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Abstract

Abstract 

The word radar, formed from the italicized letters in radio detection and ranging,

signifies a means of employing radio waves to detect and locate material objects. Location

of an object is accomplished by determining the distance and direction from the radar

equipment to the object, a little of the energy of the radio wave transmitted From the radar

set travels to the object, a portion is reflected, and some of the reflected energy returns to

the radar set

During the late 1940s, NRL foresaw the need to detect moving targets, including aircraft

and missiles, at distances and altitudes beyond the line-of-sight. NRL began to investigate

the use of radar operating in the high frequency (HF, or short wave) portion of the radio

spectrum to extend the range beyond the horizon. Operating at low-power HF radar system

called Multiple Storage, Integration, and Correlation (MUSIC). Using signals reflected by

the ionosphere as well as by the target, MUSIC allowed the detection of missile launches at

distances up to 600 nautical miles

Over-the-horizon (0TH) radars were developed to detect military targets far beyond the

optical horizon. They use 5-28-MHz radio waves, which reflect from the ionosphere,

reaching up to 3,500 km in one "hop." Properties of the ocean surface are extracted from

the minute amount of energy scattered by the sea surface back to the radar. To find out how

we extract ocean-surface properties OTHR (relocatable over the horizon radar)

Fleet Surveillance Support Command was established in July 1987 to operate the Navy's

Relocatable Over-the-Horizon Radar (ROTHR) in support of Fleet units worldwide. This

unique radar system was originally designed to provide tactical warning to battle group

commanders of air and surface threats at an extended range allowing time for responsive

engagement. Two US Navy high-frequency (HF) over-the-horizon (0TH) radars known as

ROTHR (Relocatable Over-the-Horizon Radar) are operated at Corpus Christi TX and

Chesapeake VA, with coverage of the Caribbean Sea and portions of the Atlantic Ocean

and the Gulf of Mexico. The OTHR in Virginia and Texas are presently in full-time use for

counter-narcotics surveillance, and a third is scheduled for installation in Puerto Rico in the

near future.
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Introduction

INTRODUCTION 

Chapter One Talk about the 0TH radar fundamental and how to determine the

distance of the reflecting object, determined from the frequency difference between the

echo and the wave being transmitted at the time of

Chapter 2 illustrates transmitter produces the short duration high-power r. f pulses of energy

that are radiated into space by the antenna. Two main types of transmitters are now in

common use.

Chapter 3 discusses, the modulator controls the radar pulse width by means of a rectangular

D.C pulse (modulator pulse) at a required duration and amplitude. The peak power of the

transmitted r.f pulse depends on the amplitude of the modulator pulse.

In Chapter 4, we talk about Radar that makes use of the atmospheric reflection and

refraction phenomena to extend its range of detection beyond line of sight. Over-The­

Horizon radars may be either forward-scatter or back (OTH-B)-scatter systems.

Chapter five discuss Over-the-horizon radar technology has grown out of a number of

related technologies and, before embarking on the history in more detail,

The continent of chapter 6 describe the Over-the-horizon (0TH) radar performs very wide­

area surveillance by taking advantage of the reflected and multi path nature of high

frequency (3 to 30 MHz) propagation through the ionosphere.

Chapter 7 goes through the Dual-OTHR map of the complex pattern of surface currents

between Florida, Cuba, and the Bahamas.

Chapter 8 taking about the Problems of the 0TH Radar although the physical principles

underlying sky wave current.
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Pulsed Radar

CHAPTER ONE 

PULSED RADAR 

1.1 pulsed radar 

The word radar, formed from the italicized letters in radio detection And ranging,

signifies a means of employing radio waves to detect and Locate material objects.

Location of an object is accomplished by determining the distance and direction from the

radar equipment to the object And requires, in general, the measurement of three

coordinates-usually range and angles of azimuth and elevation. Radar detection depends

upon the reflection of radio waves from an Object. A radar set may be compared with a

searchlight and an observer stationed beside the light.

A small portion of the light wave from the Searchlight strikes an object near by and is

reflected. a fraction of the reflected wave returns to the observer and indicates the presence

of the object. Similarly, a little of the energy of the radio wave transmitted From the radar

set travels to the object, a portion is reflected, and some of the reflected energy returns to

the radar set, where it is detected. Advantages of radar over detection systems employing

light are:

1. Radar operates over greater ranges-aircraft can be detected more than 100 miles,

away.

2. Radar operates in any weather, through smoke, fog, rain, or snow, or directly into

blinding sun.

3. Radar determines range simply and accurately by measuring the time required for the

two-way trip of the radio wave.

Another feature of radar, which is an advantage in wartime applications, is that radio

waves are invisible thus the enemy must have special equipment in order to discover that

a radar set is searching for him

The reflected waves-called radio echoes because of the analogy to Sound echoes-enable

radar sets to perform a variety of tasks. Applied

1



Pulsed Radar

First in war time, radar searched the sea for enemy ships and surfaced

Submarines and kept watch in the sky for aircraft. Radar aided air and

Sea navigation and directed fighter and bomber aircraft. Radar information was used

to aim large guns and antiaircraft weapons, and air-borne

Radar controlled the dropping of bombs. In peacetime, radar and allied

Techniques contribute greatly to the safety of air and sea travel. Radar equipped ships

move through fog without danger of colliding with other ships or with ice floes. Despite

weather conditions of poor visibility, air- craft can be prevented from colliding in mid-air

and the capacity of air Fields can be greatly increased by radar traffic-control and landing

systems. An example of a very different application of radar is the tracking

Of balloons sent aloft to gather meteorological data.

Most of the circuits, devices, and principles of operation found in radar equipment have

wide application in nearly every kind of electronic equipment. Many techniques used in

radar are doubly important because they appear also, for example, in television, in pulse­

time communication systems, in industrial electronic devices, in equipment for measuring

the height of the ionosphere, and in high-speed computing machines.

Radar Determination of Range: a number of different methods have been used to

determine the range of objects that reflect radio waves.

Two transmitter-receiver sets separated a considerable distance can be used for

triangulation, as in optical ranging, but the method is cumbersome, and the required angular

accuracy is hard to obtain with radio waves. Better methods time the interval required for

the radio wave to make the trip from radar set to object and back. Because the speed of

propagation of radio waves is known with great accuracy, range can be determined as

accurately as the time interval can be measured. In one scheme, the frequency of a

transmitter is changed at a constant rate and

The distance to the reflecting object determined from the frequency difference between the

echo and the wave being transmitted at the time the echo returns.' By far the most

important range-measuring method, which probably had its origin in the measurements of

height of the ionosphere, 2 employs a transmitter that operates in bursts of very short

duration and measures range in terms of the time interval between transmission of a pulse

and reception of an echo pulse so important is pulsed

2 



Pulsed Radar

Fig 1.1 Elementary radar set.

Bandwidth, and beam angle by desired performance features such as range, resolution, and

speed of data collection are often conflicting. For example, if small objects are to be

detected at long range, a long pulse should be used to provide high pulse energy, the

repetition frequency should be low to minimize the average power and prevent range

ambiguity, the antenna should have high gain and should rotate so slowly that each object

is illuminated by a long succession of pulses, and the receiver bandwidth should be

correctly related to the pulse duration. Use of along pulse is, however, in conflict with the

requirement for range resolution; a higher repetition frequency, broader antenna beam, and

more rapid antenna-scanning motion should be used to obtain data more rapidly; and a

greater receiver bandwidth should be employed for accurate determination of range. These

conflicting requirements are the reason that radar sets are made with a variety of different

characteristics, each suited to its own application.

1.2 Radar subsystems 

Upon completion of this chapter, the student will be able to:

• Describe, in general terms, the function of a radar synchronizer.

• State the basic requirements and types of master synchronizers.

• Describe the purpose, requirements, and operation of a radar modulator.

• Describe the basic operating sequence of a keyed-oscillator transmitter.

• Describe the basic operating sequence of a power-amplifier transmitter.

• State the purpose of a duplexer.

3



Pulsed Radar

• State the operational principles of tr and atr tubes.

• Describe the basic operating sequence of series and parallel connected duplexers.

• List the basic design requirements of an effective radar receiver.

• List the major sections of a typical radar receiver.

• Using a block diagram, describe the operational characteristics of a typical radar

receıver.

1.3 Introduction to Radar Subsystems 

Any radar system has several major subsystems that perform standard functions. A

typical radar system consists of a SYNCHRONIZER (also called the TIMER or TRIGGER

GENERATOR), a TRANSMITTER, a DUPLEXER, a RECEIVER, and an INDICATOR

These major subsystems were briefly described in chapter 1. This chapter will describe the

operation of the synchronizer, transmitter, duplexer, and receiver of a typical pulse radar

system and briefly analyze the circuits used. Chapter 3 will describe typical indicator and

antenna subsystems. Because radar systems vary widely in specific design, only a general

description of representative circuits is presented in this chapter.

1.3.1 Synchronizers 

The synchronizer is often referred to as the "heart" of the radar system because it

controls and provides timing for the operation of the entire system. Other names for the

synchronizer are the TIMER and the KEYER We will use the term synchronizer in our

discussion. In some complex systems the synchronizer is part of a system computer that

performs many functions other than system timing.

1.3.2 Synchronizer Function 

The specific function of the synchronizer is to produce TRIGGER PULSES that

start the transmitter, indicator sweep circuits, and ranging circuits.

4 



Pulsed Radar

Timing or control is the function of the majority of circuits in radar. Circuits in a radar set

accomplish control and timing functions by producing a variety of voltage waveforms, such

as square waves, saw-tooth waves, trapezoidal waves, rectangular waves, brief rectangular

pulses, and sharp peaks. Although all of these circuits can be broadly classified as timing

circuits, the specific function of any individual circuit could also be wave shaping or wave

generation. The operation of many of these circuits and associated terms were described in

detail in the Introduction to Wave-Generation and Wave-Shaping Circuits.

1.3.3 Synchronizer operation 

Radar systems may be classified as either SELF-SYNCHRONIZED or EXTERNALLY

SYNCHRONIZED systems. In a self-synchronized system, the timing trigger pulses are

generated in the transmitter. In an externally synchronized system, the timing trigger pulses

are generated by a MASTER OSCILLATOR, which is usually external to the transmitter.

The master oscillator in an externally synchronized system may be a BLOCKING

OSCILLATOR, a SINE-WA VE OSCILLATOR, or an ASTABLE (FREE-RUNNING)

MULTI-VIBRATOR. When a blocking oscillator is used as a master oscillator, the timing

trigger pulses are usually obtained directly from the oscillator. When a sine-wave oscillator

or an astable multivibrator is used as a master oscillator, pulse-shaping circuits are required

to form the necessary timing trigger pulses. In an externally synchronized radar system, the

pulse repetition rate (prr) of the timing trigger pulses from the master oscillator determines

the prr of the transmitter.

In a self-synchronized radar system, the prr of the timing trigger pulses is determined by

the prr of the modulator or transmitter. associated with every radar system is an indicator,

such as a cathode-ray tube, and associated circuitry. The indicator can present range,

bearing, and elevation data in visual form so that a detected object may be located. Trigger

pulses from the synchronizer are frequently used to produce gate (or enabling) pulses.

When applied to the indicator, gate pulses perform the following functions:

• Initiate and time the duration of the indicator sweep voltage

5



Pulsed Radar

• Intensify the cathode-ray tube electron beam during the sweep period so that the

echo pulses may be displayed

• Gate a range marker generator so that range marker signals may be superimposed

on the indicator presentation

The time relationships of the various waveforms in a typical radar set. The timing trigger

pulses are applied to both the transmitter and the indicator. When a trigger pulse is applied

to the transmitter, a short burst of transmitter pulses (rf energy) is generated.

This energy is conducted along a transmission line to the radar antenna. It is radiated by the

antenna into space. When this transmitter energy strikes one or more reflecting objects in

its path, some of the transmitted energy is reflected back to the antenna as echo pulses.

Echo pulses from three reflecting targets at different ranges are illustrated in figure 2- 1.

These echoes are converted to the corresponding receiver output signals as shown in the

figure. The larger initial and final pulses in the receiver output signal are caused by the

energy that leaks through the duplexer when a pulse is being transmitted.

The indicator sweep voltage shown in figure 1-2 is initiated at the same time the transmitter

is triggered. In other applications, it may be more desirable to delay the timing trigger pulse

that is to be fed to the indicator sweep circuit. Delaying the trigger pulse will initiate the

indicator sweep after a pulse is transmitted .

. The distance to the reflecting object determined from the frequency difference between the

echo and the wave being transmitted at the time the echo returns.' By far the most

important range-measuring method, which probably had its origin in the measurements of

height of the ionosphere, 2 employs a transmitter that operates in bursts of very short

duration and measures range in terms of the time interval between transmission of a pulse

and reception of an echo pulse so important is pulsed

Note in figure 2-1 that the positive portion of the indicator intensity gate pulse (applied to

the cathode-ray tube control grid) occurs only during the indicator sweep time. As a result,

the visible cathode-ray tube trace occurs only during sweep time and is eliminated during

6 



Pulsed Radar

the fly-back (retrace) time. The negative portion of the range-marker gate pulse also occurs

during the indicator sweep time. This negative gate pulse is applied to a range-marker

generator, which produces a series of range marks.

Figure 1.2. Time relationship of waveforms

The range marks are equally spaced and are produced only for the duration of the range­

marker gate pulse. When the range marks are combined (mixed) with the receiver output

signal, the resulting video signal applied to the indicator may appear as shown at the

bottom of figure 2- 1.

7



Pulsed Radar

1.3.4 Basic Synchronizer Circuits 

The basic synchronizer circuit should meet the following three basic requirements:

• It must be free running (astable). Because the synchronizer is the heart of the radar,

it must establish the zero time reference and the prf (prr).

• It should be stable in frequency.

• For accurate ranging, the prr and its reciprocal, pulse-repetition time (prt), must not

change between pulses.

• The frequency must be variable to enable the radar to operate at different ranges.

Three basic synchronizer circuits can meet the above mentioned requirements. They are the

sine-wave oscillator, the single-swing blocking oscillator, and the master-trigger (astable)

multivibrator.

Figure 2-2 shows the block diagrams and waveforms of these three synchronizers as they

are used in externally synchronized radar systems. In each case, equally spaced timing

trigger pulses are produced. The prr of each series of timing trigger pulses is determined by

the operating frequency of the associated master oscillator .

. In the sine-wave oscillator synchronizer (figure 2.2, view A), a sine-wave oscillator is

used for the basic timing device (master oscillator). The oscillator output is applied to both

an overdriven amplifier and the radar indicator. The sine waves applied to the overdriven

amplifier are shaped into square waves. These square waves are then converted into

positive and negative timing trigger pulses by means of a short-time-constant In the sine­

wave oscillator synchronizer (figure 2.2, view A), a sine-wave oscillator is used for the

basic timing device (master oscillator). The oscillator output is applied to both an

overdriven amplifier and the radar indicator. The sine waves applied to the overdriven

amplifier are shaped into square waves. These square waves are then converted into

positive and negative timing trigger pulses by means of a short-time-constant
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