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PRESENTATION

4.
Warfare Operations

f. Determine the effects of environmental elements on electronic wave propagation.

PPT:
Show PPT #1 - Objective 4
(1)
Wave Characteristics 

IR:
The following information can be referenced in Chap. 2 of Effective Use of the 
Electromagnetic Products of TESS and GFMPL 93 version.

(a)
Electromagnetic Wave Energy is all electromagnetic energy is considered to be a form of wave motion which obeys the equation:    ( =  c/f.

1
Wavelength [(] is the distance, measured in the direction of 

propagation, between two successive points on a wave having the same phase.

2
Frequency [f]

a
Denotes the number of waves passing a given point per unit of time

b 
Expressed in cycles per second (hertz)

c 
Frequency and wavelength are inversely related.

3
Speed [c]

a
Speed of propagating electromagnetic energy in a vacuum is a constant.

b
186,000 miles/sec "the speed of light"

c
The speed of propagation in the atmosphere is dependent upon the resistance offered by the atmosphere.

(2)
Electromagnetic Wave Spectrum 

IR:
Have students refer to Table 6-1 on page. 6-2 of student text.

(a)
An arrangement of various radiation measurements by either wavelength [(] or frequency [f]

(b)
Contains waves from 3 x 103  hertz (long wavelengths) to 3 x 1019 hertz (short wavelengths)

(c)
The portion which is of importance to Electronic Warfare is from 2 x 108 Hz to 2 x 1010 Hz (100 MHz to 20 GHz).

(3)
Generation of Electromagnetic energy

(a)
Maxwell's theory

1 
States that a time varying electrical field will generate a magnet field

2
Conversely, a time‑varying magnetic field will generate an electric field.

(b)
The dipole antenna

PPT:
Show PPT #2 on Dipole Antenna
1 The basic radiating element of electromagnetic energy.  

2 When it is subjected to an alternating electrical force, it generates both electric and magnetic fields. 

3 These alternating fields propagate into space as electromagnetic waves.

4 Both the magnetic and electric fields are strongest in the direction perpendicular to the antenna's axis. 

5 Therefore, antenna orientation is a major factor in electromagnetic energy transmission.

(c)
Wave polarization

PPT:
Show PPT #3 Wave Polarization
1
An electromagnetic energy field from a single dipole antenna resembles a doughnut, with the antenna in the center of the hole.

2
A cross section of the surface of this field, taken perpendicular to the direction of propagation, is termed the wave front.

3
The wave front is composed of mutually perpendicular electric and magnetic lines of force (all energy on the wave front is in phase.).

4
Polarization of the wave front is defined by the orientation of the electrical field
PPT:
Show PPT #5 - Horizontally Polorized EM Field

PPT: 
Show PPT #6 - Vertically Polorized EM Field

PPT:
Show PPT #7 - Horizontal vs Vertical Polorization

a
When the antenna is horizontal, the wave is said to be horizontally polarized.  When it is vertical, the wave is considered to be vertically polarized.

b
Antenna orientation is a major factor in EM energy transmission, and important when considering reception.  (i.e.  a vertically polarized antenna would be largely inefficient in the reception of a horizontally polarized signal.)

(4)
Propagation mechanisms

(a)
Free space propagation loss

1
Occurs when an EM wave is transmitted to a receiver sufficiently removed from the earth and other objects.

2 As the energy moves outward from the source, it expands in the form of a sphere.  

3 Loss that occurs as the sphere expands is termed free space propagation loss.

4
Free space propagation loss is dependent on:

a
Type of antenna

b
Frequency of transmission

c
Range to the target and back

(b)
Reflection and Interference

1
When a transmitter is located near the surface, reflection from the sea surface results in a second path to the receiver.

2
The reflected wave travels a greater distance to reach the receiver which means the direct and reflected waves will arrive at the receiver with varying phase differences.

a
The reflection coefficient of the sea surface for horizontally polarized waves is very nearly the same as the coefficient for a perfect conductor.

b
For shallow incident angles and smooth seas, the reflection coefficient is 0.99 (i.e., reflected wave is 99% as strong as the incidence wave).

PPT:
Show PPT #8 Reflection off smooth seas
c
For rough seas it decreases to about 0.15 or 15%.

PPT:
Show PPT #9 Reflection off rough seas

3
When the wave is horizontally polarized, a phase reversal of 180( occurs with reflection.

PPT:
Show PPT #10 Phase reversal

4
This 180( phase reversal causes destructive interference and null areas to occur in the radio or radar coverage.

5
The interference, causes power fluctuations in the received signal strength.  

6
Power received may vary from 6 dB above the free space loss value to 20 dB or more below the value.

7
Loss due to interference occurs relatively close to the transmitter and is characterized by nulls in the coverage.

PPT:
Show PPT #11 Coverage Diagram w/ reflection and interference zone

(c)
Diffraction

1
Occurs near the radar/radio horizon where the path between the transmitter and receiver is tangent to the earth's surface

2
The diffraction region (shadow region), is characterized by propagation beyond the radar/radio horizon.

3
Loss that occurs will be in this area. 

4
Ducting also occurs in this region.

(d)
Tropospheric scattering

1
Results from scattering of the EM wave from anomalies at relatively high altitudes and at ranges far beyond the horizon.

2 Loss in this region is considerably less than loss due to diffraction and interference.  

3 However, it is still impossible for systems to detect targets.

(e)
Absorption

1
Conversion of EM energy into heat

2
Amount is frequency dependent

3
Insignificant at frequencies below 20 GHz

4 
Not considered in current IREPS/GFMPL modules

(5)
Wave propagation paths

PPT:
Show PPT #12 Sky Wave propagation 

(a)
Sky Wave ‑ Important at most communications frequencies providing long range propagation (<30 MHz)

PPT:
Show PPT #13 Ground Wave propagation

(b)
Ground Wave ‑ At lower frequencies, (< 5 MHz) transmitted EM energy will travel along the ground or sea surface.

PPT:
Show PPT #14 Space Wave propagation

(c) Space Wave

1 At frequencies greater than 30 MHz, the ionosphere will not refract electromagnetic (EM) waves back toward the earth.  

2 At these frequencies the wave energy would travel in a straight line or direct path. 

3 However due to changes in atmospheric density the wave is refracted but not enough to follow the curvature of the earth.

(6)
Law of reflection 

PPT:
Show PPT #15 Law of reflection

PPT:
Show PPT #16 Target reflecting EM energy

(a)
When a radiated electromagnetic wave encounters a conducting surface, reflection of energy from that surface occurs. 

IR:
A conducting surface is any surface or object that will reflect electromagnetic energy.

1
States that the angle of reflection is equal to the angle of incidence

2
Angle of reflection is measured from the normal (perpendicular to reflecting surface).

(b)
Reflection is expressed in terms of a reflection coefficient, which is a ratio of the intensity of the reflected energy to the intensity of the incoming energy.

(c)
The amount of reflection that occurs from a conductor depends upon the following:

1
Size and shape of conductor

2
Roughness or irregularities in the surface of the conductor

3
Frequency of the wave

4 
Polarization of the wave

5
Angle of incidence

6
Material the conductor is constructed of

(d)
Reflection from the target

1
The aspect angle refers to how the radar views the target head‑on, broadside, from the stern, etc.

.

2
The percentage of incident energy (or the amount of energy) directed back 
toward the radar varies greatly as the 
aspect angle changes.

3
When a target is illuminated (painted) by an electromagnetic wave, the following occurs:

a
A portion of incident energy is absorbed and turned into heat due to molecular activity.

b
The remaining energy is reradiated in many different directions (scattered).

4
The Radar Cross Section (RCS) of a target is defined as the area of the target intercepting that amount of energy which, when scattered equally in all directions, produces an echo at the radar.

5
Radar cross sections vary for each target and each radar due to the conditions listed above.

6 Therefore, there is no simple formula that will define the cross section of a target.  

7 Radar cross sections are experimentally obtained and results are valid only for a specified frequency and a specific target.

IR:
The RCS for a target will differ for every type of radar.(i.e. SPY-1, SPS-49, & SPS-48 will


all see the same aircraft with a different RCS, because each radar is inherently different.

(7)
Radar Beam characteristics

(a)
Radar systems use two basic types of energy transmission: Continuous Wave and Pulsed.

1
Continuous wave (CW) transmission

a
The transmitter sends out a continuous signal.

b
Used to detect the  speed of moving targets, but cannot determine range (Doppler shift)

2
Pulsed radar transmission

a
Used by most operational tactical radar’s

b
The transmitter sends out radar waves in short powerful pulses, then rests during the remainder of the cycle and listens for echoes.

c
During the rest phase, echo signals received are timed to determine the range to the reflecting object.

(b)
Factors affecting radar performance

PPT:
Show PPT #17 Pulse width

1
Pulse width

a
Time duration (or length) of the pulse of transmitted energy (normally measured in micro‑seconds)

b
Determines the radar's range resolution - the ability to separate two targets at nearly the same range (a narrow pulse width is required for good range resolution.).

c
Determines the minimum range at which a target can be detected.

1
If a target is so close to the transmitter that its echo is received before the transmitter is completely off, the echo reception will not be processed.

2
For good detection of close targets, narrow pulse widths are necessary.

2
Pulse Repetition Frequency (PRF)

a
The frequency with which the pulses are repeated (normally given as hertz  {pulses per second})

b
PRF determines the maximum range of the radar.

1
If the period between successive pulses is too short, an echo from a distant target may return after the transmitter has emitted another pulse.

2
This makes it impossible to tell whether the observed pulse is the echo of the pulse just transmitted or the echo of the 
preceding pulse.

3
The above condition is referred to as range ambiguity (displays a distant target as a near target).

c
Low PRF's are required for long‑range search radar’s.

d
Higher PRF’s are required for tracking, guidance  and fire -control radars.

IR:
High freq’s = High reso = short wavelength = short range.
3
Beam width determines the amount of beam power that will be concentrated in a specific direction.

PPT:
Show PPT #18 Power points of a radar beam

a
The tactical application of the radar determines the requirements of the beam width:

PPT:
Show PPT #19 Search Radar Coverage Diagram

1 Search radar's use wide beam widths. 

2 The accuracy of elevation and azimuth is sacrificed for maximum detection probability.

3
Fire control, tracking and guidance radar’s use narrow beam widths.

a
The narrower the beam, the greater the resolution.

b
The narrower the beam, the greater the accuracy of azimuth and elevation.

b
Beam width is defined by the angle between the half‑power points. This is measured in degrees.

1
Half power points are on opposite sides of the maximum power axis.  Power density is half as great here as it is on the axis.

2
The beam angle serves as a measure of the resolution of the radar.

c
The ability to concentrate energy in a particular direction is called directive gain or directivity.  

d
Directivity and beamwidth are related and if beamwidth is decreased, directivity increases.

4
Scan rate ‑ antenna's rate of angular movement (how fast the antenna turns in its search mode)

a
When the antenna is moved through too large of an angle pulses per target will be too low to provide a high reliability of detection.

b
There may also be areas where targets cannot be detected because a sharp beam must be pulsed more often than a wide beam to avoid skipping over targets.

(8)
Radar Beam Requirements 

(a)
Common Characteristics

1
In most radar systems, it is desirable to concentrate the radiated EM energy into a directional beam. 

a
This makes it possible to illuminate a specific area in space.

b
Allows an accurate determination of target location.

2
An additional advantage is the ability to increase power in a specific location.  

3
Beam requirements are determined by the tactical application of the radar.

PPT:
Show PPT #20 Tracking Radar Coverage Diagram
(b)
Search radar

1
Purpose is to detect a target at great distances or maximize ranges.

2
Accuracy of information is normally sacrificed for maximum detection probability.
3
To achieve maximum detection probability, search radar’s are designed to transmit with:

a
High transmitter power

b
Wide beam patterns

c
Slow scan rates

d
Low PRF’s

(c)
Tracking, Guidance, and Fire Control radar

1
Requires extreme accuracy and resolution capabilities to “lock on” a target.

2
Designed to transmit with:

a
Higher frequencies (as compared with search radar)

b
Narrow beam widths

c
Fast scan rates

d
High PRF’s

IR:
Have students complete Review Exercise 6-1 on pgs. 6-13 and 6-14.

(9)
Refractive properties of the medium

(a) The atmosphere acts as a propagating medium through which electromagnetic waves travel.  

(b) The speed at which these waves move is dependent upon the atmosphere's density and water vapor content. 

1
Density

a
The density of dry air is a function of pressure and temperature.

b
Increasing atmospheric density results in decreasing wave speeds.

2
Water vapor

a
Water vapor is less dense than dry air, one might assume that EM energy travels faster in moist air than in dry air.

b
Due to the polar nature of water molecules, the energy of the electromagnetic wave will tend to align the water molecules with its own magnetic field.

c
The polar alignment of the water molecules requires energy from the electromagnetic wave.  

d
This results in slower wave speeds.

(b)
Refraction is the process in which the direction of wave propagation is changed as a result of density changes within the medium.

(c) The refractive properties of the lower atmosphere determine the propagation effects that cause EM waves to bend.  

(d) These properties affect the performance of EM systems.  

(e) They include refraction, ducting, multipath interference, and other conditions.  

(f) However, ducting (trapping) has the greatest impact on Naval EM systems.


(g)
Refractive index (n)

1
Defined as the ratio of EM wave speed in a vacuum (speed of light) to EM wave speed in the atmosphere.

2
At the earth's surface, this ratio varies between


186,000                  

186,000

185,954 miles/sec   and   
185,926 miles/sec


(this reflects speeds which vary from 185,954 mps to 185,926 mps)   

3
Given these ratios, the numerical value of (n) is usually between 1.000250 and 1.000400.  

4
To have a number that is easier to handle, refractivity or (N) is used.

(e)
Refractivity (N)

PPT:
Show PPT #21 N-Units

1
Defined as:  (n ‑ 1) x 106  this equation elimi​nates the whole value 1 and the decimal quantity, leaving a number that is much easier to work with.

2
Refractivity values at the earth's surface vary between 250 and 400 N-units.

3
This can be expressed as a function of pressure, temperature, and humidity. 

(f)
Modified refractivity (M) 

PPT:
Show PPT #22 M-Units

1
Developed to easily determine whether ducting will occur and whether it’s surface based or elevated.

2
Takes a 3/4 earth’s radius into account, in such a way that ducting can be determined from the change in M-units with height.

3
Defined as  N + 0.157h for altitude in meters or N + 0.048h for altitude in feet.

PPT:
Show PPT #23 M-Unit (elevated duct)

4
If the M-unit value at the top of the trapping layer is greater than the M-unit at the surface, the duct is an elevated duct.

PPT:
Show PPT #24 M-Unit (surface based duct)

5
If the M-unit value at the top of the trapping layer is less than the value at the surface, then the duct is a surface based duct.

(10)
Refractive conditions

IR:
The amount of bending a propagating wave will experience in the atmosphere (lower 
atmosphere) varies directly with the rate of change in N‑values (N‑gradient).  Have 
students refer to fig. 6-21 in student text.

(a)
Standard (normal) refraction 

PPT:
Show PPT #25 Standard Refraction

1
Occurs in an atmosphere with near‑standard atmosphere conditions.  (i.e. temperature and humidity decrease with height)

2
Standard atmosphere is defined by:

a
Barometric pressure at sea level of 1013 mb decreasing with height at a rate of 36 mb per 1,000 ft.

b
Temperature at sea level 59(F (15(C), decreasing with height at a rate of 3.6(F (2(C) per 1,000 feet (305 m).

c
Relative humidity 60 % (remain​ing constant with height)

3
This causes an N‑gradient that varies between 0 and ‑24 N units per 1,000 feet.

4
The radar wave will bend or refract toward the ground (toward higher refractivity) but with a curvature less than the earth's.

5
The EM energy propagates in a direct path into the atmosphere
6
This condition results in a radar horizon that is about 6% greater than the visual horizon.

(b) Super‑Refraction

PPT:
Show PPT #26 Super Refraction

IR:
Have students refer to Figure 6-22 in student text

1 Occurs if temperature decreases at a rate less than the standard or increases with height or humidity decreases faster than normal.

2
The N‑gradient may be stronger than the standard gradient but not strong enough for ducting to occur.

3
N‑gradient is between ‑24 and ‑48 per 1,000 feet.

4
Results in radar ranges that may be up to twice (2X) normal.

(c)
Trapping (ducting)

PPT:
Show PPT #27 Trapping Layer

IR:
Have students refer to Figure 6-23 in student text.

1 Occurs if air temperature increases with height (inversion) or humidity decreases abnormally fast with height (subsidence inversion).  

2 This causes the N‑gradient to decrease with height much faster than normal.

3 The radar wave is refracted downward by the inversion and then reflected upward by the surface.  

4 This continuous refraction and reflection trapping) forms the surface duct and allows for extended ranges.

5
N‑gradient is less than or equal to ‑48 per 1,000 feet.   

6
The concentration of radio or radar waves results in ranges that may be up to five times (5X) normal.

7
When the following conditions are observed aboard ship, a duct may be present or may form:

a
A wind blowing from the land.

b
High pressure, clear skies, little wind.

c
Smoke, haze, or dust fails to rise.

d
Received signal is fading rapidly.

6
As stated earlier, M-units will determine where the trapping layer (or duct) is surface based or elevated.

(c) Sub‑Refraction

PPT:
Show PPT #28 Sub Refraction

IR:
Have students refer to Figure 6-24 in student text

1
Can occur when temperature decreases more rapidly than in a standard atmosphere or when relative humidity increases with height.

2
N‑units increase with height.

3
Results in less than normal ranges.

4
Sub refraction conditions can be found with the following indicators.

a
Cool air blowing over a relatively warm sea (temperature decreasing rapidly with height).

b
Near fronts in regions where RH increases with height.

PPT:
Show PPT #29 4 types of refractivity



(11)
Types of ducts

IR:
The ducts that occur in regions characterized by rapid vertical 
changes in air temperatures 
and/or humidity can be compared to ocean ducts that result from vertical changes in 
temperature, pressure and salinity.  Of concern to Naval EM systems are surface‑based, 
elevated, and evaporation ducts.

(a)
Surface based ducts

PPT:
Show PPT #30 Surface Based Duct

1
Form over ocean areas when cool, moist marine air lies below warmer, drier air (creating a temperature inversion), creating a transition region where the air warms and dries rapidly with altitude (forming a trapping layer).

2
Surface‑based ducting is associated with fair weather, (an increased occurrence of surface‑based ducts occurs during the warmer months and within the equatorial latitudes).

3
Anytime the lower atmosphere is well mixed, such as with frontal activity or with high wind conditions, surface‑based ducting is decreased or eliminated.

4
The duct forms if the M‑value at the top of the trapping layer is less than that at the surface.  

PPT:
Show PPT #31 EM Coverage Diagram

PPT:
Show PPT #32 Coverage Diagram for UHF Communications

5
These ducts are usually less than 3,000 feet thick with most less than 1,000 feet thick.

6
Traps EM energy at all electronic warfare frequencies, independent of the height of the trapping layer.

7
Generally gives extended radar detection ranges of surface targets

8 Targets flying in the duct can be detected by surface‑based air search radar much farther than with normal propagation conditions.

9 The amount of range enhancement is dependent on radar frequency.

10
Maximum enhancement of communications and EW systems occurs when both transmitter and receiver are in the duct.

11
ESM receivers benefit, with intercept ranges much greater than normal.

12
Many times UHF comm ranges are enhanced for ship‑to‑ship, or ship‑to‑low flying aircraft, as long as the aircraft is in the duct.

(b)
Elevated ducts

PPT:
Show PPT #33 Elevated Duct

1
Transition region occurs at a much higher altitude than required for a surface based duct.

2
Meteorological processes are identi​cal to the surface based duct; the transition between the two air masses creates a trapping layer.

3
Can become a surface‑based duct (or vice versa) by relatively small changes in the strength or vertical location of the trapping layer.

4
AEW radar can use these ducts to increase detection ranges against targets 
within the duct.

PPT:
Show PPT #34 Airborne Air Search Radar at the bottom of the elevated duct

PPT:
Show PPT #35 Airborne Air Search Radar at the top of the elevated duct

PPT:
Show PPT #36 Airborne Air Search Radar above the elevated duct

a
A tradeoff is made by placing the AEW aircraft in the duct, since "radar holes" are formed above the duct.

b
To minimize the holes, the radar should be placed at the bottom of the duct, below the duct or significantly high above the duct.

IR:
Elevated ducts do not affect sfc based systems.  Energy originating below the base of an 


elevated duct never becomes tangent with the duct because of the Earth’s curvature.

5 Maximum enhancement of air‑to‑air communications and ESM intercept ranges will occur when both systems are in the duct.

6 Communications ranges are affected in much the same way as radar ranges.

(c)
Evaporation ducts

PPT:
Show PPT #37 M-Unit effected by humidity (evaporation duct)

1
Created by the rapid decrease of moisture immediately above the ocean surface.

a
Air next to the water is saturated and therefore relative humidity is 100%

b
RH decreases rapidly in the first 50 feet to an ambient value determined by varying meteorological conditions (SST/air temp/winds).

c
This causes M‑units to first decrease to a minimum and then increase with height.

d
The height at which M-units reach a minimum is called the evaporation duct height.  

e
This height is a measure of the duct's strength and not the height below which an antenna must be located to give extended ranges.

f
The height of the evaporation duct is dependent upon the difference between the air temperature and sea‑surface temperature, and the wind speed.

IR:
Accurate values for SST, air temperature, and winds are imperative.  The height and 


intensity will change throughout the day as these 3 elements change.  This can be supported 


on the PCS that will be taught later.

2
Much thinner and weaker than the surface-based duct

IR:
As evaporative ducts increase in thickness, they become weaker due to difficulty in 


maintaining  saturation.  

3
The effect on EM systems is dependent upon the frequency used, and to a lesser extent, the antenna's height above water.

4
Generally only affects surface to surface EM systems (usually only strong enough to affect EM systems above 3 GHz).

5
ESM intercept ranges for surface to surface paths can be greatly extended.

6
Ship to ship UHF communications frequencies are too low to benefit.

PPT:
Show PPT #38 Synoptic Refractive Conditions

(12)
Tactical uses of IREPS Products

IR:
The limitations of these decision aids must be considered every time a work up is completed.  Remember that the major concern is the location and/or source of the sounding which is used to run the IREPS software program.

(a)
Aircraft penetration
1
Standard procedure for attack and reconnaissance aircraft is to fly as low as possible to remain undetected.

IR:
It is important to remember that it will be the threat level that dictates the approach of the aircraft. 
2 During periods of ducting, enemy radar can detect targets within the duct at much greater ranges.  

3 Knowing where the ducts are located will enable the strike group commander to select the best altitude for penetration.  

4
Ideal height for penetration of enemy radar defenses is just above 

the duct.  

5
Radar energy is weakest here.  

6
A coverage display developed for enemy radar is very useful for mission planning and should be based on a representative sounding closest to the target.

(b)
Disposition of forces

1
Knowledge of the presence or absence of surface based ducting 

allows the Officer in Tactical Command (OTC) greater flexibility in determining force disposition.

2
During surface based ducting a wider force dispersion may be used 

while maintaining the battle group.

3
If ducting is not present, then relay platforms may be used to 

extend the communication.

(c)
EA aircraft positioning

1
A coverage diagram should be used to determine optimum jammer 

position

2
A jammer is most effective when placed just above the duct.  

3
This allows the platform to jam into the the duct, while it is above it. 

4 When the aircraft is above the duct, it can jam into it.  

5 This provides maximum jamming capability and still allows a reasonable ability to avoid detection.

(d)
AEW aircraft positioning

1
Proper coverage displays must be utilized to determine the optimum altitude to minimize the effects of radar holes.

2
Aircraft should be placed as high as possible above the duct or fly below the duct.

3
During the presence of elevated ducting, the use of two aircraft (one high above the duct and one in the duct) may maximize detection ranges.

(e)
Emission Control conditions (EMCON)

1 A primary tactic used in naval warfare.  

2 The existence of a strong surface-based duct will trap EM energy and results in potential interception by an enemy at very long ranges.

3
During ducting conditions, weigh the benefits of greatly increased radar search ranges against the much greater increase in ranges the potential enemy gains for counter-detection.

4
To determine ES intercept ranges of own radars, use the ESM intercept range tables, Platform Vulnerability, and Loss display based on enemy ES equipment operating against our own emitters.

(f)
SUW Tactics

1
During the presence of ducting SUW helo’s can maintain the relay and dip much further from the ship.

2
If there is no ducting, the helo’s must raise it’s sonar and climb to a higher altitude to communicate.  

3
This may cause loss with the submarine.

APPLICATION:
Throughout the entire lesson.

EVALUATION:
Performance / Written Test at the end of the unit.  
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