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NEW ELECTRONICS FOR THE UNIVERSITY OF TENNESSEE
 'SPIRAL READER MEASURING MACHINE -

Jesus L. Garcia, Ron W. Jones; and Fra.nk?D.'@ Neu
Lawrence Radiation Laborato:ry.

University of California
Berkeley, California. 94720

July 7, 1970

Specifications and performance of an updated spiral

reader at University of Tennesseé are discussed.

thevspiral reader ni-eas‘uring ‘machines Qeré_ deve‘.lope.d by ‘th'e
Alvarez Physics Group, Aand began‘prbducﬁon measﬁ-ferﬁenﬁ ear-ly_in
1956.

Sevefal iaapers and nOfesi’ 2 describe in detail the machines'
spiralingi slit technique of measuring particle tracks ernahating from a
vertex.

Obviously the slit light amplifier has vtd have a.wide dynamic
range, the radius and 0 angle must be encoded, and the radius position
ﬁlust be servo-controlled, as must the x-y stage positioning. The film
motion, clamping, and frame identifiéation must work smoothly with thé
vrest of the system. Typical production measurement rates of 100 events
an hour, or 300 frames an hour, are logged by the Bérkeley ‘readers‘ now. -

In March 1969 the University of Tennessee funded the building of
- an updated spiral reader for their physics departrhé_nt.

This paper discusses the differences between the original system
and the modernized sjstem that was delivered June 21, 1970, and shown -

in Figs. 1 and 2.
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o The tra,ék positi.ons are measured by"xthe'TAeAnnesse‘e spiral reader to

an accuracy of 2 M, and when the points on a 100 —i)oint grid are measﬁréd "

by us‘e‘ of both the ”spi»raling slit a;.ld the .x-y co.ord_in’ate.s', these me'asuré’-b-
ments égreé (éfter’ éorféétion for distortibn) with.é. rms devia’ti&nl vof
épproXimatély 3p on the film. ri‘his is o;rer an'acti'\re measurerhent area
of 3.5‘by 9.0 cm. The x-y stage can move a tdtal of 10 cm in x and 20'
cm in y. | |

TTL integrated ci}-cuits were ﬁsed instead of di;créte covrnpo‘nentv
logic. This resullted‘in‘a 'space savings of four'dovuble electrénic.s racks,_'
6 ft high, ‘and reduced the power i'eqﬁi.fements. Seventy-five pércerit. of
the control logic was contained in six logic 'cé.rd bins of 40-card capac’:ify,
mouﬁted in the main control raék} theée are shov;m in. Fig. 2.

A Digital Equipﬁlent Corp. PDP-9 comp'ute.f was ﬁséd instead of
the older PDP-4. This :all.owed use of the exis"cing éo.ntfol program,
called Oak Tree. The PDP-9 logic levels had to b'e'.'lew.rel-shiffed to
TTL logic.l'evéls, so the bidirectional bus wa-s. spiif to two bq'ses before
reaching the control logical rack, one bus forv inéomihg data and one for
outgoing da‘ta’t. | |

The n_oisé —sw;;.ppressi'on techniques gained from working with spark
chamber equipment were applied to the PDP-9.

Line filters were used on both the incoming power lines and the
outgoing teletype lines. Line drivers aﬁd line receivers were used with
twisted-pair cables 50 ft long to get data to and from the TTL control |

electronics. The outer cable shields of thev data cables were tied to the

outside skin of the computer and logic rack. The result of these and other

precautions was that there were no cross-talk or noise problems.
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IBM 7330 tape units v&ére Vaga;_in used for input a.nd._outpu.t of data,
but instead of Building a cbntrélle_'r for thefn, we used a PDP-8L minicom-'
puter.. ThebPDP—Q now outéuts to the minicomputer via data break, thén
disconnécts, and the PDP-8L gets the tape‘ units up vto speed and ciocké
the data to the tapes. | i | | o

Simuléi‘ly, \Qhen the PDP-9 wants to read fape,‘ it tells ‘t1‘1é fnirii- ‘

computer; the 8L again gets the unit up to speed‘ and reads and formats

‘the data. When the reading is complete, the PDP-8L transfers the in-

" formation via data break to the PDP-9.

- This tape system allows the large compute‘r more time for control - ;
and rﬁonitoririg of the spiral reader. |

_ Track—centef finding on all machines is by detecting that the analog -
signal ha‘s risen by two to seven aiscrete voltage levels, then decreased
by one 1évé1. »When. these conditions are met, the spirai angle, 6, A6 .of
the pulse _wicith, éhd the pulse height and fadius are stored and then trans -
fered to the \PDP—9; 0 and AO are ﬁse_d by the computef to determiné
the center of the traék.- -

Instead of an up-down counter, digital-to-analog converter, and

5-MHz clock system to constantly track and null the incoming video film
signal for this center-finding logic, a 732-c'omp;arator circuit was used,

with each comparator set at a discrete reference level. These reference

- levels vary linearly from 0 to +5 volts. These pf£710 comparators set

or reset as the input signal rises or falls below their respective ref-
erence levels. The logic keeps track of how many up or down transi-
tions have occurred, and uses this to dvetermi_ne'when to store 6, AGQ,

and the pulse-height value. This new track-center logic can accurately
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follow a 3-V/|~Lsec slew-rate s.igné,l. ‘This is four time.‘s‘ as fast as re-
quired at présent. ' |

| The :se.r\‘ro_ _arnpliﬁer was chaﬂged from a p‘ulAse-width»—rri_odula’cedA
system to a d'i_re_.ct-coup_led system because of now available inéxpensive
high-—,pdwered. tv\ransis_toxr's.

A chopper-stabilized FET input preamplifive'r-fbllowed by a power
amplifier feeds a PMI U—1‘2‘m'otor which drives anvavx:i's of the measuring
stage. The power ampl,ifier can sWing + ZO volts at 20A, and moves the
measuring engine smoothiy a.t. épeeds' of up to 5 in. /seé. Three of these
se’rvo systéms are required for the spiral reader. | |

The filﬁ1 plafen and film supply system on the University of
Tennessee siﬁiral feader is designed to handle three-reel 35-mm film of

up to 1200 ft per reel.
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Fig. 1.
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'~ Figure Legends
Qperator console and pliecision' mechanical poi'tion of the .spiral
reader measuring system From left to r—ight- the,teletype for

operator machme communlcatlon, ‘the flat ’cable area for v1ew1ng

"the fllm 1mage, d13p1ay scope for presentlng radlus and 6 value

of d1g1t1zed_tracks, closed-circuit TV mon1to‘r for vertex centerlng,'

) o'pei'eto'i‘, high-intensity lamp housing, platen on x-y stage with

" three films in'place, and at the far'end of the stable frame the -

'Fig. 2.

rotating-slit mechanism,' or cone assembly
Ma_]orlty of electronics of the spiral reader measurlng system
Left to rlght the D E.C. PDP-9 computer, ‘with data . cables |

connected at the top, an IBM 7330 tape unit, power and control

electronlcs rack w1th six bins on T. T L. 10g1c and a PDP 8L

computer, teletype for the 8L, and a second IBM 733_0_tape unit.
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LEGAL NOTICE

-

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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