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RADIO COMMUNICATIONS

Atthe beginning of the 20th century, Guglielmo
Marconi transmitted the first transatlantic radio
signals from England to Newfoundland. Since
then, radio communications have continually im-
proved. Radio communication and principles are
often taken for granted in these modern times; it is
so commonplace!

Televisions, cordless phones, garage-door
openers, Radio-Controlled model airplanes and
cars, pagers, cellular phones, and security systems
are all examples of commonplace radio communi-
cation technology.

The Radio Frequency Spectrum

Listed below are the frequency ranges for vari-
ous “bands” of the frequency spectrum:

VLF =  Very Low Frequency

LF Low Frequency

MF Medium Frequency

HF High Frequency

VHF = Very High Frequency
UHF =  Ultra High Frequency

SHF =  Super High Frequency
EHF =  Extremely High Frequency
THE
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Band ITU
Name  Band Range,

VLF 4 3
LF 5 30
MF 6 300
HF 7 9
VHF 8 30
UHF 9 300
SHF 10

(IR) 11 300

Frequency

g8 g B
g

300 MHz

3000 MHz
0 GHz
3000 GHz

19980612 £ 1130 e300 88€% ¢ FED 650
50 @@ Qe HeBjeny Hedslewst
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O=1m08 G g-20 067224 domadd & Egme 88
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Waveform
Name

Myriametric |
Kilometric

Hectometric

Decametric

Metric

Decimetric

Centimetric

Decimillimetric

Other Frequencies and Waveforms

Frequency Range
3x10e 11 (300 GHZ)
43 10E14

1x10E 15
6x 10E 16

3x 10E19 "

5x 10E20

43x10E14
1 x 10E 15

6 x 10E16
3x 10E19
5x 10E20
8§x10E20

Description
Infrared Light

Visible Light
(Red to Violet)

Ultraviolet Ligh
X - Rays
Gamma Rays

Cosmic Rays

Radio Wave Propagation

Radio waves are often categorized into general
categories of propagation

Ground Wave
Sky Wave
Another type of propagation, called

Ground Wave Propagation

Ground Waves travel along the surface of the
earth. There are three types of Ground Waves; the
Surface Wave, the Direct Wave, and the Ground -
Reflected Wave.

VLF (3 -30) and LF (30-300 KHz) signals
typically use Surface propagation, for spanning
thousands of miles in distance. Such systems
include submarine and maritime communication,
as well as the LORAN-C navigational system
(100 kHz).

Signals above 30 MHz (including the FM broad-
cast band and Microwave Radio frequencies) gen-
erally use Direct Wave propagation. This includes
the VHF, UHF, SHF, and EHF frequency bands.
This type of propagation is also known as “Line Of
Sight” transmission, since a direct wave will not
(usually) traverse the horizon. Line of sight trans-
mission is usually used for communication pur-
poses. In typical systems, the transmitter and re-
ceiver must be within 25-30 miles of each other.

Ground - Reflected waves are usually detri-
mental to communications, since a REFLECTED
wave causes a 180 - degree shift. This phase shift
coupled with a valid Surface or direct wave, re-
sults in cancellation and sub-optimal transmission
quality. Often, the use beam antenna can eliminate
degradation from ground reflections.

Sky Wave Propagation

Sky Waves travel up into earth's atmosphere,
where they either continue or are REFRACTED
by the ionized air particles in the upper atmos-
phere. This depends upon the strength of the
signal, the angle at which the signal hits the ion-
ized layer, and the frequency of the signal. Also,
signals that'reflect off the ionosphere may travel
future (skip distance) at night.

The Ionosphere consists of the “D” (30-60
miles), “E” (60 -100 miles) F1 (90-160 miles), and
the F2 (160-250 miles) layers. At night the “E”
layers disappears and the F1 and F2 layers com-
bine to form the “E” layer (some where between
90 and 250 miles). Since the “E” layer disappears
at night, the lower frequency Sky Waves (MF)
travel future up into atmosphere, where they are

‘REFRACTED by the “F” layers. That's why at

night, your radio often picks up many more AM
broadcast stations!

Frequencies in the range of 300 KHz (Medium
Frequency and Frequency bands) usually utilize
sky wave transmission. Generally, these fréquen-
cies are not used for communications, since the
transmission media (the Ionosphere) is highly
variable. Additionally, their lower frequencies
result lower bandwidth; thus, they can support

~ fewer channels.

Scatter Propagation

Another propagation method worthy of note is
“Scatter” propagation. When Direct Waves in the
UHF/SHF range are transmitted, they can be af-
fected by the dens characteristics of the Tropo-
sphere or Stratosphere. As such these waves may
be REFRACTED in a forward, side, or even
backward direction. Powerful transmitters and
sensitive receivers are needed, but these wide
band signals can traverse distances of 200-400
miles!

The most common form of Scatter propagation
is known as Forward Propagation by Troposphere
Scatter (FPTS). It is often useful for military
tactical communications, where wideband signals
can be transmitted over long distances without
Microwave Relay stations or wideband satellite
facilities. However, long - haul Troposphere Scat-
ter propagation requires high transmit power and
very large receiving antenna arrays. Also, signal
losses are great and the signal is affected by many
kinds of noise sources.

Presented By:
Lt PDK Vidanalage



FREQUENCY MANAGEMENT

General

Radio frequencies have a great bearing on the
Comm Systems. Given the best radio eqpts, well-
trained operators and highly efficient antennas Sig
Comms may still be failure because of unsuitable
frequencies. This may be due to one or more of the
following reasons.

Freq Unsuitable for the type of aerial used.
Freq unworkable for required Comm range.
Freq inappropriate for the time of the day.

. Freq not free from serious backgroun
harmonics.

ao o

The radio frequency spectrum extends from 3
KHz to 300 Hz

The nations of the world meet periodically for
the purpose of sharing of the spectrum on a world
wide basis for the mutual benefit of all.

2 International

a. ITU - International Telecommunication
Union.

This is an agency of UNO located at Ge-
neva. All the important countries, including Sri
Lanka are its members. This group of countries
meets periodically to make agreements for regula-
tions on use of the radio spectrum. They establish
standard methods and procedures to minimize
interference. Addition to that ITU countries im-
pose their own control measures.

These regulations specify in detail the opera-
tions of international communications and fre-
quency allocations. The world is divided into three
regions for the purpose of frequency allocations.

b. IFRB - International Frequency Registra-
tion Board

This is a working group of the ITU, which
maintains a register of frequency assignments in
the International Frequency list. The international
board of engineers plans, technically examines the
applied freq, coordinates and register the accepted
freq, at the different countries and the registered
assignments are issued on printed form as an

authority of acceptance. This will help the users

for future planning. This board also deals with the
international radio regulations as follows.

THE §
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a. Working on non-interference basis.

b. A registered freq. takes priority ‘over an
unregistered freq.

c. Where both freq. are registered the older
registered body takes precedence.

3. National

Within Sri Lanka the sole authority of freq.
management is held by the Director Telecommu-
nications. But he is assisted by three CSO's (Chief
Signal Officers) of the three forces.

4. Definition & the Terms

a. Freq Management -The process of freq allo-
cation, assignment and control by a central-
ized body.

b. Freq Allocation -Toearmark freq bands or
lists of freq for use by a Specific svc.

c. Freq. Assignment -To earmark fregs for a
specific link.

Freq Allocation

™~ ’
The International System is divided into three
regions for the purpose of frequency allocations.

a. RegionI - Europe USSR and Africa.
b. Region II - North and South America.
¢. Region III - Australia and asia less USSR

The use of the same bands for a particular
service is specified and the respective svc has an
International binding to confine Comm within

their allocation. Users have to get their fregs .

registered with IFRB within their allocated band,
specifying particular Power and Timings of op-
eration. The radio regulations also have a provi-
sion for use of freq on non-intererence basis with-
out registration.

When it comes Sri Lanka only the Director
Telecom has the authority to deal with ITU on
behalf of all local users. So the local users have to

register their freqs with Director Telecom.

Factors which should be considered before

allocating freqs
a.  Freqband
b.  power
c. Terrain
d. Interference from other broadcastings
e.  Characteristic of radio/eqpt itself.

.

Internal Army Systems

This system is used where there is low concen-
tration of tps over large area. It was used in Burma
(1942 - 45) The theatre of war is divided into
regions and blocks of freqs are allocated as
follows.

1 Block A - For theatre GHQ inter regional link,
theatre tps.

2 Block B, C & D -For use with TX power over
100 watts 4 repeats in every 4th region.

3 Block E -For use with TX power less than
100 watts and used in every region.

The main disadvantage of the regional system
is, it does not allow for concentration of tps in one
region at short notice.

List System

The list system of allocation of freqs is de-

signed to be used in main theatre of war. It consists”

list of freqs having different power levels: These
lists are repeated geographically at every fourth or
more fmns or HQs of the same type. The freqs are
as under.

Freq List Authorized Power output

a K (KlI-K2) upto 1 KW

b. M (MI1-M40) up to 500 watts
c. N (NI -N20) up to 100 watts
d. P (P1-P30) up to 25 watts

No of freq lists to Various Signal Units and trg
institutions are allocated separately.

5. Allocating/Assigning Freqs for Multi Chan-
nel Systems

The methods of freq selection depend on the
kind of equipment used and the communications
network.

There are two methods of assigning fregs.

a. Tow Block Method - Simple isolated route.
b. ABM Method - Complex System.

Tow Block Method

This method is used for simple isolated sys-
tems. For example a system may consists of two

- terminals & three repeaters with radios operating

between 200 MHz - 300 MHz.
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ABM Frequency Assignment Plan

The ABM plan is used for a complex system
where there are two or more transmitters and
receivers at the same location.

6. The Frequency Allocation in Sri Lanka
Army

The total authority is Dte if Singal/Bde Comd

"Sig Bde. He will obtain the freqs from Director

Telecom and allocate to the units/Fmns accord-
ingly. Since the SL is a small region & pocess a
small Army the methods used by the large armies
cannot be adopted. So Telecom Director has given
the list of freqs in HF. VHF & UHF bands. In
addition to that if any new fregs is reqd authority
should be obtained from telecom prior to use that
to avoid interferences.

The fregs obtained from Dept of Telecom are
allocated to the HQ's/Units according to the re-
quirements.

But it is offen observed that frequencies are
changed as their wish. In order to use new fregs
(Other than allocated) approval has to be taken
from the Sig Bde.

7.  Type of Interferences (due to freqs used)

a. Mutual Interference
b. Harmful Interference
c. Interference between TX and RX.

Mutual Interference

Due to the use of adjacent freqs, mutual Inter-
ference might occur. To reduce it to a minimum it
should be ensured that.

a. Fregs are never used with sets of output
greater than specified.

b. Sets should be perfectly calibrated & tuned.

c¢. Nounauthorized freqs should be used at any
time.

d. No deviafion is allowed from the assigned °
freq.

Harmful interfarance

If any Interference is experienced, on the same
freq assigned for any other station, it should be
reported back. Any other authorized freq may be
used to overcome it.
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Interference between TX and Rx

The purpose of freq plan is to minimize the
Interference. In full duplex systems receiver must
be separated from the transmitter or by frequency
spacing in order to accomplish effective rejection
of a transmitted signal.

Cross polarization can be used to reduce the
required frequency separation.
8. Activation of frequencies

Due to the shortage of clear freqs in the HF

band, there are many agencies who are always
finding freqgs for their use, According to the IFRB

regulations, any freq which remains inactivated
for a continuous period of 60 days, can be applied
for registration by any interested user. It is essen-
tial to note that the assigned freqs are activated to
avoid this danger.

9.  The most applicable example for freq man-
agement in VHF is the division of TV band
and channels including FM broadcasting
band and military freq band.
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“BRAVE
SIGNALERS
WHO
SACRIFICED
THEIR
LIVES
TO

‘SAVE
ANOTHER"

KIA - 1SLSC
SRL | REGTL | RANK NAME UNIT DATEOF | PLACEOFKIA
NO | NO KIA
775485 | SGT | PADMAKUMARA  KTS | SLSC 91115 ODDUSUDAN
I\IA-SSLSC (RFT} 06422 | LT ABS DE Z0YSA | SLSC 90.12.07 B*\'I'I'](A_LOA
SRL| REGTL | RANK NAME UNIT DATEOF |  PLACEOFKIA
NO | NO KIA
1 |smsmsa | cp. | CHAMILROHANA MK | SSLSCRA) | 990406 | VALACHCHANA 5
' : KIA -3SLSC
1 [SEIeI0 [ CPL | KUMARARATNE M | SSLSC(R) | 990704 | KIRAN — — _ —
T[S | CPL | PRAGANNAKUMARA DRN | SSLSCR) | %0711 | VALACHCHANA st koot RANK ) - Haw R PSRN S
4 |S77622 | LICPL | DISSANAYAKE DMB | SSLSCRR) | 990721 | VALACHCHINAI
| |sn75142 |SGT | KUMARASINGHE HPS | 3 SLSC 00719 | MNR
WIA - 5 SLSC (RFT) 2 |sms1s0 [won  |SIva LN | 3sL8C 99.0924 | BATTICALOA
SRL| REGTL | RANK NAME DATE OF INCIDENT
NO | NO DISABLE/CAT
KIA -4 SLSC
| | 5275354 | Sgm Dharmasena RSC 199970406 Terr gun shot at VLN " ’
= == = : o = o SRL| REGTL | RANK NAME UNIT | DATEOF | PLACE OF KIA
1 | 57276192 | Sgm Vijitha Kumara | KGA 1999704106 Terr pun shot at VL! Nol No KIA
3 | S/277143 | Sgm Ranjith M 1999/04/06 Tem gun shot at VLN
- , | |om3403 | CPT | KAKV RAJAPAKSE 4SLSC | 99.1207 | BATTICALOA
4 | S/278049 | Sgm Wasala Bandars LM 1999/0406 Terr gun shot at VLN
5 | /275883 | Sgm | Ahangama P 1999706
WIA - 6 SLSC (RFT)
KIA - 6 SLSC (RFT) -
SRL | REGTL | RANK NAME DATE OF INCIDENT ( )
NO NO DISABLE/CAT SRL| REGTL | RANK NAME UNIT | DATEOF | PLACE OF KIA
| S/302254 Sgm Edissooriya ND 1999.04.06 Terr gun shot st VNA i~ » Kia
2 sA7T91 | Sgm Chaminda  AKS 19990521 | Bomb blast | 544978 [LCPL [THILAKARATHNE HM | 6SLSC(RR) | 99.0406 | VALACHCHANA
3 S276157 | Sam Dissamayake  SG 19990521 | Bomb blast 3 lsn7655 |LICPL |SUMANAPALA DM | 6SLSC(RFT)| 99012 | MANNARAM
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