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Abstract 
 

Communication with submerged submarines requires specific techniques and devices which gives totally different 
criteria as compared to the air. In the ocean salts water provide a hindrance for electromagnetic radiation such as normal 
radio communication because sat water acts as thick conductors. It is the normal practice in submarine is to surface and 
raise an antenna above the water surface to use standard technology. In case of nuclear-powered submarines it is very 
difficult to come on surface for communication. A thorough research it was analyzed by the scientists that VLF radio 
waves (3-30 KHz) can penetrate sea water down to a depth of roughly 20 meters.  It’s really a backup of existing, higher-
frequency, radio-based communication systems. Moreover the rate of information and speed of transmission of other 
systems, it “gets through” while the others cannot.  Previously it was a one-way, non-voice system, but it provides 
sufficient information to the submarine’s commander to surface to receive more information via other means but in this 
paper a view is given to the readers the both way communication under water with submarines. This is an experimental 
effort to enquire the live data and with the passage of time and effort it can be used for both way communications 
between two submarines. 
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INTRODUCTION 
 
Submarines are totally blind when they are submerged 
and in some cases it is necessary for the ships to 
communicate with submerged submarines. In the 
submarine the paramount importance is the safety of the 
submarine and its crew. In the normal practice and 
especially during exercise the ships can advise the 
submarine when it is safe to surface. The ship can be so 
informed if any emergency onboard submarine. Exercise 
can be started and stopped, or one in progress can be 
modified. It is very useful for the submarine to be 
signaled the attack accuracy by submarine to the attacking 
ship. There are either one or two way voices or 
tone/sound signal generation, utilizing sonar or sonobuoy 
type equipment. In this condition the sea water is the 
medium for radio wave propagation and the range and 
quality of transmission varies with water conditions, local 
noise level, and reverberation effects. Submarine can 
achieve the range more than out to 12,000 meters if the 
submarines are operating in a sound channel, the 
communication range may be many kilometers greater 
than that achieved by ships. Severe reverberation effects 
and local noise, caused by ship’s movement through the 
water, machinery, screws, etc., can reduce the range to 
less than half the normal range. The physical 
characteristics of the sea of underwater sound 
transmission, the amount of data/information that can be 
communicated through sonic means is severely limited. 
After realizing sonic limitation it is conclude that the 

primary and most reliable means of communications 
between submarines and other forces/command structure 
is with various radio systems. We can say that the only 
and major disadvantage is the submarine to come upto the 
periscope depth to use these radio communication 
systems. The only reliable and safety communication is 
the ELF communications systems which make use of a 
principle in physics where the attenuation of radio waves 
(electromagnetic waves) from sea water increases with 
the frequency of the signal. This means that the lower the 
frequency a radio transmission, the deeper into the ocean 
a useable signal will travel with feasible sea condition but 
it is very difficult to construct such type of small ELF 
antenna which used in both ways. Radio waves in the 
very low frequency (VLF) band at frequencies of about 
20,000 Hertz (Hz) penetrate sea water to depths less than 
the ELF waves while maintaining stealth.   

Fig. 1. The above picture shows the scheme of 
transmission in VLF band: transmitter station, 
propagation signal and receiving techniques in submarine 
in immersion.  
       *Corresponding author:  E-mail: mwaheed_06@yahoo.com



J. basic appl. sci. 142

THEORY 
Antenna is a device which is used to transmit or receive 
the continuous wave energy radiated oscillates at radio 
frequencies. The extreme lowest frequency the size of the 
antenna in length from thousands of meters, whereas the 
extreme high frequency range the size of the antenna is in 
fractions of a millimeter. Short radio waves and long 
infrared waves overlap into a twilight zone that may be 
regarded as belonging to both.  
 
The wavelength λ of a wave is related to the frequency f 
and velocity υ of the wave by  

 (1) 
Thus in the above-mentioned parameters, the wavelength 
depends on the velocity υ which depends on the medium. 
In the free space frequency is a more fundamental quality 
since it is independent of the medium. 
 
υ = c = 3 × 108 m / s (2) 
 

=3 x 108/3000 x 106 (3) 

 
To design the Very Low Frequency (VLF) transmitting 
antenna design is a specialized field of engineering and it 
is only possible to have the combined skill of radio, civil 
and mechanical engineers. The antenna system especially 
used for this antenna (15-30 kHz) is enormous structures. 
Previously fixed site very low frequency transmit antenna 
systems are used by USA and Russia as the primary 
means of communication to submarine at sea. In the 
present scenario there has not been a system to measure 
important antenna parameters on this low frequency 
transmit antennas in near real time while the antenna is 
being driven by frequency shift modulation. The 
important features are considered during construction of 
an antenna are: voltage and current signals to calculate the 
antenna system resistance, capacitance, and inductance, 
voltage, current and power. 
 
VLF Band  
VLF (Very Low Frequency) Band takes place from 3 kHz 
to 30 kHz in the frequency spectrum 
 

 
 
Fig. 2. Frequency bands  

E and H fields 
 
The E and H fields are: 
 

    (4) 
 

  
 

     (5) 

 
rms vertical electric field 
 

      (6) 

Radiated Power 
 

           (7) 

 
The equivalent antenna circuit is given below 
 

 
Fig. 3. Equivalent antenna circuit 
 
The radiation efficiency of the antenna is given as: 

       (8) 

Where 
  

  

 



Waheed-uz-Zaman and Yousufzai 143

and Antenna loss resistance 
 

   (as: antenna system).           (9) 

 

  (ts: transmitting system)    (10) 

 
CONSTRUCTION 
 
In the design of VLF antenna we have used especial 
method of design methodology. We used copper wires 
which are rewound just like a transformer core in either 
direction to cover the al around communication. The gap 
between the two windings is filled with mica and wood by 
considering the good magnetic properties especially for 
mica. In this construction we can’t ignore the basic 
parameters without which it is very difficult to fulfill a 
good and efficient antenna. The low power modulated and 
amplifier circuit is design to transmit the signal for short 
distance. This is an experimental effort to enquire the live 
data and with the passage of time and effort it can be used 
for both way communications between two submarines. 
The construction of the antenna can easily be evaluated 
by observing the figures below: 
 

 
 
Fig. 4. The over view of the antenna showing the 
formation of the coils 
 

 
 

Fig. 5. Side view of the antenna showing coils the coils 
formation. 
 

 
 

Fig. 6. Side view of the antenna showing the ferrite 
material. 
 

 
 
Fig. 7. Antenna after insulated  
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TESTING OF VLF ANTENNA 
 
To test the constructed antenna in the laboratory 
following setups are required. The main things are the 
power amplifier and matching unit.  
 

 
 
The all testing and observed signals were thoroughly 
monitored through oscilloscope to check the performance 
of the antenna. It is really a difficult task but not 
impossible to design a VLF antenna which can be used 
underwater for submarine communications. Following 
figures clearly define the wave pattern of a signal.  
 

 
 
Fig. 9.  Modulated wave pattern of the transmitting 
waves. 
 

 
 
Fig. 10.  Half wave pattern of the transmitting waves. 
 

 
 
Fig. 11.  Wave pattern of a transmitting wave. 
 
APPLICATIONS 
 
Some applications of VLF antenna are given below: 
 
1. EM Wave requires at VLF because of skin effect. 
2. In VLF electric and magnetic dipoles can be used 

because the propagation in sea water is almost 
vertical. 

3. In VLF output power must be high enough to reach 
receiver due to attenuation. 

 

 
 

4. We can used this type of antenna for mine disaster. 
5. It can provide wireless communication between 

earth’s surface and miner. 

Fig. 8. Tuning/Testing setup 
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6. There is less attenuation than other VLF Band is 
used. 

7. We design VLF Loop antenna for this purpose. 
 
CONCLUSION 
 
In this research paper we conclude that only efficient EM 
power transfer can be possible due to good coupling 
between the VLF antenna and its surrounding medium. 
We conduct some measurements and tests for finding the 
real specifications. These test and measurements help me 
to calculate the proper size of the new VLF antenna which 
will be able to resonant at the required frequency and it is 
confirmed that a high frequency antenna encapsulated by 
a medium with permeability and conductivity is able to 
radiate power in the ELF/VLF range. In this experiment 
research the main purpose to calculate and check the 
small radiation efficiencies of a VLF antenna.  
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