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Preface

This monograph deals with theory and design aspects of RF-FMCW and Laser
proximity fuzes. The book begins with a short history of development of proximity
fuzes.  The successful development of the fuze by the US during the Second World
War was an outstanding technical achievement. Though the Radar, a more complex
system had been developed and used during the war, there were unique features of
the proximity fuzes which made its development extremely difficult. The ability of
the fuzes using vacuum tubes to withstand �g� shocks of ten of thousands when fired
from the gun, was considered a formidable task. The development of the fuzes was
so significant that many experts consider this to be  next only to the development of
atomic bomb. The history of development in India from 1966 to 1975 is also briefly
covered.

Lack of technical literature on the proximity fuzes was the key motivation to
write this monograph. The book will be useful at many levels: Professionals who
specialise in allied/areas such as a missiles, young engineers who are entering the
fuze development programmes, military personnel who use these fuzes and
electrical/ electronics engineers for general reading.

The book is divided into three main subject areas. The first section considers
the basics of proximity fuzes. The second section deals with FMCW fuzes. The last
section covers the latest Laser Proximity Fuzes.

Chapter 2 gives an overview of Proximity Fuzes. This chapter contains material
everyone associated with proximity fuzes should know, in particular, the users and
the decision makers. This chapter covers the evolution of CW proximity fuzes from
fuzes developed during the second World War to the FMCW fuzes which became
the workhorse fuze after the 1980s and continues to be most effective proximity-
sensor till today. This chapter gives an overview of all of the subsystems of FMCW
and the recent Laser proximity fuzes. The chapter also addresses the problem of �g�
- several tens of thousands which the fuzes for high speed artillery and anti aircraft
shells have to withstand.

Chapter 3 on the fuze range equations is a standard material available in Radar
texts but is included for the basic orientation and for the sake of completeness.

Chapter 4 deals with reserve battery and power sources required by all types of
fuzes - FMCW, their variants and Laser proximity fuzes.



x

Chapters 5, 6 and 7 deal with of FMCW fuzes and their sub-systems.

Chapter 5 deals with voltage controlled oscillators. In particular the importance
of phase and amplitude noise of oscillator is addressed because low phase and
amplitude noise are a fundamental requirement of fuzes. The active devices which
achieve the objective of low noise are considered and compared.

Chapter 6 on the mixers deals with highly linear mixers - Gilbert cell mixers and
FET resistive mixers. High degree of linearity is a basic prerequisite of mixers since
the modern fuzes operate in an intense environment of Electronic Counter Measure
(ECM). ECM signals can penetrate into the receiver through the mixer non-linearity.

Chapter 7 deals with microstrip antennas for fuzes. These antennas can be used
with a wide range of fuzes which requires a radiation pattern along the projectile axis
such as fuzes for bombs, mortars and high angle artillery shells. Fuze antennas need a
fairly high impedance bandwidth to reduce reflections from a common antenna system
which most conventional ammunition are constrained to use. This chapter considers
various options to achieve high bandwidth.

Chapter 8 on the FMCW fuzes contains the basic general principles of FMCW
and explains the unique properties of  FMCW fuzes .The problem of single antenna
FMCW fuzes, that of  the leakage of transmitted power with its attendant noise to the
receiver are considered. The chapter demonstrates that a low noise VCOs and a highly
linear mixer make the FMCW fuzes as one of the best proximity sensors.

The third section of the book discusses  the pulsed laser proximity fuze with its
two most important subsystems, viz., the laser sources, the photodetectors and
nanosecond pulse generators to drive the laser source.

Chapter 9 covers the specific sources and their properties that make them
eminently suitable for pulsed laser fuzes. In particular, the microslab solid state lasers
which are capable of providing very high peak power short pulses required for anti-
aircraft fuzes are described. Importance of noise in photodetectors due to solar
background radiation and optimisation of APD gain to achieve high signal-to-noise
ratio in laser receivers is given special attention.

Chapter 10 deals with nanosecond pulse generators. Fuzes which function at a
range of few metres to tens of metres require pulses with a width of 2-10 nanoseconds.
Techniques of achieving short nanosecond pulses based on Avalanche transistors and
high speed MOSFETS are dealt with .

Chapter 11 on Laser proximity fuzes deals with principals of laser range finding
as applied to very short ranges. Broadly various systems aspects, like the power
requirement of fuze transmitter and the type of receivers required for achieving high
dynamic range are described. System considerations like background solar radiation
and attenuation  in fog and clouds, detrimental to fuze performance are described.

21 April 2010   VK Arora
Delhi
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