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MPS DATA ACQUISITION SYSTEM

Intraduction

Data generated by the various particle detectors in the Multiparticle
Spectrometer Facilicy (MPS) (Fig. 1) are collected by tlie Data Acquisition
System and formatted into 18-bit words. A 16 K-word core mezory in the

DATA HANDLER buffers these words during the 3pill and then writes then

out onto magnetic tape between spills. The Data Handler also tags selected

events for transmission to the on-line computer {(PDP-10) for analysis if
the computer is available. The PS and the particle detectors zre
described fn Refs. 1 and 2. A description of the Data Handler will be
made available 2z some future date. This note describes zhat pazt of
the DATA Acquisition System which coanects the detectors te the Daca
Handler; namely, the Detector Electronics, Device Controller and device

port Opticdl Isolator. See Fig. 2 for a system block diagram.

System Operation
The salient features of the MPS, detectors and the Data Handler

are surmarized below. The primary detectors used are (goiang roughly from
upstream to downstreanm):

Bean Drift Chambar

Beam Scintillation Counters (Photomultiplier)

Beam Hodoscopes (PUWC)

Beam Cerenkov Counter (Photomultiplier)

Trigger Scintillation Counters {Photomultiplier)

Trigger Chambers (PWC)

Capacitive Spark Chambers
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Magnetostrictive Spark Chszbers

fecoil Carenkov Counter (Photomulctiplier)

Recofl Trigger Chambers (PWC)

Downstresn Trigger Scintillaticn Hodoscopes

Bounstrean Serenkov Counter
Locsted within the Fast Electronics Trafler at the MPS is an array of high
speed NIM logic which determines for each fncident beam particle whether or
pnot to trigger an event recordiag cycle. To do this, prompc signals from the
beams detactor electronics ave combined to define a “good beam particle”, f.e.
one that fully traverses the incident beam system i3 of the correct type
(n:. K=, pt), and one which 1f it were to trigger a recording cycle would
probably be analyzable by the software. The trigger PHC's and downstresa
trigger hodascopns provide discrete levels on their respeitive prozpt signals
which are directly related to the number of particles traversing each detector.
The electronfics forms a trigger by requiring a good beam perticls and a
unique nuaber of particles in varicus detactors around and downstream of the
MPS target. When the faast electronics in the trailer succeeds Iin forming
such a trigger, the event recording cycle is initiated and the gates sre
disabled unct) the cycle is complete.

The trigger signal from the fast electronics trailer directly contrels
numerous latching operations in the fast trailer and the {ontrol Room, and it
also initiates the rezdout cycle of the Data Handler, Digital sigrals
gepresenting the state of each PWC wire, each piece of scintillator in a
hodoscope, and each cell of a Cerenkcv hodoscape sre connected by long delay
lines to buffer latches. The hodoscope latches in the Control Room are

gated open for a short ctime by the trigger pulse to accept the photomultipiier



type digitized signals. In the case of the PWC's, the buffers arz located

in the fas: trailer and actually are gated for every good beam particle so
that the trigger must disable the strobe gate until the cycle is complete.
There are also CAMAC event data gates for recoil Cerenkov pulse height, drift
chanber Time~to-Digital information and dosiistream Cezeakov hodoscope pulse
infcrzation which are controlled by the trigger signal. Additionslly, the
trigger signal oust fire the High Voltage Pulsers for the Spark Chanbers

ard also generate the signals known s&s “Quiez Gates" which bracket the
electromagnacic disturbance from the sparking tc suppress spurilous signals

in critical electzonics circuits.

Yeanwhile, the ctrigger signei is applied to cne or more USER PORTS
which send an optically isolated pulse o the Dara Randler via any (or
several) of four criggering bits in each port. The Data Bandler can
accept multiple sourzes of this signal and by using switches on the
Data Handler, USER PORTS can be favored or treated equally in their
ability to trigger the system. The four trigger bits for each USER PORT are
wired {by patch boards) in such a way that the devices to be read ocut during
the cyclis depend upon which trigger bits were used to initiate the cycle.
One can, for instance, trigger the cycle in such s way that PWC's and hodo=-
scopes are read out dut spark chambers (which require a2 longer readout aud
recovery time) are not.

The devices communicate with the Datz Handler over optically isclated
busses called DEVICE PORTS. Table I shows the current assignments of the
device ports which are reserved for hodoscopes, beam PUC's, trigger PWC's,

CAMAC event system, the Cerenkov pulse height system and the capacitive




and magnetostrictive chamber systems. Upon receipt of a trigger, the
Data Handler interrogates each device port in sequence beginning with
Port 00 and skipping device ports which are either switched out manually

at the Data Handler (device port toggle switches) or are to be skipped as

determined by the trigger bit patch board. A timing diagram is shown in j
Fig. 3.

The device ports are actually optically isolated data busses and
consequently several device controllers can be attached to each device
port by daisy chaining. The device controllers contain the circuitry to
recognize an address (group word) from the data handler and then proceed to
examine the buffers, scalers, Camac units etc. connected to it and upon
command, format the data and transmit it -in 18-bit words to the data handler.
The group word assigaments for each device controller are given in Table I.

The format of the data actually written onto magnecic tape by the
data handler is shown in Fig. 4. The dev’~e controllers supply the data
words., The data handler suffixes the group word. The group word number
is the device controller address. There is only one physical magnetostrictive
controller, and only one capacitive device controller; however, several group
words appear for these devices in order to sub~divide the data. The data
handler does not supply group words 33 to 62; these actually come from the mag-
netostrictive device controller. The 64th group word contains information con-
cerning the trigger bits and so forth and is generated by the data handler itself.
At the end of each spill a special word is written by the data handler and )

it contains the scalers, DVM, ete, which monitor the experiment. f
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The Device Ports

TABLE I

The following is a list of currently employed devices with their

group and port numbers.

DEVICE PORT #  GROUP #'s
Hodoscope (fast gates) 00 00
Beam PUC's 01 o1
Trigger PWC's 02 04
CAMAC System 04 16
Capacitive Spark Chambers 06 . 24 - 30

Magnetostrictive Spark Chambers 07 32 - 62

T N



The Device Porte

‘ine Data Handler services the device controllers serially, by group
number, collecting the data and imserting a group word for each controller.
The group word format 1is:

M.S.B. L.S.B.

t———¢ of Data Words ———+# Group f#————
000 X8 X7 X6 X5 X4 X3 X2 X1 X0 G5 G4 G3 G2 G1 GO
Servicing the cantrollers is accomplished using optically isolated device
ports, one for each group of controllers. In this way ground loops are

eliminated. A schematic of a Device Port optical isolator is showm in

Fig. 5.

®opticei Isolator Module
The optical isolator module is located remotely with the device

controllers. Each signgl between the data handler and controller is

ground isolated with a Hewlett Packard (5082-4360) optical isolator. This
circuit is as fast as commercially available (¢ 10MHZ), (65 nsec prag. delay).
The output is driven by a differential line driver DM883l. 1In order to
preserve isolation the power supply for the isolators and drivers is supplied
from the MPS control room (+12V) and regulated on the module to +5V. A

device port wiring diagram is shown in Fig. 6.

Port Signals
The following is a description of the Device Port signals.

Group Address Lines - 6 binary bits for unique addressing of controller

Group Request ~ pulse that occurs gfter the address lines have stabilized.

et S s
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It's use i{s to prevent incorrect decoding of address.

Handler Ready (HR) =~ Data handler initiated is sent when handler is ready
for transmission of ar 18-bit byte of data.

Daty Ready (DR) - Controller initiated 1s sent when controller is ready for
transmission 6£ data and after receipt of (HR).

Group Acknowledge (GA) - Signal is generated by controller when correct
addresz has been decoded and is dropped when the controller has
completed its data transmission for the complete event cycle.

Data Lines ~ 18 birary bits of data.

The Device Controliers and Detector Electronics (see Fig. 2) for each

Device Port are described in succeeding sections.

HODOSCOPE SYSTEM - PORT 00
Detector Electronics

Electronically, the detectors are photomultiplier tubes (PM). A block
diagram of the Hodoscope System is shown in Fig. 7. The base, amplifier
and adder/disc are discussed in Reference 1 and schematics are given in
Figs. 8, 9 and 10. The Discriminating Coincidence/Buffer (DCB) is a
commercial NIM module (EGSG #Cl42 or €196). The data bits represent the
status of a Cerenkov cell or a piece of scintillator. The Adder/disc

circuits can add the signals if several PM's are connected to the same

cell., The prompt signal is often summed over the entire hodoscope to

count the number of hits in the hodoscope, or is put into a matrix logic

circuit with other hodoscopes.
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HODOSCOPE CONTROLLER

The controller interfaces the DCB's (EGSG's Cl42 DCB's and Cl46 strobed

coincidence buffers) with the data handler. Each data bit equals one DCB

channel. Unlike other controllers it sends ounly data, the sequence identifying
the location. Maximum capacity is 360 fast gates, 180 of each type.

After the correct address is decoded a group acknowledge (GA) is
sent to the data handler which in turn sends the first BR. HR starts a
timing sequence which delays (200 ns) before sending a DR signal. During
this time the first strobe pulse is generated (3 x 74164 shift registers)
and opens half the gates (18) on the first multiplexer board. This cycle
is continued until the last strocbe (pre~selected) is reached. This strobe
is not sent to the multiplexer board, instead it generates a STOP which
turns off the ON flip-flop and Group Acknowiedge. The data handler then
goes on to the next device. The fast gates are reset with Quiet Gate
routed through the device controller and the multiplexer board. The con—
troller can be tested or used indepandently of the data handler by

switching the internal switch to test. A block diagram is showa in Fig. 11

and a schematic in Fig. 12.

Control Indicators :

STOP - The cortroller has completed the data handler cycle.
GA - The controller has successfully decoded the data handler address. |
HR - The controller has received at least one HR signal.

DR - The controller has generated at least one DR signal.

e A S S G L R



Mechanical Configuration

The contzroller iIs located in the MPS coatrol room. It occupies two slots
of 8 CAMAC tray along with the 10 multiplexer modules and one optical isolator.

The Detector Electronics 1is located near the detector.

BEAM PWC SYSTEM - PORT 01
Detector Electronics

Sixteen planes are currently interfaced. There are four planes per
Device Controller with four device controllers all daisy-~chained to a single
device port as shown in the block diagram of Fig. 6. Beam hodoscope H8 uses
50-foot coax, wirich has a slightly different test pulser network. Schematics
for the variousa circuits are givenin Figs. 14 through 18, and a brief
description of each circuit board follows. )
l. Test Pulser Networks

These resistor networks. fan out a test pulse to each wire of tue system.
The networks are shown in Fig. l4. Thig pulser system allows one to study the
electronic performance (gain and delay variations from wire to wire, ete.).
A separate test system is also available to introduce (differentiated) pulses -
onto the anode wires of a PWC by pulsing the PWC cachode.
2, Cluster Trigger Board (CT)

Each card contains 8 identical cirvcuits, one per PWC wire. The board
remotely receives the PWC signals, many of which are in the MPS magnet, by
way of 952 ribbon coax. Chambers in and near the MPS maguet have 50 foot 3

lengths of this cable, with the CT boards located in the fast trailer. Beam

chambers have 10 foot lengths with the CT's located on the experimental £loor,

except H8 as noted earlier. ?
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The signals are isolated with 1:2 step-up pulse transformers and
effectively terminated in lOOQ.- The PWC signals are typically 500 uvolts -
20 nsec. and are amplified using a gain of 100 video amplifier (pa733).

The pulses are compared with a threshold voltage using f»st, low-jitter
comparators (1a760). The comparator outputs trigger monostables (74123)

set to 70NS for 26 wires/inch beam PWC's and 100NS for 10/inch trigger

PWC's. The standardized pulses are now routed to the strobed buffers
along flat cable of several lengths (12NS to 250NS) depending on the
trigger timing delay of the particular experiment. A vital feature of
the CT is the generation of a prompt trigger signal labled "OR", which
determines the number of particles which traverse the chamber in a given i
event. This is accomplished using high speed logic gates (74S15) which
anti all pulses of a cluster except for the highest numbered signal. A §
'ock diagram is shown in Fig. 15 and a schematic in Fig. 16.

3. Strobed Buffer Module (gB)

Each module contains 32 identical circuits, one per PWC wire. A
double buffer allows for a second candidates trigger's data to be stored
while the two triggers are further processed. Each circuit consists of ‘
a line receiver (pa7l0) which compares a negative going signal (from +4 2
volts to 4012 volt) to a 2.4 volt reference., The output is fed to a
D-FLIP-FLOP (748175) which stores the signal on the leading edge of the
strobe signal., The output is fed into a 74165 shift register during the

"SHIFT" signal. It is held there during the spark chamber firing and

T i e teie

eventually shifted out serially to the device controller. The outputs

of the D-FLIP-FLOPS are also available as a high speed output (74804) to
allow arithmetic processing, or other high speed logic processes,

of the wire location which allows such cperations as the momentum of

e o e N L AL L
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particles to be determined in a trigger using three PWC's. If these outputs
are to be OR'd the 74504's can be éﬁanged to open collector 75505's. To
prevent spark chamber noise from loading and shifting erromeous data an
inhibit signal is used to trigger a monostable (50 sec) which gates out
the STROBE, SHIFT and CLOCK signals during spark chamber firing. The’
schematic is shown in Fig. 17.

4, Trigger Isolator F/0 Module

Each module consists of three identical channels for the strobe, shift
and inhibit pulses. Each is ground isolated with a pulse transformer then
amplified with a long~tailed pair and fanmed out with a complimentary
emitter follower. The input signal is designed to accept TZL logic (0 to
+3 V). A schematic is shown in Fig. 18.

o .

PWC Device Controller

The controller includes all the circuitry to formulate a data word,
which identifies the PWC wire location, it's plane number and the beginning
or end of a cluster. Each controller can service up to four PWC plames and
can be expanded with additional controllers using a TRI-STATE-BUSS arrange-

ment. The 18-bit data word format is as follows:

M.S.B. L.S.B.
Cluster Bit '
i }—~Plane Number — t—————ire Number ————i
W
1([c]lo Q4P3P£ WlPd WQDF.N.”.”.“.“.“D&

The M.S.B. is always a logical 1. P4 through P2 are hard wired at each
controller, i.e. 0000 for the master controller, 0001 for the first slave,

ete. Py and P0 are the lower order plane number electronically advanced

on each controller.

3
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The controller is enabled by decoding the correct address from the
data handler, upon which it sends back a group acknowledge (GA) signal.
The data handler in turn sends a handler ready signal which initiates the
controller clock (¥ 15MHZ), which shifts the data in the strobed buffer
module shift registers. For each clock pulse a data counter (three 74193's)
is advanced by 1, thereby identifying the wire location (10 binary bits).
Upon receipt of a logical 1 at the serial input to the controller (pre-
sence of a particle at that location) the clock is stopped and the data
handler is serviced. A data ready (DR) signal, the data counter contents
aud a cluster bit are sent to the data handler. When the data handler is
finished processing this data a new HR signal is sent which re-starts the
clock. If in the cluster mode the clock continues until the end of the
cluster, or if in the case of a cluster of one to the next cluster. At
the end of the cluster the data handler is again serviced with the cluster
bit set to a logical 1. If not in cluster mode each wire of the cluster is
serviced. The last wire in the strobed buffers is hard wired to a 0 and the
input to the last shift register i3 hard wired to a 1, thereby identifying
the end of the chamber. This location is called high order bit (HOB).
The last location to be serviced is a pre-selected count in the controller
(STOP), which is the end of the HOB cluster and will direct control to
the next plane or if the last plane tc a slave controller or drop the
Group Acknowledge line (GA). When the GA is dropped the data handler
will pass on to the next device. See Fig. 19 for block diagram, Fig. 20,
for schematic. The controller wiil function without the data handler.
An internal switch marked TEST-NORM is switched to TEST. Another switch

marked internal-external is switched to external to check a chamber and




~13~

to internal to check itself. In test external mode, a 3V pulse to the

Front Panel BNL marked START will initiate an event cycle.

The controiler

will conéinue until the event cycle is completed.

Front Panel Switches

HOB - high order bit places the end of the strobed buffer shift

registers either at a 1 or a 0.

CM - cluster mode - the (¥ position provides a data handler cycle

for only the first and last location of a cluster. The OFF position

provides a cycle for each location containing a logical 1.

A & B - Mode Switches

A B MODE

0 0 Normal Operation
o 1 Data all 0's

1 0 Data all 1's

Internal Switches

ALL~ONE = In the ALL position the controller will service all four

planes.

2o and 2l switches,

In the ONE pos?Zion it will service the plane designated by the

20 and 21 = Code of plane to be serviced.

TEST - NORMAL -- Normal position when operating with the data handler

and test when operating by itself or in testing itself.

internal - exteimal ~-- internal to test itself, external to test

a chamber independent of data handler.

i
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BNC Connectors
Serial out -~ the output of the strobed buffer shift registers.

Start - To perform an event cycle when in test mode.

Indicators
ON - controller has successfully decoded the data handler address.
HR - controller has received at least one HR signal.
DR - controller has generated at least one DR signal.
STOP - controller has completed entire event cycle.

CL - controller has generated at least one clock pulse.

Mechanical Configuration

The PWC device controllers are located in the MPS fast logic trailer.
Each controller occupies two slots of a CAMAC tray. The rest of the tray
holds up to 10 strobed buffers, modules, 1 trigger isolator board, and one

optical isolator module.

Trigger PWC System ~ Port 02
This system is read out similarly to the beam PWC system. There are

currently two (2) downstream trigger PWC's and one cylindrical PWC around
the target. All three chambers are read out with a single Device Con-
troller. The recoil system is under construction at this time and will

use an additional Device Controller.

CAMAC System ~ Port 04

Detector Electronics

Commercial CAMAC modules are used together with a type-A controller

for each bin. This system gathers CAMAC data for each event and is distinct

from the CAMAC data recorded once per spill in the special word by the data

handler.
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Device Controller

The CAMAC controller interfaces up to 7 CAMAC TYPE A controllers with
the data handler. It includ/es all the circuitry to formulate a data word,
which identifies the data; location of the CAMAC module and the module
channel. Since CAMAC'’s data word is 24 bits long, two controllers - data
handler cycles are necessary to identify each piece of data. The data word
format 1is:

First Word Sent

L.S.B.
- DATA }
Dyy Dy» Dy
Second Word Sent M.S.B.
Module
[=Crate — {~=— Module——i} Sub Addreas—; DATA— 1
# 3 #
Co CaC Mg Na Ny Ny My Agh,ayd) Doy D18

At present the controller only reads out and clears the CAMAC modules,
since its function code is hard wired to F(2). The controller is enabled
by &ecoding the correct address from the data handler, upon which
fssues a Group Acknowledge (GA) signal. The data handler now issues a
handler ready (HR). The CAMAC address generator is incramentad (E;) and
after a delay a BTA signal is sent to the TYPE A controller. Upon receipt
of a BTB from the TYPE A controller and a BQ from the addressed CaMAC
module, fndicating valid data, a data zeady (DR) is sent. After the dsta
handler has finished loading the data it sends the second HR. This HR does
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not issue an E;;: . The phase is chunged ¢1 to $2, and the second half of
the data word is sent. This 1s accomplished with 7451 AOI gates. Ia this
case the DR is derived from the HR. 1If no BTB is received a _;;: is genera-~
ted which clears the address genefator module and channel portion and ad-
vances the CAMAC tray portion by 1. If no BQ is received the channel portion
is cleared and the module poxrtion is advanced by 1. These cycles are con-
tinued until STOP is reached (BCR + 1). STOP resets the ON flip-flop, GA
is dropped, and the data handler goes on to the next device.

The controller can be run without the data handler by switching the

internal switch marked TEST ~ MORMAL, to test. It can be rum without CAMAC

TYPE A's by switching the BQ and BTB TEST switches to the YES positionm.

Indicators

GA - controller has successfully decoded data handler address.
HR ~ controller has received at least one EHR.

DR - controller has generated at least one DR.

STOP - controller has completed its event cycle.

BTB - controller has received at least one BTB from a Type—~A controller.

BQ - controller has received at least one BQ from a CAMAC module.

Mechanical Configuration

MPS Control Room. See Fig. 21 for block diagram; Fig. 22 for schematic.

ot e it e
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Capacitive Spark Chambers - Port 06
Detector Electronics

Each wire of the spark chamber (grounded plane) is comnected to a
capacitive network on the shift register module shown in Fig. 23. DC
power to the shift registers is only applied during the readout cycle.

At the instant power is applied, a logical ome is stored if the capacitive
network for that bit was activated by a spark. Block diagrams and schema-
tics of the Capacitive Readout Spark Chamber Syctem are shown in Figs.

24a, 24b, 24c and 24d. A detailed description of the system will be made

available at some future date.

Capacitive Spark Chamber Device Controller (CSCDC)
The CSCDC iancludes al; the circuitry to formulate a data word which

identifies the wire location, plane number and beginning or end of cluster.
Like the PWC system the controller shifté data through shift registers

and assigns a binary number for the location. A different approach from

s

that of the PWC controller was required because:

1, The total number of wires is approximately 10 times that

of the PWC (30,000).

2. The shift registers are remote to the controller, aud,
therefore, the clock frequeney cannot be as high (5 MHZ).

In order to save time the shift register modules are grouped into
five chains and processed in parallel prior to the data handler cycle.
The data is locally stored until all the shifting is done and the data
handler is ready.

At the trailing end of Quiet Gate (QG) the CSCDC generates a power
gate (PG) which energizes the shift register modules. 2 usec later the

controller clock starts shifting the data from the shift register chains
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simultaneously to each memory module. For each clock pulse a data loca-
tion counter on the memory module is advanced by 1. Whenever the shift
register output is a logical 1, a write pulse stores the contents of the

data location counter into the current memory location. The memory loca~

tion is advanced by 1 immediately after the write pulse. Note, that unlike ;

the PWC controller, the clock is not stopped. The memory is a 256 x 14 RAM,
composed of Moriolithic Memories MM6530; 256 x 1 Schottky bipolar RAMS.
Thirteen (13) bits describe the wire locations (0-8192). The fourteenth

bit describes the cluster bit, a logical O for the beginning of cluster and

H
i
§
i
i
i
$
;
i
|
i
i
|
|

a 1 for the end of the cluster. The RAM outputs are bussed together using

open-collector 7405's. The 18 bit data format is: i

M.S.B. L.S.B.
Cluster Bit ,__Memory_l_, f————Wire Location———i
Module # .
1 C P2 P1 Po D12 D0

When the data location counter (74193's) reaches a pre-selected location,

a STOP signal is generated. This signal drops the POWER GAIE and turns

off the shift registers.

After the CSCDC decodes the first correct address from the data
handler, it sends back a Group Acknowiedge (GA) signal. A logical 1 is
shifted through a shift register (p222), which enables memory module #1.
Each time a correct Group Word is decoded the shift register output
enables a new memory module. A group word for each memory module is
necessary since each Group Word can handle only 512 data words. Upon

receipt of a GA the Data Hardler sen's a HR signal which is gated with STOP.

The resulting pulse generates a sequence of 3 pulses;
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lst pulse - stores the contents of the memory address counter
in latches (2 x 7475)

2nd pulse - resets the memory locztion counter.

3rd pulse ~ sets the Data Ready (DR) start flip-flop.
An enablz (en) is generated which enables the memory in module #1 and
the DR-HR cycle is started. A DR and the contents of the first memory
location are sent to the Data Handler. After the Data Handler has ser-

viced the data a second HR is generated, which increments the memory

address counter., The cycle is now repeated. Note that the first HR does

not increment the counter. This is done by the flip-flop in p4l. DR~HR

cycles are repeated until the contents of the memory address counter equals

that of the latches. A logic comparator (2 x 7485) senses this equality
and produces an END pulse. END prevents a DR generation in the memory

module, since :b.er.:é is ne data in the last memory address location. END

also drops the Group Acknowledge line. The data handler now issues the

next group word which will enable the second memery mecdule. The last
memory module's END drops the GA line and the data handler goes om to

the next device. A block diagram is shown in Fig. 25 and a schematic

in Fig. 26.

CSCDC Switches

CM - cluster mode ON will record first and last wire location of

chamber; OFF will record all locations of cluster.

HOB - high order “it. ic places the end of the shift register chain

at either a 1 (ON) or 0 (OFF).

ASB = currently always in normal mode 0 0O
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CSCDC BNC's

CLOCK OUT - clock to shift registers

CLOCK OUT FOR DELAY - clock to be delayed for CSCDC

CLOCK DELAY IN - above clock after delay

POWER GATE (PG) - present for duration of shift register operation.
ON (+5V), OFF (0V).

HOB - output of high order bit switch.

CSCDC Indicators

ON - CSCDC has successfully decoded data handler address.
HR - CSCDC has received at least one HR.

DR - CSCDC has generated at least one DR.

LAST END - CSCDC has completed its data handler cycle. °

CL - CSCDC has generated at least one clock pulse.

Memory Bd. Indicators

STOP ~ module has completed clock operation
WRITE - module has generated at least one write-pulse.

END - module has completed its event cycle.

Mechanical Configuration

The CSCDC is located in the MPS control room. It occuples two slots
of a CAMAC tray aloug with 5 memory modules, and the optical isolator

module, The Detector Electronics is located on the chamber.

TR
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Magnetostrictive Sygtem = Port 07

The magnetostrictive systen is described in detail in Reference 1.

Acknowledgements
1 would 1like to thank C. Jacobs and C. Zein for the material

they supplied for this report.

References
Ref. 1 The Brookhaven Double Vee Spectrometer, Foley et al.,

Nucl. Instruments and Methods 108, 33 (1973).
Ref. 2 The BNL Multi-Particle Spectrometer, E.D. Platner et al.,
Prsc. of the 1973 International Conference on Instrumen=-

tation for High Energy Physics, Frascati, May 8-11, 1973,

672 (1973).




Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

2
3
4a
4b

10a
10b
11
12
13
l4a
14b
15
16
17
18
19

22w

LIST OF FIGURES

MPS Facility.

Data Acquisition System.

Typical event c¢ycle timing.

Data Handler event structure.

Data Handler special word structure.
Data Handler - Device Controller interface.
Device Port Wiring diagram.

Hodoscope system block diagram.
Photomultiplier tube base schematic.
Photomultiplier amplifier schematic.
Photomultiplier adder schematic.
Photomultiplier discriminator schematic.
Hodoscope device controller block diagram.
Hodoscope device controller schematic.
Beam PWC system block diagram,

Test pulse network (trigger PWC's).

Test pulse network (beam PWC's).

Cluster Trigger block diagram.

Cluster Trigger schematic.

Strobed buffer schematic.

Trigger isolator F/O module schematic.
PWC device controller block diagram.

PWC device controller schematic.




Fig.

Fig.

-23-

LIST OF FIGURES (continued)

21 Camac Device Controller block diagram.

22 Camac Device Controller schematic.

Fig. 23 Capacitor spark chamber shift register board schematic.

Fig.

Fig.

24a~d Capacitive readout sp.~k chamber system drawings.

25 Capacitive spark chamber device controller block diagram.

Fig. 26 Capacitive spark chamber device controller schematic.

Figs. 27-29 Magnetostrictive system schematics.




H0 ¢ COUNTER
MAIN DETECTORS
XUvX)

16 GAPS UP TC 7 MX SPARK CH. MODULES
CAPACITOR READOUT UP TO 7 MY SPARK CH. MODULES (YY)
CHAMBER TOTAL 42 GAPS
\\\\\\ | —— ]
: 12Q30 PUC [ =
BEAM J
FROM —» ’_“___.\}.] —
MESB /. -
LIQUID H, TARGET AREA §
TARGET DETECTOR q N H4 :
ASSEMBLY . | "
\\ MPS -
SCALE (f1.) xﬁgksr
| . ]
SPARK \
02468 CHAMBERS
PWC's CERENKOV COUNTER
(PLANE) HODOSCOPE
’ scmnu_mon COUNTER

HODOSCOPE

T @an3d1g



0l -ddd

t

e

—{20d 921020)—

— hammmme weomss e

0rwilg - — —
vavda |

DY

Astop

[@wn\ ErTV

0F7709LY0D
=0IN3q

|

1oz

LSS

R _

Sy IvoLIT T
FoL>2LI7

Hoara WD A uSLﬂ
dmd

A

g

)

31d yjowsyoud

(os22220)

T FLERS el 1sin O WLPT Sl

DoSUS A °P

Figure 2

N F et 7 b R T e e A T I e A S e N A1 B, ey S s s g s



2 - =
ﬁnrwog No DD

7 Sty , 5
i 7/

Figure 3

ey

’ - o 27707 piVT
) | S8y [T e,
. INILDIFLSE O % :
Jepz Gdom dnore | _SHY A | i uM\\ IV
’ L _
_ SHWHZ NeA27700 WAHT
7 v “
7 &> S D
gy Tea o2 | | (SFracew df¢ 2 ) Yy P10 H
P TR0 J760T _3&%_ (Sowe 25 Ofy W4
/P TR 77 TP Ls7oz [ Ay 13s
CoT } 2GOILE
4“ hd&\x\
\\ G IaV HCH D < __RQ ‘.v_ a/fy

&. PLt's o057

& G/IL #O S
21907

PN - A.»...I..\l e — (\Qm \MM\Q\&\ .\b ~\.ﬂ:

2299/

“ & Y 4

SNOOS

BAI L 370k LAEAZ 7YoL



R BIECTL

L R T T 'UAT::”'W:
D. BY.. . St _DATE Ev
eV, 13 «mq- DEPT. GR PROJECT.
| EVENTY
gM'v'MORT wocATION
DATA . o
- DATA : \
~ ; Y]
‘DATA
o] o] opre. oF svtes w g sdavt—s—o rauf no——)
. - DATH
DATA
Jv hd } J\l )
p »>
DATA

O of o= o tares mrus aravd——He—aeut ug ———
TRIGGER BATA - UIER W0, 1 L5 AeTivE)
TRIGGER DATAULTIR NG.L {iF AeTivE) - .

-~ ~ GROUP Nea. 63

TRIGGER DATA-UEER NG, 18 LiF AeTwE) ~
DEVICES cN (leTsTAL DEWNCES)
USER ACTIVE 18 pesaidnd )

TOTAL NO.CF 8vyTES IN THIS EVEANT

O © Cf NO.oF BYTES 1A THIS 5iiaud | \,ﬁl:\: l"l,rl _
QHECK SUM
—— O PSR R
. a'-==“'< "f" . D a.,:._a | sue!m.a,r.‘ NO. . SUbPue X
;: s 03 i P g e | O lAr-L@- IAY ety Bugex WO, ' =.D,
a4 L e € mMoT STIRED

TN MEm 0-21)

BIT#Y fo 32 DESIG NKTE . s‘;‘r PP ——a 1T N
- M-ﬁ. “"S'

Figure 4a




.'uv .28

ecnsenevlicaracen

e

BROOKHAVEN. NATlDNAI. LABORATORY

- N \-\) D!\\-\ %T!"\U g—(."\) i:ﬂ‘:‘_ . JG8 No

SHEET No.

CHRD. BY.-..;—..-DATE

OEPT. ok PRGJECT.

s?Ec,AL WORD

USER ND. 16 THUMBWETEL. 1NFO.

ADDREDSS 5F ZAMAL SIAER NO. |
[} 1 1

L L [ [} N [] '] 1

B T LI
C?MA? SCh£R NI |

CAMACL ScALTR Nb. | laaTs)

4
Lod

A

CAmAC CALER NC. NI| ADIRESS OF cQmAC SSAR N3, N

v
T

C AMACL SCALER NO. N2 (24 3:78)
v DATA
STa ] Notees L Ty dmer TR
> . s
Dra DATA
sen |0 Tansgess o JEd Awsd [oem oare
THUMBWEEEL 1NFO
) THUMBWHES L INFO.
LA "
" 113
[ A1
" 1}
1 "
w '.“M‘l MouR }mftmv:l. ‘ MIRUTES i

WORD COUNT ((3ury)

CHECK SUM

¥ L} L3 L) ) [} 1 g'l“leﬁ T a v < L — T
8noek NO iy SvedLock no.
o N N v ¥ 0 | | T ™
"-l' MOMNTH '\o 551‘ SAY [ B0cK NO.

EVENT
“\s L-s. . -
$¢ 7 r—"‘e‘“"“’f LocATioN
; T T L ] T 7 | U B
USE& No.l Taumawn ZEL NFO. -4
LI T T T T 7 | B T 1
v No.2 . - '

~ ' e

L L )

("scacer Go airs)

I

CAST 5¢aZA (e 673)

BvM wedd (3o 8i7S)

L
} *

=1 THUME WSS
WCRDS

Dvm woid (LediTy)

D161TAL SO0

SUGBLOCK

cs\-oago N MEmody )

Figure 4b

R Ao T et A a AR B M R & e e v

T




D

veare y;
PV (18
(wrvma Avive 1o ams Q\— I-!%\

¢
3 RN IIIIIINT I AT
o HP\ u!.._w F—

. Figure S



cAMACH/ CAHAC W canichs
LATS aear. STIC AL ruTERMAL £5pR FROIT CMANALIOE.
LAV EL czwpm .LE_.AQGE::!"@L Conmmc e o/ L'M";'m on i m;'/;mr
— 7\ M~ Zaoer Aek @i as - J% SR pryLd
11 1 Hawowsie oy (he) |- #1
73 'é GCROWP LEQAEST -1/
75 S owEreare ool s
lid = 2D ,?
Fwire came sys. | 19 [ pevicE sesker s
TAATS = 00OW) iy ” ey o FEED rasovin
sranes - eveun |23 Hoeowrarr g minliar| LGS X0 of mimsy Comac, 8 a0 e Ayane)
sZH" T 2T Has 2ror e ear 7o MY yoe
FEDwd -CoD |29 ” ~ {33 SEcond Carac rasy VRN
37 . 5 - 27 FAAALY Sl A maAr 2 ro3 &7C.
£ia : g:p “ 7% i g Ay Ausity's
H o3
TS 35 caotis arr 47 < 54135 wikny evirs 7o
3 s7C
o ﬁ sore &ir Jd mssl) 79 o
IRWIG X TO [
W 2 :: [ g: ] ;’;’ Sromars swms wesary St
47 H o3 H 73
+2 | L.l H &
. s/ o5 o] -
53 [] Gro s3
&5 [ de 1 163
cAs N TR
Heé/s
ér I 1] 55
3 70 57
65 |- ’ HSs
67 H 7z -5/
9 |- ” ¥ <3
7 ey 77 | rsv
A > [n ’” o7
. 7 s 123 7
i 77 - 7% -3
29 w27 17 csa g, | —
6/ [ "o0ra <oy I
83ld soer w~C 83 b3
—es —— 85 Gep 85 86 |- ]|
| - — L
wiEnE TO Covleoel g
2 r0 3,803 S/ §
OVE__CRATE _DrscairTions R s I I 85 ASTE wirire
Vi 0P28A- 1506ATIR STHERWIE SR
L)
| 22285 e
DEVIEE conr. LEVICE T,
FRON DATA WANNEL Mo ih g 5108 H- ~———?'—’ . SR..o SN TN N
ey - || errseac wg an .
} A3, S /GeAL 3106 e 1or% CoT0) IS SO T
4::‘:)", CavEs #3) 70P viEw e e — -~ SAOOKHAVEN HATIONAL LASORATORY
I TN N N——
f » 1 e v e | [ wiemic pastas
& - 7641 | o874 ssypica 0E/CE
] — oy g T T A —=
J
5 D e 0 M S —
T ¥
H (4]

ez s




2270V H
vitg °2

<a—(os/ T Ldo)—

Q7709402

=29tn3q
2 J025I90C

A2
~333309 a
03/>3\q Ised
(bl /a0a¥
| /2
LA
IN o
@ma oL
w2shs - FSODS OTOH

as¥d

Figure 7

SRR T



= , .
i N
+HV ol - 1k 3.0005
‘IO . . Y 3Ry
“Ts T —IH— G
v FD?7 7{ - QU
. 7 {
fe2 _LQ, 2N3640 | o g
.l l
8 10k 2
geospf 1
v
x| ‘“’[’ ‘ |~ DYNODE
-2*}-' T I RGISE E:__Io‘”
2 '-[—' =
=005  oon
100k
100k ¢ *
Iw $ 375v TANTALUM
| ALL CAPACITORS
100k IN mtd
100k <
WS
lBOk;
2W1
130k
IW1
-
130k ¢
Ry

Figure 8

IV I S Ty

PPy
b s e et
. e v

IR

NN B

L3 wanP W

b T m— -

el




+V

- —*.4700

IN D>

+V 2% -V

R,12408 FOR X3

I002 FOR XIO, X20 i0< +v=|-v|<20

Ryi 682 FOR X3,XI0
332 FOR X20

Figure 9

—n ai e e we @ e o mm—— e o & L

i




0. ===\ 16
>R INPUT
2 __/apD

4
LO 4-INPUT
CR'S

DX

TSI

-2

[ 3
3

3-WAY
FANOUTS

Y'Y

ML

3

Figure 10a

. ) - - - e, s ascesenty men

R .




Q6-
100

Figure 10b

)




\
S
—
;
|
|

v7 h

: Figure 11

A=y oNCITZ

o257

207 9 297

5577006

| S=FTY (
!
LR
Q
;

WA/~

- <

- & q?b\w\.m.\\w\
i _(sZL Mw
= O | )
4 AaY JosLs
&l’, YT
| X s W\
N
3 ﬁ ) c8sn) -
’ r, 6T / i 0aLS
) \ IFZ
ol VoamviY \ - L
Va7 - DoYIN@ IS - o.mn mw MWMW“ %
rZd e VAL 2 |
<
” IS TTO

met—— - . e,



ol

o~
o —— =T= = = = ———— —
T4 A = — ]
1 o
] i
SO rar : 3
~1as WIA SAVP
45V4 Of SIESIY &
=
e Vo7 v )
. s 105 Prrs L 2
srerswew €97 et -2 ’ - > !
s ;‘t’ '3 —— R .
a2 afh s, D b+ '
< He— — ¢
-2 l ———————x_ | ' :
-2 — \ i
L ¥y Jug B-2 ' . f— v ©
# J D 2 1
w vv-2 I ' [—] 1
7V swonts g"& -2 1
e | ! = ;
’? i (] i :
-z ' —] v
/-2 S I
~2 | V— : <
wr-2 i — 7 :
8-z ]
x3 ) i
Gw -t 74
ﬂ S O I '
- W A 1 E
ﬁ -- 4 . .
o UAAL A ' —— ' SRy :
WA 2 ] [ T 15¢s
VW 1 ! — i hoxs f
o] VWt ] ! —] 1 Lndrv g
| e Y S —] 1 vuva
ol -t 2 Y i :
o} BRAY * ! . | ' g
047 —VWJ 2 ! — ] L
T Ewa T a0 = ; :
[—. Py ' E_ i :
YW~ t ! ' i
aw posvIow Liand —od W i o] T ;
Y40 Ou Prem o<t b |
T — —C— ! %
Sh-r —o] =v¥v= " ) i
i ﬁ s_qw—-l . ] { }
I ad —g ;
qyom ¥IVY 7987 bors —-\M—'n“ SE7E lowew pwarmary mry Soss T Lrsm i
AcH (o) IRy —I '
— - - . - - = = -
{I




-3 rPryy
g 4

4 “ad

2oL T ,ﬁ,_

WA 7]

[o—

LA

Figure 13

23577/
252/

|

DR7702L VOO
NP

ML
2asmd
LS 2L

< _
2/q9%0 3v)¢
A v \ Aoo>
"SSPy IIOH/BZ ~oTTe
3PE_PTIIoT VTS

ITFOALS

WY3oVIQ 0ot OMd HY2Q



0ggty,0S). Saam 09/

_ q,o\?.u A202
2O T AFOMLIY

Figure l4a

|

“Vvoor
AV SV Swvvg I\/\/\(.II
Vego/
I AAA . vog
. —VVVW—]
AnodyY sv AHYS Lodev/
—VVVVv—] ¢—— ISt
/ £S3/
VWV
e VYW

Nm S oor ¥z

T YWWW T WV AV —
%\. V24 ~Voog ~voor
. . oc
WWW—— VWA | Sas

]
g

1 g
HIOAILIY TSNS LT

:




A 00> YOFG/Y
jof Hitm  aFso

Figure 14b

VW VV og U7
,1</\/\/\|,10+d2s5uuw.€_\;
v Sv DWYS ERAAASE IS _smr!.!l_
2109 — AV | |
A w_ AN |
oog
VTWVT L S
LT - _
T
vos | U%C
& !
VWV ~roos
- |
Ty e

A SO WERE ) HIOMLIN FSo Ls7/



21907

1774
| #2977 \FIWNN\.\Q\\\U
oy /:In I LO

2c
I N7 |

/N

o

SAoo-os

Y =224 JLl

2DI9uLsarvosy/

Lttt 1oorE RN TF

YBHILIULS

F1LUSILTY
2039343

Figure 15

|

mﬂa\w&&.&tew IS TIHY gatsossn oL
23S HOIY ) 039N rorrros/

S nstlo 799 e’ LHO/P A Y 774

225D

R S L T 1 R T e e



/o234 = Sdkv

A

]
1

I'F

SAVACAVAUAN ANAN

Q
3

T

" Figure 16




RELE N GL AN~

{ e

. ar ,

frijer 2 (0 £ I I — o . o !

1 !

[ 773 1B L

4 - | :

| |

[ !

I ox ; ;

920 S8 9 5@ o7 4 3 :
VLEL2 N AcH é (Bl > :
FEo N

;

TV-16-08 6L AZ/F 7.4 w5013 Seoyss II.—

SESVITOA KITNE Vo3’ g
. SER “ LrTET YAy ﬂA —,,Q f [ @o I s
- 7 ¥ ) Tz i :

Sarei 3 To 5
@

6r7

B= 227 ~oltd
§
:
I
% \
&

P

\@a

@t O

212

L ®

S varpen
[V hvwona ‘
i

sz

ISHOVIOS S¥ UIMOS 4T
W Ot QI Cirgsro (o

18
& 4

2 2 3 737

Sinww e SOSIE T US

ST %
as? - (@%35,27 % 6o ¥5 40 WS %

asw (g
Lo L WO JOWW purapen(s 25 TIOH




Figure 18

o ——— g 0 o e e =

} QR AWWMES 2] IVIERLYH BLVS -

sy ] 54/3 i

: (7 G T S e Lo T T X g N ot e I s :

.v. MO—— AN .-—“Mw“h o}
i AHOLVHORYT TYNOILYN NIAYHNO0NE

4 saosr 56 wes —(o)  Ta

L4

g2~
Jar ey SOB2NE

FneRY SV Tivs l@ e

¥ Frogw ss i
|
|
|
/27 A

] IIUSIML, 01

w —

&

N} ,
g+ ’
Govs N+

WIAANG A ORMS 2Ty IO IS b
] -2
?




LIVLS m\_w

3
/
| A £ 2 7w “u.a
LNIYrO =
: LS FL
. ut\\w.“ﬂx_\\ _ z..l_ -
L1021
5900D LK L2 0077 | N
gé o \.\mgw\\.u
§ e e @ <
0L LVIWNZIINVY A yE=am N L 4
VEP ‘-
P77 BN
HMM\W\LQ/ w W » u\\WMu N 709LV0D .
SSZA _ & - ‘ — .
lfw\ W ® — I 7S . S
d U J . Sao &
N ‘ PAl ' S
| ] .| 3§
. K <v4 ~
A\Qhw; .&— 44 S = E] 7 3
g 4 79 o ] W.
Al ] & - vy 7
S FLVNOD ray etha [
vroo7
FT eUYIOT7 VLYT £/T
aIHH B Y2 2aL5070
v H 2 Lo} A s
DVIvO7 — ILYLS —IAL
cspg —u 2V V N e aal | B
Vg e i ny ~N Mg N ~

TN o mm AL 2 AL A 27N 37 U\X\



NME= 3 [ 001 3 e — )
-.b S
e i

LAOAN Wy Nf rElx
MOV DX B ww FABTIHINT

.
srnp n  reawaes sgrovey BED
b SASUAPANSD v

Naavin e

Figure 20




56@21MoVAI¢
NOF2

M)

R

) mw JP07 -

QW s o

Yo

| Joo7
LoZL

ou

HorLvnd Baimaes

2900

b

b 1

VOV I2N 3D
290N 003G
I llafpE

g/

Surg
sL6T

sAUYZ
ot

»

I2ANNOD

‘qay
—wli_ ~ banvnay
D‘

| v

919 Uiy ©9Y

<=2 ¥a al=iv) Ssadaqay

fdIY INS #
DPWgory  INCoH  ILVIDO

moAFF Dy

— (ST 2

veva
QD

Figure 21



72t 82 ahedarwown  (Leory) F@10mno; KW £ L O Y . —

o wovs 5800030 () (L ymans ) duvwe w00 7 £ ]
ASH Ot YV FCawnry IWIasO I @

Auwr bivzs wongy Soner 730 A Craram ﬁ\\.\we Iy ?:.QL.
(4 L H w.w

Q=% o - .A
R\..\y_ AsH VI luw Oﬁ» (ec )z LHW
ey 7 J— —_—
at

¥/ 2imay aun-z)
(se-1

2
¥ oty (on-zf
— pe
(52 Vg o) §rPIY Gor-z,
[58 g
% K ¥ lor
v @7
T ST eors)
8w @
b0 LiT g0l
R g
RIS (T T Eeerd
| 3 o
w0/ OLriay(por~2)
L
¥ 6 Tigp (Lo/~¢)
(%t vy
T gmyg (wi-2)

it 19 2o

L |

(62~

(e2 Vg

A

(s?2-0

STL =3 FPoy

17

2

LY

i
i

.M 6s ]
’

g (es-il

¥ tes- =18 Lpavieey
‘ T I \.Mw-
_ ? (- {5 2T e
REIF7FF ST d(l.:a./.l.E .- - £ | W o 58 (o51-2)

12 TR S9E)

?Vueulm. w6 SHr (L6-2)
L &g eyt

(eb -t ﬁ B PR (96-F)
[ 4

3 2279 (7-6)
(sb 1) 37 S INFF (so-8)
- ] \Mﬂm?ﬂ\nﬂw
(s#-/)2 7% 2008 (v6=°)
Ll |7 olaze (81-¥)
N\ et = 3% 20755 (x6-2)
S
Sihet 4 —_—
5/s ® W (/-
34—.‘3 e 3 ._s un -_m w6 n.w s¢ 2° o 5 n&r Qﬂ\"l (wr-€)
[
BEERE Y ppbppdy ¥ % N b
ey A\ﬂ w n 3 L] L) w_”_ Nm
JA8y ¥ SFYVF T ¢ ¢ T
q4se §  TEATETT & g 1%
-|\I .\fly\ . — 2

Figure 22



SRty

JO8 No...

£i25Y SHEET NQeeeouo .OF..__
=22

-

—

f )

el "

e
-~ J.
«
-

GGl c 1 L ,C St p =T SE s

3 susJECT..SHEE LA 2L

2

7

7

.,'
L
12/ 3
cadesd

Yy
-,
-

CHKD. BY, ......DATES

wr el oarE.

t= e
. > Aeac
> . (%]
L as'th «~
>3 vaass v M 2
’,
U 9aws vamey D04 4E 1
- . N opLr A
Ty i viwg—> L€
Ao H SRISug oM ch
Jddoth - ) )
. b2 | A L
. . J _ 4...89& .
b |
. . 1 ° - N
. L uH_ :aﬁT . mﬁvw, ,wvw.\l .
IT  cenpesd m..l ; o
, . ) -39 )
' © .
A | 1
a | . 92 -
w-_-. . : - 1 7 Nﬂk ) >
S B L ___Jwoy
m HZOAM A sV Iy A - DO Eﬁ.‘_ﬁ \ 7. .
Ved wpord 5. 200 (A
« 1«.&: 721500 ( . 9Ih9sive !
e Vshenvs |- ez )
L SaIS8293Y 1IINS b (€ i J -3.517?3 . :
(] ' L7 . ¢ e
(2-087-3) i " .
MM LaN Bls K ad @ A9 N J.-QLN :swuun_m { .
P » ] 2 S L1 1
2429LhE) GQuIVIINGD 9-¥ ¥22 ® -3 W oK A 5 \ Il )
21 9- | e )
) 344 9-3) W31t g (b _ -
D10 - 5% ! .ﬁ.,an.% o
A_« W A eauvs A1y | T o¥t/2€ "SIy
= 2 t-20 : -uu_ T | e ¥IOWN YIWIS
20191 —— SONN/ ! L. -. c. o3 \.N\m
Hvoor H—HU _? N~v I.f...l_ QT-R |yers “«t-— W20h 3I9
) ] S0ASF = . {222 9 llw - - 1-39
N
' . ' hc&.w TS WINIT WYy MTVID © 8¢
..



Figure 24a

W — - - — = = — -
M _ _ -
| s o
L e | ] . o
. _ _ |
. Z | _ |
. PFIaAVEH ¥ _ _
| e of , 3 _
8 ) 1 _
&Tm 7202/ 7Q2NOD £ _ N _
”. o M ‘
_ W _ _ ._
? I o _ | L
2 LY
: ) | \ Hw IO .
g _ Ssng _ ¢ S -
w uvr ERT dmez 235 73
_ Lo/ / \A.W.Q\WM\Q\ x2a7> hmw o \ +H /S ,
..“ i | - 1N _2INTOLH
: _ .I.l.m H\VQIINKQIQ»N \NU\\P%Q _ L O TS
(rs7) 2
2UCH S

Lr2LshS  FIIIWEHD HIESS FAILELIIEIY D




i

NATIONAL EABBRATORY ™"

SuBJECET... 3o Dy,

o

AVEN™

A

H
-
7D
‘0
®
N

sHEeT No..Lo.or L.

JOB NO.

s./eu_f.-

DATE

ay

i,

.,

Diemz g 0 CEFae

DATE,

-

CHKD. BY

DEPT. orR PROJELT,

—mvas

“ErnreTve

.

Gomcrs B0 ) S
fBrose Le 0 $Pwe’s v
s, FeOM
DEVIEE
. CoOMNTROLLE
M\ . ] < Cloce
/SOLATING BUFFER ’
=< F, (7]
=< : 4 Fuwn Bay
< —v.lw.\ Q\Z_
ﬂ.h @..wv
A
AHODYLE
< pava Feon o <
BUEFER ; e STRGE SE= FrH6 25
CARLD \\“.r“m Fra 2500 SEE ¢ c
3 3
& LW*'—J“I*W\NA \I\ —\na \wﬂn!tw
@v Jﬁn.v.. 5 FE uid W % T
Ce - Spoar Gap i
. ) )
mﬁdll\m .
\!I\l Ve foen &
[ >05qTe br
s * SPRuw Gap a3 d -
iy U & i B — g
y \j f 7 . -
7O oTHER \,F‘Idﬂ_aw‘ 7 v
SSODULES \w‘\ ; /,Nlr] n,WM.Zn.
- po g6
|
o _ Spare GpP B2 n— :
KR L)
U, als ,
s ) ) ‘
. f'\l.—_v\m\\n\\h- i N Vee Fron
- ¥ vevr Gap
.m. s . B2q1a 28 Corprvesy
u J r SpAAK Gap v )
e rran e )
& 4 y
o 5 s DATA ovr 70 AENF 64AP O LEVICE ConiRoLL e,

3 N



S AN e it P B ., e s e f g st d et tnts e s - P

[

- s
AB *O3HD
>5""""AB

i

7

” Figﬁré 24e

AlvO
=%i/oaLvatr

¥O~"TTTTAnarans

A

L33P0sd ¥O ‘Ld3g

25090

A

(o) @ .

TAVIT 1 .
- aii.nh _ % )
1 .

o

Apl

- g
-

PIrror =

wvavg ﬁ 5
: A onis R..«
? ] '

ﬁuv\eM [

4 I oyl Jo

ssagl
QA

N
o
A
sJus=

N

byn-or

P AL

oON 80P

meryTT4@TTCYTUON L3ANS




A e 8 i e R TR T T e e

=

i

T % el b BN PN e R

ev.. . CEL .. oATE.T...

et 20T T 5507085

SUBJECT.

sHEeT Now oo

JOB No

mes

CRHSE

DEPT. oR PROJECT,

DATE,

CHKD. BY,

PyZ ®an8Ig

> Vie
. Fr=~"fJ-""Je" """ 1 i
. .P " g \ 350 N . . .
Jn ! ' = e Puss. Girn Buss
(e m.v A Jne ] 47 ~ ' re .
13 R H3Le N ' ’

Yy < ' .
33 ey P ..!;-f.--." 350
NOB.& 2 — v}

]
6 7 Hree !
4

Dem Guss’

> <u.r
ol ase .
2 5 v 12 & g .
e L ) a b 1 TOCleck Buss owv Plone
c 20 ' - A . i
¥ perise
— . - - - -

Je 4 jlls,
Aﬂ_l/ T‘—"’ﬁww.%:&m—\mh D —\hn uss

e} e fil T T

- X A a Gwo Buss

< Tllllll.th.unmu.;r....wrr J ) B,a3 Muss
b <« 0  Fuw Guss




G4 T e

pyvaoria A70%E
. 221n2d

SSNg LY

F2LGA D2

vy
27 QY ~ov 20277 o
Lo = Q -/ \RQ\ [
et ATHE BNNIAED Jn07? | 8
oo
¢ LrdL0o
21207 LNTHS o 77
T a7~ 2 G v
L B e — ‘
7 fw.\dq\,%\\ , S
. ] | —ﬂ
o S 12 .
o _ D/907 | _ /M
% faz TILNOOD -
24 i |
A no 7 7 2 EZ
gz H\fll.._ Q\\W% :_/M\\_\ ». ﬁ\\
oLty welwod {9 o mw i |- A [t it
~ e g 2 w235
\
49 g ﬂswm\ iy /X982 1™
‘ 2 21907
woet7 K& n W e
FIQLS — P __ N iy A
N
ST
HOLDZ?70D VIS
&7 ,«
L/




£ O 0 £ M

[£724
r2t @W_Ia

¥ o aers B

K PNT T TEy
Bl
i xY)

il

]

Figure 26

Sery 4E

TR L e e el A K |
o

ﬁ.m bwwmw\. AR

2 |59 ? {es jes v {6 |00 a‘. 22 !!\\I_

o x
172
s
.
[ d
207
argd
} 7 4
v
ey
1 .
2
x
! 74
o Yy WP — [ 3
beo3s pouse,Sans P MN M
E s SoE i
SHA » N s | |Ez) W
s ﬂm«-\ ¥ S punry - 128 w375
el {2 9" 2 (™ oo, — 6/ &
T Ps F) ) Ld e 8
27 12tz 7 & d |M“ rove
o4 | M\ — LEL \&w xm,l“vl
: > o %4 ] L4
L4 N £ ”
THHsE e.!_ sl 2
! hZhY £ ™
AN 7 |
¥ _ B
N o«
H arp?) | o
¢
U L IR W
I &9 O -
57 —l 20
o —=mr
.| & 2 Vi
O | % | 2% [ .-l». #e w3 A RIS
20212 2§12 Gl

”

*



T e e bt e e ettt 0k 1 s i e ot e 5 e

Figure 27

OS2 OL 00Z 40 NIVO "XVW
Y04 TOE OL TOI=¥

ISZNI T Ty .w.
rMm.+ 0D dMidid
sy T NAnL 002
L -8+ Jsp
vove LLyeNe o w | 10°
1N0 ¢ il 32 + M| b
TUNIIS & ppuzz m .
Onv Ge+ bELENZ A 20. | % %04
Ayrlog
0°N—+V’ 1&)\ ] H /' ) 1 I(b‘i
PILY B+ O+ |
T AS -9t

. TV



' -

P

B D rmadd

o catten Al 4B Smy v

IN

ot

" pIsc.
AND—?OUT
DiscC.
10-1000
mv
Figure 28a
TwITIT SR - T
- . N




S ERS L ame @ SN & g o

702 710

.-

300

g
n
O
o

o,

o e
.||-—-L—«'~’3—.+|2
K

|
KNOBPOT

Figure 28b




. e . w0 L g TeeTAal A
oRrst oTmorEmsEmm sSemm ammoren s e EEEmm S rmede s ey T 2 TR ATEEY AT U vwM A ot e oy e L PO s PYTIIN .E-l

" QUIET
- "GATE

2
B
#8

e BIT
SCALER

Figure 29

e N o o T errey

oUT ]

DISC



