
	Link Budget

