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ABSTRACT I
displayine only t're beginning and end of the transit time pulse o an e,:pand.s.d

sweep. the time resoi -otion of the raster recording system can be
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I. INTROOUCTION

In general, the degree of time resolution that can be achieved is dependent
on the time interval over which the meaeurement is to be made. The
raster system cf recording inherently provides eekial time resolution over
the entire recording period. If the total recording time is substantially
increased, the time resolution is decreased.

The information required in transit time measurements is the time interval
between functions ( in the order of 100 Osec). Intelligence appears as a
pulse transmitted by a 7.elerneter; the length of the pulse is the transit time.
in measurirj the puise length. the beginning and end must be accurately
determined in reference to the same time base. Therefore, the recording
system need not provir.12 as good a time resolution during the long time
interval of the pulse as is re.juired at the start and finish of the transit time
pulse.

II. DESCRIPTION

BITTS is intended tc 	 ..e_ed in conjuncticn with the rater transit time re-
cording station to previ. 	 resolution measurements beyond the capabil-
ity of the raster systeee The basic idea is to eepand the sweeps a:. i th■4
beginning and end of t'en.. received pulse in the case of the long pulse modula-
tor telemeter. When tic two pulse telemeter is used. each pulse is display-
ed on an expanded sweee. Instead of expanding two of the sweeps in the
raster presentation. ar, '.-Ltxiliary oscilloscope is used.

oicck Diac:rarn

The block diagram of the system Is presented in Figure I.. Both the video and
trigger signals from the receiver are gener , ied by the same pulse from the
trensit time telemeter; the video pulse contains the information and the trigger -
entuaIly a dif,21-entiated video pulse - starts the recording system. The video
sif=eial is deleyeed sufficiently to allow the sweep to be triggered before the video
appears on the eertical deflection plates of the oscilloscope.

Tie trigger pulse fires the oscilloscope sweep. and the positive gate. - which is
generated at this time, is used as a trigger for the time delay generator and the
auxiliary circuit (to be discussed later). The time, delay generator pr educes a
trigger to fire the sweep at a predetermined time after the start of the iltit 4.2.1
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sweep. The crystal diodes in the trigger inputs are used to prevent interaction.

An accurate one megacycle time base is supplied by the raster station providing
timing pips one microsecond apart. A simulated record as would be produced by
the long pulse telemeter is shown in Firsure II. Since the pulse decays slightly
the two sweeps do not overlap, so the pulse and the time pips are well defined.
In the case of the two pulse system. the sweeps would overlap making for more
difficult record e7altiRti0.1. Further, there are delays in triggering the sweeps.
so it is conceivable that the tote: delay could he in error by a microsecond. A
circuit was devised to separate the s-,veeps and identify time pips.

Time Pips Identifier and Sweep Separation Generator

The circuit diagram is given in Figure III and voltage waveforms in the circuit
are given in Figure IV. T!7e length of the input positive gate is equal to the sweep
length. A positive and a nere.:;ive pulse occurring at the start and end of the
sweep. respectively, is ad-i..ved by differentiating the positive gate. V2 is a one-
shot multivibrator trigger*-,y the negative pulse. The 1N34 diode blocks the
positive pulse and isolates t;:e multivibrator from further triggers for the dura-
tion of the cycle (approxitnzeeiy Z50 pSec ).

The positive gate from V2 is passed through the high pass filter composed of the
0.01 Alf condenser and the ;23:: resistor in the grid circuit of V3. The gate is
amplified and inverted by "S':: 	 is as shown in Figure IV. With this type of gate
the swee ten will be horizos:el. 	 sweeps initiated by false triggers will be dis-
placed v?:tteally from the 	 - 	 traces. provt.ded, of course, cliere is sufficient
time separation.

VI is a free - running, 	 oscillator synced by the timing pips from the raster
station. 	 clocking osciii 	 generates a positive pip at the se, Pee..ie and this
pip is rr.te..er3 isLth the inccr.-.iJ - .L. l':rning pips. The positive pipn 	 7:c3 back to the
raster by;. pi-xluce no ill Lt.:. 	 The frequency of the hlocl::.ni tss'..:11 1 :itor can be
varied by ad; ustment of the capacitor in the grid circuit. Ar.y 	 the first
to the lift!, may be accentuater.i.

IT:. 	 OPER..TION

The sys.tern was eone:ived, developed, and made operationki stv gtly befcre
and dor; ,-.1 the Upshot - l<nethole test at 	 in the Spring of th:s year.
The pe.rf,rmane of the system in the field was quite satisfactory equiele
to the ec-zzpted raster station. Three reeords were obtained v.it of a pos-
sible five; the reasons for failure are understandable.

On the first test an attempt W3 made to obtain an itrz,...11Qt1Kt.? :-.e..tre for
transit lime by using a polaroid land crunera to photogras-h the ze:ese iraces.
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The camera shutter was opened manually at minus one secoid and closed
after the shot. There were several noise triggers. presumably after the
shot, which made the record non-readable. The other failure was sit air
drop; however. no transit time records were obtained on this test.

Two acturt records are included. Figure V is a record of the long pulse
telemeter an Fielire VI is a record of the short pulse - 10 watt cutoff
telemeter. The time pips are one microsecond, but the time between
traces will not be stated for security reasons. Figure VI shows how every
third time pip is accentuated.

IV CONCLUSIONS

One of the main attributes of the system is the use of commercially avail-
able equipment, namely the Rutherford time delay generator and the Tek-
tronix type 517 oscilloscope. The receiver is a modified TV receiver and
rather easily obtained.

The ultimate time resolution of the system - ignoring frequency response
Af receiver and amplifiers - is limited by the accuracy of predicting transit
time. The fastest sweep available is one shake (0.01 usec ) per centimeter
with a usable length of 8 cm. In order to utilize this sweep the transit time
would have to be predicted to a 4- 4 shalr.e accuracy. By using several re-
cording oscilloscopes and delaying the start of the second sweeps by dif-
ferent amounts, thereby bracketinz t:ie predicted transit time, the same
resolution could *le obtained with a IcF,c 7f.:.seurate prediction of transit time.
One master delay gen ,:rator could be used with different length delay lines
carrying the trigger to each oscilloscope. It would be necessary to either
pre-calibrate the sweeps or provide a time base of higher freeuency (ap-
proximately 10 :rte.) than one megacycle.

R. F. ROBERTS - 51ZZ
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