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ABSTRACT

The swbject of this report is introduced by & short statement
of the need for MII, This is followed by a rather complete discussion
of the theory underlying the operation of the coherent pulse doppler ETI
system, In this discussion, the important mathematical relations are de-
veloped, and for the convenience of the user, these relations are tabulated
in Appendix I,

The actual conversion unit applied to the SC-SK system is then
discussed, first in broad general terms and then in detail, This conversion
unit consists of two major components, one a new plate modulator for the
transmitter and the other the receiving and cancellation systems.

Lastly the performance of the system is discussed briefly, This
discussion is purposely made very brief since the main test of the sysiem
is covered in another report.

The system achieves a cancellation ratiolf of 30 db and a sub-
clutter-visibility of about 25 db, l.aximum range unaffected by the ad-
dition of the ¥TI, This MII does, however, provide "solid" coverage in
areas of clutter. System reliability has proven to be excellent.

suthority: BuShips letter Serial No.C-916-9630 to Director, NRL
dated 21 February 1945 Requesting assignment of
Problem No,S1055R-C,

Status: This is an interim report on this problem; work
is continuinge.

DECLASSIFIED



DECLASSIFIED

TABLE OF CONTENTS
ABSTRACT

INTROLUCTION
Problem
Authorization and References

THEORETICAL CONSIUERATION
The Doppler Shift
Doppler in Radar Systems
Detection of Doppler Shift -
The Conseguences of the Sampling Procedure
Velocity Compensation

SYSTE:: LIMITATIONS - GENERAL
Radisl Veloecity
Sub-Clutter Visibility
Limitations on Sub-Clutter Visibility

SYSTEM LIMITATION - MTY FOR SC-SK SERIES RADAR
Delay Line Cancellation Unit
Antenns Scanning Rate
Velocity Compensation
System Stabilities

SC-SK SYSTEM CONSIDERATIONS
System Parameters
The MTI System

Equipment Changes
New Components

CHANGES TO THE TRANSMITTER

THE MODULATOR
The Modulator Circuit
Control Circuits

THE MTI CONVERSION UNIT
The Receiver
The MTI I-F and Coho Unit

The Remodulator and Through Video Signal Channel

The Delay Line Unit :

The MTI Cancellation and Video=Distribution Unit

The Trigger Unit

-1 01 =t et Pt ]

w

el
o

17
37
18
18
20

20
21
22

22
22
24
26
28
28
30

DeECLASSIFIED

=] -



THIS PAGE IS MISSING FROM ORIGINAL.



DECLASSIFIED

TABLE OF CONTENTS ( CONT)

SYSTEM PERFORMANCE 31
Cancellation Ratio 31
Sub-Clutter Visibility ’ 32
S8ea Trials 32
System Reliability 32

REFERENCES 34

APPENDIX 1. Egquations Useful in the Design of an NTI System 35

APPENDIX 2, Glossary of Symbols 37

PLATE 1 Block Diagram MTI Conversion Unit for SC-SK Series Radar

PLATE 2 Timing and Cancellation of the Nth Pulse MTI Conversion
Unit for SC-SK Series Radar

PIATE 3 Receiver Unit #C MTI Conversion Unit for SC-SK Series Radar

PLATE 4 KTI I-F Amplifier and Coherent Oscillator, Unit #6

PLATE 5 Remodulator and Through Video Signal Channel, Unit #4

PLATE 6 The Delay Line Unit, Unit #6

PLATE 7 The Cancellation and Video Distribution Unit, Unit 2-3

PLATE..8 The Trigger Umit, Unit #1

PLATE S The Modulator, unit #7

PIATE 10 Expanded Sweep Generator and Modifications to Indicator

PLATE 11 Assembly Drawing - Pressuriged Mercury Delay Line

PLATE 12 Loss and Sensitivity vs Speed S8C=-SK MTI

PLATE 13 Operation of the Balanced Phase Detector

PLATE 14 The MTI Conversion Unit for SC-SK Series Radar, Obligue View

PIATE 15 The MTI Conversion Unit for SCwSK Series Radar, Front View

PLATE 16 The Receiver Unit - Unit No. O, Top View

DECLAS3ISIED
G-



PLATE 17,
PLATE 18,
PIATE 19.
PLATE 20.
PIATE 21
PLATE 22,
PLATE 23,
PLATE 24.
PLATE 25,

PIATE 26,
PLATE 27.
PLATE 28,
FLATE 29.

DECLASSI=IED

TABLE OF CONTENTS (CONT.)

The Receiver Unit, Side View

The Receiver Unit, Bottom View _

The MTI I-f and Coho Unit - Unit No.6, Side View
The MII I-f and Coho Unit, Bottom View

The Remodulator Unit —Unit No.4, Side View

The Remodulator Unit, Bottom View

The Delay Line Unit -~ Unit No.5, Top View

The.z Delay Line Unit, Front View with Panel Removed.

The Cancellation and Videc Distribution Unit -~ Units
No.2 and 3, Side View

The Cancellation and Video Distribution Unit, Bottom View
The Trigger Unit — Unit Ne.l, Side View |
The Trigger Unit, Bottom View

The Modulator Unit == Unit No.

o
M
.
2
W)
N
i1
v



DECLASS™IEED
{ i

THE MTI CONVERSION UNIT FOR SC~SK SERIES RADAR

1., Introduction

1-1 Froblem

1-1-1 During the closing months of the recent war, naval operations
had to be tarried out in the vicinity of large land masses in the Facific,
As a result, serious losses in the efficiency of radar in detecting attack-
ing enemy planes occurred because large areas of land clutter echoes ap~-
peared on the indicators., To combat this loss in radar efficiency, an
accelerated program of development of Moving Target Indicator equipment
for use with existing radar systems was undertaken in the hope of getiing
usable results in the fleet by the time the main Japanese Island were to
be invaded. The early ending of the war prevented any such equipment from
reaching the operational theatres and resulted in the substitutdon of a
more orderly and systematic research program for the original crash program.

1-1-2 In connection with the early crash program, the Naval Research
Laboratory was given the problem of developing an MTI conversion unit for
the SC-SK series air search radars. A coherent pulse doppler type ef
system with a supersonic mercury delay cancellation system was choden for
this crash program because it fitted the basic radar system, it had been
proven at Radiatien Laboratory to be basically operable, and it was the one
type of MII capable of operating with PPI at normal scanning rates.

1-1-3 The first developmental model conversion unit, built under
the crash program, was cempleted and put into operation in July just before
the Japanese surrender, This unit, though it gave usable results, was
quite critical to adjust and generally difficult to operate, Thus, with
the ending of the war and the reduction in priority on the problem, it was
decided to build a second improved model incorporating all the lessons
learned in the construction of thc first model. It is this se#ond model
which is described in this paper.

1-1-4, Attention should be called to the fact that although the SC-3K
series radars are at least obsolescent (if not obsclete) the value of this
work is not affected by the obsolescence of these radars. The MII Con~
version Unit can bec applied, with little change, to the SR and SR-A series
radars; and, with the inclusion of "velocity compensation by ceho.shift,"
and a change in the r-f head can be adapted to other radars of the SR ~
series, :

1-2 Authorization and References

1-2-1 Thec work on this problem was authorized by NRL Problem RO2-24
(510558~C*, Reference (a). Reference (n), (c), and (d) are also of special
interest to the present problem. Reference (nS is the NRL peport (R-2480)
on a preliminary survey of anti-clutter devices which led to the setting up
of problem S1055R-C. Reference (c) is the NRL report describing in detail
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the develcpment of pressmarized morcury delay line for this system,
Reference (d) is the NRL report describing the sca trials of the final
conversion unit,

2. Thecorctical Ccnsideration

2-1 The Doppler Shift

2-1-1 A well-known phenomcna callcd the doppler shift results when
. the frequency of a wave from a stationary transmittcr is measured from a
moving platforms This shift in receivcd froquency results from the fact
that the nmumber of cyzles received in unit time is jncreased or decreased
(dcpending on ‘the direction of motion ef the platform) by the nwmber of
wave lengths that the platform moves relative to the transmitieres The
doppler frequency is then cefined to be the shift in rcceived frequencys

fd gfr""' fo (1)

where,
fq = doppler frcquency

f. » received froequency

+5
]
il

transmitted frequency

2-1-2 In the casc where the receiver is in motion the following

relation may be deduced:

(R)
ipy St PVpce IR (2)
Vo
where,
()
Yree = Radial speed of platform toward
transmitter

Vo =. Velocity of propagation of waves.
Similarly, if thc transmitter is set in motion and the receiving platform

held stationary another shift will be ObSLrVLd. The rusﬁltant frcqpbncy
is found from the equation;
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L, = Vo T
r - .
2 To = K(R-}— [s) (3)
a
where, ‘
f. = rcceived frequency with transmitter
in metion.

v{‘:_’R): radial speed of transmitter toward
T recciver.

, 2-2 Doppler in Radar Systcoms

2-2-1 1In the case of a radar systum, the 'target acts first as a
reeciver thus introducing a shift in apparunt fruquency according to
equation (2)s The apparent received frequency is then;

()
v
rec

P
frlz fo }14-

Vo

The té,rgct then reradiates this rcceived frequency as a transmitter and
introduccs a second shift according to cgquation (3).

(R) |
fr = i‘o 3 % ¥rec Vo
2 Vo VO = v‘ba:R ) (4)

This frequcnéy is then the actual friquency -that will be received by the
rader from a moving target. If now wc replace v, by @(the speed of

electromagnctie waves) :
_ 2 (R) I" F
fo = f c+ Vree | c '

r o
2 c

J |_ c - VE) (4.1)

Furthermorc, it will be notcd that for the casc of practiocal target
veloaitics, o

(R) R

Thus we may write,
£ ~ f : I 2v£a

i o]
2 c (4e2)
Substituting this in cquation (1)
_ . B {R)
£ t
d . fo (5)
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Thus, the returning echo will differ in frequency from the transmitted signal
by this amount.

2-2-2 It is of interest to note the order of magnitude of this doppder
frequency in a practical radar system. Assuming the radar to be one of the
S8C-SK series operating at 200 mc end assuming a plane speed of 200 mphy

2x200x200x10° 115 cps
186,000 x 3600

Thus we see that the doppler frequencies will be very low, of the order of
hundreds of cycles in a practical system. It is to be noted that doppler
frequency is dependent only on system frequency and target velocity amd is
proportional to both of these. Thus, the doppler frequency for any system
can be found with no knowledge of the system's characteristics other than
its r-f frequency.

2-3 Detection of Doppler Shift.

2-3-1 From paragraph 2-2-2 it can be inferred that the detection of
doppler shift will not be an easy problem since the shift amounts to only
about one part in one million. There are, however, several means which may
be used to detect it. Perhaps the simplest of these is to beat the return=
ing signal against the radiated signal as would be done in the case of a c-w
radars The c-w radar is not, however, a good radar for general use because
of its lack of range information, It is possible to secure range information
from a c-w system by using modulation, but the required circuitry becomes
complicated, the meximum scanning speed is very low, and the MTI character-
istics of an unmodulated c-w radar are lost. For these reasons, and be-
cause of the accepted superiority of the pulsed radar for general military
applicetions, orly this latter type has been considered, at this laboratory
to be suitable for MTI use.

2-3-2 When an attempt is made to detect the presence of a doppler
shift within a given pulse, it is found that, assuming s 5-microsec pulse
as in the SC-SK series, the only effect of the doppler is to introduce a
relative phase rotation between the two signals ofs

-6
$= 119x5x10 x 24 ,003 radians

Such a phase rotation is obviously too sma2ll to detect by means of pragticeal
circuits. The doppler shift must be detected by a pulse to pulse comparison
system rather than by comparing from stert to finish of one pulse,

2-3-3 Therefore it is necessary to establish a reference agaiust
which the phasc of the returning echo may be compared. This may be done
by means of a sorcalled coherent oscillator. This oscillator is simply an
r-f oscillator which operates at transmitter frequency end is pulled inte
phase with the trapsmitter each time a pulse is radiated. JHence, this
coherent oscillator delivers essentially en extension of the transmitter
pulse. Its output is therefore, '

®coho = cos ( 2mfot + ﬂ%r) (6)

2T t< t, + F%F DECLASSI=IED
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The returning echo is, however, of the form,

g1 = 00 ['z £ (t-7d) + ;atr] (7)
where

f, = transmitter frequency

.. = transmitter starting phase
T 4 = delay time of returning echo
If now we add these two signals together during the interval,

Ty 2 t 2 T4+ T

we will get an output signal of the form,

®coho + sig = 2 cos (2af, Tg) cos (2wfst +¢)  (8)
The first cosine term is the amplitude factor and is the term of interest,
(The seccnd cosine term is removed by detecticn), From this term, it is
obvious that the amplitude of the ocutput pulse will be dependent cn T&.
But Tq is simply a measure of target range; thus,

Tqg =2 (9)
C
where
D = target range

Now substituting for T4 in the amplitude factor of eq.(8):
L v £, B0
c ‘t
From this it is obvious that a staticnary target whose ronge is constant,

the amplitude of the cutput pulse will remain ccnstant. But for a target
with radial motion, where D is changing, the amplitude will vary.

A= 2 coe ( (10)

2-3-f The variation of the amplitude factor with target speed may
be shown as follows:
Assume that, D=D+aD=D+ vg) t

where
2 D, = an arbitrary starting point

vte(ln): target redial velocity

- - PR
Then £ vt hwa}
’ Azzcos[anota o 1

c - c !

. ECLASSI=N,
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Now choose D, D may be chosen such that the second term in the brackets
is Zeroc.

Then, L £ vgg) t

A;'z cos :
FvB) Y\t (11)
= 2 cos 27 | ol ]
A9 c 3

Thus it is shown that the envelope cf the returning pulse is nothing more
than a ccsine wave with a frequency.

(R)

2 Vgq £, (12)
c

f=

If we compare this with equation (5) we see that it is in actuality the
doppler frequency showing up as the emvelope of the resultant of the ad-
dition of the returning echo signal and the coho.

2-3-5, Further examination of this procedure shows that it is a
sampling technique wherein the system has the same characteristics as a
c-w system except that, instead of examining the envelope ccntinuously,
it is sampled at discrete time intervals. This sampling leads to scme
very important system characteristics, but before considering these there
is another important consideraticn which should be taken up,

2-3-6, During the ccurse of the above discussion the cohc has been
assumed to be at radio frequency. Suppose that it is put at the receiver
intermediate frequency instead. Though the mathematics involved will not
be given here, the important point is that the shifting of the relative
‘phases of coho and signal, as shown by equations (6) and (7) is done at
radio frequency, and once this phast shift is introduced, it is preserved
unchanged through the frequency conversion. Hence the amplitude factor in
equation (8) is the same regerdless of where the coho is introduced.

2=, The Consequences of the Sampling Procedure

2-4-1 As pointed out above, the "sampling" technique used in examining
the doppler introduces some important cheraeteristics into the system.
Alsc, the amplitudes of successive pulses are constant for fixed targets
but varying for moving targets. Hence, the separation of moving apd fixed
targets is made by comparing the amplitudes of these successive pulses and
the sensitivity of the overall system is dependent on the rate of change
in pulse amplitude, Although this sampling phenomena could be investigated
mathematically to determine sensitivity as a function of target speed, the
mathematics becomes quite complicated and will not be gone into here,
The results will simply be presented and discussed.

DECLASSIFIED
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2-1-2 Investigation shows that the curve of sensitivity of the
MTI system versus target speed is a rectified sine wave in which the

nulls come at speeds where the doppler frequency is an integral multiple
{including zerogeof the system PRF, Thus the nulls come at,

n 2
2vr(1u £, &0 (PRF)-

c
e vin) speed for zero response
nul
PRF = system pulse repetition frequency
n = any integer (including zero)
or,

V(n). =n ggﬁi! c (13)

nul
0

The equation for response versus target speed is then ob ‘?usly the
sbsolute value of a sine wave which goes to zero when v,/ has the value

Voule Thus,

L S R )
= v ]
Srel = Jgin 40 ga £, (1)
n (PRF) ¢
where, Spen = relative sensitivity

Such a curve is shown in plate 12 with the relative respcnse scale plotted
in db., This curve is for the SC-SK MTI system, This system has the fcllow-
ing characteristics:
PRF
f

o
Thus, for the first null,
yi1), = 500 x 186,000 x 3600 - 837 mph
g 2 x 200 x 10°

500 cps
200 ne

The response curve is shown dotted in the vicinity of this null because
in the operation of an actual system, ‘it will be found that the nulls
will be "filled in" by propeller modulation and other effects which modu-
late the echo,

2-5 Velocity Ccmpensation

2-5-1 In paragraph 2-2-1 it wes pointed out that both the radar itself
and the target act both as transmitter and as receiver., Because of this
symmetry of the path cof the radio waves, it is cbvious that there will. be
nc difference between the effect of motion of the target and motion of the
radar. (Note that for this to hold true, the reduction of equation 4.1
to 4.2 must be possible, thus V., must be smaller than C as it is in the
radar case.) Thus the only important motion is the r¢lative motion of
‘the target and the radar. Hence if the radar carrying vehicle is in

D=GEAESIFIED
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motion all stationary targets, except those dead abeam have relative motion

and become, as the radar sees them, moving targete. Since this would defeat
the purpose of the MTI, a method must be found to compensate for it.

2-5-2 There are two kasiomethods of compensating for the motion cf the
radar when used on shipboard. The first of these and by far the simpler,
relies on the wide difference between the speeds of ships and of planes.
Ordinarily, planes will travel at speeds of several hundred miles per hour,
whereas ships will travel at speeds of 4O miles per hour or less. Thus, if
system parameters are selected sc as to put the first peak in the response
curve at 400 mph or higher, the response to ordinary ships speeds will be
about 18 db down from peak response. This will allow a subclutter visibility
of slightly less than 18 db in the system, Unfortunately, however, the
highest possible ships speeds will give responses only 12 db down, and since
this will severely limit the subclutter visibility, it will ccnsiderebly re-
duce the usefulness of the MTI system.

2-5-3 The requirements which must be met by the system parameters to
compensate in this manner are quite easily determined. The velocity at the
first null in response is just twice the velocity at the first peak; thus,
‘from equ. 13 we get, . .

vl . (PRF)e. > 800 MPH

null %15
Solving this for fo we get,
#FI
£
o . 4x10° (15)

where,
f, = radar frequency

PRF = pulse repetition frequency

This condition is quite easily met for low frequency systems, but for
high frequency systems,-ust—for—rigT Tymrry——ayadens the required FRF

becomes so high as to restrict the range. Thus, in the present state of
the art, this method of compensation cannot generally be used with higher
frequency systems (L band and higher).

2-5-I, & second possible method of compensation is the use of
special electronic circuits which introduce into the coho signal a phase
rotatian which is just equal in magnitude and direction to the phase rota-
tion introduced into the returning echo signal by the ships motion, Then,
when the comparison between the coho and returning echo is made, the phase
rotation due to ships motion will be cancelled out and the effect of that

motion will be eliminated,
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2-5-5. In actual operation the introduction of this phase rotation
becomes, because of its continuous additive nature (a constant amount is
added between adjacent radar puises) an actual frequency shift. This fre-
quency shift is equivalent to the doppler shift introduced by the motion of
the ship. Thus, it will be given by equation (5) and will be,

fqa 2

(R)
1,

c (16)

f q = necessary frequency shift
V(R): component of ships velocity.in
sh direction of target

velocity of light

where,

c

i

f, = radar frequency
(r) _(4)
But, Ven = Vsh cos €p
(17)

; 4
where ¥, = ships forward speed

© = relative bearing cf antenna

Substituting for vgg) equation (16) becomes,
' ®) cos ©
fa ..:.fVSh Sor, (16.1)

c

Thus, this frequency must be added to the coho to compensate for the.
ships motion. ' '

25-6 Unfortunately, this system does not give perfect velocity
compersation. In the above discussion ©_ has been teken as the antenna
bearing, but it is immediately evident that, because of the finite beam-
width of bhe antenna, not all tergets will be on that bearing; thus, the
ships appaPent radial speed vgﬁ will not be the same for all targets in
the beam at a given time., This effect puts a limitation on the degree of
compensation attainable and therefore limits the possible subclutter
visibility. Since it is a fundamental limitation on the system, it will
be discussed in the next section of this paper.

3. System Limitations - General

3-1 Radiel Velocity

3-1-1 Throughout the previous part of this paper, it was assumed
that the target was moving radially with respect to the radar system.
Since the system is sensitive to radial velocity only, the component of
target velocity which is radial to the radar will be the only one which
produces indications on the MTI. Thus, as far as a doppler system.is
concerned, the target will have a radial speed of:

,. DECLASSISIFD
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V(R) = y( i) cos 9;! (}8)

Where

(RJ - radial speed

(n)
ta

e
c

This effect could be taken into account in plate 12 (thus extending tjis
plate to cover motion in any direction) simply by dividing the speed scale
by the factor,

i

true speed

angle between plane's course and radar beam

1]

]cos Oc'

Or, it e taken into account in equation 14, thus obtaining the
equation {¥,1) for the sensitivity of the system in terms of plane speed
in any direction,
(4) ;
2TV
"Vta cos 6, f0|
n (PRF) c !

- (14.1)

!
i
rel = i .Bin

3-1-2 From paragraph 3-1-2 two important facts can be seen. First,
there will be an apparent general shifting of the tzue- speed scale in
plate 4 to higher speeds for motion which is not truly radial; and second,
there will be certain ccmbinaticns of speed and angle of motion which will
give response nulls. Unfortunately these two factors must, in the case
of an IiTI, be added to the already long list of factors which must be
taken into account in selecting appropriate parameters for the system.
Fortunately, however, they do not introduce serious limjtaticns. In
the case of the first factor (the general shifting of the curve to higher
true speeds) the shift is not great over the range of angles that is
important. In military operations, radar targets which are not headed
toward the radar ship cannot, in general, cause damage, and they there-
fore become of lesser importance, This cannot be construed as meaning
that they can be neglected, since ships which are not detected until they
are within gun range are an excepticn to this rule. However, it is
reasonably safe to neglect tergets which hgve an angle of more than
60 degrees to the radial, This 60 degree angle amounts to a shift in
the true speed scale of 2 to 1, Thus if the system is being designed to
have a relatively high speed of maximum yesponse, care must be taken to
see that it is not set so high that this factor opens an avenue of ap-
proach to an attacking enemy,

3-1-3 In the case of the second factor (the mulls at various speeds
and angles) the situation again is not too serious. Fotunately, there are
many features which tend to modulate the returned echo from a target
(notable among these is the propeller modulation in the case of an
aeroplane) and, while this modulation is not due to doppler freguencies,
it is still effective in prowiding an echo wisible through the cancellation

-
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system, While these nulls would theoretically go to zero, in actual use
it has been reported that they cause a loss in sensitivity of 6 to 20 db
and if subclutter visibility is higher than this, the target can still be
seen. £ - -

3-2 Sub=-Clutter Visibility

The sub-clutter visibility attainable will in general determine whether
MTI will or will not be useful in a given system,

3-2-1 Consider the equation for radar performance,

: 2
P _ ¢or 2 2
N R
(L =) 0D (19)
where,
P, = power received at the receiver terminals for the

given target.
antenna gain

Py Transmitted power

~ = Radar area of the given target
A = Wavelength

D = target range

F = height gain factor.

o
U

If now wé substitute the appropriate factors and find the ratio of
clutter strength to target echo strength we get,

P, G C ce %* x pge
£ = (a)° D

F .
Tta G%Pscry, A 2 x 75y
(4 "55 D%

where the subscript ta indicates factors concerned with the moving target
and the subscript cl indicates factors concerned with the clutter. Since
all factors except P, {7 and F are obviously the same in both numerator
and denominator, equation (20) reduces to,

P.
. ce & 2
s » TcexF
RS e - "~: {20.1)
o
Prta ta x F‘ba

where,

R = ratio of clutter strength to strength of desired echo. Thus,
the clutter return will exceed the return from the desired signal by this
ratio and, if the signal is io be seen, the sub-clutter wisibility, ex-
pressed as & ratio, must quite obviously exceed this value Rs

DEC_ASSHIED
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3+2-2 A study of equation (20.l1) shows that there are four factors
which determine the value of R. The echoing areas and the height gain
factors for both the target and the clutter. Unfortunately, sufficient work
has not been done to make it possible to quickly ewvaluate these four factors
on paper in any given case, Rather it will generally be necessary to run
actual tests to evaluate either these factors, or the ratio R directly.
There are, however, certain cases where useful simplification can be made.

3-2-3 In cases where the aliitude of the target and the clutter are
the same, (or approximately so) such as the case with low flying planes,
or submarine periscopes, the factors Fy, and F,j become the same and
equation (20,1) reduces to, )

R = _“'_‘_(_:_f-.‘_ (21)
“ta

Thus, it is necessary to know only the relative echoing areas of the target
and the clutter,

3-2-4 In any event, regardless of how the value of R is found, if the
MII is to have any value in the system under consideration, the sub-clutter
visibility must exceed this ratio R. Thus, before plans are made to in-
corporate MIT in a radar system, the value of R for the types of clutter
and the types of targets expected must be determined. If then the expected
sub-clubtter visibility, as limited by antenna scanning rate etc,, does not
exceetl R by several dh, the MII will not render the desired targets visible,
and its inclusion in the system may not be warranted.

3-3 Limitations on Sub-Clutter Visibility

3-3-1 The first limjtation on sub~clutter visibility is the cancellation
ratio of the cancelling system, Quite obviously sub-clutter visibility
cannot exceed cancellation ratio, since such a condition would require dis-
crimination between very small uncancelled moving targets and larger un-
cancelled residual from stationary targets.

3-3-2 A second fundamental limitatien in sub-clutter wvisibility is
the antenna scanning rate. To.a first approximation we may essume that the
increase in antenna gain Is linear between the 3 db (one way pattern) point
and the maximum. This being the case, it is then quite obvious that the
scanning of the antenna will cause a variation in echo power of,

AP,

e x 2
aPg 625 M

where,
= pulse to pulse change in received echo power

£
r
P, = mean echo power level
M = number of pulses per beam width
Thus, the scanning of the antemna introduces a modulation of all echoes,

the amplitude of this modulation being P, and if the system is not, because
of the modulzstion, to detect all targets as moving targets, the sub-clutter

visibility must be less than, o
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where,

Ry = maximum pertrissible subclutter visibility
Then, since
R - M
2.4
and since,

M:_ 60(PRF)X¢B
360 xN

where
i PRF = pulse repetition frequency

6, = antenna bandwidth to the 1 power points (one way pattern)
in degrees
N = antemna rotation speed in RPM
we hay write,
(PRF) x g
160 N

" Rmax - (23.1)

3=3~3- This scanning limitation is considered in more detail in
reference {f), It is interesting to note that, in this reference, the
author, using a Gaussian antenna pattern, obtains,

AVr = 1,66 ref (f)
. Vo M
and therefore,
APr = 2.75 ref (f)
Po M

Thus, the error introduced by the simplifying assumptions used in
paregraph 3-3-2 is less than 15%.

3-3~L Another important limitation on sub-clutter visibility arises
from the compensation of the system for the motion of the radar carrying
vehicle. This limitation was mentioned in part two of this paper but
discussion postponed to the present secticn.

3-3-5 Quite evidently the two different methods of velocity compen-
sation discussed in section 2-5 will lead to different limiting values for
the sub-clutter visibility, so they will be discussed.separately. The
first one to bg discussed will be velocity compensation by the choice of
parameters (in accordance with equation 15).

3-3-6, Consider first equation (14) for the relatizrﬁ)sensitivity
to moving targets of v?ﬁ}ous speeds. If we substitute vg,“in this
equation in place of Vta we get the system sensitivity to ships speed; thus,

(24)
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Since this is the relative response to fixed targets due to ships motion and
since the sub=clutter visibility must be less than this if the fixed targets
are not to appear as moving targets,

Rpax = |8in = Vgﬁ) fo '—2
gﬁﬂ c

{where VgﬁgB?S been substituted for vgh)since it is the maximum possible

value of Vg, /] If the parameters arg set according to equation (15) with g%}ﬁf
being only slightly less than 4 x 107, then the curve of plate 12 will R
be found to apply and the sub-clutter visibility will be found to be limited
about as follows:

'VgA) Rmax
0 Ne limit
12K 23 db
25K 18 db

LOK 12 db

3-3-7 Turning now to the other method of velocity compensation, the
coho-phase-rotation method, consider three, targets off the beam of a moving
ships One of these targets is dead abeam on, say, 090° relative while the
other two are on 090° + Oy relative, The antenna is pointed on 090 relative.

Thus, one target is in the center of the beam and the other two are at the

two half power points. It will be oBvious that, since ships motion is exactly
perpendicular to the radius lire to the target on 090° relative, there will

be no motion with respect to this target and it will be cancelled as a
stationary target. However, since both the other targets are on bearings

%9 degrees off the normal to the ship's course the ship will have a relative

velocity with respect to them: (toward one and away from the other). This
relative velocity can be shown to be,

vz« vffein &
i3 2 (26)
Ve, = ships relative velocity
(8) . s
Vep ships true speed
o = antenna beamwidth

Quite cobviously this velocity cammot be compensated since it is of opposite
sign on the two sides of the beam. If now're refer to equation 14, and sub-
stitute this ?alue of v in it in place of vtg) we get,
i sin 2 f, vgﬁ)sin.ggh
8 H ;
el 2 { "0 (PRF) c !

= [ 2], B
Srel = sin S Ty 2 (27)
Voull
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Thus there will be a doppler response of this (voltage) level to the clutter
at the edges of the beam even though the target at the center of the beam

is stationary. This condition, where the antenna is headed broadside, is
the worst condition so if sub=clutter visibility is restricted to a value
such that it will not detect this signal, it will be satisfactory for all
antenna bearings. Thus sub-clutter visibility must be limited to,

V(A)51n e !_»2

- . sa .2,_ i
Rrax - } in D) (28)
null

I
Vy, = maximum speed of ship

(l)-qpeed at which the first null in the system
Vn response occurs (equ.l3)

GB = antenna beam width

3-3-8 The other limitations on sub-clutter visibility are mainly
system stabilities. They will not be discussed here since they are covered
in Part 4, in comnection with the present system.

4. System Limitation - KTI for SC+0K,Series Radar

L4~1 Deley Line Cancellation Unit

L-1-1 The delay line cancellation unit built for this MII system has
been found to provide a reliable cancellation ratio of 30 db, Thus, this
source will limit the sub-clutter visibility of the system to slightly
less then this value.

L-2 antenna Scanning Rate

L-2-1 In the SC-SK system the antenna sconning rate is 5 rpm, the
antenna beam width is about 20 degrees and the ppy is 500 cps. Hence there
are about 330 pulses on thetarget per scan and the pulse to pulse variation
in echo power, due to this czuse, is down to about 10™°, Since this is
50 db down it will obviously not be a limitation,

L4=3 Velocity Compensation

L4-3-1 Velocity compensation is accomplished by parameter selection
in accordance with equation (15). The first null in the response curve
comes at 837 mph, so the table of paragraph 3-3-6 gives the approximate
limiting values for the sub-clutter visibility for this system.

ﬁ: S stem Stabilities

~1 to the present time it has been assumed that everything
was perfectly stable and had no effect on system performance. It is now
necessary to investigate the stability requirements which must bc met by
the various units, Before such an investigation can be made, however, it
is necessary to assume some degree of desired cancellation. As brought out
in part 3 cancellation ration of 25 db or better can be used at speeds of
about 12 knots or less. Furthermore, the delay line system is capable of
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providing a 3C db cancellation ratio. Thus let us assume that the system
is to have a normal cancellation ratio 30 db.

4-4-2 If a &% db cancellation ratio is te be maintained, it is evident
that the aggregate of all effects which will cause variatiens in pulse
emplitude, either with or without ceho, must be 30 db Below peak pulse
amplitude. Thus they must be limited te a total of 3% (in voltage). The
effects whlch contribute to this total will be transmitter amplitude and
frequency stability, coho phasing and frequency stability and local oscill-
ator frequency stability. Fertunately, trensmitter frequency and amplitude
stability are so relited that if the amplitude stability requirement is met,
the frequency stability requirement will be much more than met and can be
neglected. Thus we have four effects and if we limit each of these to a
variation of 1%, the statistical average variation will be less than the
allowable 3%«

4-4-3 The requirement fer transmitter pulse amplitude simply means
that the voltage pulse from the modulator must drop less than 1% from pulse
te pulse. Thus the filter onm the main modulater high veltage supply must
be heavy enough to discharge less than 1% per pulse between charging eycles
of the 60 cycle power source.

4-4-4 Again, the problem of coho frequency stability is simply one
of constent supply voltage and frecdom from microphonics. The former can
be solved by a voltage regulator and the latter by proper design. The
problem of phasing stability is somewhat more complicated being dependent
entirely on the method used to phase the coho, Assume, however, tht #ohe
phasing is done by injecting a pulse of radjo frequency into the coho while
it is running normally, If then the residual signal in the coho is to be
30 db below the resultant, it is evident that,

E —
phasing &€ 30Ecoho (29)

Thus, the phasing tube which drives the coho mmst deliver a voltage 30 times
the normal coho level. It is also of interest to note the magnitude of the
frequency stability required of the coho. If it is to introduce less than

1% change in pulse voltage amplitude wher beating with two adjacent similarly
phased pulses, its phase must vary less than .0l radians from pulse to pulse.
Thus, in the present system, its stability must be,

o 2
>3 é‘i AN 540 cycles/}ec/sec (30)

This seems, on first considefation, difficult to obtain, but im actual
practice it presents no trouble if gocd designm practice is followed.

4-4-5 The frequency stability requirements of the local oscillator
ere the same as those given by eguation (30) for the coho. Here again the
problem is one of voltage regulation and microphonicss Because of the
higher frequency at which this oscillator operates, the requirements are
harder te meet than for the coho but again with careful design end es-
pecially, with careful choife of tube type, no special problems should be
encountered.
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the use of a 500 cycle PRF with a duty cycle increase of slightly less than
I, to 1. Extensive tests were run with the transmitter plate-keyed at this
new PRF and pulse length and it was found that tube life did not suffer.

5-1-5 Peak Pulse Power. In the original SC-SK transmitter, the peak
pulse power was limited by peak cathode emission and by arcing rather than
by plate dissipation in the tubes themselves., Because of this, and because
of the increase in efficiency when plate keying is used, it proved practical
to maintain the peak power of the transmitter unchanged in spite of the in-
crease in duty cycle. - )

5~2 The MII System. Having decided on these two changes in system
parameters it is possible to proceed with the design of the system in general.
The technical details and circuitry will not be considered at this point but
will be left to later sections where each unit will be discussed in detail.

5-2-1 Plate 1 shows a block diagram of the system (less pdﬁhr.“'pplies,
anterma control and indicators), The transmitter and duplexer 2 e tHe normal
SC-SK series units except that the power for the transmitter is ndw supplied
by 2 new modulator, (unit Nos7) instead of by the built-in power supplies«
The receiver (unit No,0) is a complete npw receiver supplying two separate
output signals, One of these is a normal video'si of negative polarity
ahd about 2 volt level to the video distyibution ‘System. This normal presen-
tation is protected against jamming by a=j protectipn built into the feceiver,
The second-@itput is a 15 mt i~f signal fed at a: level of about 1 millivolt
to unit No.b, the MIT i~f ahd coho unit. ,

i
e : i : -
5.0-2 The MII i~f and coho unit receives this signal from thei r¢geiver
and amplifies it up to a level of several voltis, @Ei s it.aanthén feeds it
into a phase detector. This' unit also c_ntains;tﬁg-é herent oscillator and
the circuits which lock it in correct phdse withithe trahsmitteri Oytput
from this coherent oscillator is fed to the coho r where it is added to
the i~f signal ind the resultant signal is detected,in the phast_detettor

to give the coherent video signal, This cchereny video signal is then fed

to the remodulator.

i : ey !
5-2-3 The remodulator;’ unit Noek, nsifts'of @ 15 mc osdfllator driving
a pair of 6AG7's in paralleii The coherint video signal is applied to the
grids of the 6AGT's, along with!the trigger pulgt}|to modulate this 15me .
carrier which is then fed directly from this unjt to the transmitting: crystal
in the mercury delay line. 'téso on this chaésis'ié.the through chennell
This channel takes a fractio '

of a volt of the putpht of the 6AG7's throu
an attenuator, amplifies it through a single stage (with a gain control 'for
controlling its level) and detects it to give the lindelayed video sighale

5-2~4 The delay line (yhich rece;veg the output of the remodulator)
is a five channel folded mercury delay line, Plate 11 is an assenbly draw-
ing of this line and shows its general structurej It is made of stainless
steel and weighs about 80 1bs, when filled., It i8 discussed in gheater
detail in reference C. The output of the receivihg crystal is fed to a
single tube preamplifier bujlt into the delay line) and then to the delayed
channel trigger amplifier. Although this amplifier is built into this same
unit as the celay line (unit No.5), it is functionally part of the trigger
channel and will be discussed in connection with the trigger system. The
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delayed chamnel signal is also taken off the cathode of the first tube in
this amplifier and fed up to unit No,3, the delay video and cancellation
unite.

5-2-5 In the delay video and cancellation unit, the delayed carrier
from the delay line preamplifier is amplified and detected to give the de-
layed video signal. This signal is then delayed another 2 micro~seconds by
a video delay line. This further delay is necessary in connection with the
trigger circuit used and will be discussed in that comnection, The output
from this video delay line is then fed to the resistance cancellation net-
work where it is added, in oppesite polarity, to the through video signal
fed in from unit No.4. The output from this cancellation network is than a
video signal in which all fixed targets have been cancelled out and all moving
targets appear as pips of either positive or negative polarity. Because of
this double sided character this video signal must be processed further be-
fore going to the indicators, It is first amplified and then fed to a phase
inverter whose output is rectified by a full wave rectifier to give a single-
sided video. This single~sided MTI video signal is then fed to the video
distribution system, This video distributjon system contains the necessary
gain controls, clippers, amplifiers amd cathode followers to feed two 75 ohm
outputs to PPI indicators and two 75 ohm outputs to "A" scopes (one each
with normal video, and one each with MTI video),

542-6 The other unit in the system is the trigger unit (uynit Ne.l).
This unit generates a2 pulse which simultaneously keys the transmitter and
is fed to the remodulator where it is modulated on the carrier at extremely
high level. This high level pulse then travels down the delay line, along
with the video signal, and is picked up by the receiving crystal and amplified
by the delay line preamplifier. It then goes to a separate amplifier and
detector and clippers where it is raised to working level detected and the
video signal clipped off, leaving only the delayed trigger pulse, This
pulse then keys a multivibrator with a pulse length of 1,6 micro-seconds
varisble £ .5 micro-seconds, The trailing edge of this pulse then initiates
a new cycle of operation. Thus the total delay of the trigger system is the
delay-line time plus 1.6 ¥ .5 micro-seconds plus .7 micro-seconds stray delay time
for a total of delaysd line time plus 2,3%.5 micro-seconds. But the signal
delay time is delay line time plus 2.0 micro-seconds added video delay time
plus .3 micro-seconds stray delay giving a total of delay line time plus 2.
micro-seconds. Thus, not only is the system PRF automatically slave to the
delay line time, but a very fine adjustment of = 5 micro-seconds is provided
for precise balance,

5~3 Equipment Changes. Because of the changes necessary in the system
itself, certain of the components, while not necessarily new additions to
the system, will have to be either modified or replaced.

5.3-1 The Transmitter In the original SC-SK, the r-f oscillator was of
the self-blocking type and wes synchronized to the 60 cycle supply for timing
control. Since the keying must now be controlled externally and the FRF
and pulse length must be changed the blocking oscillator function of the
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transmitter was removed completely and the grids returned to ground through
a suitable bias source., Keying is then done by plate modulating the trans-
mitter., Unfortunately, the power supply built into the transmitter wes not
sufficiently heavy to meet the strict stability requirements at the higher
repetition rate so it was disconnected and a new high voltage supply built
into the modulator.

5-3-2 The Receiver. The CG4L6ACQ replacement receiver for the SC-S5K
series rads® systems was replaced with one of more modern design.

5.3-3 The Indicators. Since both the "A" scope and the FPI for this
series radar were designed for use at a PRF of 60 cycles, both are unsatis-
factory for use at the 500 cycle FRF of the HMTI system. Although it required
a very complete revision, the "A" scope was changed to operate at the new
frequency. The PPI, on the other hand, would require such complete revision
(and would still be an obsolete type) that instead of attempting to use it,
it was replaced by one of the newer remote PPI's capable of operation at the
higher repetition rate and with the narrower pulses.

5-1 New Components Two new units were added to the system in conver=
gion to MTI operation., The first of these is the new modulator for the -
transmitter and the second is the unit containing the receiver, coherent,
cancellation, and trigger circuit py. For the sake of brevity, this second
unit is called "The MTI Conversion Unit."

5-4~1 The modulator as mentioned in part 4, of this report, plate modu- .
lation was applied to the transaitter, This modulator unit uses d-c
resonant charging of a pulse forming line which discharged by a hydrogen
thyratron. The modulator unit is 21 inches wide by 40" high (exclusive
of mounting channels) by 194 inches deep and weighs about 175 lbs. It
is described in detail in part 7,

5-4-2 The "MTL Conversion Unit" The MTI conversion Unit is the second
new unit added to the SC-SK series radar, It is bujlt in the form of six
separate chassis which fit into a single cabinet intended to occupy the space
at present occupied by the original PPI Unit, This unit is 41 inches wide
by 29 inches high (exclusive of shock mounts) by 34% inches deep and weighs
755 1bs. The six units contained in it are the receiver unit, the MTI IF
and coho unit, the remodulator unit, the delay line unit, the delay i-f
and video unit, ard the trigger unit. It performs all functions necessary
to MTI operation, except for the necessary revisions to the transmitter.

It is described in detail in part 8 of this report,

6. Changes to the Transmitter

Although there are several changes to be made in the transmitter,
these changes are quite simple and quickly made. The following is a list
of these modiiications,
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a. Remove the high~voltage rectifier tubes and their plate

leads. :
' b. Disconnect power to the high~-voltage plate transformer. This

is best done by disconnecting the power to the plate-voltage control variac
and securing the leads thus disconnected,

c. Disconnect the plate-voltage supply fromthe r~f oscillator.
This can most easily be done by removing the surge limiting resistor.

d. Install and connect the pulse-input-power fitting.

es Break the grid return at the r-f oscillator and install a
250 ohm non-inductive resistor (preferably IRC type MPP or eguivalent) for
grid ieak. One end of this grid lesk comnects to the grid return while the
other connects to ground, (The grid current meter can be removed from the
original circuit and put in the ground side of this new grid leak if proper
bypassing is installed.) '

f. Install the r-f coupling loop (for the coho circuit) in the
antenna feed line,

7. The Hodulator

7-1 The Modulator Cipguit

7-1-1 The modulator ecipcuit is shown in plate 9. It will be noted
that the modulator uses the familier type of pulse forming network with
d-c resomant charging and hydrogep thyratron keying.

7-1-2 The main high-voltage supply uses two type 100 R rectifiers in
a full-wave circuit, together with a single pie section filter to develop
a maximum of LOOO ve The regulation and filtering of this supply is very
ood and the filter is heavy enough so that output voltage varies less than
i of onc percent from pulse to pulse, Thys the voltage stability require-
ments of the transmitter are more than met,

7-1-3 The pulse forming network is a Spraguc type 15-E7-2~2L0~50P
series 1897. It is a 7 sectiop 2 microrseconds network of 50 ohm character-
istic impedance, It is charged to about a 7.9 kv resonant peak through &
heavy choke and is then discharged through a pulse transformer with an im-
pedance S®PUP ratio of 9,6 to 1 to match into the 480 ohm load presented by
the transmitter, The discharge of the network is controlled by a 5C22
hycrogen thyratron which is in turn controlled by the keying unit,

7-1-l, The keying unit consists of three tubes which deliver a high-
level pulse to the hydrogen thyratron. This pulse may be either locally or
remotely generated, For local keying, the first two tubes are connected in
a multivibrator circuit to deliver a pulse of 4LOO-cycle repetition rate,
The last tube then acts as a cathode follower to lower the impedance of the
pulsing circuit as seen by the hydrogen thrairon, When "normz1" operation

is desired this local keying is used.
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7-1-5 When the MTI is in operation, and a remotely-generated trigger
pulse is used to trigger the unit, a relay applies cut-off bias to one
side of the multivibrator, thus rendering it .inoperative; and the other
side is used as a clipper~amplifier to feed the trigger pulse from the
input amplifier to the cathode follower.

7-2 Control Circuits

The modulator may be controlled either locally from its front
panel or remotely from the conversion unit,

7-2-1 For local control it is provided with the following controls:

Main Power on-off

High Voltage on-off

High Voltage Control (L4 position)
Overload relay resct

It is also provided with the following meters:

High Voltage Voltmeter
High Voltage Current Meter
Elapsed Time Meter

A switch located behind the panel, is provided for selecting local or
remcte trigger.

7-2-2 For remote control of the modulator, a local-remote switch is
provided on the front panel. When this switch is thrown to the remote
position, the following functions are controlled from the conversion unit.,

High Voltage on-off
Overlozd Relay Reset '
Local or Remote Trigger

8, The MTI Conversion Unit

8-1 The Receiver, As pointed out in section 5-3 the CGLS ACQ receiver
was satisfactory electrically and could have been used in the MII system for
the normal channel and to supply i~f to the MII channel with only slight
change, Its mechanical layout did not, however, fit into the plans for the
MTI. For this reason a complete new receiver was built into the MTI con-
version unit. This new receiver is shown as unit No.O in the block diagram
of plate 1., The schematic diagram of the receiver is shown in plate 3,
and photographs in plates 16, 17 and 18.

8-1-1 The RF and Converter. Referring to the circuit of plate 3 it
will be noted that a new r-f system, incorporating grounded-grid triodes,
has been used in this receiver, The use of these grounded-grid triodes
gives a noise factor about 2 db better than the lighthouse tube preamplifier

= DECLASSI=IED




T e,

used in the CG 46 ACQ receiver. The local oscillator used is a 2043 light-
house tube. Although several different oscillators using different minia-
ture tubes were tried, they all were found to be too microphonic to be sat-
isfgctory in this apglication, On the other hand, the lighthouse tube was
found to be stable and satisfactory. It is used in a double reentrant tank
cireuit which is capacity loaded to shorten the tank and is capacity tuned
by means of a double spaced condenser. Output for the signal converter

and for the ecoho converter (in unit No. 6) is taken off by means of twe
small coypling loops in the side of the tank and is fed to the converters
over coexdal linés, The signel converter deserves some mention because

of the unigue method of coupling in the locel oscillator signal. This
converter ia essentially a "grounded"™ grid stage with the r-f signal ap-
plied to the cathode. It differs, however, from the standard groupded -
grid amplifier in that only pins 5 and 6, of the type 6J4 tube used

in it, ere grounded., Pin 1 is tied to the coaxial line coming in from the
local oscillator. Thus, the reactances of the grid leads within the tube
are used as a voltage divider by means of which a portion of the output
from the local oscillator is applied to the converter grid without introducing
excess reactance between grid and ground. BEfficient conversion by the tube
is assured by ap: lying sufficient bias to insure operation on the nonlinear
portion of its characteristice '

8-2-1 The I-F System, The i-f system can conveniently be divided into
two parts, tma?@%mr (tubes V=005, V-006, and V-007) and the normal
channel i-f amplifier (tubes V-008 to V-0ll inclusive). The preamplifier
consists of two ordinary i-f amplifier stages using 6AC7's. The main
system gain control is applied to these two stages using a variable negative
potential epplied to the grids. The third stage, also using a type 6ACT,
serves both as an amplifier in the normal channel and as a cathode follower
to drive the line to the ETI I-F and Coho unit (unit No. 6), The normal
channel i-f amplifier conmsists of thrge stages of 6Ac7's and a-final stage
of BAGT with nom~amplified back-bias gpplied to all stages, This gives

good a=j protection ageinst jam levels up to greater then 50 db j/s tatio.

8-1-3 The Detector. The detector is & BALS diode (V-312) operated
‘r—-ﬁ-"_-'_’ 2 B - " &
at a level high enough to insure linearity throughout its operating range.
It gives an output sigral of positive polarity.

8-1-4 The Video System. The video system consiéts of three tubes.
The first of these is & permanently-comnected SALS diode (V-013) D. C.
reinserter. Although not normally necessary, this ciade serves as third
detector for off frequency jamming, and, when the switchable FIC {(of the
RL type) is in use, it serves to rerove overshoot. The second tube is en
amplifier serving toc raise the level into the 6AG7 cathode follower output
tube. Output is of negative polarity end at a level of about 2 volts.

8-1-5 All power for this unit is supplied by a built in power supply
supplying 370 volts positive at 150 ma for all plate power in this unit
only. This supply also delivers 75 volts negative at 20 ma, regulated
by a VR tube, for bias to this, anc-all other units of the conversiocn unit,

22
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8-1-6 The Control System. All controls for the conversion unit,
with the exception of coho tuning, time balance, and video gain controls
are brought out to the panel of this unit. They are as follows:

Receiver controls
Main Tuning
Osc. Tuning
Main I F Gain
Normal Channel Controls
Normal Channel I F Gain
FTC On-Off Switch
MTI Channel Controls
MTI Channel I F Gain
Delayed Chamnel Gain
Through Channel Gain
Power Controls
Main Power On-off
MTI Power On-off
Transmitter Controls
Transmitter Plate Power On-off
Repetition Rate MTI-400 cy
Overload Relay Reset

8-2 The MIT I F and Coho Unit

The MTI i~f and Coho unit is shown in the block diagram of plate 1
as unit No.b. The schematic diagram is shown in plate 4 and photographs in
plates 19 and 20.

8-2-1 Referring to plate 4 it will be seen that this unit consists of
two major parts; the MTI i-f system consisting of tubes V-60L to V-608
inclusive and their associated circuits; and the coherent oscillator system
consisting of tubes V-617 to V-622 inclusive and their associated circuits.
The MTI i-f system will be described first.

8-2-2 Signal from the last stage of the i-f preamplifier in the main
receiver (unit No.0) is fed into a 3-stage amplifier at input comnector 30.
This amplifier uses three type 6AC7 tubes connected in normal fashion and
using single-tuned interstage coupling networkse Gain control is applied
to the sesond and third stages. This amplifier feeds, again through a
single-vuned coupling network, to a 6AC7 limiter. This limiter is of the
plate current saturation type with regulated screen supply. Its output
is fed, again through a single-tuned network, to the coho injector. This
coho injector deserves some mention as it has some rather unique features.
It is a type 815 tube connected for balanced operation from echo signals
and for single-ended operation from the coho, A type 815 tube is used to
insure adequate dynamic range to handle the combined output from the echo
signal limiter and the coho., Signal is supplied to the grids from a
balanced single-tuned network consisting of L, 02 and the tube capacities,
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Coho signal is then applied to the common cathcde by means of the impedance
matching pie network consisting of L_, C_a'¥ C5 . Thus, in phase cho
voltages are cembined in the two hal¥es &f the tube without of phase echo-
signal voltages.

8-2-3 The output of this tube is fed to the balanced phase-detector
by means of circuits which sre again single tuned, but which are so
arranged as to ~ive independent control of the resonant circuits for
signal and ceho eutputs. Coil L, and the tube capacities ferm the
resonant circuit for the push-pull echo-signal output, while L and the
tube capacities and the capacity of L, to ground form the resoient cir-
cuit for the parallel coho signal. This system has been focurd to be very
easy to adjust and haes given excellent performance.

8-2~4 The phave detector consists of two type 6ALS double diedes
connected to give signals of opposite polarity. The outputs »>f these
two are then connected together through individual load resistors, and
tc a2 common i-b filter andload resistor. Operation of this phase de-
tector is best shewn by the vecter diagram of plate 13. It is shown fer
the cese of clutter abeove limit level, and small echo signal and with the
coho almost in phase with the clutter since this is the case where the
advantage of the phase detector is mest apparent.

8-2-5 The upper diagram of plate 13 shows the vector relatidms for
the (¥-1) th pulse and shows how the resultant RN-1 is obtained by
balancing the rectified outputs (A) and (B). The lower diagram shovs the
relations for tqi fth pulse (where the target is assumed to be traveling
at a velocity V ‘2. and how the resultant Ry is obtained. Cemparing
these two resultg%§s then gives the pulse to pulss change in echo amp-
litude A R.

8-2-6 A thorough study of the possible relations between eche
signal, clutter signal and coho amplitudes and phases will not be given
here, rather the reader is referred to reference (e) which eonsiders the
relative merits of the various types of MII receivers. The limiter and
balanced phase-detector combination have essentially the same chara-
cteristic as the "lin-log" receire except that the null in response
when the pbne is travelinz at V 304 and when the clutter happens to
be in the same phase as the coho is much parrcwer and hence reduces
the coverare considerably less.

8-2-7 The coherent-video ocutput from the phase detector is fed
to a single-stage amplifier and then out of the upit over coaxial line
pumber 61. It sho uld be mentiomed thet this coaxial line is not
matched. Instead, it is driven by & high impedance source and it acts
as a lumped shunt capacity. This capacity is made to serve a useful
function in the circuit and will be discussed further in conpection
with the remcdulator.

8-2-8 The other main part of this unit is the coho strip. Local
oscillator voltage is fed into the cathode of a 6J4 converter (V-617)
ever cable Ko. 21 and transmitter pulse is fed to the grid over cable
No. 22. The output is then a pulse of 15-mc signalwhich is coherent to the
difference between #e local oscillator and the transmitted pulse. This
pulse of coherent i.f. is amplified in two stages of normal amplification

Bt B T4 o) L] udd
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and then applied to the grid of the phasing tube (V-620). This phasing
tube is a type 6AG7 with a fixed bias, slightly greater than cut off,
applied to its grid and with its plate circuit coupled through a con-
denser to the tank circuit of the coherent oscillator. Operation is as
follows: During the time between transnitter pulses, this phasing tube
is cut off and hence acts ¢ nly as a small fixed capacity across the
oscillator tank circuit. Also during this time the plate load resistor
for this phasing tube (which must be made high enough not to load ex-
cessively the oscillator tank circuit with which it is essentially in
parallel) charges the coupling condenser to power supply voltage. Then
when the transmitter fires, the pulse of coherent i.f., which has been
built up to high level by the two stages of gain and which is applied to
the grid of the phasing tube, drives this tube in class-C to deliver a
high-level pulse of coherent i.f. into the coherent oscillator tank
circuit, During this pulse plate current is supplied to the phasing
tube froi: the charge on the coupling capacitor.

8-2-9 The coherent oscillator is a 6AC7 connected as an electron
coupled oscillator and using a high-C tank circuit. This tank circuit
can be tuned + 1 mc by means of a double spaced variable condenser tunable
from the front panel. As mentioned above, the oscillator is phased by
injecting a high level pulse of coherent i.f, into the tank circuit. No
gating of the oscillator is used. The siability of this systen has been
found to be entirely adequate to secure 30 db concellation ratio.

8-2-10 The final tube in the ccho strip .s a 6AG7 limiter driver.
It receives coho signal from the plate of the coho, limits it to the
correct level, and by means of the two pie-section impedance-matching
networks and interconnecting cable no 3G, drives the cathode of the
coho-injection tube.

8-2-11 All power for this unit is suprlied by < built-in power
supply. This supply uses electronic regulation of the nain supply
voltage to all circuits with the exeption of the echo signal limiter
and coherent-oscillator screen-grid circuits. These two circuits are
supplied from sources regulated (in addition to the main electronic
regulator) by separate gas tubes. This sup ly also suprlies 6.3-volts
ac to all heaters. Two d-c voltages are fed to thic unit from the
receiver unit (unit No. 0). These are the gain control voltage for the
MTT i-7 strip (O to 20 volts negative) and a negative voltage for the
gain control on the coho-strip i-¥ anplifiers. This voltage is negative
75 volts and is reduced by a network (adjustable from the top of the
chassis by means of a screw-driver) and applied to the grids of the
amplifier stages.

8-2-12 This unit has nne front panel control, the coherent
oscillator tuning control.

8-3 The Remodulator and Through Video Signal Channel

. The Remodulator and through video signal channel is shown in
the block diagram of plate 1 as unit No. 4. A schenatic diagranm of
this unit is shown in plate 5 and two photograph. are shown in plates
2] and 22.

8-3-1 This unit consists of two main parts. The first of these
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is the remodulator. This remodulator is, in reality, a small trans-
mitter which suprlies an r-f carrier, modulated by the coherent-video
signal, toc the transmitting srystal in the mercury delay-line. The
second -art of this unit is the through video-signal channel. This is
essentially a monitor which takes a small part of the remodulator out-
put and rectifies it to obtain an undelayed video signsl for use in
the cancelation unit. This undelayed video signal is obtained by the
use of this monitor (rather than by taking a por.ion of the incoming
coherent video signal) so that the through and delsy chammels will both
be subjected to the same distortion in the remodulator and thus this
distortion will not become a limiting factor on system cancelation.

g-3-2 The remodulator employs five tub.s. The first of these is
a 64G7 carrier osci_lator (V-401). 7This oscillator is electron-cougpled
and uses a high-C tank circuit to obtain stability. It feeds the grids
of a pair of 6AG7's connected in parallel. These 6AG7's are the final
amplifier and are coupled by & pie-section network into the 75 ohi: cable
which goes to the delay line (cable No. 51). #Hodulation is applied to
this final amplifier in it: grid circuit.

8-3-3-~ The coherent-video sign.l from the ETI i-f systes. euters

the remodulator via cable 61, As stated in section &-2, this cable acts
as a lumped capacity since it is not metched in its characteristic

impedance. This lumped cepacity, which has a value of 120 wuf is used
as the input condenser cf a low pass filter which limits the band rass

into the remodulator to about 400 kc. The other elements of this filter

are in the input end of the remodulator video circuit. After passing through
the filter the video is applied, through a screw-driver adjusted level control
to the grid of the modulator tube. This modulator tube is a 6AG7 connected
as cathode follower, It develops the modulation voltage across the grid-
return condenser jor the final stage. Also connected to this grid return

of the final stage is a 6AL5 trigger-pulse injector. This trigger-pulse
jnjector serves to apply to the final amplifier a high-amplitude posi-

tive pulse which is necessary for operation of the trigger circuit (to
be described later). :

* 8-3-4 The remodulator delivers a carrier level of about & volls
into the 75 ohm cable to the delay line. This, when stepped up to the
2700 ohm impedance level of thn crystal, gives about a 50=volt level
across the crystal. kodulation is at 2 level of i 70 percent peak
amplitude for the double-side¢d coherent video, and + 125 percent for the

tiigger pulse.

8-5-5 The through video sign=l chapnel congistp of three tubes,
The first of these is a 6AG7 carrier amplifier which receives about x,3
volts of rodulated carrier from the remodulator. This amplifier is used
simply as a convenient method of including a gain control in this signal
channel. lts output feeds g 6ALS5 detector which reccvers the video
signal from the modulated carrier, The video signal then is fed out,
over line No. 62 by a cathode follower. Since the detector is connected
to give positive ourut, this line output is also positive.

8-3-6 All power for the unit is supplied by cn internal power sup-
ply. This supply delivers 500 volts electronically-regulated to the
remodulator output stage and 300 volts regulated in a two-stage electro-
nic regulator to all other tubes. One d=-¢ voltage is brought in from
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unit No. O. This is a variable negative voltage (O to -20 volts) for

the gain control of the through video-signal chcnnel. The unit has no
front panel controls.

8-4, The Deléy Line Unit.

The delay line unit is shown in the block diagram of plate
1 as unit number 5. A schematic diagrom is shown in plate 6 and two .
photographs are included as plates 23 and 24.

E-liel The delay line unit consists of two major parts, the
delay line itself and the trigger channel carrier amplifier, Only the
electrical characteristics of the delay line will be mentioned here,
since its construction and mechanical features are covered completely
inreference (c).

e-4~2 The high level modulated carrier signal comes into this
unit from the remodulator over coble number 51. This cable goes directly
to the transmitting crystal compartrment. Here a pie-network steps it
back up to an impegance level of 2700 ohms and apylies it to the crystal.
This pie network, together with the pie network in the renedulator out-
put circuit and the interconnecting cable form, effectively, a double-
tuned transformer with slightly greater than critical coupling. lhus
a double-peaked response, about 1 mc broad, is obtained.

&€-4~-3 The receiving crystal of the delay line is matched into the
grid of a 6J6 cathode~coupled preamplifier by a pie section coupling
network. This coupling network is about 1 mc broad, and since it
gives a single tuned response curve, it corrects the double-peaked
response of the transmitting crystal circuits to give essentially flat
overall response throughtout the pass band. This preamplifier is built
into the crystal compzriment &nd its output is coupled by means of a pair
of pie sections and interconnecting cable No. 54 to the second main
part of this unit, the trigger-channel cerrier-amplifier.

8-4-L The electrical characteristics of the delay line are about
as follows: +t has a delay time of 2000 microseconds, and a loss of about
80 db without the preamplifier and 65 db with the preamplifier. 4+t has
a bandwidth of about 1 mc with its associated circuits. All its spurious
responses are down more than 40 db below the main signal.

8-4-5 The second main part of this unit is the delayed~-trigger
carrier-amplifier. This amplifier receives the output of the delay-line
rreamplifier, builds it up to a level of several volts and then detects
it. The only unususl feature of this amplifier is the signal teke-off on
the first stage. This first stage acts not only as an amplifier but
alsip as a cathode follower to feed signul to cable 53 whence it goes
to the delayed-video carrier-amplifier (in unit No. 3). For the sake
of clarity, attention should be called at this point to the difference
between these two amplifiers., In the delayed-trigger carrier-amplifier
(the one in this unit) the trigger pulse will be clipped off its output,
hence its gain must be naintained constant to secure proper operation of
the trigger circuit. In the delayed-video carrier-amplifier (in unit No.3)
tne video signal will be used, and gain umst be variable to permit amplitude
balancing of the cancellation system, Thus, serarate amplifiers are
used , even though they are similar and handle the same signal.
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8-L-6 Returning to the delayed trigger carrier amplifier; its out-
put is fed to detector V-505. This detector gives a positive output
signal which is then applied to the non-linear arrlifier V-506. “his
amplifier is operated uith high bias so that the video signal is com-
pressed in the low-gain rortion of its characteristic, and the trigger
pulse is strongly accentuated on the high-gain rortion of its charac~
teristic. This suppression of the video is in preparation for the
clipping which will be done later (in unit Nal ) to completely sepa-
rate the trigger pulse from the comrosite signal. Output from this
amplifier is fed to cable No. 81 and thence to another unit (unit No. 1)

g8-4,-7 All power for this unit is supplied by a built-in electro-
nically regulated power supply. 4lso contained within the unit is an
automatic pressurization unit which suprlies 35 1bs of compressed air
to pressurize the delay line. There are no controls on the front
panel but there is one indicating meter, a pressure meter showing delay
line rressure.

8-5 The LTI Cancellation and Video-Distribution Unit.

_ The LTI Cancellation System, shown in the block d.asram of
plate 1 as unit No. 3, and the Video Distribution System, shown as Unit
No. 2, together comprise unit No. 2-3 of the LTI Conversion Unjt. &
schematic ciagram of this unit is shown in plate 7 and two photographs
in plates 25 and 26,

8-5-1 The LTI delayed-carrier signal is yed into this unjt ( fiom
unit No. 5/ by cable No. 53. This cable brings the delayed carrier in at
low level from the cathode of V- 501 (in unit No. 5) and delivers it to
the delayed-video carrier-amplifier where it is built up to a level of
several volis and detected to recover the delayed-video signel. This
is a conventional four stage 15 mc amplifier. It uses sinrle-tuned cir-
cuits and has a bandwidth of about 1.5 l.c. Gain control is by means of
a negative voltage aprlied to the grids of the first two stages.

8-5-2 The detector used to recover the delayed video signal is

again a 6al5 diode operated at a level hi h enough to be linear through-
out its operating range. The output of this detector is fed through a
lumped-conitant 1C delay network (whose function will be discussed later
in connection with the trigger circuit), having 2-microsecond delay time, to
a cathode follower. The output of this cathode follower is then the
delayed coherent-video signal of 2 polarity such that on inecrease in
modulated carrier level causes an increase in the postive direction. This
signal is then added, in a resistance-cencellation network consisting
of Ry, Ry, Ry and R, to the undelayed video signal. of opposite polariiy,

" and fed in over cable no 62 (from unit No. 4) to secure cancellation of
the fixed targets. The ouiput from this cencellation network is then
a bipolar videc signal representing only the moving targets, «nd, after it
is rectified to render it single siced, it will become the hTI video signal.

g-5-3 The rectification of this video signal is accomplished in the
following way: The output of the ccncellation network is fed through &
single-stage amplifier to & low-pass felter which removes thc high-fre-
quency uncancelled components and limits the overall system bandwidth
to the desired 400 kc. The output of this filter is then fed to a
degeneraiive cathode follower type of phase inverter the two outruts of
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which are fed to the two grids of a 6J6 double triode. The plates and
cathodes of this double triode are comnected together and it is operated
at aprroximately cut-off bias so that rectification is secured. The
resultant signal, single sided and of positive polarity, is taken off
the cathodes and fed to a cathode follower whence it leaves the unit
over cable No. 65.

8-5-4 Unit Mo, 2, the video distribution unit, reccives LTI video
signal over cable No. 65 from unit No. 3 and normal video signal over
cable No. 62 from unit No. O, Its outputs are as follows:

Cable No. Signal Polarity Level Impedance
70 MTY Neg. 50V 3000 ohms
71 Normal Neg. v . 75 ohns
72 Normal Pos. IAY 75 ohus
73 NTI Neg. 2V 75 chms
T4 MTI " Fos. LV 75 ohms

Thus one high-impedunce, high-l.vel LTI outjut is provided for direct
connection to & loczl monitor scope and four low impedunce low level
outputs are provided for connection to the ship's radar-information
distribution systen. '

8-5-5 411 the power for this unit, .ith the exertion of =75 volits
bias, is supplied by & built-in electronically-regulcted supply. This
~75 volts bias, and a gain-control voltage of 0 to-20 wvolts (for the
delayed-video carrier-aiplifier) is sup:lied to this unit from unit No. O.

€-5-6 This unit has four front panel controls. These are the
four gain controls for the four low-impedance outputs. (attention
should be called to the fact that; although the PPI channel controls
are in reality gain controls they do not change the peak output level.
Their action, since they preceed the liniters, is more mealy the action of
a contrast control.) :

8-6 The Trigger Unit

The trigger unit is shown in the block diagrem of plate 1 as
unit No. 1. A schematic diagram of the trigger unit is shown in plate
8 znd two photographs in plates 27 and 2¢. In discussing this unit (plate
2), reference will also be made to diagrams for the timing and cancellation
circuits.

8-6-1 The trigger unit receives, over czble No. 81, the delayed
video znd trigger signal shown as wave form No. 12 on plate 2. This signal
is delayed from the start of the previous trigger ;ulse by a time, TL-+ a

where TL 3 delay line dezly time
= .3 u sec¢ (delay in detector output filter)

This signal is partially differentiated and amplified in V101 to give
wave form né. 13. ~This signal is in turn clipped, at the levels

shown, by tube V-102 to recover the delayed trigger pulse as shown in
weve form No. 14. This delayed trigger pulse is then differentiated
in a very short time con tant ( ave form No. 13) and amplified to give
wave form No. 16. This pulse is again élipred &t the level shown in
plate 2, by tube No. V-104 to give the pulse shown as wave foiti No. 17,
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This last differentiation and clipping gives a pulse of about ,4 .micro-
second duration. This pulse is used to synchronize the delay-aqualiz-
ing multivibrator. ‘ ;

8- 6-2 The delay equalizing multivibrator consists of tubes V-105
and V-106. It is a one~shot multivibrator generating a pulse 1.3 + .5
microssconds long as shown by wave form No. 18. This pulse is then
differentiated, as shown in waveform No. 19, and clipped, by tube No.
V-107 at the level indicated. Since this differentiation and clipping
recovers the trailing edge of the multivibrator pulse, the resultant

pulse lags the proceding syne pulse by,
T, (.3 1.3 % .5) microseconds

or T; (1.6 * .5) Microseconds

8-6-3 This pulse is then used to initiate a blocking oscillator
(V-108) which develops the actual trigger pulse. This final trigger
pulse is fed through cathode followers V-109 and V-110, through isolat-
ing filters, to the modul tor (unit No. 7) «nd to the remodul~tor (unit
No. 4) for reinjection into the delay line currier. The isolution
fiiters add an additional delzy of .4 microseconds sc the total delay
around the trigger loop is, :

- Tr, (2.0 + .5) microseconds.

8-6-4, Consider the cancellation of a given echo, Qbviously for
cancellation to teke place the delay in the delayed channel nust be,
Ty +2.0 microseconds
(The = .5 microsecoucl_fs being used to balance the syster exactly. Thus

the two microsecond IC delay line mentioned in paragraph €-5-2 is added
in the delayed video channel.

8-6-5 all power for this unit with the exeption of =75 wvolt

bias is supplied by a built-in electronically regulated power sup:ly.
The -75 volt bics is fed in frcm unit No. ). This unit has one front

panel control, the multivibrator adjustnent which acts as the time bal-
ance adjustment.

9. System Performace

9-1 Cancellation Fatio

9-1-1 The cancellation ratio of the cancelling system was checked
by feeding a 2 micro-sec pulse into the remodulator over cable No. 60.
This pulse gave & somewhat pessindstic measurement, since it had very
steep sides and thus wa. much richer in high-frequency components than
a radar echo.

9-1-2 The actual measurement was zade by adjusting the input pulse
to the desired polarity znd level and then adjusting the concelling system
to best balance. Residual pulse energy was then measured. The delayed
channel wcs then inactivated and the input rulse reduced in level to give
the same output pulse energy. This reduction in level was then equal to the
cancellation ratio.

9-1-3 lhe cancellstion ratio was found to be as follows:

Level Fositive Fulse Nigative Fulse
5 volts 31 db 29 db

10 volts 32 db 28 db

20 volts 32 db 22 db
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Thus, the average cancellation ratio is 30 1b.

9-1-4 Attention is called to the fact that this is a true can-
cellation ratio. Limiting was not used to give an apparent cancella-
tion ratio much higher than the true cancellation ratio.

9-2 Sub-Clutter Visibility

9-2-1 Sub-Clutter Visitility measurements were made by injecting
a non~-coherent pulse of r.f. into the system while it was in normal
operation over an area of considerable clutter. This pulse wus sup-
plied by a signal generator, and, although it does not seriously affect
the results, the measurement hud to be made with a 4 microsecond pulse
because of the minimum pulse width of the signal generator.

9-2-2 The measurement was made by first measuring clutter strength
by comparison with the si nal generator output using the normal chrnnel.
The signal-generator rulse was then moved into the clutter and reduced
-to the minimum level visible on BTI. The ratio of clutter strength
to this minimun visible echo level then gave the sub-clutter v:.sibility
of the system,

9-2-3 Sub-clutter visibility was found to be approximately equal
to clutter level up to & clutter level of 27 db., At higher clutter
levels, the sub-clutter visibility remained appronmtely constant at

27 dv.

9-3 Sea Trials
No-extensive discussjon of the sea trials of the system will
be included here as they are covered in a separate report (Reference Q)
It would, however, be in order to mention the results obtained in these

trials.

9-3-1 The first part of the sea trials was an investigation cf the
effect of ships' speed on KTI performance. The investigation could not
be carried to speeds higher then 12 knots as this was the ship's "full
speed", however, at tlis speed the results were found to be in azgree-
ment with the results predicted in paragraph 3-3-5.

9-3-2 The second part of the test was an investigation of the
effect which the addition of MHII to the syste: had on the maximum detec-
tion range. It was found that the sensitivity of the MTI system or
aircraft was essentizlly the samc as the sensitivity ¢f the normal
systen,

9-3-3 The third part cf the test concerned the ability cf the sys-
tem to track low-flying planes through land clutter, In 24 runs at
atitudes from 250 to 1500 feet, 80% hits were made using the PPI indi-
cator, This is, generally considered "solid" coverage.

9-3-4 The last part of the test was concerned with delay line
performance under concitions of heavy weathir., Although the ship
rolled through a double amplitude of 30 degrees and pitched 8 to 10 dee
grees, there was no effect whatsoever on system performance.

9-L sttem Reliability
9-4~1 Throughcut the many hours of system operatlon et this labo-
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ratory and during the 60 hours of operation afloat, the reliability of
the system has been found to be excellent. All units have proven cap-
able of operation for externded periods of time without adjustuenis or
servicing. Stability has proven such th:t good balance is naintained,
without adjustuent, for meny hours cf oreration.

9-4-2 The reliability of the delay line used in this systen in-
dicates thzt mercury delay lines can be designed which will operate
satisfactorily aboard ship. Although it has been in service for almost
a year, it has had no repair or adjustment except to be bled of an
air bubble formed during the shock and vibration testing it w.s given
shortly after its completion.

&3 -
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APPENDIX I

Equations useful in the design of an MTI System

Definition of doppler frequency,

fa= fr +~ fo (1)
Redeived frequency in the radar case, (radar assumed to be stationary)
(R) 7
frz = 1 . 2 Vg ]
[¢ _l (4.2)
Doppler frequency in the radar case, (reder assumed te be stationary)
f v ®)
125 (5)
C
Speed for zero response,
(n)
v -~ N _(PRR) c
nul - 2
o (13)
System sensitivity as a function of targets radial speed
Sre1 — sin 4 T7 -V tq (R) £,
“n (PRF) ¢ (14)

Condition for velocity compensation by parameter selectione

o . axad
(PRF)
Coho-frequency shift necessary for velocity compensation by coho shift.

(15)

£, @ 2Vgp cos @r oy
d - [¥] o (1601)
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System sensitivity as a function of target velocity and course.

Spap = | sin 2 Vta (A) cos 6 ¢ fol (1441)
~TPRF) C

Required sub-clutter visibility - General case
Re Jckx Foed
& ta x Fota (20.1)

Required sub-clutter visibility O Case where clutter and target
are at the same elevation.

e Cel
7ta

Limit on sub-clutter visibility due to entenna scanning.

Bogix = (PRF) x @b (23.1)
16C N )
Limit on sub-clutter visibility due to velocity compensation by choice
of parameters.

i " -
.Rmx =t 8in 2 V¥sh (A) fO H
{PRF) C | (25)
Limit on sub-clutter visibility due to velocity compensation by coho
shift, op | ~2
vV Ytul (28)
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APPENDIX 2
Glossary of Symbols
G = Velocity of propagation of electromagnetic waves in a
Vacuni.
D = Terget range
‘F = Antenna height gain factor
Fo1 = Height gain factor for clutter
Fio = Height gain factor for target
b = frequency
= trensmitted freguency
£ = Doppler frequency
£ = Received frequency
G = Antenna gain
M = Number of pulses per beam width with antemna rotating
at normal speed
N = Antenna rotation speed
Py = Transmitter peak power
P = Roceived echo peak power
AP, = Pulse to pulse change in received echo power
PRF = Pulse repetition frequency
R = Subélutter visibility Numerical Power

Ratio of clutter
Rgax = Meximum permissible subclutter Visibility jueve to minimem

detectable signal in
that clutter.

s = Sensitivity

Srel = Relative semsitivity

T = Time = '

Ta = Delay time of returning echo DE:CLA!S%F:EFH.D
Vo = Velocity of propagation of wave motion under econsideration
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Vmg) = Speed for maximuwn response where n is the order of
the maximum
Vn(n) = Speed for no response where n is the order of the
nul. ’
v = Velocity
v (4) == Acutal veloeity
() :
= '
v { = Radial component of velocity

ver( ) = Clutter velocity

vreg ) = Receiver velocity
"sa!(i ) = Ships velocity
‘b&( ‘ = ‘Targat velocity
-v(gh,ﬁl) = Relative radial speed of ship and clutter
e =  Angle (Spagial)
5] o5 Beamwidth of radar antenns
8c = Angle between target course and radar beam
e = Relative bearing of antenna beam
G = Radar area
Tl = Radar area cof clutter
Cia ¥-L Redar area of target
¥ = Radar pulse lemgth
(¢ = Eleectrical phase angle
F & = Staerting phase of radar trapsmitter
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