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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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A MULTIPARAMETER PULSE-HEIGHT RECORDING SYSTEM
K : Michiyuki Nakamura and George S. Simonof

Lawrence Radiation Laboratory
University of California
Berkeley, California

- April 1963

ABSTRACT

A rﬁultiparz;tmeter pulse —height ré’Cording system has been built and in
operation for approximately'oné yéar. The sysfem has vbeen used‘p‘rincipal'ly
in studies of nuclear fis sion. |

The system can record up to ten coincident parémeters for each nuclear
event. We use stretchers to store fhe pulse amplitudes temporarily, and then
seriall.y‘read the stretchers into an ADC unit. The digitized pulse héights are
stored in predetermined ldcationé of a magnetic-core buffer store. The buff-e.r
~ store can. handle 512 pulse heighté before dumping periodically onto magnetic -
1 fape. Each parameter has 256 channels of réSolution.

The magnetic tape format is "IBM co_rnpat;ible, " with a récording density

- of 200 characters per inch. It takes 80 msec to dump the buffer store informa-

tion onto magnetic tape. This 80-msec interval limits the speed at which infdrmé-_ -

bt'}on’can be recorded.

T_hé information on the tape can be read back into the mégpétié-cdfe _st‘(‘)re_
" by selecting one of the paraﬁeters and obtaining a "’sin'gles.”b'spe"g.frum.> of that o
‘ "pafameter. Whe_n we are satisfied tha;t. reasdnabl’e data h_ay‘e. Ié_een collecped,we

take the reel of magnetic tape to an IBM 7090 computer for delayed analhy'si"s"; 1

o,
>

. f’-Work. done under the auspices of U. S. Atomic Erie_rgy Commission.
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INTRODUCTION

At this meeting, Dr. Lidofsky has reported on the conference on "Utilil-
zation of Multiparameter Analyzers in Nuclear Physics." Some of the subjects of
ciiscxission at the conference were real-time totalization versus delayed.analYSis
"via stored programs, cost, speed, flexibility, and the number of channels of |
resolution of various systems. In our system, we have chosen the delayed-
énalysis approach, ﬁsing stored 'prograﬁs with our IBM 7090 co.rnpu’cer.‘ |

SYSTEM CONCEPTS -

Ps '

Figure 1 shows a simplified block diagram of our multiparameter pulse-
height recording system. PUlses to be anal?zed enter‘from the left accompanied
by a coincidencé trvigger. The .pulses are st.oréd in the tempo.rar‘y pulse-height
_'storé, which is made up of capacitor-type stzl'etchers.:. The droop of these-
stretchers is approximateiy 1 channel in iO msec. The pulse heights are seiﬂi-

-ally digitized and stored in the modified Technical Méasurement Cox;pbration 1
(TMC) 256-channel analyzer. As many as 10 parameters per event may be
recorded, with 256 channels of resolution for each parqrﬁeter.

Most of the experimenté requiring multiparé.meter recordin\g have been
with fission work requiring four parameters. .The digitized pulse heights are
stdreci in the magnetic-core buffer store. |

After the buffer-core store has been filled,» the information is dumped' onto

magnetic .tape. The tape format is IBM;compatible; it uses the nori-ret'urn-tof
- zero (NRZ) method of recording data on fape. The recording-bit dé-nsbi't;vr is: 200
bits per‘inch. We check parity while recording the dAata onto the magneti.c tépe
and indicate parity errors via a red light. The number of parity e‘rrors'may be
cou;rced in a scaler. |

The information on the tape can be "stripped' by reading thé data back into _

the buffer-core store in the conventional multichannel analyzer mode. The
”singlevs"' spectrum is displayed for each parameter, indicating whefher

or not reasonable data had been recorded. We do not have the capability, howevef’, _
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of d'isi)layin'g one parameter while imposing restrictions on any of the other pa-
rameters.

A "jve" display monitor may be added at a léter date. This monitor may
be a two-parameter analyzer lik'e the Nuclear Data or TMC types presently. g
aivailablé._ S S

The modified TMC 256-channel analyzer can ekasily be converted b_ack to
"normal multichannel o‘peration by turning two switches. In thé normal mode,. '
the éxperimental electronics can be readily adjusted fof gain by displaying .t.h.e
pulses in fhe multichannel analyzer. T.Iili‘s'meansv that the_: TMC‘ analy'z'er is lélsp

available for other single-parameter experiments.

SYSTEM DETAILS
A photograph of the .rnultiparamveter recdrding system is shown in Fig{.v 2.
To the left is the Ampex FR-400 magnetic tape transport. It has the quick-’

start-stop feature which allows us to dump the magnetic-core buffer store

‘periodically. In the center of the photograph is the control logic, housed in a -

1 1

dual rack. We used digital modules (of flip-flops,- one-,éhot’s, "and'' gates, or

gates, etc.) for performing the logical/functions;in the control logic. At the top

‘right portion of the dual rack are the stretchers. To f}iel right is the TMC pulse—‘ |
Iheight analyzer. ‘ o | . |
Figure 3 is a close-up of the analyzer, ‘indicating svome cﬁ the modifications
made to the front panel of the uhit. The two switvches. labeled "Singles”‘anc‘l
"Mglti;D" permit the éperatof to select the normal multichannel analyzer %node o
in "'Singles' or the multiparameter recording modé in "Multi-D". 'To rem;}r;d |
,the operator of the proper position for each switch urider the muitiparametér :
recording mode, and "MD" tdg is placed at éach proper setting.. At the center
: v‘of the photograph note fhe test points, which é.ré useful in maintenance opera-

tions. At the top of the photograph, note the switches that can be used for

some test routines that are useful in debugging operations.
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Figure 4 shows a close~-up of the main control panel from which most of o

the experimental functions may be controlled. Because of the complexity Qf'the .

system, we felt it imperative that the system be reasonably easy to operate o

with eséentially no operator mistakes. Impoi’tant switch positions and logic." .-

levels for system operation are emphasized by multicblored lamps behind th‘e:-' o
indicating push buttons on the c_ohtrol pahel. " For examplve., a green lamp_in‘-:
dicates ‘prop‘er setting of a switch, whilfa a red lamp _ihdicatés_ an imp-ropv‘e,r\::.
| '-s"ettirvlg. Lai'nps behind the "Principal Operator Controls"ipu_s‘;h buttons lig}:ﬁt'
: up to "_fcéll"' the operator which bgtton' to push at the proper time. The push_'v _

button controls have been adequately interlocked so that operator mistakes

.

are kept to a minimum.

We use interlocking logic to control the format on the magnetic tape so

.- that the ‘computer program easily reads the tapes. Remote control lines are ..
“taken from the Ampex tape transpo'rt to the control panel. Except for the
‘,'l‘oading and unloading of reels of magnetic tape, all the.tape-transport fun‘ct‘ioﬁns' o

" can be controlled at the control panel.

Parity errors can be recognized by a red lamp on the front' panel. P_arit'y'j-‘

~error signals are available at a connector for scaling if desired. Excessive
.- parity errors usually indicate dirty heads or dirty tapes. The read-write heads
of the magnétic tape transport should be cleaned at least once a day. 1In loaldi_.ng'_

and unloading tape reels, care must be taken so that dust does not ge'tfont‘o"tvhvé' o

magnetic tape.

- SYSTEM PERFORMANCE

The system has been in operation approximately one yéar and has perff’o;‘rrie'd

very well and reliably.

»

The bit drop-out rate has been about one part in 107. In a recent experi-

9

ment, fhe'drop—out rate was about one bit out of 10° bits.
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The digital modules that we used in the control logic have p.roved very

" reliable. ' With routine maintenance schedules, the Ampex tape transport has.

been satisfactory. The TMC analyzer has given us very little difficulty.’
, ,We believe that the care with which we have tried to ”human—engineer","our‘. K
' *éystem has paid big:_divide'nds in reducing operator :errofs'. 'O_n_e e'xperime'nfce'r; '

with but'a few minutes of instruction, was able.to '.pe(r‘f‘c'i‘r'r:i a three parameter
'ekpe.r'iment, 'His only difficulty‘ in the operation _arosé_;W‘hén'<he failed ta cléan ) o

C oW

.-'the_ r-e'»ad--'wriite heads ad’e»quately." e
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FIGURE CAPTIONS

Flg 1. Sirhpliﬁed block diagram of multiparameter pulse-height
recording ‘system.

Fig. 2. f’hotograph of multiparameter recording system.

i F;ig. 3. Close-up of Technical Measurement Corpor.ation PHA, shoWing
some front panel m‘odificatior_x. 5

Fig. 4. Close-upl of main control pa‘.ﬁel of mult-iparametez‘" rec‘ording .' -

system.
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