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WLSE LENGTH SELECTCR AND MULTIPLE MLSE DECODER
1. INTRGDUCTION

Interference from other radar sets having pulse lengths different from
those desired in the cutput of the AFX-13 receiver suggested the possidility
of a circuit which would only pass signals of the desired pulse length. The
circuit to he described wns deviged for this purpose. The concepts involved
have been extended to the utilization of a maximum amount of information
present in a julge pansed by a receiver of siven dbandwidth. The extension of
these concepts to include mltiple pulse decoder uses is also discussed.

11, THEORY

One_Stnge Yulge Length Selector, with Rectanpgular Pulse Inpuv,

The feature which should be distinguished is that the average voltage input
suddenly rises from that of noise to a new vilue of the voltage corresponding
to noite plus aignal, mtaintnins this new volue for a definite tima, T sec,
which we can prescribe, then drops abruptly to its former value. Only under
these conditions is an output signal from the selector degirad,

In the one-stage pulse-length selector, the fact that the pulse has
begun or ended is determined by finding the difference, in input voltage,
¥ = £(t), that occures in a tive interval 4 sec {where d $ T). Mathematically,
this difference voltage, OV, 1s:

AV = 2(t) - £(t - d) (1)

Elsctrically this difference is obtained in the output of A shorter transmission
line having A one-wey delay time of% gec Aand hw ing an input current pro-
portional to ¥V = £(t). A positive pulse of width, d sec, occurs at the

terminnls of the line, beginning at the beginning of the input pulse, followed

7 A angative pulae of the anme lemgth which begins at the end of the input palne.

This voltage from the differentiating 1line is used in two ways: (1) It

1s inverted and applied to one control grid of the coincidence output tube ae
shown in Fig. 1b, and (72) 1t 1s delnyed in time d, = T nec by a delay line, as
shown ‘n Fie, le, and applied $o the other contrel rmrid of the coinclidence tubde.

This tuby is opernted so thnt an output, Fig. 1d, is odtained only if a positive
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e. Second-atrpge first control griad

Second-stage sscond control grid

£. Output of pecond stnpe

FIG. 1. Wave forms At various pointe in the pulse=length gelector.
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voltage is on both control rrids simultaneounly as indicated by the cross hatched
regions in Fig. 1b nnd lc. Mathematically the output is given dby:
Vo~ 'f(t) - f(t-d)' £2(t = T) - fit - (a 4 7))

When both  ~f(t) + (¢t - 4)> ¢ o
2
e+ T -flt-(a+T)] >0

otherwise V. =0

d
The output pulse length ag a function of input pulase length is shown in Fig. 2a
with the differentiation time, 4, as n parameter. For most purposes the
differentiation tiie should be % sec, since this value uses information from
all of the pulse only once. If the differentiation time is shorter than thigs
soms of the pulme information from the center of the pulae is not umed, re-
sulting in the circuit passing other wavuforms equelly well. In this case this
center rogion mry have any shrpe whatsoever. If the differentiation time ie
longer than % the circuit unos information from the center region tvicot and,
most important, again pamses undesired pulscs unnecesscarily. The regions

fncluded becnuse of this can be meen from Fig. 2a.

T
Figure 2 shows that if 4 = '5 sec., ao recoymendsd, the circuit pnsses
4212 sec. The output pulse lsngth increassa

linenrly with input pulso length from zero, for%

for T mec input pulme length and decrensing again to zero for pulse input of

=
2

pulnes havin:g longths from % to
’ T
mec input, to '5 sec cutput,

The circuit dingram of n aingle stage selector with points marked
corressponding to the waveforms of Fip. 1 is given in Fig. 3. TFor eome
applicntions the solection cheracterigtic of this single stage disoriminater
pay be ndequate, while for others more accurate selection may be desired.

More Accurnte Jul-g-Lepsth Selection.

Hore aconrn mlas-langth salaption
3

i -“

e v ba nccomplished By adding a second
stane of nelection to ths single stare descridod above. Tha camponents of thig
second etage should “e scaled so that it selects pulmes of lengthg sec. Output
from the gecond stage would be obtnined for input pulees to the necond stase of

lengtha from E to ';2 sec. The overall pulse-pass characteristic for the two

a2 If the differantintion time d = T mec then two of the quantities of Bq. (3)
can ba seen to he fdentical. Siumilerly it cam %e shown by drawing flgures
1ike lb and 1t that each control grid uses gome of the same information ag the
other if 4 » Iz.
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stages ‘in given in Fig. 2b. The cutput of the second stage is serco for all
input pulses except thome between ‘;E end %2 gsec length at the input of the
first stage. The output pulse length has a meximum value of z soc for an,

4

input mulse of T gec and falls linesrly to zero at the ahove limits, ‘f- and

£

s Yec. .
Since % sec is the longeat signal at the imput of the second stage, n

simplificnation of the circuit for the ascond stare is possidle. No differentiatior

is required. The output of the first atage is inverted, so it 1s positive and

applied to one control grid of the second coincidence tube, This same voltage

is delnyed Yy % sec. and applied to the mecond control grid of the second

coincidence tuhe. The voltages appearing at the control grid of the second

coincidence tube, and the renulting coincidence region are shown in Figr.le, f,

and P.

If still narrowsr paas charncteristics sre desired, this process may be
reperted as mAny tinmes as required., The third stage would he arranged to select
pulsss of length% sec And the overall pass churacterigtics would inclucde pulnes

from Zg to g_r_ sec with a marimum pulse length at the output of z sec.

8

The ever shorter and shorter output pulsea from the selecior,as additionmal
sclector stages are added, may cruse soms presentntion loss™ on the final
indicator. A gimple means of stretching the output pulmes back to any desired
length is piven in Fig. 3. The charpe prased by the cutput coincidencs tube
ia discharged throuszh a pulse forming line of suitable pulse time and impedance
cherncteristice, ths output thenr hng the demired output pulse length. The pulme
forming line must be of a type that stores the energy in one place, not dis-
triduted. It should he pointed out th-t this pulse stretcher is not universdlly
applicable and may have delaterious effects if used in soma other types of
scuipoont.

Multiple ulse Decoder.

The output of the one atage pulse length discriminntor ne deacrided in
Sec. A, results “rom the coincidence of the first half of the pulane delayed
by T anc. with the second half of the pulse delayed by % sec. This may de
considered a two pulno decoder with twd pulacs of length T' = % A8C., sepamted

% RL Report No. 915 ghows thnt 4f the pulse langth on the final indicator ie
lass than ) mn tha sigznal thraahald nower ralative te raceiver nolse iy
greater the shorter the pulne.

917-3
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by zero time. If the delay lines are changed in a way thnt maintains the
coincidence conditions, the separation of these two pulmes of length T* sec
can, in principle. be any desired value, . In practice the geprration o;
pulses should not he betwesn O and T* sec becnuse of bmndwidth or transient
rosponaé conalderations which will ha discussed in the next section.

More precisel; the one stage pulse length discriminator ocutput depends
at every instant on the input voitese at four points of time as stated in the
squation (1) = (V1 o Vz)(\'s - V4) These points are numbered for one instant
of time on the sketches of Pig. 4. The noise voltages were considered
negligible compnred with the signal voltames in the nhove atatement. It 1s
seen that the voltnges Aactually used in the coincidence circuit nre the
difference voltares between the pulse voltage and nolane voltape at nome point
in time necr the pulae. In the single stnre aeloctor the time repions
immedintely preceding and imnediately following the pulne nre used for this
compnrigon ns indicated by the numbers 1 and 4 in Fig. 4a. If the two halves
of the pulne nre separnted into n two pulse cowe the region between the pulses
is rlso ~ posaible repion for comprrison with the pulse regiona. As indicated
by numbers 2 and 3 in that region in Fig. 4c, 4, and e, the various combinstions
poasidle, torcther with the corresponding differentintion time, d, and fiost

stage delny time, d., are given in Fig. 4,

ll
—T'ee=T— d dl
2 3
PISARAA LTI S 3
(W onnting 4 i P T=2
LR N 3 PR X LN

(v) EEIIiis | E'" 4 TN o L'+ X
{c) Fs x
(a) '.::.:.11 2 S & s Ll Tt eX
f,\ _‘i.' me L I ¢
e 't‘.':'fél |2 BE5F | & eEiiIeEIT -
PI1G. 4 OUne-stape selector or decoder. Voliags compnrisgsm polnmts: d¢ffarentisrtion

tice, 4, and delay time, dl' pulse ssparntion, x, sec.
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Thrt these values of delay lines will work as given can be confirmed Yy
drawving coinciaence dingrams eimilar to ¥Fig. 1, with proper regard ;ao the
sizn of the various voltage components. It should be noticed that other wave
forme than the desired two palae code tend to he passed in each of the cases
&iven above, tut all of these other forms nre discrimmted rgaingt as to
efficient use of energy. Any proposed decoder should be considered critically
with regard to {ta tendency toward paseing other wave forms.

Corresponding to the two-stages pulse-length seiector in a similar way, i
a wwo-stage decodsr, which compares four voltagea during pulses with four
voltagee in the adjacent time regiona, tnking the differonce between pairs,
ons pulss point and one no-pulse point. In principle, »t least, these pointe
of comparison m~y be distributed as desired, but some arrsngéments are more
convenient snd desiradle than others. Other factors aleu influence the
particular comprrison pattern used in a given case. With regard to receiver
noiae no difference would be expacted between any of these arrangements. Some
of the poseidle coxbinations with the corresponding delay times are given in
fig. 5.

a dl dg
T
(a) -é = T 4T L L
(v) S =" Ve x
{c) T v+ y Xrvzxey
2 -a e
(a) e St I e ) e 20 Moey Toey
o Beysdex<6 8 :

TSI S e T e B r Tey Wezey

ctor of decoder; comparison pointe; delay times d, dl'
paration of pulee groups x and y
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The extension of these same concepts to any desired mumber of stagee
follows the srme pattern as the extension from one to two strpes, thet ias
fron two-pulge code to four-pulse code, It is also possidble to pive certain -
pulses more weight in the code than others. For example, the form of Fig. 6d
may be modified so that a single pulse of length T" gec in the center of the
cods has the weight of both points 4 and 5 in that code. The corresponding
delay timas are: 4 = T%, ¢, = a" + y, da = T% + y, In selecting the type
of comparison pattern to be used in e given applicrtion, code types b and ¢
of ¥ig. 5 ghould be fuvored because of grent.er freedom from sinpler wave forms

which also tend to be pasred by the dacoder.
B 1dth Consicderrtio

The fundamentnl limitation on the selectivity that can be nchieved by the
addition of rore pulse-length selector strges in the practical cmse cones
from bandwidth limitations. The bandwidth alone bas some pulse length selection
properties. The narrower the bendwidth the longer ths pulse that is favored.
The minimum signnl power discernible in the presence of certain kinds of inter-
ference ia improved by hnving the receiver dandwidth slightly wider than
optimim. At the same time the operation relative to receiver noise 1s not
appreciably worse for i-f bandwicths equnl to sbout twice the reciprocal of
the pulse length. Algo in this case tuning is not (uite as critical. The
recormended i=f 'bmdwid.t).\ for pulse length T sec is therefore 5*

Bm= 2/’!

In the sectioa on mltiple pulse decoding 1t w=s pointed out that the single-
stage pulne-length melector wae equivalent to a two-1ulae decoder im which the
first and second halves of the pulse acted as “he pulaes of r two-pulse code
gseparated by sero time. The handwidth should he the seme na if there were a
separntion of these two pulses into a resl two-pulse code., Likewise, the
mltiple-stege pulse-length selectors should be considered ths same in regard
to bandwidth as the corresponding cecoder, The n-stage pulge-length selector
corresponds to a 2n-pulae decoder. The 1-f bandwidth for the n-stage pulge-
length selector shonld correspond to » pulse 1/2" as long as the selected
pulse length. Therefore, in general the 1-f bardwidth, B . for an n-stage
selector or decodsr should det

(n+1)

n-z———-—
n ?

% See R.L, Report Yo, 915,
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Tre video uandwidih should be wide erourh that the video circuits produce
no distortion cf the pulnes passed by the i-f ampiifier. This merns that
Julse delay lines and smplifier or selector circuits should be at least at
broadband as the i-f amplifier, preferably brosder, The reason for this *~
requirement is more easily seen in the rase of the multiple pulse decoder than
in the selector. Equation (1) and the succeeding discussion show that the
output at a given instant of thc one stage selector depends on the voltage
informatiqp fror four points of time, two during the pulse and two in the
neighboring noise. The number of points used simultaneously roes up dy a
factor of tw for each additional selector stage rdded., If these points
loge their independent character, as by video nﬁrrowing. ther corresponding
stages of the selector lose thelr function as the differences upon which they
depend for their selection no longer exist. This 1s evident on an A-ncope
by the sinilarity of pulses of different (original) length nfter video marrowing.

111, DYRACTICAL ONE-STAGE WILSE-LENGTH SELECTOR

To redvce the interference in the AFX-13 receiver a one-stage pulse-
length selector wan built. The aircuit diagrem with constante is given in
Fig. 3. The operrtion is essentinlly me dencrided in Section 11 A.

The prodlem wng to pass pulses three microseconds long And to reject, s
far ng possidle, all other pulses remnrdless of their sipgnal amplitude. The
rise nnd “nll tine of the received r-f pulaes was approximately 0.5 usec.

The hmdwidth of the video circuits and delay lines in sccordance with

Section D, wen made wide enough to pnsg the 0.5 usec rise rnd “all with
inappreciatle distortion. The delay time, dl' was 3 usec. The differentintion
time, 4, was 1.5 ueec using a shorted line of one-wny delay of 0.756 usec.

The Porformance of the One-gtage Selsctor.

The pulae pass characterigtic of the one-stnge AlX-13 gelector is given
in Fig. 6. In most applicmtions it is desirable to see the weak signmls. In
this cane it ig necensary'tlmt the noise Le showing on the presentation.

This requires R reasonably careful setting of both grid bins voltrges. 1t 1s
recozmended for the srke of maximum pnin to small eignals that the bins be set
at the "knes” of the gm curves of Fig. 7. It ghould de recognised, however,
tiat this is A compromise. Fisure 6 shows that off-lengih yulses are reduced
in amplitude by a factor of b compared to three usec pulses (of the eame
saturntion amplitude). If grester discrimination ngninst pulses of the wrong

8)7- o
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length 1s desired the grids should be diased nearer the cutoff The theoretical
discussion was on the basis of the output being proportional to the voltage on
each of the control prids of the coincidence tubs when that voltage was ahbove

a certain value and zero if either prid wns below thet valus. Thus no
compronise was involfed in the theoretical discussion. The compromise comes
from the lack of sharp cut-off in the coincidence tube characteristics.

In order to judge the parformemnce of the selector und stretcher circults
photographs were taken of YPI and A~gcope presentntion of the eignals from a
*G" band receiver not using these circuits and then using them. The circuit
piven in Pig. 3 includes switches for changing from (1) normnl presentution,
(2) to selector output, or (3) stretched selector output for convenient

conparison.

In Mp. 9a are photographs of normal presentation; Sb, the atretched
selector cutput, and S9c, the selector sutput. The tlree rings appearing on
the PPI photographs are the three pips appenring close together nt the beginning
of the "A" gweep. These signrls are of 3 usec made by a range-coded bheacon
and appenr at constent range. The jamming from radrr seta causes the apirel
pa.ttirnn on the normal PPl and the heavy seturated aignnls on the A scope. This
Janming was dus to a variety of pulse tranemitters, sparking commutators,
and other sources vhich were not known. In general the pulae length of this
Jamming was grenter than 3 usec. A glight amount wns at 3 usec and A slight
amount less than 7 usec. 1t will be noticed thet the Jamming is greatly
reduced hy the use of the selector, also that the ground signnls cloxe into
the center of the FFl are less bothersome. At the saue time the hercon signals
(the three rinse) atand out much better in both the selector output »nd the
stretched selector output.

Difficylties Fncountered with the Pulso-length Selector.

The length of the limited portion of higb amplitude mlses passed by the
receiver circuita hefore the selector is a function of the signal amplitude
before limiting. This merna thrt intenso signals are "gpread® to longer
pulses at the input of the melactor snd conrequently may be completely refjected
1f the aipnals aro sufficlently intense. It is recommendsd that methods to
comdat this pulse spreading he employed in the receiver if signals of widely
differing amplitude are to be passed at one setting of the receiver gain,

917- 8
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Notes op the Coinel ce Tube snd the Delay Lines Used.

1, Coincidence Tuba. The requirements of the coincidence tube are that
there iust be two grids in the tube which are cepable of controlling plate
current. It is nocessrary for the proper operestion of the coincidence circt;it
that ench grid have equal control on the plate current over the entire grid
voltage or mathematically that (gm“l) Ve, = ("”gs) Ve In the circult of
Fig. 3 Vgl = Véa. The Western Klectric type 6AS6 vacuum tube was selected
for this function. The 6AS6 and 6 K5 have similnr characteristics =nd the
size with the exception that the SAS6 has a tight suppressor gria (‘8) vhich
1s drought out to » pin, This grid has & transconductance curve which closely
patches that of (gl) vhen V. = 75 volts and v‘z » 105 volta, and thersfore
makes an excellent coincident tube for video frequencies. See Fig. ? for
transconductance curves of & and &, of the 6AS6.

2. Deley Lipes. Although it is possidle to use transmission lines
(delay lines) which rre of the :istributed machine-wound variety, providing
their specifications meet thore renuired, it was easier to build so-called
luppad lines from standard inductors and capacitors. The design formuln and
network pattern for the delay line and differentiating delny line aye shown
in Fig. 8a. In case of the differentiating line, the loss down the line
and back muat bde kept smnll so that the amplitude of a reflected step wave
cancels, ns naurly ns poasidle, the latter part of the incoming step wnve.
In case of the delay line, the loes down the line is not too important, as trs
non-delayod differentiated wave may be reduced in amplitude to match the
delayed differentinted wave at the coincidence tube.

In order to stretch the coincidence pulee to its original length, a pulse
forning line (of a design worked out by Ouillemin for modulators) was umed.
This line hrs the property of storing energy during the coircidence pulse,
then releasing this energy over the required length of time. Design formula
and circuit ars shown in Fip. 8b.

In both types of lines it may be necessary to place damping resistors
of value of %0 to 22¢c in prrallei with the first and last inductance sections
of the line in order to damp out the tranaienta set up by tho square waves.

A compronise must usurlly te reached betwsen the numher of nections used
npd the time of rise and delay expected from the line.

R, M. “hw
L. K. Nehee
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